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Abstract

High-dose biotin (HDB) is a therapy used in non-active progressive multiple sclerosis (PMS). Some reports have
suggested that HDB treatment may be associated with an increased risk of relapse. We evaluate the relationship between
exposure to HDB for treating PMS and the risk of relapse. We screened for PMS patients prospectively registered in a
French regional cohort being part of the OFSEP national registry. In a case-crossover design among patients who
received HDB, we first compared number of relapses before and after initiation of HDB. Second, time to the first
clinical relapse was compared between patients who received HDB (biotin group) and a control group using a Cox
survival analysis after a propensity score (PS) matching (1:1) and inverse probability of treatment weighting (IPTW)
method. In the 42 PMS patients who received HDB, the number of relapses was statistically and clinically significant
higher after biotin initiation than before biotin initiation (incident rate ratio [IRR] 7.4, 95% confidence interval [CI] 3.5—
15.9, p<0.0001). With the PS matching method, the risk of relapse was significantly higher in the biotin group
compared to the control group (hazard ratio [HR] 4.3, 95% CI 1.4-13.3, p=0.01). The IPTW method with 440 control
patients revealed consistent results (HR 5.1, 95% CI 2.3-11.3, p<0.0001). In our non-randomized study, HDB treat-
ment for PMS was associated with an increased risk of relapse. The follow-up of PMS patients initiating HDB should
include careful assessment of clinical and radiological activity to monitor the potential pro-inflammatory effect of biotin.
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who initially received HDB and 4.8% in patients who initially
received placebo). Since this pilot trial, some reports have
suggested that HDB treatment may be associated with an in-
creased risk of relapse in PMS patients with previously stable
disease [4, 5].

As we also observed unexpected moderate to severe re-
lapse in PMS patients who had very stable disease without
clinical or radiological activity before being treated with
HDB, we decided to evaluate the relationship between expo-
sure to HDB treatment and the risk of relapse by analyzing all
PMS cases from our regional MS cohort. Additional case
reports were submitted to our advice from other MS expert
centers that were briefly reported in 2018 [6].

Methods

Study Population

In the regional cohort of Caen MS center in France, being part
of the OFSEP national registry [7], 729 PMS patients were
identified in December 2017. Age, sex, PMS form (primary or
secondary PMS), EDSS, treatments, date of progression, and
relapses were collected. All patients under HDB received
300 mg of biotin (100 mg thrice a day). Relapses were report-
ed by the neurologists of our MS expert center (PB, ND, GD)
according to the international definition of relapse. The start of
follow-up period was established in the same period of natural
history of MS in all patients: after biotin initiation in biotin-
exposed patients (mean duration was 103 months between
progression onset and biotin initiation) and 103 months after
progression onset in non-biotin exposed patients (Fig. 1). We
excluded patients with relapse in the previous year of the
follow-up period, patients without data after onset of follow-

Fig. 1 Estimation of follow-up MS onset

period in survival analyses. In the
biotin group, the start of follow-

Progression onset

up period, patients without EDSS at progression, and patients
without data before initiation of HDB.

Standard Protocol Approvals, Registrations, and
Patient Consents

All patients gave informed consent for their data to be stored
in the database and used for research. Data confidentiality and
safety are ensured according to the recommendations of the
French Commission Nationale Informatique et Libertés
(CNIL). The cohort has been registered to clinicaltrials.gov
under the number NCT02889965.

Statistical Analyses

First, in a case-crossover design among patients who received
HDB, we defined the following: (i) the period before HDB
initiation as the time between the onset of progression phase of
multiple sclerosis and HDB initiation and (ii) the period after
HDB initiation as the time between HDB initiation and last
observation with HDB. We compared the number of relapses
before and after the initiation of HDB using a generalized
linear model with Poisson distribution, exchangeable correla-
tion structure, and the log of the period as an offset.
Second, regarding the propensity score methods, two ap-
proaches were used, namely propensity score (PS) matching
and inverse probability of treatment weighting (IPWT). The
propensity score, which represents the probability of being ex-
posed to biotin conditional to baseline characteristics, was com-
puted by non-parsimonious logistic regression model including
age at progression, sex, primary PMS form, and EDSS at pro-
gression. In survival analyses, patients follow-up was censored
after 12-month. Patients exposed to biotin were 1:1 matched to
controls using the greedy matching procedure based on the PS.
The balance between groups after PS matching was checked by

Biotin initiation End of follow-up

up period began after biotin initi- /o
ation. In the control group, the I
start of follow-up began / //

103 months after progression on- -
set, corresponding at mean dura- h
tion between progression onset
and biotin initiation in the biotin
group, to be in the same period of
natural history of MS in all
patients

[
i Mean = Follow-up period =
[ 103 months 12 months Biotin
I
Initiation of
follow-up
"y
! 1
! L
1=
/ // Follow-up period =
i 103 months 12 months Control
/
/
I

@ Springer


https://doi.org/10.1007/s13311-00880-

Relapses During High-Dose Biotin Treatment in Progressive Multiple Sclerosis: a Case-Crossover and... 991

computing the standardized difference, with a value below 10%
indicating similar baseline characteristics. Time to relapse was
compared between biotin and control groups by a Cox model
using robust covariance matrix estimation to account for the
paired design. In addition, we conducted an IPWT analysis
using a Cox model with stabilized weights to compare the time
to relapse in the overall cohort. A sensitivity analysis including
concomitant DMD at the start of follow-up in the PS was con-
ducted. All analyses were conducted with SAS 9.4 (SAS insti-
tute, NC, Cary) and a p value < 0.05 was considered to denote
statistical significance.

Data Availability

Because of the confidentiality and security concerns, only
applicants with an OFSEP-approved project and the members
of the project teams are allowed to have direct access to the
raw data.

Results

We identified 729 PMS patients in our regional OFSEP data-
base and 482 PMS patients were included (mean age 60.0 +
9.4 years, 62% female, 50% primary PMS, mean EDSS 6.6 +
1.7). Forty-two PMS patients received HDB and 440 did not
received biotin (fig. 2). Eleven patients (26.2%) developed
relapses during biotin treatment. Four patients (9.5%) stopped
HDB, one after a relapse. Characteristics of patients are de-
scribed in Table 1. First, in the case-crossover analysis among

Fig. 2 Patient disposition. PMS =
Progressive multiple sclerosis,
EDSS = Expanded disability
status scale, PSM = Propensity
score matching, [IPTW = Inverse
probability of treatment
weighting

patients who received HDB, the annualized relapse rate
(ARR) ratio was 0.04 £0.08 in the progressive phase before
biotin and 0.39 +0.77 after biotin. Using the Poisson regres-
sion model, the number of relapses was statistically and clin-
ically significantly higher after biotin initiation than before
biotin initiation (incident rate ratio [IRR] 7.4, 95% confidence
interval [CI] 3.5-15.9, p <0.0001).

Second, with the PS matching method, the risk to develop a
relapse was significantly higher in the biotin group compared
to the control group (hazard ratio [HR] 4.3, 95% CI 1.4-13.3,
p=0.01; Fig. 3). The standardized difference between groups
after PS matching was below 10% for all the baseline vari-
ables included in the PS. Using the IPTW method, result was
consistent with higher risk in biotin group (HR 5.1, 95% CI
2.3-11.3, p<0.0001, Fig. 4). A sensitivity analysis including
patients with concomitant DMD at the start of follow-up in the
PS was consistent with our previous results (HR 5.56, 95% CI
1.6-19.7, p=0.008 with PS matching method and HR 4.29,
95% CI 1.8-10.0, p=0.0007 with IPTW method).

Discussion

In this regional cohort of PMS patients, HDB treatment is
associated with a higher risk of relapse, using three different
statistical methods. Obviously, we observed at a higher rate a
shift from a main neurodegenerative status towards an unex-
pected clinical and radiological activity suggesting a potential
pro-inflammatory effect of this treatment. Even if clinical or
radiological activity were also present in PMS without
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Table 1 Characteristics of included patients

Biotin group* (N=42)

Control group (N =440)

Women, N (%)
Primary PMS form, N (%)
Age at progression onset, year
EDSS at progression onset
MS duration at progression onset, year
Concomitant DMD, N (%)
Patients who stopped DMD during the year before follow-up
Patients with concomitant DMD at the start of follow-up
Immunosuppressive DMD'
First-line DMD*
Other
Patients with concomitant DMD at the end of follow-up

22 (52.4) 279 (63.4)
21 (50.0) 218 (49.5)
48.1 (8.6) 42.4 (10.0)
4.5(1.7) 55(2.1)
7.7 9.6) 6.3 (8.6)
4(9.5) 36 (8.2)

6 (14.3) 125 (28.4)
3(7.1) 67 (17.5)
2(4.8) 45 (10.2)
124 3(0.7)
5(11.9) 127 (28.9)

Unless otherwise indicated, data are expressed as means (SD)

EDSS = Expanded disability status scale, DMD = Disease-modifying drugs

*All patients in the biotin group received 300 mg of biotin (100 mg thrice a day)

T Including mitoxantrone, cyclophosphamide, methotrexate, azathioprine, mycophenolate mofetil, and methylprednisolone

Including interferons, glatiramer acetate, and dimethyl fumarate

treatment (3 to 30% [8]), relapses after recent HDB treatment
in non-active MS patients challenge the question of a potential
relationship. In the pivotal placebo-controlled study [3], more
new or enlarging MRI lesions occurred in the HDB arm than
in the placebo arm during the double-blind phase. In the MS-
ON study [9], the incidence of MS relapse was higher in the
biotin group than in the placebo group during the double-blind
phase of the study and was also higher in the patients newly
treated with biotin in the extension phase than in the placebo
group in the double-blind phase. A cohort of consecutive PMS
patients treated with HDB showed an unexpected high rate of
clinical and radiological inflammation (relapses in 9/41 pa-
tients, MRI activity in 7/41 patients, ARR after treatment
0.27 vs 0.1 before treatment [4]).

Control
08

0.6 Biotin

0.4

Relapse-Free Survival Probability

0.2
i HR=4.3 [1.4-13.3] p=0.01

0 3 6 9 12
months

Control 42 42 39 36 35
Biotin 42 38 23 18 10
Fig. 3 Time to the first relapse with the PSM method. Cox model using
robust covariance matrix estimation to account for the paired design. HR
= Hazard ratio
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Mechanisms through which biotin may facilitate relapse in
PMS has to be elucidated. We can suspect unknown risk fac-
tors facilitating relapse in some patients, but analyses included
main clinical parameters in the model. The other hypothesis
may be metabolic. Indeed, biotin acts as a coenzyme for five
carboxylases involved in energy metabolism, fatty acid syn-
thesis, and amino acid catabolism [10, 11], and it has been
suggested that HDB treatment could reverse a “virtual hypox-
ia”, a mechanism explaining progressive degeneration, caused
by a mismatch between increased energy demand by the
demyelinated axon and decreased energy production because
of mitochondrial injury [11, 12]. HDB treatment could reverse
this state by triggering myelin synthesis by oligodendrocytes
and by replenishing ATP in hypoxic neurons. In addition,

Control
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Relapse-Free Survival Probability

i HR=5.1 [2.3-11.3] p<0.0001

0 3 6 9 12
months

Control 440 433 419 405 391
Biotin 42 38 23 18 10

Fig. 4 Time to the first relapse with the IPWT method. Cox model with
stabilized weights to compare the time to relapse in the overall cohort. HR
= Hazard ratio
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glycolysis and/or mitochondrial ATP production is an essen-
tial phenomenon in the metabolic functioning of activated
lymphocytes. Augmentation of activity of methylcrotonyl-
CoA carboxylase, a biotin-dependent carboxylase, could in-
crease catabolism of leucine with production of beta-hydroxy-
beta-methylbutyrate [13], known to increase proliferation of
lymphocytes. This remains to be demonstrated by comple-
mentary studies.

This study has some limitations. First, our cohort only cov-
ered a limited regional area and could not be transposed to a
larger population. The number of excluded PMS patients was
important due to missing values, mainly in the control group.
A French multicenter study evaluating incidence of relapses in
patients with HDB-treated progressive MS did not show sig-
nificant increased risk of clinical inflammatory activity [14]
but the statistical analysis used was different. Previous treat-
ments may also affect the risk of relapse but treatments
stopped during the year before inclusion were similar in the
two groups in our study. The number of patients with con-
comitant DMD at the start of follow-up was different between
patient groups because HDB was introduced generally in pa-
tients without previous DMD and not used as an add-on ther-
apy. Another limitation is that the role of MRI activity was not
evaluated in our study as an outcome and in the propensity
model, because of lack of interpretable MRI data.

Our results suggest follow-up of PMS patient initiating
HDB should include careful assessment of inflammatory ac-
tivity (ARR and MRI). An MRI monitoring may be recom-
mended before and after introduction of biotin in PMS pa-
tients to detect new T2 or gadolinium-enhancing lesions sug-
gesting resumption of inflammatory activity.
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