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Abstract

Background: Dimethyl fumarate (DMF), a disease-modifying therapy for multiple sclerosis (MS),
causes lymphopenia in a fraction of patients. The clinical significance of this is unknown. Several
cases of progressive multifocal leukoencephalopathy in lymphopenic fumarate-treated patients have
raised concerns about drug safety. Since lymphocytes contribute to MS pathology, lymphopenia may
also be a biomarker for response to the drug.

Objective: The objective of this manuscript is to evaluate risk factors for DMF-induced lymphopenia
and drug failure in a real-world population of MS patients.

Methods: We conducted a retrospective cohort study of 221 patients prescribed DMF at a single aca-
demic medical center between March 2013 and February 2015.

Results: Grade 2—3 lymphopenia developed in 17% of the total cohort and did not resolve during DMF
treatment. Older age (>55), lower baseline absolute lymphocyte count and recent natalizumab exposure
increased the risk of developing moderate to severe lymphopenia while on DMF. Lymphopenia was not
predictive of good clinical response or of breakthrough MS activity on DMF.

Conclusions: Lymphopenia develops in a significant minority of DMF-treated patients, and if grade 2
or worse, is unlikely to resolve while on the drug. Increased vigilance in lymphocyte monitoring and
infection awareness is particularly warranted in older patients and those switching from natalizumab.
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Introduction

Dimethyl fumarate (DMF) was approved in the
United States for the treatment of relapsing multiple
sclerosis (RMS) in March 2013. The safety profile
reported in the phase III clinical trials demonstrated
few serious adverse events.'? However, significant
lymphopenia (grade 3; absolute lymphocyte count
<500) developed in approximately 5% of patients
in the phase III trials. We previously reported that
a substantially larger fraction of patients appeared to
develop severe lymphopenia in our clinical practice,
particularly among older patients and for those
taking the drug for more than a year.’

The clinical implications of DMF-induced lympho-
penia are not fully understood. Several cases of pro-
gressive multifocal leukoencephalopathy (PML)

have occurred in patients taking DMF and related
fumarate compounds,*® all of whom were lympho-
penic during treatment. Lymphopenia, regardless of
etiology, is a risk factor for PML.”'® The accumulat-
ing case reports of fumarate-related PML raise con-
cern that opportunistic infections may become more
of a risk with longer exposures to the drug.

Although lymphopenia may increase the risk for
PML and perhaps other infections, it may also be a
biomarker for drug efficacy. DMF has immunomo-
dulatory, anti-inflammatory, and neuroprotective
properties.''"'* As an immunomodulator, it sup-
presses lymphocytes and induces T-cell apop-
tosis.'”> !> Since T-cells are considered a primary
mediator of MS pathology, DMF-induced lymphope-
nia could theoretically be linked to disease control.
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Elucidating the significance of DMF-induced lym-
phopenia and predicting which patients are at risk
will be important for clinical decision making,
including choice of disease-modifying therapy
(DMT) and frequency of monitoring. We used a
retrospective cohort analysis of 221 patients pre-
scribed DMF at a single academic MS center to elu-
cidate demographic variables that were associated
with lymphopenia and breakthrough disease during
treatment.

Methods

Participants

This was a retrospective cohort study of all patients
followed at the John L. Trotter Multiple Sclerosis
Center at Washington University in St. Louis who
were prescribed DMF between March 2013 and
February 2015. A total of 234 patients were identi-
fied; charts were systematically reviewed and
13 charts were excluded for lack of continued
follow-up. Data from 221 charts were extracted.
This study was approved by the Human Research
Protection Office at Washington University in
St. Louis.

Chart reviews

Demographic data and results of serial complete
blood counts (CBCs), particularly absolute lympho-
cyte counts (ALCs), were compiled. Grades of
lymphopenia were assigned according to the
common terminology criteria for adverse events
(http://evs.nci.nih.gov/ftpl /CTCAE/CTCAE_4.03_
2010-06-14_QuickReference_5x7.pdf): grade 1=
ALC of 800 to the lower limit of normal, grade
2=ALC 500-799, grade 3 =ALC <500. Baseline
CBCs were acquired within the six months prior to
DMF start and subsequent CBCs were obtained at
non-standard intervals. Clinical outcomes and
adverse events reported to the treating physicians
were noted. Magnetic resonance imaging (MRI)
was performed at the discretion of the treating phys-
ician; typically scans were available at baseline
(within two months of DMF initiation), after
around six months of therapy and yearly thereafter.
MS disease activity was defined as a clinical
relapse, as determined by the treating physician,
or radiologic evidence of disease activity (new T2
or enhancing lesions on follow-up MRI when com-
pared to baseline MRI) after treatment with DMF
for >3 months. Early clinical/MRI activity (within
two months of starting medication) was not con-
sidered a relapse. Gradual progression of neurologic
disability over months was not judged as MS dis-
ease activity while on DMF.

Statistical analysis

Data analysis was performed using the statistical
package SPSS v.22 (IBM Corp; Armonk,
New York). We calculated the cumulative incidence
of lymphopenia and the cumulative incidence of MS
activity using standard Kaplan-Meier analysis.
Significance was calculated using the log rank test.
Baseline ALC was categorized into quartiles for ana-
lyses. Patients were considered lymphopenic at the
first time point when the ALC reached grade 2 or 3
lymphopenia. Clinically significant variables and
variables with p values of <0.1 were then included
in Cox proportional-hazards models to determine
which were associated with the development of
grade 2 or 3 lymphopenia and which were associated
with breakthrough MS activity.

Results

A total of 221 patients were retained in our cohort
with a median age of 45 (range 18-76) and median
duration of DMF therapy of 11 months (range 1-23
months) (Table 1). One hundred and three patients
had been treated for >12 months while 118 had been
on the drug for <1 year. Over the course of the
study, grade 3 lymphopenia developed in 13
(5.9%) patients, and grade 2 lymphopenia developed
in 26 (11.8%). Six of the 26 patients classified with
grade 2 lymphopenia had ALCs of 500, placing them
at the borderline between grades 2 and 3. Grade 2
lymphopenia with ALC as high as 792 has been
described with fumarate-associated PML*>® and is
likely to be relevant; thus, we report combined grade
2 + 3 lymphopenia as well as grade 3 alone for the
remainder of these analyses. Grade 1 lymphopenia
was typically reversible, with ALCs often returning
to normal range (Figure 1(b)). However, once lym-
phopenia of grade 2 or worse developed, lymphocyte
counts were not observed to normalize (Figure 1(c),
(d)).” Time to lymphopenia varied between one
month to >1 year after DMF initiation, with 89%
appearing within the first year on drug (median
eight months; range 1-21 months) (Figure 1(c),
(d))."*7 DMF was ultimately discontinued in nine
patients with grade 2 4 3 lymphopenia. After cessa-
tion of DMF, lymphocyte counts rose slowly in most
patients, but did not reach normal range until five
months or longer after discontinuing the drug
(Figure 1(e)).

Risk of developing lymphopenia increased with
increasing age, with lower baseline ALC, and in
those with recent natalizumab exposure (Table 1,
Figure 2). Although not statistically significant,
there was a trend for white patients to be at
higher risk of moderate to severe lymphopenia than
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Table 1. Demographic data for DMF-treated patient cohort and for lymphopenic patients.

African American or Asian patients (Figure 2(d),
(h)). Sex, number of prior MS DMTs, and time
since MS diagnosis were not associated with lym-
phopenia (data not shown). In the adjusted Cox pro-
portional hazard model for covariates, using
combined grade 2 + 3 lymphopenia as the outcome
of interest, older age (hazard ratio (HR) 4.7, 95%
confidence interval (CI) 1.5-14.6, p=0.008 for
>55 and HR 3.6, 95% CI 1.2-10.8, p=0.024 for
age 4055 compared to age <40), baseline ALC in
the lowest quartile (HR 11.1, 95% CI 2.6-47.9,
p=0.001 for quartile 1 compared to quartile 4),
and natalizumab therapy immediately prior to DMF
(HR 6.7, 95% CI 1.7-26.7, p=0.007, compared to
no natalizumab), each independently increased the
risk of lymphopenia. Race was not a significant pre-
dictor in the Cox proportional hazards model.
Patients who switched from natalizumab to DMF
had previously been exposed to natalizumab for a
median of 23 months (range 3—75 months); there

was a median washout period of two months between
natalizumab and DMF therapy (range 0—7 months).

Since lymphopenia may represent a higher
degree of immunomodulation/immunosuppression,
we hypothesized that lymphopenia protects from
inflammatory MS disease activity. During the
course of this study, 16% of patients begun on
DMF experienced breakthrough MS disease activity
(n=36) and 7% (n = 16) stopped the medication as a
result. However, standard Kaplan Meier analyses
showed no significant difference in breakthrough
MS activity depending on ALC (Figure 3(a)). Male
sex and younger age increased the risk of relapse
while on DMF (Figure 3(b), (c¢)). In the adjusted
Cox proportional hazard model, only younger age
(HR 4.6, 95% CI 1.2-17.2, p=0.024 for age <40
compared to age >55) continued to be independently
associated with relapse after controlling for other
variables. Male sex approached significance, (HR
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Figure 1. Patients developing lymphopenia remain lymphopenic throughout DMF treatment. Baseline ALCs (a) include nine
patients on fingolimod. Longitudinal ALCs were monitored for patients developing grade 1 (b), grade 2 (c¢) and grade 3
(d) lymphopenia. Nine lymphopenic patients discontinued DMF; subsequent ALC recovery is plotted (¢). Two patients who
transitioned to fingolimod therapy are not shown. Dotted lines represent ALC 1000, 800, and 500, the cutoff values for grade 1,
2, and 3 lymphopenia, respectively. DMF: dimethyl fumarate; ALC: absolute lymphocyte count.

2.0, 95% CI 1.0-3.9, p=0.051) while grade of lym-
phopenia was not associated with relapse (HR 0.47,
95% CI 0.14-1.6, p=0.22 for grade 2 and HR 1.5,
95% CI 0.4-5.6, p=0.57 for grade 3, compared to
no lymphopenia). Race, time since MS diagnosis,
number of prior MS DMTs, and recent natalizaumab
exposure did not increase the risk of breakthrough
MS activity (data not shown).

Infections were not systematically queried in the
clinic. Thus, the design of this study precludes accur-
ate determination about infection risk for lymphope-
nic patients. However, 16 patients incidentally
reported an infection to their neurologist during
follow-up; these included respiratory infections
(n=17), urinary tract infections (UTI; n=3), skin/
joint infections (n = 2), herpes infections (n =4; two
cases of shingles, one herpes simplex virus 1
(HSV-1), and one genital HSV), and C. difficile infec-
tion (n=1). Five of the 16 patients who reported
infections had grade 2 + 3 lymphopenia; their infec-
tions included respiratory infections (n=2), UTI
(n=2), cellulitis (» = 1) and shingles (n=1).

Discussion
Lymphopenia is a common sequela of DMF therapy.
In clinical trials leading to Food and Drug

Administration (FDA) approval of DMF for RMS,
5% of patients developed grade 3 lymphopenia over
two years. In clinical practice, lymphopenia appears
to be more common; our data suggest that the cumu-
lative incidence of grade 3 lymphopenia exceeds
20% in adults older than 55; combined grade 2 and
3 lymphopenia developed in more than 40% in this
age group. A higher risk of lymphopenia was noted
in patients switching to DMF from natalizumab ther-
apy and in those with lower baseline lymphocyte
counts. These factors all acted independently in con-
ferring higher risk of lymphopenia.

A recent case of fumarate-associated PML where
lowest identified ALC was 792 has underscored the
possible clinical significance of even moderate lym-
phopenia.® DMF affects both CD4 and CD8+
lymphocytes, with the latter being more drastically
affected.'” CD8+ cells are enriched in central ner-
vous system (CNS) tissue'® and may be important
for immune surveillance.!”'® Indeed, CD8+ T-cells
may be key to controlling John Cunningham (JC)
virus infection in the setting of human immunodefi-
ciency virus (HIV)-associated PML.'”?° Thus, T
lymphocyte reduction and particularly the loss of
CD8+ T-cells may raise the risk for PML or other
viral CNS infections.
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Figure 3. DMF-induced lymphopenia does not predict good clinical response to therapy. Kaplan Meier analyses were used to
model the cumulative incidence of breakthrough MS activity, defined as a clinical relapse or evidence of active disease on MRI.
P values represent the log rank test for differences between groups. DMF: dimethyl fumarate; MS: multiple sclerosis;
MRI: magnetic resonance imaging; ALC: absolute lymphocyte count.

The mechanism of DMF-induced lymphopenia is not
known. In vitro studies suggest that it may induce
T-cell apoptosis.'® The increased prevalence of lym-
phopenia in older patients and in patients with a
lower baseline ALC suggests a failure of lymphopoi-
esis triggered by DMF therapy. Indeed, lymphopoi-
esis declines with age due to thymic involution and
decreased production of naive lymphocytes. Effector
lymphocytes also appear to be less potent in old
age.”! Whether these consequences of normal aging
could be amplified by DMF is an avenue for future
study. The significance of increased risk for lympho-
penia in patients recently exposed to natalizumab is
not immediately obvious, and this finding requires
validation in a larger cohort of patients. Natalizumab
is known to expand circulating leukocytes, including

progenitor cells.*>* If in turn, DMF causes lympho-
cyte apoptosis or arrest of differentiation, then
patients sequentially exposed to natalizumab and
DMF might have a larger number of circulating
lymphocytes vulnerable to DMF effects than other
patients.

Most effective disease-modifying medications for
relapsing MS are considered to be immunomodula-
tory. However, several disease-modifying medica-
tions for MS (e.g. fingolimod, natalizumab) act by
inhibiting immune cell migration into the CNS
and might be regarded as immunosuppressive.
Lymphopenia presumably reflects some degree of
immune suppression in DMF-treated patients, and
there is therefore a theoretical basis for supposing
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that these patients would be less likely to experience
breakthrough MS activity. Nonetheless, we found
that lymphopenic and non-lymphopenic patients
were equally likely to suffer relapses during DMF
therapy. Data reported here reflect the clinical
experience of a single tertiary care center and may
not be representative of the entire population of MS
patients. The five practicing physicians in our group
provide primary and consultative care for more than
2000 MS patients, thus representing a wide cross-
section of the estimated 5000 MS patients in our
geographic area. While we did not appreciate any
differences in MS activity related to lymphopenia,
a limited number of relapses were observed, and a
larger cohort might uncover a difference. Duration of
follow-up while taking DMF varied in our study.
Some patients in this cohort had been followed for
up to two years, but others were still in the early
stages of therapy during the time covered by
this study. Thus, the overall prevalence of
DMF-associated lymphopenia may change with
longer follow-up times. Based on our data
(Figure 1(c), (d)) and that reported by others,’ the
proportion of patients with DMF-related lymphope-
nia is not expected to diminish with longer treatment
duration and may increase. Overall, our data strongly
support the need for vigilance in lymphocyte moni-
toring and infection awareness for DMF-treated
patients, particularly in older patients and those
switching from natalizumab.
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