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Background: Dimethyl fumarate (DMF] is licensed for treatment of relapsing-remitting
multiple sclerosis (RRMS). DMF can induce lymphopenia, which is assumed to increase the
risk for opportunistic infections like progressive multifocal leukoencephalopathy. Our goal for
this work was to estimate the frequency of grade 3 lymphopenia in DMF-treated patients with
RRMS and to characterize patient-sided factors influencing the time course of lymphocyte

repopulation after DMF withdrawal.

Material and methods: A single-center retrospective data analysis was performed at
University Hospital Bern, Switzerland. Patients with DMF treatment were analyzed for
lymphocyte counts. Demographic factors were statistically analyzed in grade 3 lymphopenic

patients.

Results: We estimated a grade 3 lymphopenia frequency of 11/246 (4.5%), corroborating
previous studies. In all patients, lymphocytes recovered to values =800/ul within 0.5years.
Multivariate linear regression analysis unmasked older age as being associated with a longer

duration of repopulation.

Conclusion: Considering the aging population, our findings warrant further investigations of

DMF-induced lymphopenia.
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Introduction

Dimethyl fumarate (DMF; Tecfidera®, Biogen
Idec, Cambridge, MA, USA) was labelled to treat
relapsing-remitting multiple sclerosis (RRMS),
after two randomized placebo-controlled phase
IIT clinical trials had demonstrated a favorable
risk—benefit ratio.l»2 In a recent review, 19 cases
of progressive multifocal leukoencephalopathy
(PML) were reported in patients treated with
DMF or other oral fumarate formulations (5
RRMS; 14 psoriasis).?> Since 13 of these patients
showed grade 3 lymphopenia prior to PML diag-
nosis, high-grade lymphopenia was considered as
a risk factor for PML development during fuma-
rate therapy.? Consequently, recommendations
for monitoring DMF in RRMS were changed
and medication withdrawal is recommended in

patients with an absolute lymphocyte count below
500/ul.* The frequency of = grade 1 lymphopenia
was reported to occur in approximately 16.5% of
DMPF-treated patients® and between 2.4-7% of
the patients develop grade 3 lymphopenia (200 to
<500/ul).1:2:6:7 Recently, a small case series of five
patients with RRMS showed that even after DMF
withdrawal, severe lymphopenia can persist for at
least half a year.® Thus, studies focusing on lym-
phocyte repopulation after DMF withdrawal are
urgently needed. In addition, patient-related fac-
tors predisposing for a longer duration of post-DMF
lymphopenia are not yet described. We therefore
aimed to characterize the time course and patient-
related factors for lymphocyte repopulation in
patients with RRMS after DMF withdrawal due
to grade 3 lymphopenia.
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Materials and methods

We performed a single-center (Inselspital, Bern
University Hospital, Switzerland) retrospective
data analysis, which was approved by the can-
tonal ethics committee (KEK-BE 2017-01369).

Electronic patient records were searched for
patients with RRMS treated with DMF for at
least 1 month using the following search terms:
‘dimethyl fumarate’, “Tecfidera’ and ‘relapsing—
remitting multiple sclerosis’. We identified 246
patients with RRMS with DMF treatment. The
‘Common Terminology Criteria for Adverse
Events (version 3.0)’ definition of grade 3 lym-
phopenia (200 to <500 perul) was used in this
study.® Lymphocyte counts of patients with grade
3 lymphopenia were evaluated from DMF with-
drawal until reaching lymphocyte counts =800/ul,
which was defined as lymphocyte repopulation.
We did not include patients with an infection
around the time point of blood sampling.

Statistical analysis included comparative statistic
as well as multiple linear regression analysis and
was performed using SPSS (IBM, Armonk, NY,
USA).

Results

A total of 11 of 246 DMF-treated (240 mg twice
daily) patients with RRMS developed grade 3
lymphopenia after a mean of 501.9 days of treat-
ment [95% confidence interval (CI) 288.4-715.4;
range 172-1064]. No grade 4 lymphopenia was
observed. There was no statistically significant
difference between sex distribution in the grade 3
lymphopenic group compared with the whole
DMPF-treated population (female-to-male ratios:
grade 3 lymphopenia: 2.8:1 versus whole popula-
tion 2.2:1, Chi-square: p = 0.81).

Of the 11 patients, 4 developed lymphopenia
within the first year of treatment, 5 within the sec-
ond year and 2 after the second year. None of the
patients received pretreatment with cell-depleting
immunotherapies; the most frequently used drug
before DMF was interferon-g (4/11; Table 1).
Overall, two patients had co-medication poten-
tially alleviating leuko- or lymphopenia (one clo-
zapine, one carbamazepine; Supplementary
Table 1). Lymphocytes recovered after DMF
withdrawal in all of the 11 patients within half a
year (mean 71.2days, 95% CI 24.5-117.8, range
9-180; Figure 1). Multiple linear regression

analysis adjusted for sex and duration of DMF
treatment identified age at withdrawal of DMF as
an independent predictor for a longer duration
until reaching lymphocyte repopulation (regression
coefficient: 4.07 (95% CI 1.26-6.87), p = 0.01).
After lymphocyte recovery, 9 of the 11 patients
were re-exposed to an immunotherapy (see
Supplementary Table 2). All patients (z = 2)
directly re-exposed with DMF 240 mg twice daily
re-experienced lymphopenia (Supplementary
Table 2).

Discussion

In our retrospective analysis, the frequency of grade
3 lymphopenia in DMF-treated patients with
RRMS (4.5%) corroborates previous findings. %67
In contrast with phase III clinical trials, where lym-
phocytes especially declined during the first year of
treatment and remained stable thereafter,!2 we
demonstrated that, compared with the first treat-
ment year, grade 3 lymphopenia occurred more
frequently afterwards (first year 4/11 versus =sec-
ond year 7/11). This highlights the importance of
regular full blood counts independent of DMF
treatment duration. For lymphocyte recovery in
our retrospective analysis, we demonstrated that
older age was associated with a longer recovery
phase. Only a small case series investigated recov-
ery of lymphopenia after DMF withdrawal. Here,
applying our definition of lymphocyte recovery,
none of five patients recovered over a period of at
least 6months.8 In our study, lymphocytes did
recover after DMF withdrawal in all of the 11
patients within half a year (Figure 1). After recov-
ery of lymphopenia, five patients were re-exposed
to DMF. Of these, two patients re-exposed with
DMF 240mg twice daily re-experienced lympho-
penia whereas three patients continuing with
reduced DMF dosage did not (one of the three
patients was switched to a full dose after 12 months
on reduced dosage; Supplementary Table 2).

Reasons for a longer recovery in older patients are
speculative. However, immunosenescence lead-
ing to profound changes in the immune system is
likely to be causative.!® In our aging population,
there is thus an unmet need for future research to
focus on age-associated treatment effects in this
vulnerable patient cohort. Limitations of our data
analysis are the monocentric and retrospective
nature of our observational study. Therefore,
findings should be re-evaluated prospectively
with a larger patient population.

journals.sagepub.com/home/tan


https://journals.sagepub.com/home/tan

M Briner, M Bagnoud et al.

Table 1. Characteristics of DMF-treated and lymphopenic (grade 3] patient cohort (n = 11). Multiple linear
regression analysis (MVreg) for the outcome variable ‘duration until reaching lymphocyte recovery in days’ was
run. Lymphocyte recovery was defined as lymphocyte count =800/ul. MVreg was adjusted for sex and duration

of DMF treatment (days). R? (MVreg): 0.69, n = 11.

Mean (95% CI) Range
Age (years) 49.8 (40.4-59.3) 22.7-71.8
Duration of DMF treatment (days) 501.9 (288.4-715.4) 172-1064
Dosage of DMF [mg) 480 (480-480) 480-480
Time until lymphocyte counts =800 pl (days) 71.2(24.5-117.8) 9-180
N %
Diagnosis (RRMS]) 11/11 100
Sex (female) 8/11 72.7
Immunotherapy prior to DMF
None 6/11 54.5
Interferon 4111 36.4
Natalizumab 1/11 9.1
Coefficient (95% CI) p value
Multiple Linear Regression Analysis
Age at DMF withdrawal (years) 4.07 (1.26-6.87) 0.01

Cl, confidence interval; DMF, dimethyl fumarate; MVreg, multiple linear regression analysis; N, number of observations;

RRMS, relapsing-remitting multiple sclerosis.
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Figure 1. Time course of lymphocyte counts/ul after DMF withdrawal. Each line represents an individual
patient with DMF-induced grade 3 lymphopenia (n = 11). Definition of grade 3 lymphopenia followed CTCAE
recommendations.? Individual lines start at the date of DMF withdrawal of each patient (set as day 0).

CTCAE, Common Terminology Criteria for Adverse Events; DMF, dimethyl fumarate.
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