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ABSTRACT

Introduction: Clinical course and treatment
response may vary according to race/ethnicity
in multiple sclerosis (MS) patients. Delayed-re-
lease dimethyl fumarate (DMF; also known as
gastro-resistant DMF) demonstrated significant
efficacy and a favorable benefit–risk profile in
relapsing-remitting MS (RRMS) patients in the
2-year phase III DEFINE/CONFIRM studies.
Methods: In this post hoc analysis of integrated
data from DEFINE/CONFIRM, we assessed clin-
ical efficacy and safety/tolerability in black,
Hispanic, and Asian patients treated with DMF
240 mg twice daily (approved dosage) or pla-
cebo. Eligible patients were 18–55 years of age

with an Expanded Disability Status Scale score
of 0–5.0. In the integrated intention-to-treat
population, 769 and 771 patients were treated
with DMF or placebo, respectively, of whom 10
and 19 were black, 31 and 23 were Hispanic,
and 66 and 70 were Asian.
Results: In the black, Hispanic, and Asian sub-
groups, DMF was associated with lower annu-
alized relapse rates at 2 years compared with
placebo [rate ratio (95% confidence interval
(CI)), 0.05 (0.00–1.07); 0.31 (0.10–0.95); and
0.64 (0.30–1.34), respectively]. The percentage
of black, Hispanic, and Asian patients with
12-week confirmed disability progression was
lower with DMF (43%, 8%, and 20%, respec-
tively) compared with placebo [57%, 30%, and
25%, respectively; hazard ratio (95% CI), 0.53
(0.02–1.39); 0.17 (0.00–0.60); and 0.71
(0.32–1.58), respectively]. The safety/tolerabil-
ity profile of DMF was generally consistent with
that in the overall population of DEFINE/
CONFIRM. The incidence of adverse events
leading to treatment discontinuation in black,
Hispanic, and Asian patients was 2/10, 2/31,
and 3/66, respectively, with DMF, and 2/19,
1/23, and 8/70, respectively, with placebo.
Conclusion: DMF may be an efficacious treat-
ment with a favorable benefit–risk profile in
black, Hispanic, and Asian patients with RRMS.
Further clinical studies are needed to charac-
terize differences in MS presentation and treat-
ment outcomes across ethnic and racial groups.
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Trial Registration: DEFINE: ClinicalTrials.gov
identifier NCT00420212; CONFIRM Clini-
calTrials.gov identifier NCT00451451.
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INTRODUCTION

Multiple sclerosis (MS) is characterized by
complex genetic, autoimmune, and environ-
mental interactions, with noted ethnic, racial,
and geographic differences in susceptibility to
the disease [1]. There are contrary reports on the
incidence rate of MS across ethnic subgroups.
While historically the incidence of MS was
described as higher in white patients than in
black patients [1], a recent study reported that
the incidence is higher in black patients than in
other ethnic groups in the USA, with a 47%
higher risk compared with white patients and a
50% and 80% lower risk for Hispanic and Asian
patients, respectively [2]. This difference in
reported rates might be explained by the regio-
nal environmental effect, which can be specific
to the location of the study (Southern Califor-
nia), and the system used (Kaiser Permanente)
to evaluate the study cohort [2].

Although data remain limited, studies have
also indicated that the clinical course and dis-
ability outcomes associated with MS may vary
according to ethnicity and race. For example,
several retrospective studies have found that
black patients with MS may experience a more
aggressive and rapidly disabling disease course
than white patients [3–5]. Analysis of a large
North American MS database found that His-
panic and black patients were younger at diag-
nosis than white patients, with earlier onset of
symptoms [6]; an earlier study had suggested
that black patients were more likely to have an
older age at disease onset [7]. It has been noted
that Asian patients with MS reached the same
level of disability 5–10 years earlier than
patients from other regions, predominantly
driven by progressive course of illness, a history
of transverse myelitis, incomplete recovery
from the first attack, and abnormal

somatosensory evoked potentials [8]. Further-
more, non-white patients with MS may be
almost 2.5 times more likely to experience a
second MS relapse within the first year from
onset compared with white patients [9].

Non-white races and ethnicities have been
largely underrepresented in MS clinical trials
[10], despite making up more than 27% of the
total population in the USA (including 12.6%
black and 4.8% Asian patients) [11]. This has
made it difficult to evaluate the efficacy and
tolerability of treatments in populations that
may present with a biologically different form
of the disease than in white patients with MS.
Small post hoc or retrospective studies have
suggested that black patients with MS are less
responsive than white patients to treatment
with interferon beta-1a [12] or specific dis-
ease-modifying therapies in general [13]. How-
ever, post hoc analyses of clinical trials
evaluating natalizumab and fingolimod have
suggested that these agents may be efficacious
in Hispanic and African descent patients with
MS [14, 15].

Delayed-release dimethyl fumarate (DMF;
also known as gastro-resistant DMF) is a novel
orally administered therapy approved for use in
patients with relapsing MS (USA/Australia)
[16, 17] and relapsing-remitting MS (RRMS;
European Union/Canada) [18, 19]. To date, over
260,000 patients with relapsing forms of MS
have been treated with DMF (Biogen, data on
file). In two pivotal phase III studies in patients
with RRMS (DEFINE and CONFIRM), DMF sig-
nificantly reduced the annualized relapse rate
(ARR), the percentage of patients relapsed (PPR),
and the number of lesions on magnetic reso-
nance imaging (MRI) compared with placebo
[20, 21]. The risk of 12-week confirmed disabil-
ity progression (CDP) over 2 years also was
reduced in both studies, reaching statistical
significance in DEFINE. An integrated analysis
of data from DEFINE and CONFIRM stratified by
various demographic and disease characteristics
suggested that DMF may be an appropriate
treatment choice across a broad range of sub-
groups of patients with RRMS [22]. Therefore,
the purpose of this post hoc analysis of inte-
grated data from the DEFINE and CONFIRM
studies was to assess the efficacy and tolerability
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of DMF in RRMS patients by racial group: black,
Hispanic, and Asian. Data for DMF 240 mg
twice daily (BID; the approved dosage regimen)
are reported for this exploratory analysis.

METHODS

Patients and Study Design

The methodologies for the phase III interna-
tional, randomized, double-blind DEFINE
(ClinicalTrials.gov identifier NCT00420212)
and CONFIRM (ClinicalTrials.gov identifier
NCT00451451) studies are similar and have
been published previously [20, 21]. In brief,
patients 18–55 years of age with RRMS
(McDonald criteria), with a score of 0–5.0 on the
Expanded Disability Status Scale (EDSS) [23, 24],
and at least one clinically documented relapse
in the previous 12 months or at least one
gadolinium-enhancing lesion 0–6 weeks before
randomization were eligible for study inclusion.
Patients were excluded if they had progressive
forms of MS or another clinically significant
illness.

Patients were randomized to oral adminis-
tration of DMF 240 mg BID or three times daily
(TID) or matching placebo for up to 96 weeks.
In CONFIRM only, an additional group of
patients was randomized to receive the active
reference comparator glatiramer acetate at a
dose of 20 mg once daily, administered by sub-
cutaneous injection. Patients receiving glati-
ramer acetate were aware of their treatment
allocation. All raters were blinded to treatment
assignment.

Standardized neurologic assessments,
including an EDSS assessment, were performed
every 12 weeks and at an unscheduled visit at
the time of suspected relapse. Relapses were
confirmed by an independent neurological
evaluation committee. Safety assessments,
including the monitoring of laboratory values
and collection of adverse events (AEs), were
performed every 4 weeks.

Each study was performed at multiple
sites across 28 countries. The studies DEFINE
and CONFIRM were approved by central and

local ethics committees and were conducted
in accordance with the International Con-
ference on Harmonisation’s guidelines for
Good Clinical Practice and the Declaration
of Helsinki. All procedures followed were in
accordance with the ethical standards of the
responsible committee on human experi-
mentation (institutional and national) and
with the Helsinki Declaration of 1964, as
revised in 2013. All patients provided written
informed consent before undergoing any
study procedures and re-consent in the event
of confirmed relapse or disability
progression.

The present analysis was performed only on
the DMF 240 mg BID- and placebo-treated
patients; the TID subgroup was excluded from
this analysis.

Integrated Analysis and Endpoints

Integrated analyses were preplanned before
the unblinding of CONFIRM and were to be
conducted only if the DEFINE and CONFIRM
studies were similar in terms of several key
characteristics [22]. Generally, integrated
analyses present several advantages: they
allow for evaluation of a greater number of
patients than the individual studies, provide
a more precise estimate of a therapeutic
effect, and facilitate assessment of the con-
sistency of an effect across different sub-
groups of patients [22].

Efficacy study endpoints analyzed were ARR
at 2 years (primary endpoint in CONFIRM and a
secondary endpoint in DEFINE), PPR at 2 years
(primary endpoint in DEFINE and a secondary
endpoint in CONFIRM), and time to 12-week
CDP at 2 years (secondary endpoint in CON-
FIRM and DEFINE).

In this post hoc integrated analysis, the
clinical endpoints were evaluated in black,
Hispanic, and Asian patients with RRMS who
were assigned to receive DMF 240 mg BID
(hereafter referred to as DMF) or placebo in the
CONFIRM and DEFINE studies. This represents
the approved dosage (240 mg BID) of DMF in all
geographic regions in which it is approved.
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Statistical Analysis

The efficacy and safety analyses were based on
all randomized patients who received at least
one dose of study drug.

For the Asian patient subgroup, analyses of
ARR, PPR, and time to 12-week CDP were con-
ducted using classical methodology as
employed in DEFINE and CONFIRM [20, 21].
Briefly, adjusted ARRs, rate ratios, and 95%
confidence intervals (CIs) at 2 years were based
on negative binomial regression, adjusted for
baseline EDSS score (B2.0 vs.[2.0), baseline age
(\40 vs. C40 years), study, region, and number
of relapses in the first year before study entry.
PPR and CDP were estimated as the cumulative
probability of relapse and disability, respec-
tively, from the Kaplan–Meier curve of time to
first relapse and time to first 12-week CDP (i.e.,
Kaplan–Meier product limit estimator). For
treatment comparisons, hazard ratios (HRs) and
95% CIs were based on a stratified Cox propor-
tional hazards model with study as a stratifying
variable, adjusted for baseline EDSS score (B2.0
vs. [2.0), baseline age (\40 vs. C40 years),
region, and number of relapses in the first year
before study entry (for PPR outcomes only).

As a result of the small sample size in the
black and Hispanic patient subgroups, for the
analyses of ARR, PPR, and time to 12-week CDP
at 2 years, Bayesian statistical methods were
employed. Because of the sparse frequency of
relapse in black patients, the Firth correction for
monotonic likelihood [25, 26] was applied for
the analysis of PPR within this subgroup. An
unadjusted Poisson regression model was used
for the analysis of ARR in black patients because
of convergence issues encountered with the
negative binomial regression model. Diffuse,
non-informative priors were used for the coef-
ficient of parameters to discount prior infor-
mation and to reflect objective representation
of unavailable prior information on the treat-
ment effects of DMF among the racial sub-
groups. Specifically, the prior means of the
parameter coefficients were either Jeffreys’ prior
or centered at zero (0) with large variances of
106. Convergence was assessed using the
Geweke test and other graphic methods. Sensi-
tivity analyses were conducted to assess the

robustness of the posterior distribution to
change in prior information.

CIs are presented for analyses based on the
classical approach, and high probability density
credible intervals (Bayesian CIs) of the posterior
means of the estimates are presented for the
analyses based on Bayesian statistical methods.

RESULTS

Patients

The integrated intention-to-treat (ITT) popula-
tion comprised 1540 patients, including 769
patients treated with DMF 240 mg BID and 771
patients treated with placebo, of whom 10 and
19 were black, 31 and 23 Hispanic, and 66 and
70 Asian (Table 1). In general, the baseline
demographic and clinical characteristics were
well balanced across the subgroups and between
the placebo and DMF treatment arms, with the
exception of the percentage of women among
Asian patients (54% in the placebo group and
73% in the DMF-treated group).

Efficacy

ARR was lower in each of the racial subgroups
treated with DMF compared with placebo (Figs. 1,
2a). In the black subgroup, the posterior mean of
the adjusted ARR (95% CI; Bayesian CIs) at 2 years
for DMF-treated patients was 0.01 (0.00–0.29)
compared with 0.27 (0.13–0.55) in the placebo
group; the rate ratio (95%CI)was 0.05 (0.00–1.07).
In the Hispanic subgroup, the adjusted ARR (95%
CI) for DMF-treated patients was 0.15 (0.04–0.56)
compared with 0.49 (0.14–1.68) in the placebo
group; the rate ratio (95%CI)was 0.31 (0.10–0.95).
For theAsian subgroup, the adjustedARR (95%CI)
in the DMF group was 0.14 (0.03–0.66) compared
with0.21 (0.05–0.93) in theplacebogroup; the rate
ratio was 0.64 (0.30–1.34) (Table 2).

The PPR at 2 years was numerically lower
with DMF than with placebo in each subgroup
(Fig. 2b). Compared with placebo, DMF was
associated with a lower risk of MS relapse at
2 years by 93% [HR (95% CI), 0.07 (0.00–0.33)]
in the black subgroup, by 45% [HR (95% CI),
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0.55 (0.07–1.28)] in the Hispanic subgroup, and
by 34% [HR (95% CI), 0.66 (0.35–1.24)] in the
Asian subgroup (Fig. 2b).

The 12-week disability progression HR for
the Asian subgroup and the posterior mean of
HR (from Bayesian method) for the black and
Hispanic subgroups favored DMF treatment, but
were not statistically significant (Fig. 2c).

Safety

The overall incidence of AEs in the black, His-
panic, and Asian subgroups with DMF vs.

placebo was 80% vs. 89%, 97% vs. 96%, and
91% vs. 91%, respectively (Table 3). Headache,
proteinuria, albumin in the urine, and pares-
thesia were among the most frequent AEs with
DMF treatment in the black subgroup, whereas
headache, flushing, nasopharyngitis, and diar-
rhea were more common in the Hispanic sub-
group. Proteinuria, albumin in the urine, and
pyrexia were more common in Asian patients.
No deaths due to AEs were reported. The inci-
dence of AEs leading to discontinuation of
treatment in black, Hispanic, and Asian patients
with DMF vs. placebo was 2/10 vs. 2/19 for black

Table 1 Baseline characteristics across black, Hispanic, and Asian patients (integrated analysis of DEFINE and
CONFIRM)

Characteristica Black patients Hispanic patients Asian patients ITT population

Placebo
(n5 19)

DMFb

(n5 10)
Placebo
(n5 23)

DMFb

(n 5 31)
Placebo
(n5 70)

DMFb

(n5 66)
Placebo
(n5 771)

DMFb

(n5 769)

Age, years 37.3 (10.2) 39.0 (8.7) 32.1 (8.2) 31.7 (10.3) 34.8 (9.8) 34.0 (9.1) 37.7 (9.2) 37.9 (9.2)

Female, n (%) 14 (73.7) 7 (70.0) 14 (60.9) 21 (67.7) 38 (54.3) 48 (72.7) 557 (72.0) 541 (70)

Time since first

MS

symptoms,

years

7.3 (8.2) 5.6 (6.4) 5.3 (4.9) 4.5 (4.8) 6.0 (4.6) 6.2 (4.9) 8.1 (6.5) 8.3 (6.8)

Time since first

MS diagnosis,

years

4.3 (7.4) 3.1 (3.8) 4.0 (4.6) 3.3 (5.0) 4.3 (4.1) 4.0 (3.3) 5.3 (5.5) 5.3 (5.3)

Prior approved

MS

treatmentc,

n (%)

11 (57.9) 4 (40.0) 7 (30.4) 10 (32.3) 6 (8.6) 5 (7.6) 95 (12) 50 (7)

Number of

relapses in

prior year

1.4 (0.6) 1.8 (0.9) 1.5 (1.5) 1.4 (0.6) 1.6 (0.9) 1.4 (0.9) 1.3 (0.7) 1.3 (0.7)

EDSS score 2.1 (1.0) 1.9 (1.6) 2.3 (1.4) 2.0 (1.1) 2.8 (1.1) 3.3 (1.1) 2.5 (1.2) 2.5 (1.3)

EDSS Expanded Disability Status Scale, MS multiple sclerosis, SD standard deviation
a Values are mean ± SD unless otherwise stated
b DMF denotes delayed-release dimethyl fumarate (DMF; also known as gastro-resistant DMF) at the approved dosage,
240 mg BID
c Approved medications for multiple sclerosis included glatiramer acetate, interferon (beta-1a and beta-1b), and natal-
izumab. Patients may have received more than one prior medication for multiple sclerosis. Patients may also have received
other, nonapproved therapies for multiple sclerosis
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patients, 2/31 vs. 5/23 for Hispanic patients,
and 3/66 vs. 8/70 for Asian patients.

DISCUSSION

In this exploratory analysis we examined the
DMF treatment outcomes among black, His-
panic, and Asian patients. This post hoc inte-
grated analysis of data from DEFINE and
CONFIRM suggests that DMF at its approved
dosage of 240 mg BID may have a significant
therapeutic effect in black, Hispanic, and Asian
patients with RRMS. Over 2 years, ARR and the
risk of relapse with DMF were lower compared
with placebo; 12-week CDP favored DMF treat-
ment in all three races analyzed. No statistically
significant differences in the estimated

probability of disability progression were
observed across black, Hispanic, and Asian
patients. This is likely due to the small sample
size and the low rate of disability progression
within these groups.

These results are broadly consistent with
those obtained in the phase III clinical studies
[20, 21], and those from a recent retrospective
chart-review analysis performed in the USA
[27]. In the latter study, the authors concluded
that DMF efficacy is independent of the
patient’s race. The real-world study involved
261 white, 69 black, and 52 Hispanic patients
and evaluated ARR, new T2 lesions, and
gadolinium-enhancing lesions.

In the integrated analysis of the DEFINE and
CONFIRM ITT population treated with DMF
BID, there was a relative reduction in ARR of

Fig. 1 Adjusted annualized relapse rate (ARR) at 2 years
in the intention-to-treat (ITT) population of CONFIRM
and DEFINE and across ethnic subgroups (integrated
analysis of DEFINE and CONFIRM). aCI denotes

confidence interval. bDMF denotes delayed-release
dimethyl fumarate (DMF; also known as gastro-resistant
DMF). cCI denotes credible interval
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Fig. 2 Clinical efficacy with delayed-release DMF. a Rate
ratio for the adjusted annualized relapse rate (ARR) at
2 years. b Hazard ratio for proportion of patients with
relapse at 2 years. c Hazard ratio for 12-week confirmed
disability progression at 2 years. aDMF denotes delayed-re-
lease dimethyl fumarate (DMF; also known as gastro-re-
sistant DMF) vs. placebo in ethnic subgroups (integrated

analysis of DEFINE and CONFIRM). bNumber of
patients treated with DMF twice daily/placebo. cIntervals
represent 95% confidence intervals for the overall ethnic
subgroup and Asian patients with multiple sclerosis (MS)
and 95% credible intervals for black and Hispanic patients
with MS. CI confidence/credible interval, ITT
intention-to-treat
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Table 3 AEs reported across black, Hispanic, and Asian patients, and ITT population (integrated analysis of DEFINE and
CONFIRM)

AE, n (%) Black patients Hispanic patients Asian patients ITT population

Placebo
(n5 19)

DMFa

(n5 10)
Placebo
(n5 23)

DMFa

(n 5 31)
Placebo
(n 5 70)

DMFa

(n5 66)
Placebo
(n5 771)

DMFa

(n5 769)

Any AE 17 (89) 8 (80) 22 (96) 30 (97) 64 (91) 60 (91) 720 (93) 733 (95)

Most common AEsb,c

MS relapse 7 (37) 1 (10) 7 (30) 6 (19) 28 (40) 19 (29) 344 (45) 221 (29)

Flushing 0 2 (20) 1 (4) 6 (19) 1 (1) 1 (2) 33 (4) 264 (34)

Nasopharyngitis 3 (16) 2 (20) 3 (13) 6 (19) 6 (9) 4 (6) 159 (21) 170 (22)

Headache 3 (16) 3 (30) 4 (17) 7 (23) 9 (13) 8 (12) 129 (17) 133 (17)

Diarrhea 1 (5) 0 4 (17) 8 (26) 3 (4) 4 (6) 83 (11) 107 (14)

Back pain 3 (16) 1 (10) 4 (17) 4 (13) 6 (9) 8 (12) 90 (12) 94 (12)

Fatigue 3 (16) 1 (10) 3 (13) 6 (19) 3 (4) 3 (5) 87 (11) 94 (12)

Nausea 1 (5) 1 (10) 3 (13) 4 (13) 4 (6) 4 (6) 67 (9) 93 (12)

Proteinuria 1 (5) 3 (30) 1 (4) 3 (10) 3 (4) 11 (17) 59 (8) 67 (9)

Pain in extremity 1 (5) 1 (10) 4 (17) 3 (10) 4 (6) 7 (11) 58 (8) 58 (8)

Paraesthesia 4 (21) 3 (30) 3 (13) 2 (6) 4 (6) 4 (6) 69 (9) 56 (7)

Albumin present in urine 1 (5) 3 (30) 0 0 2 (3) 12 (18) 27 (4) 46 (6)

Hematuria 1 (5) 2 (20) 0 1 (3) 5 (7) 5 (8) 34 (4) 33 (4)

Hypoesthesia 3 (16) 4 (40) 2 (9) 2 (6) 5 (7) 1 (2) 48 (6) 31 (4)

Pyrexia 1 (5) 1 (10) 1 (4) 1 (3) 17 (24) 12 (18) 40 (5) 27 (4)

Alopecia 3 (16) 2 (20) 1 (4) 0 2 (3) 1 (2) 19 (2) 17 (2)

No. of patients with any

serious AEc
3 (16) 0 5 (22) 3 (10) 26 (37) 21 (32) 165 (21) 135 (18)

No. of patients with any AE

leading to treatment

discontinuation

2 (11) 2 (20) 1 (4) 2 (7) 8 (11) 3 (5) 93 (12) 109 (14)

AE adverse event, BID twice daily, MS multiple sclerosis
a DMF denotes delayed-release dimethyl fumarate (DMF; also known as gastro-resistant DMF)
b With the exception of multiple sclerosis relapse, these events are those reported by more than 10% of patients treated with
DMF BID in any race subgroup analyzed, with an incidence that was at least 3% higher than in the placebo group, and
occurring in at least 3 patients in any race subgroup. The events are listed by decreasing incidence among DMF-treated
patients in the ITT population except for multiple sclerosis relapse
c No deaths occurred during the study or within 30 days of withdrawal in black, Hispanic, and Asian patients; there were
two deaths reported in the ITT population: one in the DMF BID group (DEFINE) due to a bicycle accident 3 weeks after
withdrawing from the study, and one in the placebo group (CONFIRM) due to stroke
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49% (p\0.0001), in the risk of relapse by 43%
(p\0.0001), and in the risk of 12-week CDP by
32% (p = 0.0034) [22]. For black patients, the
corresponding relative risk reductions were
95%, 93%, and 47%, respectively; in Hispanic
patients the risk reductions were 69%, 45%, and
83%; and in Asian patients 36%, 34%, and 29%.
Statistical significance was not achieved for any
of the subgroups. No unexpected safety findings
were observed in the three races analyzed, with
AE profiles similar to those seen in the overall
DEFINE and CONFIRM populations.

While the mean time since first MS diagnosis
was broadly similar across groups, the mean age
of patients with MS ranged from 31.7 (Hispanic
patients) to 39.0 years (black patients) at study
entry (Table 1). Other characteristics were gen-
erally well balanced across these subgroups and
between the placebo and DMF groups, with the
exception of the percentage of female patients
with MS in the DMF and placebo treatment
groups of the Asian study population (73%
versus 54%, respectively).

One of the obvious confounders of evaluat-
ing the effects of treatment in particular ethnic
or racial groups is geographic location. This is
particularly true in MS, where geography has
been shown to influence disease incidence [1].
The analysis of the clinical and MRI results of
DEFINE and CONFIRM was adjusted for region,
which was predefined on the basis of geogra-
phy, type of health care system, and health care
access. Region 1 was defined as USA; Region 2 as
Western European countries (Belgium, France,
Germany, Greece, Ireland, and Spain), Canada,
Costa Rica, Australia, New Zealand, Israel, and
South Africa; and Region 3 comprised Eastern
European countries (Belarus, Bosnia and Herze-
govina, Bulgaria, Croatia, Czech Republic,
Estonia, Latvia, Macedonia, Moldova, Poland,
Romania, Serbia, Slovakia, and Ukraine), India,
Guatemala, and Mexico. In a post hoc analysis
of the overall DEFINE and CONFIRM ITT pop-
ulation, the effects of DMF BID were consistent
across regions [22].

The current integrated analysis was an
appropriate means of exploring the efficacy and
safety of DMF across racial subgroups of patients
with MS, as it allowed for combination of data

from studies with nearly identical designs that
involved patients with similar characteristics to
be pooled to create a more meaningful sample
size. However, the numbers of black, Hispanic,
and Asian patients with MS in the DEFINE and
CONFIRM trials were still relatively small,
resulting in limited statistical power to detect a
treatment difference. Furthermore, the post hoc
nature of this analysis means that its findings
can only be viewed as hypothesis generating
and that results should be interpreted with
caution. This is one of many subgroup analyses
performed on patients in DEFINE and CON-
FIRM [22], and has the potential for multiplicity
problems (inflated false-positive rate).

The findings of the current study add to
those from other post hoc analyses of integrated
data from DEFINE and CONFIRM, which have
suggested that DMF has a strong and consistent
effect on clinical outcomes across a wide range
of patients [22, 28], health-related quality of life
benefits [29], and a rapid onset of action [30]. In
the USA, non-white races represent more than
27% of the population [18] but often make up
less than 7% of the MS clinical trials population
[1]. Thus, there is a need for more robust and
prospective inclusion of diverse ethnic groups
in clinical studies, which will be achieved by
modifying future study designs and engaging in
specific outreach initiatives with currently
underrepresented key patient groups. Larger
prospective studies are warranted to further
investigate the effect of DMF in these
populations.

CONCLUSION

This post hoc analysis suggests that DMF may
be an efficacious treatment with a favorable
benefit–risk profile in black, Hispanic, and Asian
patients with RRMS. The results on clinical
efficacy and safety measures in these popula-
tions are consistent with those reported in the
overall population in DEFINE and CONFIRM.
More studies are needed to further characterize
differences in MS presentation across various
ethnic or racial groups and how these may
affect treatment outcomes. Such studies will
contribute to improvement in the
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understanding of the disease landscape, guide
treatment enhancements, and ultimately lead
to better quality care in ethnically diverse
patient populations.
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