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ABSTRACT

Introduction: In EVOLVE-MS-1 (NCT0263
4307), mean absolute lymphocyte count (ALC)
on diroximel fumarate (DRF) declined from
baseline by approximately 28% in year 1, then
stabilized, similar to ALC decline observed with
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dimethyl fumarate (DMF). Prior studies reported
that clinical efficacy of DMF was not substan-
tially different in patients with and without
lymphopenia.

Methods: EVOLVE-MS-1—an open-label,
96-week, phase 3 study—assessed DRF safety and
exploratory efficacy in patients with relapsing—
remitting multiple sclerosis. This study analyzes
efficacy-related outcomes comparing (1) patients
with lymphopenia (=1 ALC below lower limit of
normal [LLN]) and without (all ALCs>LLN); (2)
across quartiles stratified by week 96 ALC decline
from baseline: Q1 (=247% decline); Q2 (30% to
<47% decline); Q3 (12% to <30% decline); Q4
(<12% decline).

Results: Baseline characteristics were similar
between patients without (n=593) and with
lymphopenia (n=452). At week 96, adjusted
annualized relapse rate (ARR; 95% confidence
interval) was 0.14 (0.11-0.17) without lympho-
penia and 0.12 (0.09-0.15) with lymphopenia.
Estimated proportions with 12-week confirmed
disability progression (CDP12) at week 96 were
10.2% without and 9.3% with lymphopenia.
When stratified by quartiles (Q1-Q4), ARR at
week 96 was 0.11 (Q1), 0.09 (Q2), 0.13 (Q3), and
0.17 (Q4). Estimated proportions with CDP12 at
week 96 were 9.6% (Q1), 10.2% (Q2), 5.7% (Q3),
and 10.9% (Q4). At week 96, no evidence of dis-
ease activity was achieved by 47.2% (Q1), 47.8%
(Q2), 45.4% (Q3), and 37.3% (Q4) of patients.
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Conclusion: In DRF-treated patients in
EVOLVE-MS-1, clinical and radiological meas-
urements indicated reduced disease activity
regardless of lymphopenia or magnitude of
ALC decline from baseline; however, patients
who had greater ALC declines appeared to have
numerically lower ARR and higher proportions
free from relapses and gadolinium-enhancing
lesions compared with those with smallest
decline. This supports prior evidence that, while
lymphopenia may contribute to fumarate effi-
cacy outcomes, it is not the primary mechanism
of action.

Trial Registration:
NCT02634307.

ClinicalTrials.gov identifier

Keywords: Absolute  lymphocyte  count;
Diroximel fumarate; Efficacy; Lymphopenia

Why carry out this study?

In the 96-week phase 3 EVOLVE-MS-1 study,
mean absolute lymphocyte count (ALC)
decreased from baseline in patients on
diroximel fumarate (DRF) by approximately
28% in year 1, then stabilized, similar to the
ALC decline observed in patients treated with
dimethyl fumarate (DMF).

Prior studies reported that clinical efficacy
of DMF was not substantially different in
patients with and without lymphopenia.

The correlation of change in ALCs to DRF
treatment response has not been previously
determined; therefore, the aim of this analy-
sis was to determine if lymphopenia or the
magnitude of ALC decline from baseline in
patients with multiple sclerosis (MS) treated
with DRF correlates with DRF efficacy-related
related outcomes.

What was learned from this study?

In DRF-treated patients in EVOLVE-MS-1,
clinical and radiological measurements indi-
cated reduced disease activity regardless of
lymphopenia or magnitude of ALC decline
from baseline.

This supports prior evidence that, while lym-
phopenia may contribute to fumarate effi-
cacy outcomes, it is not the primary mecha-
nism of action.

INTRODUCTION

Diroximel fumarate (DRF) has been developed
for the treatment of relapsing forms of multi-
ple sclerosis (MS). It is a next-generation oral
fumarate approved in the USA for adults with
relapsing forms of MS and in Europe for adult
patients with relapsing-remitting MS (RRMYS)
[1, 2]. Upon oral administration, DRF under-
goes rapid esterase cleavage in the gastrointesti-
nal tract to monomethyl fumarate (MMF), the
same pharmacologically active metabolite as for
dimethyl fumarate (DMF) [3]. DMF has demon-
strated clinical efficacy in both clinical trials and
in real-world studies [4-8]. At a dose of 462 mg,
oral administration of DRF resulted in MMF sys-
temic exposure bioequivalent to 240 mg DMF;
therefore, DRF is expected to exhibit compara-
ble efficacy and safety profiles to DMF [9]. As
of December 31, 2023, approximately 44,297
patients have been treated with DRE, represent-
ing 61,780 patient-years of exposure. Of these,
1661 patients (1785 patient-years) were from
clinical trials [10].

In the 96-week phase 3 EVOLVE-MS-1 study
(NCT02634307), comprising 1057 adults with
RRMS, DRF demonstrated favorable clinical and
radiological outcomes consistent with previ-
ous fumarate studies [11, 12]. DRF also showed
an improved gastrointestinal tolerability pro-
file compared with DMF in the head-to-head
phase 3 EVOLVE-MS-2 study, a randomized,
blinded study of DRF and DMF over 5 weeks
(NCT03093324) [13]. In the phase 3 EVOLVE-
MS-1 study, mean absolute lymphocyte counts
(ALCs) in patients receiving DRF declined from
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baseline by approximately 28% within the first
year before stabilizing [12]. This result is simi-
lar to the ALC decline observed in the DMF
phase 3 clinical trials, where mean ALC declined
by approximately 30% from baseline, also typi-
cally in the first year of treatment, followed by
stabilization [4, 5, 14]. While lymphopenia may
contribute to the efficacy of DMF, prior studies
reported that clinical efficacy of DMF was not
substantially different in patients with and with-
out lymphopenia [14, 15].

The correlation of change in ALCs to DRF
treatment response has not been previously
determined. Hence, using data from the
EVOLVE-MS-1 dataset, the objective of the pre-
sent study was to determine if lymphopenia or
the magnitude of ALC decline from baseline in
patients with MS treated with DRF correlates
with DRF efficacy-related outcomes.

METHODS

Study Design and Treatment

EVOLVE-MS-1 (NCT02634307) was an open-
label, 96-week, phase 3 study that assessed the
safety, tolerability, and efficacy of DRF in adults
with RRMS between December 10, 2015 and
November 11, 2021. Participants were either
newly initiated on DRF (initial dose titration
231 mg twice-daily [BID] for 7 days; treatment
maintenance 462 mg BID from day 8 onward) or
had rolled over from completing the EVOLVE-
MS-2 study (NCT03093324) of DRF and DMF.
The study design for EVOLVE-MS-1 has been
described in detail previously [11, 12].

Patients

Patients were eligible for EVOLVE-MS-1 if they
were aged 18-65 years, had a confirmed diagno-
sis of RRMS, and were considered neurologically
stable, with no evidence of relapse in the 30 days
before screening. Use of prior disease-modifying
treatments (DMTs), including DRF and DME,
was permitted. Further details of the inclusion
and exclusion criteria for EVOLVE-MS-1 and

EVOLVE-MS-2 have been reported previously
[9, 13].

The study was conducted in accordance with
protocol, the International Council for Har-
monization Guideline E6, all applicable local
regulatory requirements, and ethical principles
based on the Declaration of Helsinki. Before
enrollment of patients, the study protocol
was reviewed and approved by the Copernicus
Group institutional review board and the inde-
pendent review boards/ethics committees for
each study site. A list of these committees has
been published previously [11]. All patients pro-
vided their written and informed consent ahead
of participation in the study.

Assessments and Analysis Populations

Lymphopenia efficacy correlation in the over-
all DRF patient population in EVOLVE-MS-1
was assessed. Final safety and exploratory effi-
cacy outcomes (clinical and radiological) were
evaluated in a subset of patients with ALC val-
ues recorded at baseline and week 96. ALCs
were collected at each visit (every 4 weeks).
Patients were divided into two subgroups. In
the first subgroup analysis, efficacy-related out-
comes (adjusted annualized relapse rate [ARR],
Expanded Disability Status Scale [EDSS], and
gadolinium-enhancing [Gd+] lesion reductions)
at 2 years in patients treated with DRF were
compared between patients with lymphopenia
(=1 ALC test below the lower limit of normal
[LLN] at any time during the study) or without
lymphopenia (all ALCs remained at or greater
than the LLN, defined as ALC=0.91x 10°/L).
No patients developed severe, prolonged lym-
phopenia (<0.5x 10°/L for >6 months), as any
patients who developed severe lymphopenia
(ALC<0.5x10%/L) for >4 weeks had DRF with-
drawn, according to the EVOLVE-MS-1 protocol-
defined stopping rule.

In the second subgroup analysis, patients were
stratified into quartiles based on the decline in
ALC from baseline to week 96. The four quartiles
were Q1 (=247% ALC decline from baseline); Q2
(30% to <47% ALC decline from baseline); Q3
(12% to <30% ALC decline from baseline); and
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Table 1 Demographics and baseline characteristics by ALC count (safety population)

Characteristics Without lymphopenia With lymphopenia (at  SMD in All patients
(always ALC>LLN)  leastone ALC<LLN) absolute  N=1045
n=593 n=452 value

Age, years, mean (SD) 41.0 (10.6) 444 (10.6) 0.32* 425 (10.8)

Female, 7 (%) 404 (68.1) 349 (77.2) 0.20* 753 (72.1)

Race, 7 (%) 0.26*

White 530 (89.4) 432 (95.6) 962 (92.1)
Black or African American 56 (9.4) 14(3.1) 70 (6.7)
Other® 7(1.2) 6(1.3) 13 (1.2)

Ethnicity, 7 (%) 0.05

Hispanic or Latino 19 (3.2) 19 (4.2) 38 (3.6)
Not Hispanic or Latino 574 (96.8) 433 (95.8) 1007
(96.4)

BMI, kg/m? mean (SD) 26.7 (6.4) 26.6(5.8) 0.02 26.6(6.1)

US region, 7 (%) 255 (43.0) 189 (41.8) 0.02 444 (42.5)

Prior DMT, 7 (%) 373 (62.9) 299 (66.2) 0.07 672 (64.3)

Time since diagnosis, years, mean (SD) 7.1(7.2) 8.2 (7.4) 0.15* 7.6 (7.3)°

No. of relapses in previous year, mean (SD) 0.7 (0.8) 0.7 (0.8) <0.01 0.7 (0.8)

EDSS score, mean (SD) 2.7 (1.5) 2.7 (14) <0.01 2.7 (1.5)

No. of Gd+ lesions, mean (SD) 1.1 (3.0) 1.2 (4.1)¢ 0.03 1.1(3.5)¢

Gd-+ lesion free, 7 (%) 410 (69.1) 320 (70.8) 0.04 730 (69.9)

ALC absolute lymphocyte count, BMI body mass index, DMT disease-modifying therapy, EDSS expanded disability status
score, Gd+ gadolinium-enhancing, LLN lower limit of normal, SMD standardized mean difference

*p<0.05

*“Other” race includes Asian, American Indian, Alaska Native, Native Hawaiian, or other Pacific Islander, and multiple races;

subjects who reported multiple races including White were included in White subgroup

b, =592
‘n=1044
4 =450
‘n=1042
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Table 2 Safety summary in the overall population

Characteristics Without lymphopenia (always ~ With lymphopenia (> 1 All patients

ALC>LLN) ALC<LLN) N=1045
n=593 n=452

Any AE, 7 (%) 504 (85.0) 424(93.8) 928 (88.8)
Mild 169 (28.5) 134 (29.6) 303 (29.0)
Moderate 282 (47.6) 245 (54.2) 527 (50.4)
Severe 53 (8.9) 45 (10.0) 98 (9.4)

AEs leading to treatment discontinuation, 41 (6.9) 36 (8.0) 77 (7.4)
7 (%)

Most common AEs leading to treatment discontinuation?, 7 (%)
Lymphopenia 0(0.0) 14 (3.1) 14 (1.3)
MS relapse 8(1.3) 2(0.4) 10 (1.0)
Lymphocyte count decreased 0(0.0) 7 (1.5) 7(0.7)
Flushing 5(0.8) 0(0.0) 5(0.5)
Diarrhea 3(0.5) 0(0.0) 3(0.3)

Any SAE, 7 (%) 76 (12.8) 4610.2) 122 (11.7)

Death®, 7 (%) 2(0.3) 2(0.4) 4(0.4)

Most common AEsS, 7 (%)
Flushing 152 (25.6) 131 (29.0) 283 (27.1)
MS relapse 115 (19.4) 90 (19.9) 205 (19.6)
Upper respiratory tract infection 89 (15.0) 64 (14.2) 153 (14.6)
Nasopharyngitis 68 (11.5) 69 (15.3) 137 (13.1)
Lymphopenia 3(0.5) 121 (26.8) 124 (11.9)
Diarthea 52 (8.8) 57 (12.6) 109 (10.4)
Urinary tract infection 45 (7.6) 59 (13.1) 104 (10.0)
Lymphocyte count decreased 0 46 (10.2) 46 (4.4)

AE adverse event, ALC absolute lymphocyte count, LLN lower limit of normal, MS multiple sclerosis, SAE serious adverse

cvent

*Occurring in 2 0.5% of patients in any subgroup

b Accidental fall, bacterial pneumonia, hypertensive heart disease, and cardiac arrest; none of the deaths were considered

related to study drug by the investigator

“Occurring in > 10% of patients
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(n=494) (n=375)
80 1
(n=251) (n=207)

40

20

Patients with zero relapses
from baseline to week 96, %
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(ALC remained = LLN) (Atleast 1 ALC < LLN)
n=593 n=452

Fig.1 a Adjusted ARR® on treatment compared with
baseline and b patients with no relapses from baseline to
week 96. “Without lymphopenia” is defined as all ALCs
remained 2 LLN. “With lymphopenia” is defined as>1
ALC below the LLN at any time during the study.* Cal-
culation of ARR was based on patient-reported relapses in
the 12 months before study entry compared with protocol-
defined relapses during the study period. Adjusted ARR
was based on a Poisson regression model adjusted for treat-
ment duration. "Baseline is the 12 months prior to study
entry. ALC absolute lymphocyte count, ARR annualized
relapse rate, CI confidence interval, LLN lower limit of
normal (ALC=0.91x 10°/L)

Q4 (<12% ALC decline from baseline). Change
from baseline to week 96 in adjusted ARR,
EDSS, Gd+ lesion reductions, zero relapses, and
no evidence of disease activity-3 [NEDA-3] was
reported for these quartiles.

Statistical Analysis

Demographics and baseline characteristics were
summarized using descriptive statistics and

compared between the subgroups using stand-
ardized mean differences (SMDs) and statistical
tests (two-sample t test for continuous variables,
proportion and/or chi-square test for categorical
variables).

Safety assessments were summarized using
descriptive statistics [12]. Adjusted ARR was
based on a Poisson regression model adjusted
for treatment duration. Adjusted ARR included
protocol-defined relapses that occurred dur-
ing the EVOLVE-MS-1 treatment period (up to
2 years of DRF). Rates were compared with the
reported relapse rate for the 12 months before
DRF initiation in EVOLVE-MS-1.

Confirmed disability progression (CDP) and
magnetic resonance imaging (MRI) outcomes
were assessed in patients who received>1 dose
of DRF and completed >1 post-baseline efficacy
assessment [12]. The estimated proportion of
patients free from relapse and free from CDP at
week 96 was based on the Kaplan-Meier prod-
uct limit method. The estimated proportion of
patients with NEDA-3 (NEDA-3: patients have no
relapses, no CDP sustained for 12 weeks as meas-
ured on EDSS, no new or enlarging T2 hyper-
intense lesions, and no new Gd+ lesions) at
week 96 was based on the Kaplan-Meier product
limit method using relapse, MRI, EDSS data, and
the number of evaluable patients for NEDA-3.
Gd+ lesion counts in the safety population
were summarized by change from baseline at
week 96. Number of Gd+ lesions in patients with
and without lymphopenia was compared using
an ordinal logistic regression model adjusted for
baseline covariates. Statistical analyses were car-
ried out using SAS 9.4.

RESULTS

Patients

The full analysis population consisted of 1045
patients with RRMS, of whom 593 did not
have lymphopenia (all ALCs>LLN) and 452
patients had lymphopenia (=1 ALC<LLN).
Baseline characteristics were similar between
patients in both subgroups, except for age,
sex, race, and time since diagnosis. Those
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Table 3 Subgroup analysis 1: number of relapses by ALC count (safety population)
No. of patients with ' Without lymphopenia (ALC remained>LLN)  With lymphopenia (at least one
relapse, 7 (%) ALC<LLN)
Baseline Week 48 Week 96 Baseline Week 48 Week 96
n=593 n=593 n=593 n=452 n=452 n=452
0 251 (42.3) 524 (88.4) 494 (83.3) 207 (45.8) 398 (88.1) 375 (83.0)
1 259 (43.7) 60 (10.1) 76 (12.8) 190 (42.0) 49 (10.8) 56 (12.4)
2 73 (12.3) 8 (1.3) 16 (2.7) 49 (10.8) 5(1.1) 18 (4.0)
3 6(1.0) 0 5(0.8) 4(0.9) 0 3(0.7)
>4 4(07) 1(0.2) 2(0.3) 2 (0.4) 0 0

Baseline: 12 months prior to study entry

ALC absolute lymphocyte count, LLN lower limit of normal

with lymphopenia were older, mean age (SD)
of patients without lymphopenia was 41.0
(10.6) years versus 44.4 (10.7) in patients with
lymphopenia. Additionally, a higher percent-
age of patients with lymphopenia were female:
68.1% of patients without lymphopenia were
temale compared with 77.2% of patients with
lymphopenia. Patients with lymphopenia also
had a longer time since diagnosis: mean (SD),
7.1 (7.2) years in patients without lymphope-
nia versus 8.2 (7.4) in patients with lympho-
penia (Table 1). Demographics and baseline
characteristics stratified into quartiles by per-
centage ALC decline at week 96 are shown in
Table S1 in the supplementary material.

Safety

Adverse events (AEs) were reported in 504
(85.0%) patients without lymphopenia and 424
(93.8%) patients with lymphopenia (Table 2).
Most AEs were mild to moderate in severity
in patients with and without lymphopenia,
in line with the overall population (Table 2).
Forty-one (6.9%) patients without lymphope-
nia and 36 (8.0%) patients with lymphopenia
had AEs that led to study treatment discon-
tinuation. The most common AEs in both the
without lymphopenia and with lymphopenia
groups were flushing (without lymphopenia,

n=152, 25.6%; with lymphopenia, n=131,
29.0%) and MS relapse (without lymphope-
nia, n=115, 19.4%; with lymphopenia, n=90,
19.9%).

Efficacy-Related Outcomes in Patients with
and Without Lymphopenia

In patients without lymphopenia, the ARR
(95% CI) was 0.73 (0.66-0.80) at baseline
and decreased to 0.14 (0.11-0.17) at week 96
(80.7% reduction; p<0.0001). The ARR
(95% CI) for patients with lymphopenia was
0.67 (0.61-0.74) at baseline and decreased to
0.12 (0.09-0.15) at week 96 (82.5% reduction;
p<0.0001). The number of patients relapse free
at week 96 was similar between groups: 83.3%
without lymphopenia and 83.0% of patients
with lymphopenia (Fig. 1b; Table 3).

At week 96, the estimated proportions of
patients with 12-week CDP (CDP12) per EDSS
was similar between groups: 10.2% for patients
without lymphopenia and 9.3% for patients with
lymphopenia (Fig. 2a). The estimated proportion
of patients who achieved NEDA-3 at week 96 was
38.8% for patients without lymphopenia and
43.7% for patients with lymphopenia (Fig. 2b).

For patients without and with lymphopenia,
mean (SD) number of Gd+ lesions was 0.6 (4.0)
and 0.1 (0.8), respectively (Table 4) at week 96
(p<0.01). In total, 86.8% of patients without
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10.2% 9.3%

Without lymphopenia With lymphopenia
(ALC remained = LLN) (Atleast 1 ALC <LLN)
n =582 n=452

Estimated proportion of patients
with CDP12 at week 96, %

(B)

100
75

4 43.7%
50 38.8% ’

25

Estimated proportion of patients
with NEDA-3 at week 96, %

Without lymphopenia With lymphopenia
(ALC remained = LLN) (Atleast 1 ALC < LLN)
n =593 n =452

Fig.2 a Estimated proportion of patients with CDPI12
and b estimated proportion of patients achieving
NEDA-3 at week 96 in patients with and without lym-
phopenia. “Without lymphopenia” is defined as all ALCs
remained > LLN. “With lymphopenia” is defined as>1
ALC below the LLN at any time during the study. ALC
absolute lymphocyte count, CDPI2 confirmed disabil-
ity progression sustained for 12 weeks per EDSS, EDSS
expanded disability status score, LLN lower limit of nor-
mal (ALC=0.91 x 10%/ L), NEDA-3 no evidence of disease
activity-3

lymphopenia and 96.6% of patients with lympho-
penia had no lesions at week 96 (Table 4).

Outcomes Across Quartiles Stratified by %
ALC Decline from Baseline at Week 96

Baseline characteristics and patient demograph-
ics were similar across quartiles (see Table S1 in
the electronic supplementary material for details).
When stratified by quartiles, the mean adjusted
ARR at week 96 was 0.11 (Q1), 0.09 (Q2), 0.13
(Q3), and 0.17 (Q4) (Fig. 3a), and the propor-
tions of patients with no relapses from baseline

to week 96 were 83.8% (Q1), 85.5% (Q2), 83.5%
(Q3), and 76.7% (Q4) (Fig. 3b; Table S2 in the
electronic supplementary material). Mean (SD)
change in number of Gd+ lesions from baseline
to week 96 was consistent across quartiles: —0.9
(2.3)in Q1,-0.7 (2.3) in Q2, -0.6 (5.8) in Q3, and
-0.7 (3.9) in Q4 (Table 4). These findings are con-
sistent with a decrease of 0.7 (3.8) in the overall
population.

The estimated proportions of patients with
12-week CDP at week 96 were 9.6% (Q1), 10.2%
(Q2), 5.7% (Q3), and 10.9% (Q4) (Fig. 3¢). At
week 96, the estimated proportions of patients
achieving NEDA-3 were 47.2% (Q1), 47.8% (Q2),
45.4% (Q3), and 37.3% (Q4) of patients (Fig. 3d).

DISCUSSION

In this analysis of patients from the EVOLVE-
MS-1 study dataset, clinical and radiological
measurements indicated reduced disease activ-
ity regardless of the presence of lymphopenia.
The reduction in ARR at 2 years versus baseline
was not substantially different between patients
with or without lymphopenia, and the reduc-
tion in ARR (80.7% in patients without lym-
phopenia and 82.5% in patients with lympho-
penia) is consistent with what is reported for
the overall EVOLVE-MS-1 population (81.6%
reduction) [12]. These findings are aligned with
the literature for DMF, where clinical efficacy-
related outcomes were not reported to be sub-
stantially different in patients with and without
lymphopenia [14, 15]; ARR at 2 years did not
differ substantially between DMF patients with
lymphopenia and those without lymphopenia
[14]. The mean number of Gd+ lesions was sta-
tistically lower in DRF-treated patients with lym-
phopenia than those without lymphopenia and
there were numerical differences in the propor-
tion of patients achieving NEDA-3 between DRF-
treated patients with and without lymphopenia,
but evidence of clinical benefit was observed in
both subgroups.

When stratified by percentage change in
ALC from baseline to week 96, clinical benefit
was observed across all quartiles, regardless of
the magnitude of ALC decline from baseline,
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Table 4 Summary of Gd+ lesion count at week 96 and stratified into quartiles by % ALC decline at week 96

Without With lym- Q1 (=47%  Q2(30 Q3 (12 Q4(<12%  All partici-
lymphope- phopenia (=1  decline) to <47% to <30% decline) pants
nia (always ALC<LLN) #=198 decline) decline) n=202 N=1034°
ALC>LLN) »=452° n=207 n=194
n=582%
No. of Gd+ lesions at 0.6 (4.0) 0.1(0.8) 0.1(0.5) 0.2 (1.6) 0.6 (5.5) 0.5 (2.0) 0.3 (3.0)
week 96, mean (SD)
Change from baselineat - 0.4 (3.1) — 1.1 (44) -09(23) -07(3) -06(58 -07(339 -07(3.8)
week 96, mean (SD)
No. of Gd+ lesions at week 96, 7 (%)
0 374/431 (86.8) 370/383 (96.6) 189/194 (97.4) 195/203 (96.1)169/191 (88.5) 171/201 (85.1)744/814 (91.4)
1-4 lesions 47/431(109) 12/383(3.1)  4/194(2.1)  7/203(34) 19/191(9.9) 24/201 (11.9)59/814 (7.2)
5-8 lesions 6/431(14)  0/383 1/194(05)  0/203 2/191(1.0)  3/201(L5) 6/814(0.7)
> 9 lesions 4/431(09)  1/383(03)  0/194 1203 (0.5)  1/191(0.5) 3/201(15) 5/814(0.6)

ALC absolute lymphocyte count, Gd+ gadolinium-enhancing, MRI magnetic resonance imaging, Q quartile
*Of 582 patients, 431 had baseline and week 96 Gd+ measurements

bOf452 patients, 383 had baseline and week 96 Gd+ measurements

“Of 1034 patients, 814 had baseline and week 96 Gd+ measurements

4Denominator number of patients with baseline and week 96 Gd+ measurements

consistent with DMF [14]. However, compared
with the group with the smallest ALC decline
from baseline, the quartiles with greater ALC
declines appeared to have a numerically lower
ARR and a higher proportion of patients free
from relapses and Gd+ lesions.

The lack of difference in DRF efficacy-related
outcomes in patients with lymphopenia versus
without lymphopenia could be confounded by
age. Aging is known to be associated with quali-
tative and quantitative changes to the innate
and adaptive immune systems [16], which in
turn impacts disease course, with older patients
with MS showing a less inflammatory pheno-
type than younger patients due to immunose-
nescence [17]. As a result of these differences in
the immune system, response to DMTs may vary
in older populations with MS [18]. A real-world
study of long-term safety and effectiveness of
DMF has demonstrated a favorable risk-ben-
efit profile of DMF in patients>335 years of age
[19]. In this analysis of DRF-treated EVOLVE-
MS-1 patients, we observed that patients with
lymphopenia were older at baseline (mean age

44 years in patients with lymphopenia versus
41 years in patients without lymphopenia) and
had a longer duration of disease (mean time
since diagnosis 8 years in patients with lympho-
penia versus 7 years in patients without lym-
phopenia). Despite these modest differences in
age at baseline, clinical and radiological indica-
tors of disease activity were similarly reduced in
patients on DRF with and without lymphopenia.

The underlying mechanism of DRF-induced
lymphopenia is not well understood, and the
results of our study demonstrating comparable
therapeutic benefit in patients with and without
lymphopenia suggest that lymphopenia is not a
primary mechanism of action of DRE. Very rare
cases of progressive multifocal leukoencephalop-
athy (PML), an opportunistic viral infection of
the brain, have been reported in patients treated
with DMF in the setting of lymphopenia, with
an incidence of 0.83 per 100,000 person-years
of exposure. Currently regular ALC monitor-
ing for all patients, irrespective of age or time
on therapy, is recommended [20]. To date, no
cases of PML have been seen in patients treated
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Fig.3 a Adjusted ARR® on treatment, b patients with no
relapses from baseline to week 96, ¢ estimated proportion
of patients with CDP12 at week 96, and d estimated pro-
portion of patients with NEDA-3 at weck 96, stratified
by % ALC decline from baseline to week 96°. *Calcula-
tion of ARR was based on patient-reported relapses in the
12 months before study entry compared with protocol-
defined relapses during the study period. Adjusted ARR
was based on a Poisson regression model adjusted for treat-
ment duration. PPatients were stratified into quartiles based

with DRF, though regular ALC monitoring is
recommended by the US prescribing informa-
tion, and DRF interruption should be consid-
ered for patients with ALC less than the LLN
(<0.5x10%/L) persisting for more than 6 months
[2, 21].

This study had limitations. EVOLVE-MS-1,
an open-label, single-arm study, lacked blind-
ing and a comparator arm, limiting the inter-
pretation of some results. In addition, some
patients had prior treatment with fumarates in
the EVOLVE-MS-2 study, whereas some patients
were naive to treatment. Relapse data obtained

on the decline in ALC from baseline to week 96. The four
quartiles used were Q1 (247% ALC decline from base-
line); Q2 (30% to <47% ALC decline from baseline); Q3
(12% to <30% ALC decline from baseline); Q4 (< 12%
ALC decline from baseline). ALC absolute lymphocyte
count, ARR annualized relapse rate, CDP12 confirmed dis-
ability progression sustained for 12 weeks per EDSS, CI
confidence interval, EDSS expanded disability status score,
NEDA-3 no evidence of disease activity-3, Q quartile

12 months prior to the study for comparison
with on-study relapse outcomes were historical
and therefore not protocol-defined. Further-
more, relapse assessment during the study was
more stringent than for those reported before
the study, which could potentially make the
true effect of ARR smaller than estimates of ARR
per protocol. In addition, although inclusion
criteria did not require a minimum number of
reported relapses, regression to the mean could
have influenced outcomes.
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CONCLUSIONS

In patients who received DRF in the EVOLVE-
MS-1 phase 3 clinical trial, clinical and radio-
logical measurements indicated reduced disease
activity regardless of the presence of lymphope-
nia or the magnitude of ALC decline from base-
line; however, patients who had greater declines
in ALC appeared to at least have a numerically
lower ARR and higher proportion of patients
free from relapses and Gd+ lesions compared
with those with the smallest decline in ALC.
This finding supports prior evidence that, while
lymphopenia may contribute to fumarate effi-
cacy outcomes, it has not been shown to be the
primary mechanism by which fumarates exert
their therapeutic effects in MS.
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