
Introduction    

D-lay MS
High-dose cholecalciferol reduces multiple sclerosis disease activity after a clinically isolated

syndrome : results of a 24-month placebo-controlled randomized trial

Context : vitamin D (VD) deficiency is a 
risk factor for multiple sclerosis (MS) and 
is associated with the risk of disease 
activity and of disability.1 VD
induces pleiotropic immune regulations,
decreasing differentiation of effector T
and B cells, promoting regulatory
subsets, modulating innate immune
cells, reducing immune cell trafficking at
the blood–brain barrier level and
microglial and astrocytic activation, thus
supporting VD therapy to reduce MS
activity and progression. 2 However 
results from VD supplementation studies 
in MS are contradictory.3-6

Methods            

ResultsIII

This study was a double-blind, randomized, placebo-
controlled  24-month study.

The key inclusion criteria  included age 18 - 55 years old, 
CIS < 90 days,  serum 25-hydroxy vitamin D (25OHD) 
concentration <100 nmol/L, diagnostic MRI fulfilling the 
Swanton criteria or 2 lesions + oligoclonals bands (OCBs).

Patients were randomized between oral cholecalciferol 
100,000 IU or placebo every 2 weeks (1:1 ratio),  stratified 
by centre and presence of contrast-enhancing lesions 
(CELs) on diagnostic MRI

316 patients were recruited in 36 centers in France (2012-2023). The ITT 
population included 303 patients starting the treatment.
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Figure 1. VD regulations described in multiple sclerosis, from Galoppin et al.2     

Figure 3. Flowchart. DA: disease activity

Characteristic
Vitamin D
(n = 156)

Placebo
(n = 147)

Age – yr [IQR] 35 [28-42] 34 [27-40]
Female sex – no. (%) 103/156 (66%) 108/147 (73%)
Body mass index – kg/m2 [IQR]a 24.1 [21.2-27.5] 23.5 [21.6-27.7]
Active smokers -  no. (%) 57/156 (37%) 55/147 (37%)
Vitamin D levels - nmol/L [IQR] 49.5 [34.0-67.0] 42.5 [29.0-63.0]
Optic neuritis -  no. (%) 55/156 (35%) 43/147 (31%)
IVMP 129/156 (83%) 128/147 (87%)
EDSS score [IQR] 1.0 [0-2.0] 1.0 [0-2.0]
Number of brain (FLAIR) lesions - no./total no. (%)

<9 75/151 (50%) 61/143 (43%)
≥9 76/151 (50%) 82/143 (57%)

Gadolinium-enhancing lesions - no./total no. (%)
0 74/156 (47%) 77/147 (52%)
1 67/156 (43%) 55/147 (37%)
≥2 15/156 (10%) 15/147 (10%)

T2 spinal cord lesions - no./total no. (%)
0 68/151 (46%) 66/139 (48%)

1 44/151 (29%) 34/139 (24%)
≥2 39/151 (25%) 39/139 (28%)

Presence of CSF oligoclonal bands - no./total no. (%) 97/121 (62%) 106/119 (72%)
MS 2017 diagnostic criteria - no./total no. (%) 126/144 (88%) 121/135 (90%)
Delay between CIS and treatment – days [IQR] b 61 [48-80] 60 [46-83]

HR for disease activity was 0.66 [95%CI: 0.50, 0.87] in the VD group (p=0.004). 

Figure 4. Kaplan Meier survival curve for disease activity during the 2 years of follow-up, 
VD group in yellow and placebo group in blue.

MRI activity and occurrence of NELs and CELs on follow-up MRI scans were 
significantly reduced in the VD group. (Table 2) 
The same trend of reduction was observed on relapses,  although no 
significant. VD had no impact on disability (EDSS, PASAT), fatigue (FSMC), 
quality of life (EQ-5D-5L, SF-36) or depression and anxiety symptoms (HADS) 
during follow-up. (Table 2) 

Table 2. Efficacy measures. The partial adjustment was performed on the center and the 
presence of CELs on the baseline MRI scan. Bold indicates statistically significant results. 
CELs: contrast-enhancing lesions; DA: disease activity; ITT: intention to be treated population; NELs: new or 
unequivocally enlarging T2/FLAIR lesions.

On ancillary analysis  concerning 247patients with 2017McDonald criteria 
for RRMS at baseline, we observed the same results. (Table 2)

Among 288 patients completed the study (95.1%), the frequency of 
serious adverse events (SAEs) in both groups was comparable (33 SAEs 
in 30 patients, (p=0.68)) None was suggestive of hypercalcemia or 
related to the study drug. Neither kidney failure nor moderate or severe 
(>2.88mM) hypercalcemia levels were reported. Mild hypercalcemia 
(2.6-2.88 mmol/L) was observed in 2 patients in the placebo group. 

Interaction between treatment and prognostic factors 

Interaction between the treatment arm and prognostic factors revealed
that patients who benefited most from VD were those without spinal cord
lesions at diagnosis (HR 0.23 vs. 0.85, p=0.011), severe VD deficiency (HR
0.33 vs. 0.78, p=0.03) and normal BMI at baseline (HR 0.53 vs. 0.95,
p=0.048). Age, sex, CIS phenotype, methylprednisolone treatment, number
of brain T2/FLAIR lesions, presence of CELs and EDSS at baseline did not
influence VD effects.
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Baseline : clinical visit and reference brain and 
spinal cord MRI with gadolinium 

Follow-up: 

• Clinical visit at 3, 6, 12, 18 and 24 months

• Brain and spinal cord MRI with gadolinium at 3, 
12 and 24 months

Primary outcome : occurrence of disease activity                     
= relapse and/or  new or enlarging T2 lesions 
(NELs) and/or contrast-enhancing lesions (CELs)

Table 1. Baseline characteristics. Results are shown as median [IQR] or number (%). 
No.: number; CSF: cerebrospinal fluid; EDSS: Expanded Disability Status Scale; CIS: clinically isolated syndrome; DIS: 
dissemination in space; IVMP: high-dose intravenous methylprednisolone pulse therapy. Number of missing data per group 
(Vitamin D/Placebo): a 3/3, b 7/5. 

Secondary outcomesPrimary outcome

Safety

Disease activity  (relapse + NELs + CELs) occurred  in 94 patients (60.3%) 
in the VD group  and 109 patients (74.1%) in the placebo group.

I II

• Our results align with a pilot study evaluating VD efficacy as monotherapy for 48 weeks in 30 patients with untreated optic neuritis 3 and with add-on 
therapy studies CHOLINE and SOLAR, negative for their primary endpoint (reduction of MS relapses) but suggesting benefits on MRI activity, in 
combination with IFN-β1a. 5,6

• Our results contrast with the PreVANZ study testing three daily VD doses on lower patient numbers with shorter treatment duration, and higher drop-
out rates. 4 Effects of high-dose pulse therapy vs. daily oral VD supplementation could be different.

• The relative risk reduction (34%) for disease activity observed here was similar to that of some platform therapies in CIS patients (teriflunomide in 
TOPIC trial and slightly less than interferon β-1a and -1b in REFLEX and BENEFIT trial). 7-9

• Our results showed efficacy and good safety of high-dose VD in patients with RRMS according to 2017 McDonald criteria. 

• VD did not reduce relapse in this study,  possibly due to the low number of relapses (60/303) as  a disease modifying treatment was started in case of 
MRI activity.

• NEDA-3 at 24 months could not be assessed since EDSS was not measured frequently enough to assess 3- or 6-month confirmed disability 
accumulation.

• VD efficacy should be assessed on activity and disability among 2024 revised criteria MS  patients and pre-clinical stages.

DiscussionIV
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Figure 2. Study design. M: month

Aims: to evaluate efficacy of cholecalciferol as monotherapy to reduce disease activity in patients with a 
clinically isolated syndrome (CIS) typical for MS.

Oral cholecalciferol 100,000 IU every two weeks as 
monotherapy is safe, well tolerated and efficient to 

reduce disease activity in CIS patients and early 
RRMS. 

Cholecalciferol could represent an inexpensive, safe and 
well-tolerated therapeutic alternative after a CIS, especially 
in populations with limited access to DMTs. It could benefit 

at the population level after exclusion of high-risk 
hypercalcemia and represent the best candidate for add-on 

therapy evaluation in the therapeutic strategy for MS. 
Assessment of VD efficacy on disability is needed.
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Median time to disease activity  was 432 days in the VD group and 224 days 
under placebo (p=0.003).
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