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A B S T R A C T   

Background: Biotin may activate the acetyl-CoA-, 3-methylcrotonyl-CoA-, propionyl-CoA-, and pyruvate car-
boxylases to increase myelin repair and/or synthesis, and may enhance the production of adenosine triphosphate 
(ATP), which may be essential to prevent neurodegeneration. The purpose of this review was to determine the 
effectiveness and safety of high-dose biotin (HDB) in multiple sclerosis via a systematic review of randomized 
controlled trials. 
Methods: We searched the following electronic databases for relevant articles: MEDLINE, CENTRAL, EMBASE, 
Scopus, and ClinicalTrials.gov website until April 2021. We considered randomized clinical trials (RCTs) that 
involved adult patients diagnosed with any phenotype of multiple sclerosis that conforms with the McDonald 
2010/2017 criteria or the Lublin 2014 criteria. We included studies employing high-dose biotin or “MD1003” 
administered orally for at least 300 mg/day and given for at least three months. The methodological quality 
assessment of the included studies was done using the Cochrane Risk of Bias (RoB) tool. The GRADE approach 
was used to assess the certainty of evidence [COE]. 
Results: Out of 366 records identified, three RCTs involving 889 individuals diagnosed with MS (830 participants 
had progressive MS (PMS); 59 had RRMS) were pooled for analyses. The overall female:male ratio was 1.16:1. All 
included trials used HDB as an adjunctive treatment. The risks of bias in the three studies were low across the 
domains. At 12 to 15 months, there is insufficient evidence that the HDB and placebo arms differed in terms of 
composite improvement of MS-related disability (relative risk (RR) 2.87; 95% CI 0.29-28.40; 2 trials; 796 par-
ticipants; I2 = 66%) [low COE], improvement in expanded disability status scale (IEDSS) (RR 2.27; 95% CI 0.25- 
20.98; 2 trials; 796 participants; I2 = 63%) [low COE], and both IEDSS and improvement in 25-foot walk time 
(ITW25) (IEDSS-ITW25) (RR 0.58; 95% CI 0.17–2.00; 2 trials; 796 participants; I2 

= 13%) [moderate COE] 
among patients with PMS. Pooled data for ITW25 at 12 to 15 months yielded statistical significance (RR 2.06; 
95% CI 1.04-4.09; 2 trials; 796 participants; I2 = 0%) [moderate COE] favoring HDB among patients with PMS. 

Abbreviations: 9-HPT, Nine-hole peg test; AE, Adverse events; CGIC, Clinical global impression by clinicians; CGIS, Clinical global impression by subject; CI, 
Confidence intervals; CIMSD, Composite improvement of MS-related disability; CIS, Clinically isolated syndrome; CNS, Central nervous system; EDSS, Expanded 
disability status scale; EMA, European Medicines Agency; GRADE, Grades of Recommendation, Assessment, Development and Evaluation; HDB, High-dose biotin; 
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At 12 to 15 months, no significant differences were found in terms of mean change in EDSS (MD -0.06; 95% CI 
-0.14-0.02; 2 studies; 796 participants; 889 participants; I2 

= 68%) among patients with PMS. Synthesized data 
on incidence of any AEs (RR 0.98; 95% CI 0.92-1.04; 3 trials; I2 = 0%) [high COE] and any serious AEs (RR 0.98; 
95% CI 0.77-1.24; 3 trials; 889 participants; I2 = 0%) [moderate COE] were not significantly different between 
HDB and placebo groups. Out of 662 pooled patients in the HDB group, 31 patients (4.7%) were found to have 
laboratory test interference compared to zero event in the pooled placebo group [high COE]. 
Conclusions: A moderate certainty of evidence suggests a potential benefit in favor of HDB administered for 12 to 
15 months in terms of ITW25 in patients with PMS. However, an important trade-off of this benefit is the high 
certainty of evidence suggesting an increased incidence of laboratory test interference when HDB is taken.   

1. Introduction 

Multiple sclerosis (MS) is a chronic, demyelinating condition 
affecting mainly the white matter of the central nervous system (CNS) 
(Filippi et al., 2018). The reduction of inflammatory activity in MS is 
achieved by current disease-modifying therapies (DMTs) via cellular 
immunomodulation of the adaptive immune system (Cree et al., 2019; 
Faissner and Gold, 2019; Sorensen et al., 2020). However, the patho-
physiology of progressive forms of MS (PMS) (i.e., primary PMS (PPMS) 
and secondary PMS (SPMS)) may be distinct from that of RRMS leading 
to poor efficacy of most DMTs in the former phenotype (Lassmann, 
2018; Mahad et al., 2015). 

High-dose biotin (HDB) may activate the acetyl-CoA-, 3-methylcro-
tonyl-CoA-, propionyl-CoA-, and pyruvate carboxylases to increase 
myelin repair and/or synthesis, and may enhance the production of 
adenosine triphosphate (ATP), which may be essential to prevent neu-
rodegeneration (Cui et al., 2020; Fourcade et al., 2020; Sedel et al., 
2016, 2015). Preliminary data from French MS reference centers (n =
23) reported that over 90% of patients treated with HDB for 2 to 36 
months experienced some clinical improvement and no adverse event 
was deemed related to its intake (Sedel et al., 2015). This pilot study 
paved the way for the subsequent conduction of more robust clinical 
studies to determine the efficacy and safety of HDB. 

While the list of DMTs that are beneficial in RRMS continues to grow, 
most of these DMTs seemed to be ineffective in the progressive pheno-
types of MS until recently, when ocrelizumab and siponimod were 
approved by the US Food and Drug Administration (US FDA) and the 
European Medicines Agency (EMA) specifically for PPMS and active 
SPMS, respectively (Cree et al., 2021). Unfortunately, we have no cur-
rent regimen yet that can reduce disability worsening in inactive pro-
gressive MS. The practice guidelines of the American Academy of 
Neurology (AAN) have not given recommendations on the utility of HDB 
in MS based on relevant studies (Rae-Grant et al., 2018). Furthermore, at 
present, there is no systematic review conducted yet that evaluated all 
the relevant evidence of HDB in all phenotypes of MS. 

The purpose of this review was to determine the effectiveness and 
safety of HDB as an adjunct treatment in MS via a systematic review of 
randomized controlled trials (RCTs) in terms of disability, visual func-
tion, finger dexterity, cognition, walking ability, global impression of 
improvement, quality of life and adverse events. 

2. Methods 

2.1. Criteria for considering studies for this review 

Types of studies. We considered RCTs with a comparative, parallel- 
group (i.e., active-controlled, placebo-controlled, or “no treatment” 
group) and studies that employed cluster randomization or studies with 
a crossover design. 

Types of participants. We included studies that involved adult patients 
at least 18 years of age diagnosed with any phenotype of MS that con-
forms with the McDonald 2010/2017 criteria or the Lublin 2014 criteria 
(Lublin et al., 2014; Polman et al., 2011; Thompson et al., 2018). No 
restrictions were implemented in terms of disease severity or disability, 

disease activity (i.e., active or inactive), disease duration, or use of any 
immunotherapies. 

Types of interventions. We included studies employing HDB or 
“MD1003” administered orally at a dose of at least 300 mg/day and 
given for at least three months. If trials were available, this review 
considered studies on HDB compared to other active, standard drug 
treatments (e.g., ocrelizumab, siponimod) or as an adjunct treatment, i.e., 
given concurrently with the patients’ DMT at the time of randomization. 
For the comparator group, studies that employed placebo, “no treat-
ment”, active agent, or standard treatment were considered for 
inclusion. 

Types of outcome measures. The outcomes were grouped according to 
the effect on different aspects of the condition, as follows: (1) disability; 
(2) visual function; (3) fatigue; (4) finger dexterity; (5) cognition; (6) 
walking ability; (7) clinical global impression; (8) quality of life; and (9) 
adverse events. All outcomes to be considered should be measured from 
randomization to at least three months post-treatment. 

2.2. Primary outcome  

• Composite improvement of MS-related disability (CIMSD) [disability], 
defined as any of the following: (1) a decrease of at least 0.5 points in 
patients with severe disability (i.e., expanded disability status scale 
(EDSS) score of 6.0 to 7.0) at baseline; (2) a decrease of at least 1.0 
point in patients with moderate disability (i.e., EDSS 3.5 to 5.5) at 
baseline; or (3) a decrease of at least 20% of 25-foot walk time 
(TW25) from baseline. 

2.3. Secondary outcomes  

• Improvement in EDSS (IEDSS) [disability]: Improvement in EDSS, as 
defined above.  

• Improvement in TW25 (ITW25) [disability]: Improvement in TW25, as 
defined above.  

• Improvement in EDSS and TW25 (IEDSS-ITW25) [disability]: 
Improvement in both EDSS and ITW25, as defined above.  

• Mean change in EDSS (MC-EDSS) [disability]: Difference in EDSS from 
baseline to post-treatment.  

• Mean change in EDSS subscores (MC-EDSSsub) [disability]: Differences 
in EDSS subscores (i.e., visual, brainstem, pyramidal, cerebellar, 
sensory, bowel and bladder, and cerebral domains) from baseline to 
post-treatment.  

• Mean change in TW25 (MC-TW25) [disability]: Difference in TW25 
from baseline to post-treatment.  

• Time to disability progression (TDP) [disability]: The time from 
randomization to date of evidence of progression (i.e., an increase in 
EDSS of at least 0.5 points in participants with severe disability at 
baseline, or an increase of at least 1.0 point in participants with 
moderate disability at baseline).  

• Improvement in visual function (IVF) [visual function]: Improvement in 
visual function evaluated using the Early Treatment Diabetic Reti-
nopathy Study (ETDRS) logarithm of the minimum angle of resolu-
tion (logMAR) charts at high and low contrast; Improvement seen in 
visual evoked potentials (VEPs) indicated by the reappearance of a 
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P100 wave not visible in a previous examination or improvement of 
the P100 wave latency of at least 10 ms.  

• Mean change in visual function (MC-VF) [visual function]: Difference in 
visual acuity evaluated using the ETDRS logMAR charts at high and 
low contrast between baseline and post-treatment; the difference in 
mean deviation visual field defects, in retinal nerve fiber layer 
(RFNL) thickness, temporal RFNL, the macular volume between 
baseline and post-treatment were also considered.  

• Mean change in vision-associated daily life activities (MC-VADL) [visual 
function]: Difference in National Eye Institute 25-Item Visual Func-
tion Questionnaire (NEIVFQ-25) scores between baseline and post- 
treatment. 

• Mean change in fatigue (MC-F) [fatigue]: Difference in Modified Fa-
tigue Impact Scale (MFIS) between baseline and post-treatment.  

• Mean change in finger dexterity (MC-FD) [finger dexterity]: Difference 
in Nine-Hole Peg Test (9-HPT) between baseline and post-treatment.  

• Mean change in cognition (MC-C) [cognition]: Difference in Symbol 
Digit Modalities Test (SDMT) between baseline and post-treatment.  

• Mean change in walking ability (MC-WA) [walking ability]: Difference 
in Multiple Sclerosis Walking Scale (MSWS) between baseline and 
post-treatment; the difference in remote monitoring of ambulatory 
activity via activity trackers (e.g., FitBit®) between baseline and 
post-treatment were also considered. 

• Clinical global impression by clinicians (CGIC) [clinical global impres-
sion]: The CGIC score post-treatment.  

• Clinical global impression by subject (CGIS) [clinical global impression]: 
The CGIS score post-treatment.  

• Mean change in the quality of life of patients (MC-QoLP) [quality of life]: 
Difference in the Multiple Sclerosis Quality of Life-54 (MSQoL-54) 
scores between baseline and post-treatment. Other quality of life 
scales (e.g., Short form (36) health survey or SF-36) were also 
considered.  

• Mean change in the quality of life of caregivers (MC-QoLC) [quality of 
life]: Difference in the Caregiver health-related Quality of Life in 
Multiple Sclerosis (CAREQoL-MS) between baseline and post- 
treatment.  

• Adverse events (AE) [adverse events]. Reported adverse events (i.e., 
any AE, any specific AE, severe AE, serious AE, and specific serious 
AE). 

2.4. Search methods for identification of studies 

Electronic searches. We searched the following electronic databases 
for relevant articles: MEDLINE (by PubMed), CENTRAL by the Cochrane 
Library, EMBASE, Scopus, and ClinicalTrials.gov website until April 12, 
2021. The following free-text and MeSH terms were used: “multiple 
sclerosis”, “biotin”, “MD1003”, “vitamin B7”, “vitamin H”, “Qizenday”, 
and “Cerenday” (see Supplementary Table 1, S1, for the detailed search 
strategy for each database). 

Searching other resources. We handsearched other papers by looking 
into the bibliography of relevant published articles. 

2.5. Data collection and analyses 

Selection of studies. Two reviewers (AIE and PPR) independently 
evaluated the titles and abstracts of all the identified studies using 
predetermined screening criteria. All studies fulfilling the screening 
criteria were assessed for eligibility. Using the full text of the screened 
articles, the two reviewers independently applied the pre-established 
eligibility criteria. Any discrepancies in the fulfillment of the 
screening and eligibility criteria were discussed via consensus. 

Data extraction and management. Two reviewers (AIE and PPR) 
independently obtained data from the included studies. Any disagree-
ment in the data collection was resolved by consensus. The following 
information was obtained from the included studies: methods/study 
design, pertinent inclusion/exclusion criteria and characteristics of 

analyzed participants, details of the interventions such as dosage, route 
of administration, duration, preparation/formulation, and all relevant 
clinical outcomes mentioned in this review. 

Assessment of risk of bias in the included studies. The two reviewers 
independently evaluated the risk of bias in the included studies. The Risk 
of Bias (RoB) tool of Cochrane was used for the assessment of method-
ological quality (Higgins et al., 2011). 

Measures of treatment effect. The risk ratio (RR) with 95% confidence 
intervals (CI) was used to express effect size for dichotomous outcomes. 
The mean difference (MD) or standardized mean difference (SMD) with 
95% CI was employed for continuous outcomes. For time-to-event data, 
hazard ratio (HR) with 95% CI was used as a measure of treatment 
effect. 

Assessment of heterogeneity. Clinical and methodological heteroge-
neity was assessed by comparing the characteristics of participants, in-
terventions, outcome measures and study design. Statistical 
heterogeneity was evaluated using the I2 statistic; if the I2 value was 
greater than 50% (i.e., substantial statistical heterogeneity), we planned 
to explore potential sources of heterogeneity by subgroup analyses. If 
data and the number of studies included were insufficient, a narrative 
review of the clinical and methodological variables that could poten-
tially explain statistical heterogeneity was done. 

Data synthesis. We synthesized outcome measures using the software 
Review Manager (RevMan) [Computer program] (Version 5.4. Copen-
hagen: The Nordic Cochrane Centre, The Cochrane Collaboration, 2014) 
(Higgins et al., 2011). Data were combined using the random effects 
model. Dichotomous outcomes were combined using the 
Mantel-Haenszel method, while continuous outcomes were summarized 
using the inverse variance method. 

Subgroup analyses and investigation of heterogeneity. In the presence of 
substantial statistical heterogeneity, we planned to perform subgroup 
analyses according to the following variables that might serve as effect 
modifiers: age, MS phenotype, the dose of HDB, duration of follow-up, 
presence of co-interventions, and duration of MS. 

Sensitivity analyses. To check the robustness of results, sensitivity 
analyses were performed by assessing the effects of missing data by 
checking the worst-case/best-case scenarios (WC/BC). Results of the 
intention-to-treat (ITT) and per-protocol (PP) analyses were also 
compared. Other planned sensitivity analyses include re-analyses 
excluding unpublished studies, those with a high risk of bias, and 
outlier studies. 

Assessing the overall quality of the body of evidence. The GRADE 
(Grades of Recommendation, Assessment, Development and Evaluation) 
approach was used to assess the overall certainty of the body of evidence 
(Guyatt et al., 2008). A summary of findings table (SoF) table was 
constructed for the top seven most critical or important outcomes for 
this review. 

3. Results 

3.1. Description of studies 

Results of the search. Our search yielded a total of 366 potentially 
relevant records (MEDLINE: 47; EMBASE: 34; Scopus: 178; CENTRAL: 
98; ClinicalTrials.gov: 6; Handsearching: 3) (see Supplementary Table 1, 
S1). Eighty duplicates were immediately excluded. A total of 286 re-
cords were screened; 283 records were excluded based on the titles and 
abstracts. Three studies were assessed for eligibility. We included a total 
of 3 studies for qualitative and quantitative syntheses (see Fig. 1). 

Included studies. All 3 studies were randomized, double-blinded, 
parallel-group, placebo-controlled clinical trials (Cree et al., 2020; 
Tourbah et al., 2018, 2016). Cree et al. (2020) (NCT02936037) and 
Tourbah et al. (2018) (NCT02220244) were registered in the www. 
clinicaltrials.gov while Tourbah et al. (2016) was registered (EudraCT: 
2013-002113-35) in www.clinicaltrialsregister.eu. These trials enrolled 
participants with MS satisfying the 2010 McDonald criteria; two trials 
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(Cree et al., 2020; Tourbah et al., 2016) also employed the 2014 Lublin 
criteria. All trials implemented the intervention of interest, HDB, at a 
dose of 300 mg/day that was administered orally three times daily and 
compared to placebo (see Supplementary Table 2, S2 to S3). In the three 
included trials, HDB and placebo were given as adjunctive treatment, i. 
e., administered simultaneously with the patients’ DMT regimen. There 
were no studies that specifically compared HDB to any other active 
standard treatment. 

We included a total of 889 individuals from the three relevant trials 
(see Table 1 for the characteristics of the participants in the included 
studies). All patients enrolled in Cree et al. (2020) (n = 642) and 
Tourbah et al. (2016) (n = 154) belong to the PMS phenotype; In 
Tourbah et al. (2016), both patients with RRMS (n = 59) and PMS (n =
34) were enrolled. The mean age of participants in Cree et al. (2020) and 
Tourbah et al. (2016) were nearly a decade older compared to Tourbah 
et al. (2018). Across the studies, slightly more females were involved 
than males (i.e., female:male ratio of 1.16:1). Tourbah et al. (2018) 
included both RRMS and PMS (e.g., PPMS and SPMS) phenotypes while 
Cree et al. (2020) and Tourbah et al. (2016) involved only PMS. The 
proportion of MS disease activity (i.e., active vs. inactive) was not 

described in the published reports. MS disease duration among partici-
pants in Tourbah et al. (2016) was slightly longer than in Tourbah et al. 
(2018) and Cree et al. (2020). The mean baseline EDSS scores in Tour-
bah et al. (2016) and Cree et al. (2020) were comparable; baseline EDSS 
in Tourbah et al. (2018) was not reported. Baseline TW25 was higher in 
Tourbah et al. (2016) than in Cree et al. (2020); baseline TW25 was not 
reported in Tourbah et al. (2018). The proportion of patients who took 
concurrent DMT was slightly higher in Tourbah et al. (2018) compared 
to Tourbah et al. (2016), Cree et al. (2020). Nevertheless, taken as in-
dividual studies, the proportion of patients with concurrent DMTs 
werecomparable in both HDB and placebo groups. In Cree et al. (2020), 
MS patients who were on ocrelizumab were also randomized to either 
HDB/placebo groups; however, the proportions of patients on this 
regimen were not reported in the published article. 

3.2. Risk of bias in included studies 

The risks of bias in the included studies across the domains were 
considered low. The risk of bias summary is displayed in Supplementary 
Fig. 1 (S18). 

Fig. 1. Flow diagram of information.  
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3.3. Effects of interventions 

All outcome data presented in this review were analyzed according 
to the ITT principle. 

Disability. Two trials (Cree et al., 2020; Tourbah et al., 2016) 
contributed to the incidence of CIMSD (primary outcome), IEDSS, 
ITW25 and IEDSS-ITW25 outcome analyses among patients with PMS 
(see Fig. 2). At 12 to 15 months, there was no sufficient evidence to say 
that the HDB and placebo arms differed in terms of CIMSD (RR 2.87; 
95% CI 0.29 to 28.40), IEDSS (RR 2.27; 95% CI 0.25 to 20.98), and 
IEDSS-ITW25 (RR 0.58; 95% CI 0.17 to 2.00) among patients with PMS. 
However, when looking at the individual components of CIMSD, it is 
seen that while the effect on IEDSS remains inconclusive (RR 2.27; 95% 
CI 0.25 to 20.98), the TW25 was improved in favor of HDB (RR 2.06; 
95% CI 1.04 to 4.09) among patients with PMS. While the heterogeneity 
seen in the pooled data for ITW25 (I2 = 0%) and IEDSS-ITW25 (I2 =

13%) was negligible, it was found to be substantial in both CIMSD (I2 =

66%) and IEDSS (I2 = 63%). However, the limited number of studies 
precluded the performance of subgroup analyses to explore sources of 

the observed heterogeneity. 
Two trials (Cree et al., 2020; Tourbah et al., 2016) provided data on 

MC-EDSS while one trial (Tourbah et al., 2016) had data on 
MC-EDSSsub and MC-TW25 among patients with PMS. At 12 to 15 
months, no significant differences were found in terms of MC-EDSS (MD 
-0.06; 95% CI -0.14 to 0.02; I2 = 68%) (see Supplementary Fig. 2, S19), 
in nearly all MC-EDSSsub domains, and in MC-TW25, except for 
MC-EDSSsub for sensory (MD -0.31; 95% CI -0.61 to -0.01) between the 
HDB and placebo armsin PMS (see Table 2). Cree et al. (2020) provided 
data on 12-week confirmed TDP that showed insufficient evidence for 
difference between the HDB and placebo arms (HR 0.97, 95% CI 0.68 to 
1.39) in PMS. For other domains of disability reported by Tourbah et al. 
(2016), no differences were noted in the proportion of patients with 
EDSS progression (RR 0.33, 95% CI 0.10 to 1.12; 154 participants), and 
in the proportion of patients with stable EDSS scores (RR 1.06; 95% CI 
0.87 to 1.28; 154 participants) between the HDB and placebo arms 
among patients with PMS at 12 months. 

Visual function. One trial (Tourbah et al., 2018) had information on 
MC-VF, IVF, and MC-VADL among PMS and RRMS. At 6 months, no 
difference was seen either in the proportion of patients with improve-
ment in VA or in visual function at 100% contrast for the worsening eye 
(i.e., the eye that showed worsening in VA within the past 3 years caused 
by either a progressive optic neuropathy or acute optic neuritis) (MD 
-0.03; 95% CI -0.11 to 0.06) among patients with PMS and RRMS. 
Similarly, there were no significant differences in all the other outcome 
domains of MC-VF, MC-VADL (see Table 2) and IVF (see Supplementary 
Table 3, S4). 

Fatigue. Tourbah et al. (2016) obtained data for fatigue measured 
using MFIS among patients with PMS. There was insufficient evidence 
for a difference between the HDB and placebo arms in terms of MC-F at 
12 months (MD 0.08; 95% CI -5.22 to 5.38) among patients with PMS 
(see Table 2). 

Finger dexterity. Tourbah et al., (2016) had information on finger 
dexterity measured using 9-HPT among patients with PMS. At 12 
months, there was no sufficient evidence that HDB and placebo were 
different in terms of MC-FD for the “best” hand (MD 0.66; 95% CI -1.52 
to 2.84) and the “worst” hand (MD 1.65; 95% CI -4.70 to 8.00) among 
patients with PMS (see Table 2). 

Cognition. Cognitive function was measured using SDMT in the one 
trial (Cree et al., 2020) that provided data for MC-C. At 15 months, there 
was insufficient evidence for a difference between the HDB and placebo 
arms in terms of MC-C (MD -0.10; 95% CI -1.26 to 1.06) among patients 
with PMS (see Table 2). 

Walking ability. Tourbah et al. (2016) reported on MSWS while Cree 
et al. (2020) had data on remote monitoring of ambulatory activity 
among patients with PMS. At 12 months, the effect of HDB versus pla-
cebo on MC-WA measured by MSWS was inconclusive (MD -4.47; 95% 
CI -11.48 to 2.54) among patients with PMS. Interestingly, data from 
Cree et al. (2020) showed that the mean change in remote monitoring of 
ambulatory activity using FitBit® at 15 months was significantly 
different, favoring the placebo group over the HDB group (MD -283.82; 
95% CI -534.18 to -33.46) among patients with PMS. 

Clinical global impression. All three trials reported information on 
CGIC and CGIS. In Cree et al. (2020), data on mean CGIC and CGIS were 
derived from the distribution of participants’ responses reported in the 
supplementary appendix. At 6 to 15 months, there were no significant 
differences between the HDB and placebo arms in terms of CGIC (MD 
-0.25; 95% CI -0.58 to 0.08) and CGIS (MD -0.17; 95% CI -0.44 to 0.09) 
among patients with MS (see Table 2 and Supplementary Fig. 3, S20). 
Both CGIC (I2 = 83%) and CGIS (I2 = 67%) outcome analyses yielded 
substantial statistical heterogeneity. 

Quality of life. Cree et al. (2020) and Tourbah et al. (2018) measured 
patients’ quality of life (QoLP) using MSQoL-54, while Tourbah et al. 
(2016) utilized SF-36. These two scales had several similar domains, 
allowing the pooling of data using MD as an outcome measure. Social 
functioning and pain domains were similar for these scales; however, in 

Table 1 
Baseline characteristics of participants from the included studies.  

Clinical features* Tourbah et al. 
(2016) 

Tourbah et al. 
(2018) 

Cree et al. 
(2020) 

Sample size, n    
ITT analyses 154 (100.0) 93 (100.0) 642 (100.0) 
HDB 103 (66.9) 65 (69.9) 326 (50.8) 
Placebo 51 (33.1) 28 (30.1) 316 (49.2) 
PP analyses 133 (100.0) 92 (100.0) 528 (100.0) 
HDB 91 (68.4) 64 (69.6) 261 (40.9) 
Placebo 42 (31.6) 28 (30.4) 267 (59.1) 
Age, mean (SD)    
All patients NR NR 52.7 (7.7) 
HDB 51.8 (9.1) 41.6 (10.5) 52.6 (7.8) 
Placebo 50.7 (8.4) 41.1 (10.6) 52.8 (7.6) 
Sex, n (%)    
Female 83 (53.9) 50 (53.8) 345 (53.7) 
Male 71 (46.1) 43 (46.2) 297 (46.3) 
Race/ethnicity, n (%)    
White NR NR 597 (93.0) 
Black or African NR NR 21 (3.3) 
Asian NR NR 5 (0.8) 
MS phenotype, n (%)    
RRMS 0 59 (63.4) 0 
Progressive MS 154 (100.0) 34 (36.6) 642 (100.0) 
PPMS 55 (35.7) 14 (15.0) 227 (35.4) 
SPMS 99 (64.3) 20 (21.5) 415 (64.6) 
Disease duration, mean 

(SD)    
All patients NR NR 12.6 (8.5) 
HDB 14.8 (8.9) 12.6 (9.4) NR 
Placebo 17.4 (10.3) 11.3 (8.1) NR 
EDSS, mean (SD)    
All patients NR NR 5.4 (1.0) 
HDB 5.98 (0.75) NR 5.46 (0.97) 
Placebo 6.20 (0.52) NR 5.42 (1.05) 
TW25, s, mean (SD)    
All patients NR NR 11.7 (7.3) 
HDB 21.8 (27.0) NR 11.5 (6.7) 
Placebo 30.6 (39.4) NR 11.9 (7.9) 
Previous DMT, n (%) NR NR 462 (72.0) 
Concomitant DMT, n 

(%)    
All patients 62 (40.2) 62 (66.7) 294 (45.8) 
HDB† 42 (40.8) 46 (70.8) 151 (46.3) 
Placebo† 20 (39.2) 16 (57.1) 143 (45.2) 

DMT, Disease-modifying treatment; EDSS, Expanded disability status scale; 
HDB, High-dose biotin; MS, Multiple sclerosis; NR, Not reported; PP, Per pro-
tocol; PPMS, Primary progressive multiple sclerosis; RRMS, Relapsing-remitting 
multiple sclerosis; SD, Standard deviation; SPMS, Secondary progressive mul-
tiple sclerosis; TW25, 25-foot walk time. 

* All means (SD) and proportions are based on ITT sample size; 
† Proportions were based on the total patients in the particular treatment arm. 
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MSQoL, social functioning and pain had additional items (#51 and #52, 
respectively). Pooled data on all the domains for MC-QoLP including 
MC-QoLC showed no significant differences between the HDB and pla-
cebo arms among patients with MS (see Table 2 and Supplementary Fig. 
4 to 5, S21 to S22). 

Adverse events. All the included trials reported AEs as outcome 
measures. Synthesized data on the incidence of any AEs (RR 0.98; 95% 
CI 0.92 to 1.04), any severe AEs (RR 0.63; 95% CI 0.23 to 1.75), any 
serious AEs (RR 0.98; 95% CI 0.77 to 1.24), and any AE considered 
related to treatment (RR 1.08; 95% CI 0.82 to 1.43) were not signifi-
cantly different between the HDB and placebo groups (see Fig. 3); the I2 

values for all these mentioned outcomes were 0%. Thirty-one patients 
(4.7%, n = 662) reported laboratory test interference in the HDB while, 
as expected, patients in the placebo group had none. For all other spe-
cific AEs and specific serious AE with at least two studies and non-zero 
events in the treatment groups, pooled data showed that there were no 
significant differences between the two arms (see Supplementary Fig. 6 
to 22, S23 to S28). Pooled proportions of relapse between the HDB and 
placebo arms from the three trials were not significantly different (RR 
0.93; 95% CI 0.51, 1.70; I2 = 17%) (see Supplementary Table 4, S8; see 
Supplementary Fig. 16, S26). See Supplementary Tables 4 to 5 (S5 to 
S15) for all the other reported AEs in the included studies. 

MRI biomarkers. Cree et al. (2020) and Tourbah et al. (2016) pro-
vided data on disease activity based on MRI features as a safety 
parameter. Cree et al. (2020) demonstrated that no significant differ-
ences were noted in terms of the proportion of participants with at least 
one new or enlarging T2 lesions, and in terms of at least one 
gadolinium-enhancing lesions on T1 between the HDB and placebo arms 
at 15 months (see Supplementary Table 4, S9 to S10). Tourbah et al. 
(2016) showed no statistical difference in the proportion of participants 
who had new MS-specific lesions at 12 months; four patients (8.5%) had 
enlarging lesions in the HDB group (zero event in the placebo group) 
while two patients (4.2%) had at least one post-gadolinium enhancing 
lesion on T1 in the HDB group at 12 months (zero event in the placebo 
group) (see Supplementary Table 4, S10). 

Sensitivity analyses. Results for the PP analyses for dichotomous 
outcomes as well the dichotomous outcomes in terms of IVF for WC/BC 
scenarios did not alter the conclusions presented in the ITT analyses (see 

Supplementary Fig. 23 to 33, S29 to S39). On the other hand, results for 
CIMSD, IEDSS, ITW25, IEDSS-IT25 in the WC/BC scenarios appeared to 
substantially different compared to the ITT analyses (see Supplementary 
Fig. 23 to 33, S30 to S40). 

4. Discussion 

A preliminary uncontrolled study had suggested that HDB may have 
an impact on disability and progression, particularly in PMS (Sedel et al., 
2015). In this current systematic review, we evaluated the effectiveness 
and safety of HDB for patients with MS on various clinically relevant 
outcomes. Three RCTs involving 889 individuals who were diagnosed 
with MS (i.e., most patients had PMS at 830 participants; 59 had RRMS) 
were pooled for analyses. HDB was administered orally at 300 mg/day 
and was compared to placebo as an adjunctive treatment for MS in all 
the included trials. Relevant outcomes were measured using the 
following recommended and validated tools: EDSS and TW25 for 
disability (Goodman et al., 2009; Kurtzke, 1983); ETDRS logMAR charts, 
automated perimetry, VEPs, and RFNL thickness and macular volume 
measured by OCT for visual functions (Frisén, 2014; Graves, 2019; 
Meienberg et al., 1982; Odom et al., 2010; Shamir et al., 2016); 
NEIVFQ-25 for vision-associated daily life activities (Mangione et al., 
1998b, 1998a); MFIS for fatigue (Fisk et al., 1994); 9-HPT for finger 
dexterity (Goodkin et al., 1988); SDMT for cognitive function (Patel 
et al., 2017); MSWS for walking ability (Hobart et al., 2003); CGI for the 
global impression of improvement (Busner and Targum, 2007); 
MSQoL-54 and SF-36 for patients’ quality of life (Jongen, 2017; Vickrey 
et al., 1995; Ware and Sherbourne, 1992); and CAREQoL-MS for care-
givers’ quality of life (Benito-León et al., 2011). Reporting of adverse 
events in the three studies was reported in sufficient detail. Overall, we 
assessed all the studies as having good methodological quality. 

For disability outcomes, data showed that ITW25 and MC-EDSSsub 
for sensory were significantly different between HDB and placebo 
among patients with PMS. There was no sufficient evidence to support 
that HDB is more effective than placebo in other disability domains, and 
this may be due to the small number of events and sample sizes yielding 
markedly wide 95% CIs. Although subgroup analyses could not be 
performed due to the small number of trials included, we theorize that 

Fig. 2. Forest plot comparing high-dose biotin vs. placebo for improvement of disability as adjunctive treatment among patients with progressive multiple sclerosis.  
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Table 2 
Continuous outcomes of patients with multiple sclerosis comparing high-dose biotin and placebo among patients with multiple sclerosis (intention-to-treat analyses).  

Outcome Study HDB Placebo Mean difference†

(95% CI) Mean SD Total Mean SD Total 
Disability in PMS 
Mean change in disability (EDSS) (MC-EDSS) at 12 to 15 months Cree et al. 

(2020) 
0.07 0.70 326 0.08 0.59 316 -0.01 [-0.11, 0.09] 

Tourbah et al. 
(2016) 

-0.03 0.50 103 0.13 0.33 51 -0.16 [-0.29, -0.03] 

Summary   429   367 -0.08 [-0.22, 0.07] 
Mean change in EDSS subscores (MC-EDSSsub) at 12 months in PMS         
Visual Tourbah et al. 

(2016) 
0.05 0.81 103 -0.10 0.50 51 0.15 [-0.06, 0.36] 

Brainstem Tourbah et al. 
(2016) 

0.10 0.69 103 -0.08 0.82 51 0.18 [-0.08, 0.44] 

Pyramidal Tourbah et al. 
(2016) 

-0.03 0.55 103 0.04 0.53 51 -0.07 [-0.25, 0.11] 

Cerebellar Tourbah et al. 
(2016) 

0.19 0.86 103 0.14 1.12 51 0.05 [-0.30, 0.40] 

Sensory Tourbah et al. 
(2016) 

-0.25 0.93 103 0.06 0.88 51 -0.31 [-0.61, -0.01] 

Bowel and bladder Tourbah et al. 
(2016) 

0.14 0.83 103 0.20 0.98 51 -0.06 [-0.37, 0.25] 

Cerebral Tourbah et al. 
(2016) 

-0.08 0.76 103 0.08 0.91 51 -0.16 [-0.45, 0.13] 

Mean change in disability (TW25) (MC-TW25) at 12 months Tourbah et al. 
(2016) 

67.71 203.27 103 98.18 253.73 51 -30.47 [-110.41, 
49.47] 

Mean change in visual function (MC-VF) at 6 months in MS 
Mean change in logMAR VA at 100% contrast for the selected eye Tourbah et al. 

(2018) 
-0.061 0.21 65 -0.036 0.18 28 -0.03 [-0.11, 0.06] 

Mean change in logMAR at 100% contrast of non-selected eyes Tourbah et al. 
(2018) 

-0.002 0.113 65 -0.012 0.12 28 0.01 [-0.04, 0.06] 

Mean change in logMAR at 100% contrast of all eyes Tourbah et al. 
(2018) 

-0.031 0.168 65 -0.024 0.154 28 -0.01 [-0.08, 0.06] 

Mean change in logMAR at 100% contrast of binocular vision Tourbah et al. 
(2018) 

-0.015 0.141 65 -0.024 0.15 28 0.01 [-0.06, 0.07] 

Mean change in logMAR at 5% contrast of selected eye Tourbah et al. 
(2018) 

-0.052 0.182 65 -0.086 0.218 28 0.03 [-0.06, 0.13] 

Mean change in logMAR at 5% contrast of all eyes Tourbah et al. 
(2018) 

-0.052 0.182 65 -0.086 0.218 28 0.03 [-0.06, 0.13] 

Mean change in mean deviation visual field defects of selected eye Tourbah et al. 
(2018) 

0.288 2.916 65 0.526 2.824 28 -0.24 [-1.50, 1.03] 

Mean change in mean deviation visual field defects of all eyes Tourbah et al. 
(2018) 

0.049 2.819 65 0.272 2.337 28 -0.22 [-1.33, 0.88] 

Mean change in RNFL thickness of all eyes Tourbah et al. 
(2018) 

-0.5 2.6 65 -0.3 2.7 28 -0.20 [-1.38, 0.98] 

Mean change in temporal RNFL of all eyes Tourbah et al. 
(2018) 

-0.5 2.6 65 -0.3 2.7 28 -0.20 [-1.38, 0.98] 

Mean change in macular volume of all eyes Tourbah et al. 
(2018) 

0.002 0.141 65 0.024 0.102 28 -0.02 [-0.07, 0.03] 

Mean change in vision-associated daily life activities (MC-VADL) in MS 
Mean change in vision-associated daily life activities (NEIVFQ-25) at 6 

months 
Tourbah et al. 
(2018) 

4.53 12.66 65 2.99 8.85 28 1.54 [-2.96, 6.04] 

Mean change in fatigue (MC-F) in PMS 
Mean change in fatigue (MFIS) at 12 months Tourbah et al. 

(2018) 
1.38 16.04 103 1.3 15.69 51 0.08 [-5.22, 5.38] 

Mean change in finger dexterity (MC-FD) at 12 months in PMS 
Mean change in finger dexterity (9-HPT) of best hand, s Tourbah et al. 

(2016) 
2.06 5.21 103 1.4 7.06 51 0.66 [-1.52, 2.84] 

Mean change in finger dexterity (9-HPT) of worst hand, s Tourbah et al. 
(2016) 

3.14 25.03 103 1.49 14.98 51 1.65 [-4.70, 8.00] 

Mean change in cognition (MC-C) in PMS 
Mean change in cognition (SDMT) at 15 months Cree et al. 

(2020) 
-0.9 7.14 326 -0.8 7.85 316 -0.10 [-1.26, 1.06] 

Mean change in walking ability (MC-WA) in PMS 
Mean change in walking ability (MSWS) at 12 months Tourbah et al. 

(2016) 
0.79 17.12 103 5.26 22.51 51 -4.47 [-11.48, 2.54] 

Mean change in remote monitoring of ambulatory activity§ (FitBit®) at 
15 months 

Cree et al. 
(2020) 

-384.32 1731.39 326 -100.5 1500.05 316 -283.82 [-534.18, 
-33.46] 

Clinical global impression (CGI) in MS 
Clinical global impression by clinicians (CGIC) at 6 to 15 months Cree et al. 

(2020) 
4.26 0.92 326 4.31 0.89 316 -0.05 [-0.19, 0.09] 

Tourbah et al. 
(2016) 

4.05 0.81 103 4.62 0.75 51 -0.57 [-0.83, -0.31] 

Tourbah et al. 
(2018) 

3.77 0.82 65 3.92 0.69 28 -0.15 [-0.47, 0.17] 

Summary  494    395 -0.25 [-0.58, 0.08] 
Clinical global impression by subject (CGIS) at 6 to 15 months 4.34 1.02 326 4.43 1.08 316 -0.09 [-0.25, 0.07] 

(continued on next page) 
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Table 2 (continued ) 

Cree et al. 
(2020) 
Tourbah et al. 
(2016) 

4.27 1.05 103 4.76 0.89 51 -0.49 [-0.81, -0.17] 

Tourbah et al. 
(2018) 

3.76 0.88 65 3.73 0.67 28 0.03 [-0.30, 0.36] 

Summary  494 168   395 -0.17 [-0.44, 0.09] 
Mean change in quality of life of patients (MC-QoLP)* in MS 
Mean change: Physical health composite endpoint at 6 to 15 months Cree et al. 

(2020) 
-0.48 11.53 326 -1.29 11.26 316 0.81 [-0.95, 2.57] 

Tourbah et al. 
(2018) 

0.12 13.73 65 -0.93 12.58 28 1.05 [-4.68, 6.78] 

Summary   391   344 0.83 [-0.85, 2.52] 
Mean change: Mental health composite endpoint at 6 to 15 months Cree et al. 

(2020) 
-1.79 17.69 326 -0.001 15.28 316 -1.79 [-4.34, 0.77] 

Tourbah et al. 
(2018) 

-1.21 16.77 65 -7.69 14.36 28 6.48 [-0.22, 13.18] 

Summary   391   344 1.74 [-6.28, 9.76] 
Mean change: General health/Health perceptions at 6 to 12 months Tourbah et al. 

(2016) 
-4.43 16.75 103 2.25 16.23 51 -6.68 [-12.18, -1.18] 

Tourbah et al. 
(2018) 

-0.08 15.23 65 -3.57 14.65 28 3.49 [-3.08, 10.06] 

Summary   168   79 -1.76 [-11.72, 8.20] 
Mean change: Change in health at 6 to 12 months Tourbah et al. 

(2016) 
3.54 24.49 103 3.65 29.17 51 -0.11 [-9.41, 9.19] 

Tourbah et al. 
(2018) 

5.77 27.87 65 -5.36 31.44 28 11.13 [-2.34, 24.60] 

Summary   168   79 4.41 [-6.39, 15.21] 
Mean change: Physical health/Physical functioning at 6 to 12 months Tourbah et al. 

(2016) 
-1.72 26.7 103 0.5 22.14 51 -2.22 [-10.19, 5.75] 

Tourbah et al. 
(2018) 

-1.23 28.07 65 -1.29 21.21 28 0.06 [-10.35, 10.47] 

Summary   168   79 -1.38 [-7.70, 4.95] 
Mean change: Role of limitations due to physical problems at 6 to 12 

months 
Tourbah et al. 
(2016) 

8.58 46.29 103 1.17 33.71 51 7.41 [-5.46, 20.28] 

Tourbah et al. 
(2018) 

0.77 46.76 65 6.25 45.96 28 -5.48 [-25.95, 
14.99] 

Summary   168   79 3.52 [-8.07, 15.12] 
Mean change: Role of limitations due to emotional problems at 6 to 12 

months 
Tourbah et al. 
(2016) 

2.43 43.0 103 -0.67 45.42 51 3.10 [-11.88, 18.08] 

Tourbah et al. 
(2018) 

-4.62 45.98 65 -14.29 39.99 28 9.67 [-8.89, 28.23] 

Summary   168   79 5.69 [-5.96, 17.35] 
Mean change: Emotional well-being at 6 to 12 months Tourbah et al. 

(2016) 
-4.41 17.15 103 1.33 13.78 51 -5.74 [-10.77, -0.71] 

Tourbah et al. 
(2018) 

-1.55 14.75 65 -5.82 18.61 28 4.27 [-3.50, 12.04] 

Summary   168   79 -1.19 [-10.96, 8.58] 
Mean change: Energy/fatigue at 6 to 12 months Tourbah et al. 

(2016) 
-2.85 19.01 103 0.82 14.87 51 -3.67 [-9.16, 1.82] 

Tourbah et al. 
(2018) 

-0.66 14.84 65 0.43 16.34 28 -1.09 [-8.14, 5.96] 

Summary   168   79 -2.70 [-7.03, 1.63] 
Mean change: Social functioning at 6 to 12 months Tourbah et al. 

(2016) 
-0.24 28.38 103 -0.25 26.52 51 0.00 [-0.34, 0.34] †

Tourbah et al. 
(2018) 

-2.31 17.77 65 -1.19 19.6 28 -0.06 [-0.50, 0.38] †

Summary   168   79 -0.02 [-0.29, 0.25] †

Mean change: Pain at 6 to 12 months Tourbah et al. 
(2016) 

0.12 18.93 103 -2.55 19.79 51 0.14 [-0.20, 0.47] †

Tourbah et al. 
(2018) 

-1.38 18.09 65 -2.38 20.23 28 0.05 [-0.39, 0.50] †

Summary   168   79 0.11 [-0.16, 0.37] †

Mean change: Cognitive at 6 months Tourbah et al. 
(2018) 

0.67 18.75 65 -2.14 12.35 28 2.81 [-3.65, 9.27] 

Mean change: Health distress at 6 months Tourbah et al. 
(2018) 

2.69 20.12 65 -7.14 17.29 28 9.83 [1.77, 17.89] 

Mean change: Overall quality of life at 6 months Tourbah et al. 
(2018) 

-0.72 14.73 65 -6.93 10.66 28 6.21 [0.88, 11.54] 

Mean change: Satisfaction with sexual function at 6 months Tourbah et al. 
(2018) 

2.5 25.08 65 0.0 28.87 28 2.50 [-9.81, 14.81] 

Mean change: Sexual function at 6 months Tourbah et al. 
(2018) 

1.61 22.45 65 -1.49 23.15 28 3.10 [-7.06, 13.26] 

Mean change in quality of life of caregivers (MC-QoLC)* in PMS 
Mean change in quality of life of caregivers (CAREQoL-MS), Physical 

Stress/Global Health, at 15 months 
Cree et al. 
(2020) 

0.07 0.62 326 0.11 0.59 316 -0.04 [-0.13, 0.05] 

Mean changes in laboratory biomarkers at 15 months in PMS 

(continued on next page) 

A.I. Espiritu and P.P.M. Remalante-Rayco                                                                                                                                                                                                



Multiple Sclerosis and Related Disorders 55 (2021) 103159

9

Table 2 (continued ) 

Mean number of new or enlarging T2-weighted lesions in MS patients 
with DMT 

Cree et al. 
(2020) 

0.6 2.2 128 0.4 1.1 126 0.20 [-0.23, 0.63] 

Mean number of new or enlarging T2-weighted lesions in MS patients 
with no DMT 

Cree et al. 
(2020) 

1.5 6.0 151 0.8 0.9 145 0.70 [-0.27, 1.67] 

Mean number of gadolinium-enhancing lesions on T1 in MS patients 
with DMT 

Cree et al. 
(2020) 

0.1 1.0 128 0.0 0.3 126 0.10 [-0.08, 0.28] 

Mean number of gadolinium-enhancing lesions on T1 in MS patients 
with no DMT 

Cree et al. 
(2020) 

0.4 2.7 151 0.1 0.5 145 0.30 [-0.14, 0.74] 

Mean volume of T2-weighted lesions in MS patients with DMT, mL Cree et al. 
(2020) 

20.7 17.7 128 18.6 16.9 126 2.10 [-2.16, 6.36] 

Mean volume of T2-weighted lesions in MS patients with no DMT, mL Cree et al. 
(2020) 

22.8 19.5 151 18.3 19.6 145 4.50 [0.04, 8.96] 

Mean volume of non-enhancing T1-weighted lesions in MS patients 
with DMT, mL 

Cree et al. 
(2020) 

4.6 5.4 128 4.2 6.1 126 0.40 [-1.02, 1.82] 

Mean volume of non-enhancing T1-weighted lesions in MS patients 
with no DMT, mL 

Cree et al. 
(2020) 

5.7 7.0 151 3.7 4.9 145 2.00 [0.63, 3.37] 

Mean change in whole brain volume Cree et al. 
(2020) 

-0.46 0.55 326 -0.49 0.51 316 0.03 [-0.05, 0.11] 

Mean change in thalamic volume Cree et al. 
(2020) 

-0.74 1.35 326 -0.74 1.19 316 0.00 [-0.20, 0.20] 

Mean change in brain water content as measured by pseudo T2 
relaxation time 

Cree et al. 
(2020) 

0.41 1.96 326 0.016 2.13 316 0.39 [0.08, 0.71] 

Mean change in the ratio of total N-acetyl groups to creatine (NA/Cr) 
as measured by MRS 

Cree et al. 
(2020) 

-0.001 0.16 326 0.01 0.19 316 -0.01 [-0.04, 0.02] 

Mean change in serum NfL concentration Cree et al. 
(2020) 

0.5 9.26 326 -0.13 10.13 316 0.63 [-0.87, 2.13] 

9-HPT, Nine-hole peg test; CI, Confidence intervals; CAREQoL-MS, Caregive health-related Quality of Life in Multiple Sclerosis; EDSS, Expanded disability status scale; 
HDB, High-dose biotin; MS, Multiple sclerosis; MRS, Magnetic resonance spectroscopy; MS logMAR, Logarithm of the minimum angle of resolution; Multiple sclerosis; 
MFIS, Modified fatigue impact scale; MSQoL-54, Multiple sclerosis quality of life-54; MSWS, Multiple sclerosis walking scale; NA/Cr, N-acetyl groups to creatine; 
NEIVFQ-25, National Eye Institute 25-Item visual function questionnaire; NfL, Neurofilament light chain; PMS, Progressive multiple sclerosis; RFNL, Retinal nerve 
fiber layer; SDMT, Symbol digit modalities test; SF-36, Short form (36) health survey; TW25, 25-foot walk time; VA, Visual acuity. 
‡Standardized mean difference. 

* In Cree et al. (2020) and Tourbah et al. (2018), MSQoL-54 was measured; In Tourbah et al. (2016), SF-36 was measured; 
† Mean difference unless otherwise specified; 
§ Mean daily step count = sum of daily step counts from valid days within a 21 days period prior to the visit divided by the number of valid days; Valid day = a day 

with at least 130 steps. 

Fig. 3. Forest plot comparing high-dose biotin vs. placebo in terms of adverse events among patients with multiple sclerosis  
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the substantial heterogeneity in the CIMSD (i.e., a composite of IEDSS or 
ITW2) and IEDSS analyses came from the slight difference in the defi-
nition of “improvement in EDSS” between the two trials that contributed 
to these analyses. In Cree et al. (2020), this was defined as a decrease of 
≥ 0.5 or ≥ 1 point in EDSS if the baseline scores were 6 to 6.5 or 3.5 to 
5.5, respectively. Conversely, in Tourbah et al. (2016), while it was also 
specified as a decrease of ≥ 0.5 or ≥ 1 EDSS point, the baseline scores 
were 6 to 7 or 4.5 to 5.5, respectively. This minute difference in EDSS 
baseline scores may have led to considerable variability in theCIMSD 
and IEDSS analyses. Other factors such as age, sex, MS phenotypes, and 
concomitant DMTs in both trials were considered comparable. 

Most other outcome analyses did not show sufficient evidence that 
the HDB arm was significantly different from placebo arm (e.g., visual 
function domains that include VA assessed at different logMAR levels, 
MC-VF, IVF, and MC-VADL; MC-F [MFIS]; MC-FD [9-HPT]; MC-C 
[SDMT]; MC-WA [MSWS]; CGIC/CGIS; MC-QoLP [MSQoL-54]; and 
MC-QoLC [CAREQoL-MS]). Reanalysis of data from Cree et al. (2020) 
showed that the placebo arm was significantly better in terms of mean 
change in remote monitoring of ambulatory activity compared to HDB. 
The reason for this counterintuitive result is unknown and this may 
necessitate further verification by future studies. Although it was pre-
viously observed that lower average daily step counts were associated 
with greater MS disability or worsening of clinic-based ambulatory 
measures, other factors such as personal problems of the patients and 
geographical issues may be potentially operative (Block et al., 2019, 
2017). A standard and validated research protocol for remote ambula-
tory monitoring using various wearable devices are still warranted to 
allow adequate comparison of interventions in patients with MS. 

Pooled information on any AEs showed no adequate evidence to state 
that the HDB and placebo groups were statistically different. Only the 
specific AEs with data from at least two studies with non-zero events in 
either of the treatment arms were meta-analyzed since zero events may 
artificially inflate the 95% CIs which could yield substantially imprecise 
results. The incidence of laboratory test interference, however, was 
found to be increased in the HDB arms compared to zero events in pa-
tients in the placebo groups, as reported in Cree et al. (2020), Tourbah 
et al. (2016). This corroborates previous observations that HDB was 
associated with laboratory test results of immunoassays using 
streptavidin-biotin binding as part of the assay procedure (Avery, 2019; 
Bowen et al., 2019). Biotin interferences were documented in biological 
samples in certain immunoassays of thyroid markers, cardiac function, 
cancer markers, drugs and hormones (Luong et al., 2019). Serious in-
terferences were reported in other studies unrelated to MS (Luong et al., 
2019). The substantial risk for falsely high or falsely low laboratory test 
results due to HDB intake can lead to mismanagement and iatrogenic 
harm of patients who are asymptomatic or have unrelated symptoms 
(Cree et al., 2020). Therefore, neurologists/MS specialists and other 
clinicians must consider this interference in patients with MS who are 
investigated for other comorbidities or are taking medications that are 
affected by intake of HDB to avoid errors in management. 

While HDB was found to have a potential benefit on ITW25 among 
patients with PMS, it also showed considerable laboratory test inter-
ference that may lead to substantial harm without proper advisory and 
guidance. In Cree et al. (2020), it was declared that several interventions 
were employed to reduce the risk of misinterpretation of abnormal test 
results; however, the intake of HDB in this trial was still associated with 
errors in laboratory test values. Clinicians and laboratory staff must be 
provided with best practice guidance to improve prevention, detection 
and management of this risk (Bowen et al., 2019). Sensitivity analyses 
comparing ITT and PP data of the outcomes showed similar results; 
however, WC/BC scenarios showed varying conclusions which cast 
some doubts on the robustness of the results. 

New DMTs have been approved by US FDA and EMA specifically for 
patients with progressive MS since the conduct of the RCTs included in 
this review, as follows: (1) ocrelizumab was approved for PPMS in 2017; 
and (2) siponimod was authorized in 2019 for use in SPMS. Since the 

trials by Cree et al. (2020) and Tourbah et al. (2016,2018) commenced 
in 2016 and 2013, respectively, which were prior to the approval of the 
aforementioned DMTs, it was deemed justifiable at the time to 
randomize these patients to the HDB and placebo groups. HDB was given 
as an adjunct treatment in all of the included studies, in which the 
enrolled patients were permitted to continue any DMTs they were taking 
at the time of the randomization. It must be noted that the study by Cree 
et al. (2020) allowed enrollment and randomization of patients on 
ocrelizumab to either of the treatment arms. For ethical reasons, it is 
likely that succeeding trials on HDB as adjunct regimen will involve the 
concurrent use of ocrelizumab or siponimod to trial participants in both 
treatment arms because these drugs are now considered standard of 
treatment. Furthermore, with these newly approved DMTs,future trials 
are expected to administer these standard regimens to the control group 
particularly in noninferiority or superiority trials when other DMTs are 
evaluated. 

The most critical outcomes for this review are displayed in Table 3 (i. 
e., the summary of findings table based on GRADE approach) while the 
GRADE evidence profile is shown in Supplementary Tables 6, S16 to 
S17. Overall, the three included studies were found to have a low risk of 
bias (i.e., all domains of the RoB tool were deemed to be of low bias risk) 
and there were no serious issues concerning indirectness. However, for 
the most important outcomes in this review, evidence on CIMSD and 
IEDSS at 12 to 15 months among patients with PMS was assessed to be of 
low quality due to issues in inconsistency and imprecision. The quality 
of evidence for ITW25 and the combination of IEDSS and ITW25 at 12 to 
15 months among patients with PMS was moderate due to the wide 95% 
CIs that were likely due to the small number of events. 

The certainty of the evidence for any AE was considered high, as no 
crucial issues for this particular outcome were observed. However, for 
any serious AE, in particular, the quality of evidence was downgraded 
due to imprecision. In terms of the incidence of laboratory test inter-
ference, the quality evidence was considered high since there was no 
evidence of issues on study design, risk of bias, and indirectness; eval-
uation on the inconsistency and imprecision domains for this outcome 
was not done since we did not pool the effect estimates due to non-zero 
events in the placebo groups. In line with this, we do not expect any 
event of laboratory test interference in the placebo group. Thus, for this 
specific AE, we did not calculate the RR and 95% CI because this will 
artificially inflate the width of the CIs. 

In this review, the search strategies were designed to be as sensitive 
as possible using the most sensitive approach for identifying RCTs 
(Lefebvre et al., 2011). Handsearching was accomplished by looking 
into the bibliographies of relevant articles. Despite our comprehensive 
search, a low number of eligible trials were included in this review. In 
addition, only data from published trials and their supplementary ma-
terials were synthesized since we did not have access to the individual 
patient data from the included trials. To reduce unforeseen error and 
systematic bias, other steps in the review process which included the 
screening of records, eligibility criteria application, and data extrac-
tion/syntheses/analyses were independently performed by the two 
investigators. 

To the authors’ knowledge, this systematic review is the first and the 
most extensive evidence synthesis that focused on HDB in MS. 
Compared to the individual trials that did not find statistical signifi-
cance, our meta-analyses of data from the two included studies (Cree 
et al., 2020; Tourbah et al., 2016) was able to find a significant differ-
ence between the HDB and placebo arms on ITW25 at 12 to 15 months in 
patients with PMS, which may be due to the resultant increase in sample 
size. The qualitative synthesis of events of laboratory test interference in 
this review corroborated the substantially increased incidence of this AE 
in patients who took HDB seen in the individual trials. 

5. Conclusion 

Our review found potential benefit in favor of HDB administered for 
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12 to 15 months in terms of TW25 as adjunctive treatment in patients 
with PMS based on moderate quality evidence; however, an important 
trade-off of this benefit is the relatively high incidence of laboratory test 
interference when HDB is taken based on the high quality of evidence. 
The decision to use HDB requires best practice guidance for healthcare 
professionals/laboratory staff and the performance of mitigation in-
terventions to decrease the incidence of errors in interpreting abnormal 
test results. Furthermore, comparing HDB and placebo, a high degree 
and a moderate degree of evidence for the finding of nonsignificant 
difference for any AE and any serious AE, respectively, are reported in 
this review. 

Future randomized, double-blinded, placebo-controlled trials with 
larger sample sizes and good follow-up are warranted to increase the 
certainty of evidence particularly for the critically important outcomes 
in patients with PMS. To reduce inconsistency or heterogeneity among 
RCTs involving PMS, a widely accepted definition of clinically important 
outcomes, particularly improvement in EDSS, must be standardized 
which would allow pooling of more precise estimates from various 
studies and would allow possible comparisons of treatment effects 
among different interventions. Subgroup analyses to ascertain the ef-
fects of HDB among PPMS, SPMS, and RRMS are endorsed in future 
trials. Due to the limited evidence on the various clinical outcomes 
among PMS, the true effect may be considerably different from the es-
timates shown in this review. Subsequent trials on HDB may involve the 

use of standard treatments for PMS (e.g., ocrelizumab and siponimod) 
due to ethical considerations. Finally, the effects of HDB specifically on 
the RRMS phenotype are still uncertain since only a single study with 
very few cases of RRMS was analyzed in this current review. 
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Table 3 
Summary of findings (SoF).  

High-dose biotin (300 mg/day) compared to placebo for multiple sclerosis 
Patient or population: Multiple sclerosis 
Setting: Multiple sclerosis specialized clinic or specialized neurological clinic 
Intervention: High-dose biotin (300 mg/day) as an adjunctive treatment 
Comparison: Placebo 
Outcomes Anticipated absolute effects* (95% CI) Relative 

effect 
(95% CI) 

N◦ of 
participants  
(studies) 

Certainty of the 
evidence 
(GRADE) 

Comments 
Risk with 
placebo 

Risk with High-dose 
biotin (300 mg/day) 

Composite improvement of MS-related disability 
among patients with PMS at 12 to 15 

79 per 1,000 227 per 1,000 
(23 to 1,000) 

RR 2.87 
(0.29 to 
28.40) 

796 
(2 RCTs) 

⨁⨁x̂x̂ 
LOW a,b,c  

Improvement in EDSS among patients with PMS at 12 
to 15 months 

54 per 1,000 124 per 1,000 
(14 to 1,000) 

RR 2.27 
(0.25 to 
20.98) 

796 
(2 RCTs) 

⨁⨁x̂x̂ 
LOW a,b,c  

Improvement in TW25 among patients with PMS at 12 
to 15 months 

30 per 1,000 62 per 1,000 
(31 to 123) 

RR 2.06 
(1.04 to 
4.09) 

796 
(2 RCTs) 

⨁⨁⨁x̂ 
MODERATE b,c  

Improvement in both EDSS and TW25 among patients 
with PMS at 12 to 15 months 

30 per 1,000 17 per 1,000 
(5 to 60) 

RR 0.58 
(0.17 to 
2.00) 

796 
(2 RCTs) 

⨁⨁⨁x̂ 
MODERATE b,c  

Any adverse event among MS 844 per 1,000 827 per 1,000 
(776 to 877) 

RR 0.98 
(0.92 to 
1.04) 

889 
(3 RCTs) 

⨁⨁⨁⨁ 
HIGH  

Any serious adverse event among MS 249 per 1,000 244 per 1,000 
(192 to 308) 

RR 0.98 
(0.77 to 
1.24) 

889 
(3 RCTs) 

⨁⨁⨁x̂ 
MODERATE  

Incidence of laboratory test interference among MS 0 per 1,000 47 per 1,000 †Not 
computed 

796 
(2 RCTs) 

⨁⨁⨁⨁ 
HIGH d  

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% 
CI). 
†The RR for the incidence of laboratory test interference was not computed due to the zero event in the pooled patients in the placebo group. Computing for the RR for this outcome 
artificially inflates the 95% CI. 
CI: Confidence interval; EDSS: Expanded disability status scale; RR: Risk ratio; MD: Mean difference; MS: Multiple sclerosis; PMS, Primary progressive multiple sclerosis; TW25: 25- 
foot walk time. 

GRADE Working Group grades of evidence 
High certainty: We are very confident that the true effect lies close to that of the estimate of the effect 
Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially 
different 
Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect 
Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect 

Explanations 
a . I2 is greater than 50% which may represent substantial heterogeneity. 
b . The 95% confidence intervals were wide. 
c . The number of events was small. 
d . Substantially increased incidence of laboratory test interference in the HDB group compared to the zero event in the pooled placebo group. 
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