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ABSTRACT

Introduction: Multiple sclerosis (MS) clinical
trials have included low numbers of patients
from racial and ethnic minority populations;
therefore, it is uncertain whether differences
exist in response to disease-modifying thera-
pies. We evaluated the real-world safety and
effectiveness of dimethyl fumarate (DMF)
treatment over 5 years in four patient cohorts:
Black, non-Black, Hispanic, and non-Hispanic
people with relapsing-remitting MS.

Methods: ESTEEM is an ongoing, S-year,
multinational, prospective study evaluating the
long-term safety and effectiveness of DMF in
people with MS. The analysis included patients
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newly prescribed DMF in routine practice at 393
sites globally.

Results: Overall, 5251 patients were analyzed
(220 Black, 5031 non-Black; 105 Hispanic, 5146
non-Hispanic). Median (min—max) months of
follow-up was 32 (0-72) for Black, 29 (1-77) for
Hispanic, and 41 (0-85) for both the non-Black
and non-Hispanic populations. In total, 39
(18%) Black and 29 (28%) Hispanic patients
reported adverse events leading to treatment
discontinuation versus 1126 (22%) non-Black
and 1136 (22%) non-Hispanic patients; gas-
trointestinal disorders were the most common
in all subgroups. Median lymphocyte counts
decreased by 37% in Black, 40% in non-Black,
10% in Hispanic, and 39% in non-Hispanic
patients in the first year, then remained
stable and above the lower limit of normal in
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most patients. Annualized relapse rates (ARRs)
(95% confidence intervals) up to 5 years were

0.054 (0.038-0.078) for  Black, 0.077
(0.072-0.081) for non-Black, 0.069
(0.043-0.112) for Hispanic, and 0.076

(0.072-0.081) for non-Hispanic populations,
representing reductions of 91-92% compared
with ARR 12 months before study entry (all
p <0.0001).

Conclusion: The safety profile of DMF in these
subgroups was consistent with the overall
ESTEEM population. Relapse rates remained low
in Black and Hispanic patients, and consistent
with non-Black and non-Hispanic patients.
These data demonstrate a comparable real-
world treatment benefit of DMF in Black and
Hispanic patients.

Trial Registration: ClinicalTrials.gov identifier
NCT02047097.

Keywords: Dimethyl fumarate; Multiple
sclerosis; Safety and effectiveness; Minority
populations

Why carry out this study?

Black and Hispanic people with multiple
sclerosis (PWMY) are reported to exhibit
greater disease severity than non-Black
and non-Hispanic PWMS.

This analysis from ESTEEM, a 5-year
multinational, prospective, observational
study, evaluated the real-world safety and
effectiveness of dimethyl fumarate (DMF)
treatment over S years in Black, non-
Black, Hispanic, and non-Hispanic people
with relapsing-remitting multiple
sclerosis.

What was learned from the study?

Relapse rates remained low in Black and
Hispanic patients, consistent with non-
Black and non-Hispanic patients.

The safety profile of DMF in Black and
Hispanic patients was consistent with that
in the non-Black and non-Hispanic
ESTEEM population.

This study represents one of the largest
Black and Hispanic cohorts to date and
demonstrates a real-world long-term
benefit of DMF for Black and Hispanic
patients that is consistent with findings in
the overall ESTEEM population.

INTRODUCTION

It has been reported that clinical course and
disability outcomes associated with multiple
sclerosis (MS) may vary by race and ethnicity
[1-3]. However, MS has not been well studied in
populations such as racial and ethnic minorities
because they are generally underrepresented in
clinical trials [3, 4]. Black or African Americans
comprise 13.4% of the US population, but as
little as 5% participate in clinical trials. Simi-
larly, although Hispanic Americans comprise
18.1% of the US population, only 1% are clini-
cal trial participants [4]. Thus, data describing
the effectiveness of disease-modifying therapies
in these patients in real-world settings are lim-
ited [5, 6]. Moreover, social determinants of
health—the conditions into which people are
born, live, work, and age—could affect MS
outcomes. The magnitude of racial and ethnic
influences of social determinants of health are
likely to differ across countries and regions [7].

Dimethyl fumarate (DMF; also known as
gastro-resistant DMF) is approved for the treat-
ment of relapsing forms of MS. DMF has
demonstrated efficacy, effectiveness, and a
stable benefit-risk profile in both clinical and
real-world studies [6, 8-12]. As of 31 December
2022, ~ 587,200 patients had been treated with
DMEF, representing > 1,333,500 patient-years of
exposure. Of these, 6450 patients (14,508
patient-years) were from clinical trials. DMF was
efficacious in small groups of Black and His-
panic patients in the phase 3 DEFINE/CONFIRM
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trials [10] as well as a retrospective chart review
[13]. A previous analysis of these subgroups in
ESTEEM demonstrated effectiveness during
3 years of DMF treatment [5, 6]; however, data
describing the long-term effects of DMF in these
subgroups in real-world settings are limited.
ESTEEM (ClinicalTrials.gov identifier
NCT02047097) is an ongoing, phase 4, 5-year,
multinational, prospective, observational study
characterizing the long-term safety and effec-
tiveness of DMF in real-world clinical practice.
In this analysis, we evaluated the real-world
safety and effectiveness of DMF treatment over
5 years in Black, non-Black, Hispanic, and non-
Hispanic people with relapsing-remitting MS.

METHODS

Study Design and Patients

This interim analysis of ESTEEM
(NCT02047097; data cutoff August 2021)
included patients newly prescribed DMF in
routine clinical practice at 393 sites globally
[5, 6]. Patients enrolling in ESTEEM were
required to have a diagnosis of a relapsing form
of MS and be newly prescribed DMF under
routine clinical care. Patients aged < 18 years
were excluded from ESTEEM. In total, > 5000
patients have been enrolled in ESTEEM and will
be monitored for Syears via routine clinical
visits. The study case report forms utilized the
term “Black or African American” to specify
race, and the term “Hispanic or Latino” to
specify ethnicity; for ease of reference, we will
utilize the terms Black and Hispanic throughout
the paper. We acknowledge that this is an
oversimplification and that there may have
been non-Black patients of African descent who
identified as Black or African American. We also
acknowledge that there are differences between
Hispanic and Latino. We have simplified the
terminology here for the sake of readability and
clarity.

The primary objective of ESTEEM was to
determine the incidence, type, and pattern of
serious adverse events (SAEs), and also adverse
events (AEs) leading to treatment discontinua-
tion. A secondary objective was to evaluate the

effectiveness of DMF, determined through the
assessment of the annualized relapse rate (ARR),
the proportion of patients who relapsed, and
the distribution of the number of relapses. The
incidence of treatment discontinuation for any
reason was also assessed. In this observational
study, patients experienced routine clinical care
as per the site standard of care procedures used
when initiating a new DMT. In line with the US
prescribing information for DMF, serum
aminotransferase, alkaline phosphatase, and
total bilirubin levels are suggested to be
obtained prior to initiating DMF; however,
hepatic evaluations were not required for par-
ticipation in the study.

In this analysis, the safety and effectiveness
of DMF were evaluated in a post hoc subgroup
analysis in Black, non-Black, Hispanic, and non-
Hispanic patients. Race and ethnicity were self-
reported: those who selected “Black or African
American” comprised the Black population, and
any who did not were defined as non-Black;
those who selected “Hispanic or Latino” were
defined as the Hispanic population and those
who did not comprised the non-Hispanic pop-
ulation. Of the population who identified as
Hispanic (n = 105), five (4.8%) also identified as
Black.

The study was conducted in accordance with
relevant US federal regulations, the Declaration
of Helsinki, and the International Council for
Harmonisation Guideline for Good Clinical
Practice. The study was approved by local ethics
comimittees at each of the 393 study sites, which
were overseen by the ESTEEM Study Contract
Research Organization ethics committee. It was
the responsibility of participating physicians to
ensure that all aspects of institutional review
were conducted in accordance with current
governmental regulations. All ethics committee
approvals for study protocol and amendments
were documented, and progress reports had to
be submitted to the local ethics committee at
required intervals and not less than annually.
Written assent and consent forms were
obtained from each patient or his or her parent
or legal guardian. ESTEEM was registered at
ClinicalTrials.gov (NCT02047097).
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Table 1 Patient baseline characteristics

Characteristic Black Non-Black Hispanic Non-Hispanic
patients patients patients patients
(n = 220) (» = 5031) (n = 105) (n = 5146)
Age, mean (SD), years 43 (11) 40 (11) 40 (12) 40 (11)
Age category, 7 (%), years
< 40 89 (40) 2555 (51) 56 (53) 2588 (50)
> 40 131 (60) 2475 (49) 49 (47) 2557 (50)
Female, 7 (%) 184 (84) 3703 (74) 83 (79) 3804 (74)
Region, 7 (%)
USA, including Puerto Rico 214 (97) 1302 (26) 103 (98) 1413 (27)
Western Europe, Canada, New Zealand, and 6 (3) 2842 (56) 1(1) 2847 (55)
Australia
Eastern Europe 0 (0) 887 (18) 1(1) 886 (17)
Duration between most recent relapse and 6 (0-182) 6 (0-410) 6 (0-410) 6 (0-325)
enrollment, median (min—max), months
No. of relapses in prior 1 year, median 1 (0-4) 1 (0-10) 1 (0-4) 1 (0-10)
(min—max)
No. of relapses in prior 2 years, median 1 (0-6) 1 (0-30) 1 (0-10) 1 (0-30)
(min—max)
No. of relapses in prior 3 years, median 1 (0-20) 1 (0-45) 1 (0-13) 1 (0-45)
(min—max)
DMF treatment duration, mean (SD), 26 (20) 31 (20) 25 (20) 31 (20)
months
Patients with minimum 1-year follow-up, 101 (53) 2742 (56) 50 (51) 2793 (56)
n (%)
Patients with minimum 2-year follow-up, 63 (33) 2004 (41) 32 (33) 2035 (41)
7 (%)
Patients with minimum 3-year follow-up, 36 (19) 1155 (24) 15 (15) 1176 (24)
7 (%)
Patients with minimum 4-year follow-up, 14 (7) 410 (8) 5 (5) 419 (8)
7 (%)
Duration in ESTEEM, median (min—max), 32 (0-72) 41 (0-85) 29 (1-77) 41 (0-85)
months
Mean (SD) EDSS score® n =36 n = 3364 n =32 n = 3368
29 (2.1) 2.1 (15) 23 (22) 2.1 (15)
Prior MS treatments, 7 (%)
Glatiramer acetate 87 (55) 1259 (39) 31 (42) 1315 (40)
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Table 1 continued

Characteristic Black Non-Black Hispanic Non-Hispanic
patients patients patients patients
(n = 220) (n = 5031) (n = 105) (n = 5146)
Avonex® IFN beta-1a 58 (37) 971 (30) 29 (40) 1000 (30)
Rebif® IFN beta-1a 40 (25) 937 (29) 15 (21) 962 (29)
IFN beta-1b 25 (16) 606 (19) 17 (23) 614 (19)
Fingolimod 15 (9) 287 (9) 9 (12) 293 (9)
Teriflunomide 7 (4) 217 (7) 2 (3) 222 (7)
Natalizumab 21 (13) 286 (9) 17 (23) 290 (9)

DMF dimethyl fumarate, EDSS Expanded Disability Status Scale, IFN interferon, MS multiple sclerosis, SD standard

deviation

Patients could be included in more than one race/ethnicity subgroup

Percentages are calculated using non-missing data as the denominator

*EDSS assessment at enrollment

Statistical Analysis

Descriptive statistics for categorical variables
were presented as proportions and presented as
means or medians for continuous variables,
where specified. The proportion of patients who
did not experience a relapse was estimated
using the Kaplan-Meier method. ARR was
defined as the total number of relapses experi-
enced per patient divided by the number of
years followed in the study. Mean differences in
ARRs in the 1 year prior to DMF initiation and
through years 1, 2, 3, 4, and 5 following DMF
initiation were calculated via the generalized
estimating equation Poisson model, adjusting
for the correlation of patient-specific repeated
measures and follow-up time. Median absolute
lymphocyte count (ALC) was calculated and
presented with distribution-free 95% confi-
dence intervals (CIs). The significance level for
all results was set to 0.05.

RESULTS

Study Population

Overall, 5251 patients received at least one dose
of DMF and were included in the analysis, with

follow-up over 60 months. Of those, 220 (4%)
were Black, 5031 (96%) were non-Black, 105
(2%) were Hispanic, and 5146 (98%) were non-
Hispanic. Mean (SD) age at enrollment was 42.5
(11.1) years in the Black population and 40.1
(11.6) years in the Hispanic population.

Baseline characteristics (Table 1) were gen-
erally similar across populations, although the
majority of Black (97%) and Hispanic (98%)
patients were from the USA (which includes
Puerto Rico). Black patients were older than
other patient groups, with 60% (131/
220) > 40 years old, compared with 49% of
non-Black, 47% of Hispanic, and 50% of non-
Hispanic patients. The median (min—max)
duration of DMF treatment in ESTEEM was 32
(0-72) months in the Black population, 29
(1-77) months in the Hispanic population, and
41 (0-85) months in both the non-Black and
non-Hispanic populations.

Safety and Discontinuations

AEs leading to treatment discontinuation
occurred in 39 (18%) Black patients and 29
(28%) Hispanic patients (Table 2) compared
with 1126 (22%) non-Black patients and 1136
(22%) non-Hispanic patients. Gastrointestinal
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Table 2 Most common AEs leading to dimethyl fumarate discontinuation

Category, 7 (%)” Black patients  Non-Black patients Hispanic patients Non-Hispanic
(n = 220) (2 = 5031) (2 = 105) patients (z = 5146)

Any AE leading to treatment 39 (18) 1126 (22) 29 (28) 1136 (22)
discontinuation

Gastrointestinal disorders 17 (8) 429 (9) 11 (10) 435 (8)
Abdominal pain 1(0.5) 171 (3) 4 (4) 168 (3)
Diarrhea 7 (3) 120 (2) 3 (3) 124 (2)
Nausea 5(2) 116 (2) 3(3) 118 (2)
Vomiting 4(2) 65 (1) 1(1) 68 (1)

Vascular disorders 2 (1) 182 (4) 1(1) 183 (4)
Flushing 2 (1) 165 (3) 1(1) 166 (3)

Skin and subcutaneous tissue 5(2) 117 (2) 6 (6) 116 (2)
disorders
Pruritus 2 (1) 23 (0.5) 1(1) 24 (0.5)
Rash 0 (0) 28 (1) 4 (4) 24 (0.5)

Infections and infestations 0 (0) 41 (1) 3 (3) 38 (1)

Investigations 6 (3) 118 (2) 3(3) 121 (2)
Lymphocyte count decreased 4 (2) 69 (1) 2(2) 71 (1)
White blood cell count 2 (1) 8 (0.2) 0 (0) 10 (0.2)
decreased

Respiratory, thoracic, and 1(0.5) 23 (0.5) 2(2) 22 (0.4)
mediastinal disorders
Dyspnea 0 (0) 10 (0.2) 2(2) 8 (0.2)

Nervous system disorders 7 (3) 117 (2) 4 (4) 120 (2)
Multiple sclerosis relapse 2 (1) 23 (0.5) 0 (0) 25 (0.5)
Headache 1(0.5) 20 (0.4) 2 (2) 19 (0.4)

Blood and lymphatic system 4(2) 191 (4) 3(3) 192 (4)
disorders
Lymphopenia 3 (1) 170 (3) 1(1) 172 (3)

Injury, poisoning, and procedural 2 (1) 7 (0.1) 0 (0) 9 (0.2)
complications

General disorders and 3 (1) 79 (2) 2 (2) 80 (2)
administration site conditions

Asthenia 2 (1) 10 (0.2) 1(1) 11 (0.2)
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Table 2 continued

Black patients
(n = 220)

Category, z (%)*

Non-Black patients Hispanic patients Non-Hispanic
(n = 5031)

(n = 105) patients (z = 5146)

Fatigue 1(0.5)

30 (1)

2 (2) 29 (1)

Percentages calculated based on total number of patients. A patient was counted only once in each MedDRA SOC or PT.

AEs reported in more than one patient in either the Black or Hispanic subgroups are listed
AE adverse event, MedDRA Medical Dictionary for Regulatory Activities, PT" Preferred Term, SOC System Organ Class

*AEs coded using MedDRA SOC and PT

(GI) disorders were the most common AEs
leading to discontinuation in all subgroups: 17
(8%) Black patients; 429 (9%) non-Black
patients; 11 (10%) Hispanic patients; and 435
(8%) non-Hispanic patients. SAEs were reported
in 348/5146 (6.8%) non-Hispanic patients,
8/105 (7.6%) Hispanic patients, 344/5031
(6.8%) non-Black patients, and 12/220 (5.5%)
Black patients.

Available ALCs were assessed during the
study (longitudinal data are limited by small
patient numbers with these data in this obser-
vational study). In the first year, estimated
median lymphocyte counts declined by 37%
(n =29) in Black patients, 40% (n =1811) in
non-Black patients, 10% (n=17) in Hispanic
patients, and 39% (n = 1823) in non-Hispanic
patients. ALCs then stabilized, remaining above
the lower limit of normal (LLN; 0.91 x 10°/L)
for most patients (Fig.1). For all subgroup
cohorts, the 60-month data were not depicted
due to low patient numbers at these later time
points.

ARR and Relapses

ARRs up to Syears were 0.054 (95% CI
0.038-0.078) for Black patients, 0.077 (95% CI
0.072-0.081) for non-Black patients, 0.069 (95%
CI 0.043-0.112) for Hispanic patients, and
0.076 (95% CI 0.072-0.081) for non-Hispanic
patients, representing reductions ranging from
91 to 92% compared with ARR 12 months prior
to study entry (p <0.0001 for all subgroups;
Fig. 2). Kaplan-Meier-estimated proportion of
patients relapse-free at 54 months was 70.6% in
non-Black and non-Hispanic patients, 74.7% in
Black patients, and 77.3% in Hispanic patients

(Table 3, Fig.3). Kaplan-Meier estimates are
reported out to month 54 instead of month 60
because some of the subgroups had fewer than
five patients at risk at the month 60 time point.

DISCUSSION

We report an updated analysis of the safety and
effectiveness of DMF in Black versus non-Black
patients and Hispanic versus non-Hispanic
patients, including those who have been treated
with DMF in a real-world clinical setting for up
to Syears. The safety profile of DMF in these
subgroups was consistent with the overall
ESTEEM population. Lymphocyte dynamics
were generally consistent across the patient
subgroups, although the validity of the ALC
data was limited by small patient numbers. GI
disorders were the most common AE leading to
treatment discontinuation in all subgroups.
Compared with the 12 months before DMF
initiation, ARR was significantly lower up to
5 years after DMF initiation across all of the
subgroups, including the analysis in Black and
Hispanic patients. These data are consistent
with the previous interim analysis of ESTEEM
and demonstrate the real-world treatment ben-
efit of DMF in Black and Hispanic patients.
Future studies should aim to increase the
numbers and relative proportions of racial and
ethnic minorities in clinical trials. Although
Black and Hispanic patients represent 4% and
2% of the total ESTEEM population, and 13.4%
and 18.1% of the US population, respectively,
they represent the largest Black and Hispanic
cohorts to date in a prospective MS therapeutic
study [14]. This is indicative of the small num-
bers of people with MS (pwMS) from Black and
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Fig. 1 Median absolute lymphocyte counts over time.
7 represents number of patients with absolute lymphocyte
count assessment at the specified time point. For both
subgroup cohorts, the 60-month data aligned with the

Hispanic populations enrolled in clinical stud-
ies. There is a need for clinicians to encourage
clinical trial participation in these populations,
to help improve our understanding of potential

48-month data, but are not depicted due to low patient
numbers at these later time points. Distribution-free 95%
confidence limits are presented. LLN lower limit of
normal

ethnic or racial variations in MS pathophysiol-
ogy, as well as treatment safety and efficacy in
minority racial populations.
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Fig. 2 ARR in the 12 months prior to and up to 5 years
after DMF initiation. Each group has the same N for Fig, 2
across time points because the analysis includes all patients

Non-Black patients

B 12 months prior M 5 years after

to DMF initiation DMF initiation
92% lower
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(pr=i0i0001) 91% lower
| ARR
£
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(0.791-0.836)
v \ 4
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Non-Hispanic patients
n =5146

Hispanic patients
n=105

with data through 5 years and compares their 5-year ARR

to the prior 1-year ARR. ARR annualized relapse rate, CI
confidence interval, DMF dimethyl fumarate

Table 3 Proportion of patients without MS relapses in the 5 years after dimethyl fumarate initiation

Black patients Non-Black Hispanic Non-Hispanic
(n = 220) patients patients patients (n = 5146)
(n = 5031) (n = 105)
Estimated proportion of patients without 74.7 70.6 77.3 70.6

MS relapse at 54 months, %°

MS multiple sclerosis
*Kaplan—Meier analyses

A limitation of this analysis is that most of
the patients in both the Black and Hispanic
groups were from the USA and therefore may
not be representative of a global MS population.
Although these are the largest cohorts of Black
and Hispanic patients in a study of this kind to
date, the numbers of patients in these groups
are still small (220 in the Black population and
105 in the Hispanic population vs. 5251 in the
overall population). Also, the attrition rate in
prospective, observational studies such as this
one limits conclusions on efficacy. Another
potential limitation was convenience sampling,

which could introduce bias. Also, median lym-
phocyte counts were reported, which has not
been the typical metric for lymphocyte
dynamics in other studies of DMF safety and
effectiveness but which has been the approach
for ESTEEM given the variability of reporting in
this observational study. A further considera-
tion is that factors such as social determinants
of health (socioeconomic status and access to
care) in different groups may have a significant
impact on MS disease outcomes [7]. Interest-
ingly, enrolled Black patients were, on average,
older than in other patient subgroups, which
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(a) Based on Cox Proportional Hazards model.

(b) Based on Kaplan-Meier product limit method.

Kaplan-Meier estimates are reported out to Month 54 instead of Month 60 because some of the subgroups had fewer than
5 patients at risk at the Month 60 timepoint.

(b) Time to first MS relapse
Hispanic patients vs Non-Hispanic patients
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0.1 Non-Hispanic patients = 0.706
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BL 6 12 18 24 30 36 42 48 54
Hispanic patients 98 70 56 41 32 24 18 13 11 5
Non-Hispanic patients 4963 3846 3293 2819 2367 1911 1462 1134 845 540

(a) Based on Cox Proportional Hazards model.

(b) Based on Kaplan-Meier product limit method.

Kaplan-Meier estimates are reported out to Month 54 instead of Month 60 because some of the subgroups had fewer than
5 patients at risk at the Month 60 timepoint.
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«Fig. 3 Kaplan—-Meier-estimated proportion of patients
without MS relapse at 54 months after DMF initiation.
DMF dimethyl fumarate, MS multiple sclerosis. Kaplan—-
Meier estimates are reported out to month 54 instead of
month 60 because some of the subgroups had fewer than 5
patients at risk at the month 60 time point

may suggest that Black pwMS are diagnosed
later or are being managed differently. It is
possible that response to therapies may vary due
to clinically important differences in the course
of MS in various ethnic and racial populations
[3, 5, 6, 13, 15-17]. Previous literature has sug-
gested that pwMS of Black or African American
descent have more frequent relapses, worse
post-relapse recovery, faster progression of sec-
ondary-progressive MS, and more rapid disabil-
ity progression than non-Black or African
American populations [1, 3, 13, 18, 19]. Studies
have shown that Hispanic American pwMS tend
to be younger at onset and are more likely to
experience optic neuritis and transverse myeli-
tis, but otherwise have similar disease progres-
sion as White American populations [2, 20-22].
Previous studies examining disease-modifying
therapy response in Black and Hispanic pwMS
are limited by small sample size [13, 16, 17].
One study in the literature reports a poorer
response to interferon beta therapy in Black
African Americans than in a White American
population [16]. This less optimal response in
Black African Americans may be due to the
more severe course of disease activity and/or
reduced efficacy response to interferon beta
therapy in Black African American pwMS. Of
note, in this study, responses to DMF in both
Black and Hispanic cohorts were consistent
with the overall population.

CONCLUSIONS

This study represents one of the largest Black
and Hispanic MS cohorts to date and reports
outcomes over the longest follow-up compared
with previous studies. It confirms the real-world
long-term benefit of DMF in both Black and
Hispanic populations, with safety and effec-
tiveness findings that are consistent with the
overall ESTEEM population.
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