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Visual Abstract
IMPORTANCE Vitamin D deficiency is a risk factor for multiple sclerosis (MS) and is associated

Supplemental content
with the risk of disease activity, but data on the benefits of supplementation are conflicting.

OBJECTIVE To evaluate the efficacy of high-dose cholecalciferol as monotherapy in reducing
disease activity in patients with clinically isolated syndrome (CIS) typical for MS.

DESIGN, SETTING, AND PARTICIPANTS The D-Lay MS trial was a parallel, double-blind,
randomized placebo-controlled clinical trial in 36 MS centers in France. Patients were enrolled
from July 2013 to December 2020 (final follow-up on January 18, 2023). Untreated patients
with CIS aged 18 to 55 years with CIS duration less than 90 days, serum vitamin D
concentration less than 100 nmol/L, and diagnostic magnetic resonance imaging (MRI)
meeting 2010 criteria for dissemination in space or 2 or more lesions and presence of
oligoclonal bands were recruited.

INTERVENTION Patients were randomized 1:1 to receive oral cholecalciferol 100 000 IU
(n =163) or placebo (n = 153) every 2 weeks for 24 months.

MAIN OUTCOMES AND MEASURES The primary outcome measure was disease activity, defined
as occurrence of a relapse and/or MRI activity (new and/or contrast-enhancing lesions) over
24 months of follow-up, also analyzed as separate secondary outcomes.

RESULTS Of the 316 participants enrolled and randomized (median [IQR] age, 34 [28-42] years;
70% women), the primary analysis included 303 patients (95.9%) who took at least 1dose of the
study drug and 288 (91.1%) ultimately completed the 24-month trial. Disease activity was
observed in 94 patients (60.3%) in the vitamin D group and 109 patients (74.1%) in the placebo
group (hazard ratio [HR], 0.66 [95% Cl, 0.50-0.87]; P = .004), and median time to disease
activity was longer in the vitamin D group (432 vs 224 days; log-rank P = .003). All 3 secondary
MRI outcomes reported significant differences favoring the vitamin D group vs the placebo
group: MRI activity (89 patients [57.1%] vs 96 patients [65.3%]; HR, 0.71[95% CI, 0.53-0.95];

P =.02), new lesions (72 patients [46.2%] vs 87 patients [59.2%]; HR, 0.61[95% Cl, 0.44-0.84];
P =.003), and contrast-enhancing lesions (29 patients [18.6%] vs 50 patients [34.0%]; HR, 0.47
[95% Cl, 0.30-0.75]; P = .001). All 10 secondary clinical outcomes showed no significant
difference, including relapse, which occurred in 28 patients (17.9%) in the vitamin D group vs 32
(21.8%) in the placebo group (HR, 0.69 [95% Cl, 0.42-1.16]; P = .16). Results were similarin a
subset of 247 patients meeting updated 2017 diagnostic criteria for relapsing-remitting MS at
treatment initiation. Severe adverse events occurred in 17 patients in the vitamin D group and 13
in the placebo group, none of which were related to cholecalciferol. Author Affiliations: Author

affiliations are listed at the end of this

CONCLUSIONS AND RELEVANCE Oral cholecalciferol 100 000 IU every 2 weeks significantly article

reduced disease activity in CIS and early relapsing-remitting MS. These results warrant further
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emale sex, obesity, smoking, Epstein-Barr virus infec-

tion, and vitamin D deficiency are risk factors for mul-

tiple sclerosis (MS).! MS typically starts with an acute
episode involving the central nervous system, such as optic
neuritis (inflammation of the optic nerve), transverse myeli-
tis (inflammation of the spinal cord), or brainstem syn-
dromes, termed a clinically isolated syndrome (CIS), although
CIS does not always convert to MS. The risk factors for
relapse, defining the conversion to clinically definite MS,
include the presence of cerebrospinal fluid (CSF) oligoclonal
bands, high number of T2-weighted fluid-attenuated inver-
sion recovery (T2/FLAIR) lesions on brain index MRI, and
younger age, while a role of lower vitamin D levels is
suspected.?? In patients with MS, lower vitamin D levels are
associated with relapse risk, new MRI T2/FLAIR lesions,
and disability.*” Vitamin D induces pleiotropic immune
regulations, decreasing differentiation of effector T and B
cells, promoting regulatory subsets, modulating innate
immune cells, and reducing immune cell trafficking at the
blood-brain barrier level and microglial and astrocytic activa-
tion, thus supporting vitamin D therapy to reduce MS activity
and progression.®

Given their potential synergisticimmunomodulatory ef-
fects, vitamin D supplementation trials have been performed
asadd-on therapy with interferon beta in patients with MS.%-1°
Although neither study found significant differences in their
respective primary end points (no evidence of disease activ-
ity at 48 weeks® or change in the relapse rate at 96 weeks!©),
they suggested other potential benefits: the SOLAR trial found
fewer new or active lesions,® while a post hoc analysis of pa-
tients who completed follow-up in the CHOLINE study showed
reduced relapse rate, fewer new hypointense T1-weighted le-
sions, and less disability progression.'° A pilot vitamin D mono-
therapy study including 30 patients with untreated acute op-
tic neuritis with vitamin D levels less than 75 nmol/L revealed
asignificant benefit of 50 000 IU per week of vitamin D supple-
mentation on relapse and MRI activity at 48 weeks.! In con-
trast, a placebo-controlled study including 204 patients with
a CIS testing cholecalciferol at 3 different daily doses (1000 1U,
50001U, and 10 000 IU) failed to show radiological or clinical
benefit at 48 weeks.!? Meta-analyses revealed no effect of vi-
tamin D on relapses or disability,® but a trend toward reduc-
tion of new T2/FLAIR lesions, highlighting the need for large
randomized clinical trials.'*®
This study aimed to evaluate the adverse events and effi-

cacy of vitamin D as monotherapy in patients with recent CIS
suggestive of MS (MRI showing dissemination in space accord-
ing to 2010 McDonald criteria or >2 lesions and presence of oli-
goclonal bands) to reduce disease activity.

Methods

Trial Design

The D-Lay MS study was a multicenter, double-blind, paral-
lel, 1:1 randomized, phase 3 placebo-controlled clinical trial
conducted in patients with CIS over 24 months, enrolling
from July 16, 2013, to December 23, 2020, with the last pa-
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Key Points

Question Does vitamin D reduce disease activity in patients with
clinically isolated syndrome (CIS) typical for multiple sclerosis
when given at a high dose as monotherapy?

Findings In this randomized clinical trial including 303 patients
treated with oral high-dose cholecalciferol or placebo, the primary
outcome measure of disease activity, defined as occurrence of a
relapse and/or magnetic resonance imaging activity (new and/or
contrast-enhancing lesions) over 24 months of follow-up, was
observed in 94 patients (60.3%) in the vitamin D group and 109
patients (74.1%) in the placebo group (hazard ratio, 0.66). This
was a statistically significant difference.

Meaning Oral high-dose cholecalciferol reduced disease activity
in clinically isolated syndrome and in early relapsing-remitting
multiple sclerosis.

tient visit on January 18, 2023, in 36 MS centers in France.
This study complied with French law, the Declaration of
Helsinki, and Good Clinical Practice. The trial protocol (Supple-
ment 1) was approved by the ethics committee Sud Méditer-
ranée III (#2013.02.08 ter) and prospectively registered on
ClinicalTrials.gov (NCT01817166). This report conforms
with Consolidated Standards of Reporting Trials (CONSORT)
reporting guidelines. All participants provided written
informed consent.

Patients

The study population included patients aged 18 to 55 years with
CIS with diagnostic brain MRI including T2/FLAIR and T1-
weighted gadolinium imaging, with or without spinal cord MRI,
showing dissemination in space according to the 2010 re-
vised McDonald criteria or the presence of at least 2 MRI le-
sions consistent with MS and positive cerebrospinal fluid, de-
fined by the presence of at least 2 unique oligoclonal bands,
in the past 90 days.!”'® Patients already receiving a disease-
modifying therapy were excluded. Patients with serum vita-
min D levels greater than 100 nmol/L and history of hypercal-
cemia, sarcoidosis, or tuberculosis were excluded to avoid
potential overdose. Full eligibility criteria are available in
Supplement 2.

Patients were also classified according to the CIS pheno-
type (optic neuritis vs other symptoms), high-dose intrave-
nous methylprednisolone pulse therapy, overweight (body
mass index [BMI] >25), and severe vitamin D insufficiency (se-
rum vitamin D <30 nmol/L) at baseline. Because the McDonald
criteria were updated during the study period, allowing the di-
agnosis of relapsing-remitting MS (RRMS) accurately and more
rapidly in patients with CIS (wWhen presence of active lesions
or CSF oligoclonal bands), a subgroup of patients fulfilling the
2017 criteria for MS before treatment initiation was also cre-
ated for supplementary analysis.!® Patient characteristics were
compared between the periods before vs after the update of
these diagnosis criteria.

Trial Procedure
Participants were randomly assigned using computer-

generated random numbers in a 1:1 ratio to receive either oral
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100 000 IU cholecalciferol or placebo vial every 2 weeks for 24
months or until the occurrence of disease activity. Randomiza-
tion was performed by an independent statistician in blocks of
4 and stratified according to center and presence of contrast-
enhancing lesions on diagnostic MRI. The active and placebo
treatments were produced by Nexpharma (see eMethods in
Supplement 2). The site investigators, patients, and outcome
assessors were blinded to treatment assignments.

Medical visits occurred at baseline; after 3, 12, and 24
months; and at relapse. At each visit, patients underwent brain
and spinal cord MRI, neurologists assessed patients’ disability
using Expanded Disability Status Scale (EDSS) and Paced-
Auditory Serial Addition Test 3 seconds (PASAT), and patients
completed the EuroQoL 5-Dimension 5-Level (EQ-5D-5L) and
36-Item Short Form Survey (SF-36) health questionnaires,
Fatigue Scale for Motor and Cognitive Functions (FSMC),
and the Hospital Anxiety and Depression Scale (HADS) (see
eMethods in Supplement 2 for scoring of scales, tests, and ques-
tionnaires). Blood and spot urine samples were collected at each
visit to assess serum and urine calcium and creatinine levels.
All data were collected on paper case report forms and re-
ported on an electronic case report form on OpenClinica web
software. Experimental treatment commenced after the base-
line brain and spinal cord MRI, performed within 14 days after
the baseline visit. Patients who agreed received a text message
reminder every 2 weeks. When a patient reached the primary
outcome, a dedicated visit was performed and treatment was
discontinued. Protocol follow-up visits were cancelled except
the study end visit.

MRIincluded brain 3D-FLAIR, unenhanced and gadolinium-
enhanced T1-weighted sequences, and spinal cord T2- and
gadolinium-enhanced T1-weighted sequences. Interpreta-
tion of MRI scans and assessment of MRI activity was per-
formed locally by the neuroradiologist and reviewed by the
treating neurologist who detailed the localization of the le-
sions in the electronic case report form. Data monitoring was
performed in each center in person and in compliance with
Good Clinical Practice guidelines.

An independent oversight committee was established to
ensure safety. Adverse events were continuously reported and
graded according to Common Terminology Criteria for Ad-
verse Events version 3.

Outcomes

The primary outcome was the presence of disease activity, de-
fined by the first occurrence of relapse or MRI activity (ie, new
or unequivocally enlarging brain FLAIR or spinal cord T2 le-
sions or contrast-enhancing T1 lesions on follow-up MRI).2°
This outcome corresponds to the risk of conversion to RRMS
according to the 2005 McDonald criteria in use at the time of
protocol conception,'” and is best adapted to the current cri-
teria and definition of MS activity.!® Time to disease activity
was defined as the time between treatment start and the first
evidence of disease activity. Secondary outcomes included dis-
ease activity description, with the occurrence of relapse, MRI
activity, and presence and number of new/enlarging or contrast-
enhancing lesions at the time of disease activity. Other sec-
ondary outcomes included EDSS, PASAT, EQ-5D-5L, SF-36,
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FSMC, and HADS scores until disease activity or at the end of
follow-up, as well as kidney function and serum and urinary
calcium levels at each visit (see eMethods in Supplement 2).
Additional secondary outcomes could not be analyzed in the
study due to insufficient transfer of MRI scans for centralized
reading and the need for additional funds to measure serum
concentrations of 25-hydroxyvitamin D, and 25-hydroxyvi-
tamin D, at each visit. Adverse events were counted accord-
ing to severity and Common Terminology Criteria for Ad-
verse Events grade.

Sample Size Calculation

To have 90% power to detect a 16% difference in the rate of
disease activity between the 2 groups (85% with placebo vs 69%
with vitamin D)2 with an a risk of 5%, an expected rate of un-
usable data of 10%, and a 10% dropout rate, 316 patients were
necessary.

Statistical Analysis

Participants who took at least 1 dose of vitamin D or placebo
were included in the full analysis set and analyzed according
to their randomization group (Figure 1), including any pa-
tient with conversion at baseline MRI who inappropriately
started the medication. Patient characteristics were de-
scribed with percentages for categorical variables and with me-
dian and IQR values for quantitative variables. The time be-
tween treatment start and disease activity is represented using
the Kaplan-Meier method, and the time between the groups
was compared using the log-rank test. The effect of vitamin D
on disease activity occurrence was analyzed using a random-
effects Cox model, considering the treatment group as the
factor of interest adjusting on randomization stratification fac-
tors (ie, center and contrast-enhancing lesions on diagnostic
MRI), with center considered as random effect. A fully ad-
justed model was performed adjusting for supplemental pre-
defined prognostic factors (age, sex, number of contrast-
enhancing lesions on diagnostic MRI, baseline EDSS score, and
the time between CIS and first treatment administration), as
well as 2 additional prognostic factors (serum vitamin D lev-
els and high-dose intravenous methylprednisolone pulse
therapy after CIS), which were added prior to data review and
unblinding. Results are presented as hazard ratios (HRs) with
95% Cls.

The patient number needed to treat was calculated as the
inverse of the absolute risk reduction with the 95% CI.

Quantitative secondary end points were analyzed using lin-
ear mixed models with treatment group, time, and treatment
group x time interaction adjusted as above as fixed effects. The
models included a participant-specific random intercept to ac-
count for data repetition. For secondary outcomes, when the
primary outcome was met during follow-up, the subsequent
measures were censored. The analysis of secondary end points
and subgroup analyses were not adjusted for multiple testing
and should be interpreted as exploratory.

A modifying effect of different variables on the effect of
treatment on the primary end point (ie, disease activity) was
analyzed by applying the same partially adjusted model but
adding an interaction term between the treatment group and
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Figure 1. Flow of Participants in the D-Lay MS Clinical Trial

Clinically isolated syndrome
(CIS) screening?

|

/316 Patients with CIS included
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163 Randomized to the
vitamin D group

153 Randomized to the
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2 Lost to follow-up
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5 Lost to follow-up

158 Underwent baseline MRI

147 Underwent baseline MRI
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of myasthenia gravis
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1 Removed by investigator
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‘
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before month 6, 1 before month 12,
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month 12.

‘ 156 Included in analysis ‘

‘ 147 Included in analysis ‘

9No disease activity with follow-up

until month 24 or disease activity.

the variables with a potential modifying effect. For each vari-
able, groups were defined post hoc according to the literature
in early MS: age (<36 'y, 236 y),%? sex (male, female),? number
of T2 lesions (<9, 29),%2 number of contrast-enhancing lesions
(0, 1, 22),%? baseline EDSS score (0, >0),%% presence of T2 spi-
nal cord lesions (0, >0, missing),%? serum vitamin D levels
(<30 nmol/L, =30 nmol/L),” BMI (<25, >25),2* optic neuritis (yes,
no),2 high-dose intravenous methylprednisolone pulse therapy
(yes, no),%* and presence of CSF oligoclonal bands (yes, no).2
These results are represented using a subgroup analysis plot.

A post hoc sensitivity analysis was also performed exclud-
ing participants who developed disease activity at the time of
baseline MRI prior to starting the study drug. Because the
McDonald criteria were updated during the study period, al-
lowing the diagnosis of RRMS accurately and more rapidly af-
ter CIS, we also performed an ancillary analysis of the out-
comes in the subgroup of patients fulfilling the 2017 criteria
for MS before treatment initiation.'®

Patients lost to follow-up after treatment initiation were cen-
sored at the last contact date. In the different models, multiple
imputation was performed to handle missing data for adjust-
ment variables, except for the interval between CIS onset and
treatment initiation, in which missing intervals were replaced
by the observed time between CIS and MRI plus the median time
between MRI and treatment initiation observed in other pa-
tients. For each model, sensitivity analyses were performed
without imputation to verify the robustness of the results.
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The frequency of serious adverse events in both groups was
compared with a x? test. Statistical analyses were conducted
using R version 4.3.3 (R Foundation for Statistical Computing)
using the 2-tailed a level of .05.

. |
Results

Patient Characteristics
A total of 316 patients with CIS were enrolled and random-
ized (Figure 1). Four patients withdrew consent and 9 did not
start experimental treatment for different reasons; these in-
dividuals were excluded from analyses (7 in the vitamin D
group and 6 in the placebo group). The analysis was con-
ducted on 303 patients (156 in the vitamin D group and 147 in
the placebo group; Figure 1), including 19 patients with con-
version at baseline MRI who inappropriately started the medi-
cation (9 in the vitamin D group and 10 in the placebo group).
Groups showed similar baseline demographic, clinical, and
MRI characteristics (Table 1). The median (IQR) age was 34 (28-
42)years, 70% of participants were women, 33% had optic neu-
ritis, and the median (IQR) baseline EDSS score was 1.0 (0-
2.0). MS 2010 criteria for dissemination in space were fulfilled
in 274 patients (92%) at CIS diagnosis, and 257 (85%) received
high-dose intravenous methylprednisolone pulse therapy.
Oligoclonal bands in the CSF were present in 203 of 240 pa-
tients (85%) tested. Among the 279 patients with data allowing
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assessment of the 2017 McDonald criteria, 247 patients (89%)
fulfilled the requirements for RRMS diagnosis. The median
(IQR) vitamin D level at diagnosis was 45 (31-66) nmol/L, with
severe vitamin D deficiency (<30 nmol/L) present in 68 pa-
tients (22.4%). The median time from CIS onset to random-
ization was 54 days and from CIS onset to initiation of the in-
vestigational treatment was 60 days.

Outcomes

During the 24-month follow-up, disease activity was observed
less frequently in the vitamin D group (94 patients [60.3%]) com-
pared with the placebo group (109 patients [74.1%]), and me-
dian time to disease activity was 432 (95% CI, 360-727) days in
the vitamin D group vs 224 (95% CI, 104-360) days in the pla-
cebo group (log-rank test P = .003; Figure 2). The number
needed to treat to prevent 1 case of disease activity over the 24-
month study period was 7.2 (95% CI, 4.1-29.0).

The HR for disease activity in the vitamin D group, com-
pared with the placebo group, after partial adjustment was 0.66
(95% CI, 0.50-0.87; P = .004; Table 2). Results were similar in
a post hoc analysis without imputation (eTable 1 in Supple-
ment 2) and after excluding the 19 patients who experienced
disease activity prior to starting the study treatment: 85 of 147
(57.8%) in the vitamin D group experienced disease activity vs
99 0f 137 (72.3%) in the placebo group (HR, 0.64 [95% CI, 0.48-
0.86]; P = .003). During the 24-month follow-up, in the vita-
min D group vs the placebo group, MRI activity was observed
less frequently (89 patients [57.1%] vs 96 patients [65.3%]; HR,
0.71[95% CI, 0.53-0.95]; P = .02), new enhancing lesions were
observed less frequently (72 patients [46.2%] vs 87 patients
[59.2%]; HR, 0.61[95% CI, 0.44-0.84]; P = .003), and contrast-
enhancing lesions were observed less frequently (29 patients
[18.6%] vs 50 patients [34.0%]; HR, 0.47 [95% CI, 0.30-0.75];
P =.001) (Table 2).

No significant difference was observed for relapse (28 pa-
tients [17.9%] in the vitamin D group vs 32 [21.8%] in the pla-
cebo group; HR, 0.69 [95% CI, 0.42-1.16]; P = .16). Vitamin D
had no significant impact on disability (EDSS, PASAT), fa-
tigue (FSMC), quality of life (EQ-5D-5L, SF-36), or depression
and anxiety symptoms (HADS) during follow-up (Table 2).

All results remained unchanged after full adjustment
(Table 2).

Ancillary Analysis

Subgroup analysis of the primary outcome in the 247
patients fulfilling the 2017 McDonald criteria for RRMS at
baseline showed an HR for disease activity in the vitamin D
group, compared with placebo, of 0.66 (95% CI, 0.49-0.89;
P =.007) after partial adjustment (eTable 2 in Supplement 2).
MRI activity (HR, 0.71 [95% CI, 0.51-0.97]; P = .03), occur-
rence of new/enlarging lesions (HR, 0.59 [95% CI, 0.42-0.83];
P =.003), and occurrence of contrast-enhancing lesions (HR,
0.49 [95% CI, 0.30-0.81]; P = .006) on follow-up MRI scans
were also significantly reduced in the vitamin D group com-
pared with the placebo group (eTable 2 in Supplement 2). No
significant difference was observed for relapse (HR, 0.70
[95% CI, 0.40-1.21]; P = .20). The revision of MS diagnostic
criteria had a minor impact on inclusion rate over time (eFig-

jama.com

Downl oaded from j amanet wor k. com by Henry Lahore on 05/ 14/ 2026

Original Investigation Research

Table 1. Baseline Patient Characteristics

No. (%)
Vitamin D Placebo
Characteristic (n =156) (n = 147)
Age, median (IQR), y 35(28-42) 34 (27-40)
Female 103 (66) 108 (73)
Male 53 (34) 39 (27)
Body mass index, median (IQR) 24.1 235
(21.2-27.5) (21.6-27.7)
[n=153] [n = 144]
History of infectious mononucleosis 16 (10) 12(8.2)
Current smoking 57 (37) 55(37)
Vitamin D level, median (IQR), nmol/L 49.5 42.5
(34.0-67.0) (29.0-63.0)
Severe vitamin D deficiency 29/155 (19) 39/145 (27)
(<30 nmol/L)
Optic neuritis 55 (35) 43 (31)
High-dose intravenous 129 (83) 128 (87)
methylprednisolone pulse therapy
EDSS score, median (IQR)? 1.0 (0-2.0) 1.0 (0-2.0)
<9 FLAIR brain lesions 75/151 (50) 61/143 (43)
Contrast-enhancing lesions
0 74 (47) 77 (52)
1 67 (43) 55(37)
>2 15 (10) 15 (10)
T2 spinal cord lesions n=151 n=139
0 68 (46) 66 (48)
1 44 (29) 34 (24)
22 39 (25) 39 (28)
Met 2010 MRI DIS criteria® 141/153(92)  133/144(92)
Presence of CSF oligoclonal bands 97/121 (62) 106/119 (72)
Met 2017 MS diagnostic criteria® 126/144 (88) 121/135 (90)
Time between CIS onset and 54 (39-74) 54 (37-76)
randomization, median (IQR), d
Time between CIS onset and study drug 61 (48-80) 60 (46-83)
initiation, median (IQR), d [n=149] [n=142]

Abbreviations: CIS, clinically isolated syndrome; CSF, cerebrospinal fluid; DIS,
dissemination in space; EDSS, Expanded Disability Status Scale; FLAIR,
fluid-attenuated inversion recovery; MRI, magnetic resonance imaging.

2 See Supplement 2 for additional information about scoring.
®|ndicates patients with DIS according to 2010 McDonald criteria.

€ Indicates patients with multiple sclerosis (MS) at baseline according to 2017
McDonald criteria (see Methods in Supplement 2).

ure 1in Supplement 2). Patient characteristics were similar
before and after the update, with the only significant differ-
ences being lower EDSS score (1.25 before 2017 update vs 1.0
after 2017 update; P = .03) and more contrast-enhancing
lesions (P = .04) (eTable 3 in Supplement 2).

Factors Influencing Outcomes

Interaction between the treatment group and prognostic fac-
tors revealed that patients who benefited most from vitamin D
were those without spinal cord lesions at diagnosis (HR, 0.23
vs 0.85; P value for interaction = .01), with severe vitamin D
deficiency (HR, 0.33 vs 0.78; Pvalue for interaction = .03), and
with normal BMI at baseline (HR, 0.53 vs 0.95; P value for in-
teraction = .048) (Figure 3). Age, sex, CIS phenotype, high-
dose intravenous methylprednisolone pulse therapy, number
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Figure 2. Disease Activity in the Treatment Groups During the 2 Years of Follow-Up

1.0
—‘ Hazard ratio, 0.66 (95% Cl, 0.50-0.87)
log-rank P=.004
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S
fe]
2T 067
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g s Vertical solid lines represent median
= 0.24 time to disease activity for each
group (14.2 [95% Cl, 11.8-24.1]
months for the vitamin D group and
o : 5 1 % 7.3[95% Cl, 3.4-11.8] months for the
Time. mo placebo group). Median (IQR)
No. at risk observation time was 23.7 (23.4-24.2)
VitaminD 156 104 32 71 58 months for the vitamin D group and
Placebo 147 76 50 40 33 23.8 (23.6-24.0) months for the
placebo group.
Table 2. Efficacy Measures
No. of events pifference in Partial adjustment® Full adjustment®
incidence
Vitamin D Placebo rates,
Outcome?® (n =156) (n=147) patient-years  HR (95% CI) Pvalue HR(95% Cl) P value
Primary outcome
Disease activity 94 109 -0.33 0.66 (0.50 to 0.87) .004 0.65 (0.49t0 0.87) .004
Secondary outcomes?
Relapse 28 32 -0.10 0.69 (0.42 to 1.16) .16 0.68(0.40t0 1.16) .15
MRI activity 89 96 -0.26 0.71(0.53 t0 0.95) .02 0.72 (0.53t0 0.97) .03
Contrast-enhancing 29 50 -0.23 0.47 (0.30t0 0.75) .002 0.50 (0.31 to 0.80) .005
lesions
New or enlarging 72 87 -0.28 0.61(0.44t0 0.84) .003 0.62 (0.44 t0 0.86) .004
lesions
Annual change Annual change A of annual change (95% A of annual change (95% CI)
(SE) (SE) cl)
EDSS -0.17 (0.05)  -0.14 (0.06) -0.03(-0.18t00.12) .67 -0.02 (-0.17 t0 0.13) .75
PASAT 3.29(0.49) 3.15(0.62) 0.14 (-1.41t0 1.69) .86 0.09 (-1.47 to 1.64) 91
EQ-5D-5L 0.03(0.01) 0.02 (0.01) 0.01 (-0.02 to 0.05) .40 0.01 (-0.02 t0 0.05) .50
SF-36 physical 1.41(0.41) 1.10(0.52) 0.31(-0.99to0 1.61) .64 0.27 (-1.02 to 1.55) .68
SF-36 mental 2.38(0.59) 2.97 (0.75) -0.59 (-2.46 t0 1.29) .54 -0.67 (-2.56 t0 1.22) .49
FSMC -0.77 (0.82)  0.97 (1.03) -1.74 (-4.32t0 0.84) .19 -1.45(-4.00t0 1.11) .27
HADS total -0.54 (0.30) -0.62 (0.39) 0.08 (-0.87 to 1.04) .86 0.16 (-0.80t0 1.12) 74
HADS anxiety -0.52(0.18)  -0.40(0.24) -0.12 (-0.70 to 0.46) .68 -0.09 (-0.67 to 0.50) .78
HADS depression 0.00(0.17) -0.25(0.21) 0.25(-0.28 t0 0.79) .35 0.29(-0.24 t0 0.83) .29

Abbreviations: CIS, clinically isolated syndrome; EDSS, Expanded Disability
Status Scale; EQ-5D-5L, EuroQolL 5-Dimension 5-Level; FSMC, Fatigue Scale for
Motor and Cognitive Functions; HADS, Hospital Anxiety and Depression Scale;
HR, hazard ratio; PASAT, Paced-Auditory Serial Addition Test 3 seconds;

SF-36, 36-Item Short Form Survey.

2 See Supplement 2 for information on scoring of scales, tests, and
questionnaires.

bThe partial adjustment was performed on the center and the presence of
contrast-enhancing lesions on the baseline magnetic resonance imaging (MRI)
scan.

€ The full adjustment was performed on additional baseline characteristics (age,
sex, number of T2-weighted fluid-attenuated inversion recovery (T2/FLAIR)
lesions, EDSS score, plasma vitamin D levels, high-dose intravenous
methylprednisolone pulse therapy, and time from CIS onset). There were no
missing data for the partially adjusted model. Multiple imputation was
performed to manage missing data for adjustment variables in the fully

adjusted model: number of T2/FLAIR lesions (3.0%): 5 in the vitamin D group
and 4 in the placebo group; EDSS score (0.3%): 1in the placebo group; serum
vitamin D level (1.0%): 1in the vitamin D group and 2 in the placebo group;
time between CIS and treatment onset (4.0%): 7 in the vitamin D group and 5
in the placebo group.

9 Missing data for quantitative secondary end points during the follow-up
(percentage of missing value among all values during the follow-up visits at O,
3,12 or 24 months: EDSS: 2% in the vitamin D group and 3% in the
placebo group; PASAT: 11% in the vitamin D group and 7% in the placebo
group; EQ-5D-5L: 3% in the vitamin D group and 2% in the placebo
group; SF-36 physical: 4% in the vitamin D group and 3% in the
placebo group; SF-36 mental: 4% in the vitamin D group and 3% in
the placebo group; FSMC: 8% in the vitamin D group and 7% in the placebo
group; HADS total: 7% in the vitamin D group and 7% in the placebo group;
HADS anxiety: 5% in the vitamin D group and 5% in the placebo group;
HADS depression: 6% in the vitamin D group and 4% in the placebo group.
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Figure 3. Interaction Between Covariates and Vitamin D

No. of participants with

event/total No. Hazard ratio Favors : Favors P for
Variable Vitamin D Placebo (95% ClI) vitamin D | placebo interaction
Overall (no stratification) 94/156 109/147 0.66(0.50-0.87) —a—
Age,y
<36 51/80 66/84 0.64 (0.44-0.93) —— 97
236 43/76 43/63 0.66 (0.43-1.02) —
Sex
Female 64/103 78/108 0.71(0.51-1.00) —— 2
Male 30/53 31/39 0.50 (0.29-0.86) —
No. of brain FLAIR lesions
<9 40/75 36/61 0.75(0.46-1.20) — 30
29 52/76 71/82 0.59 (0.41-0.86) —.
No. of contrast-enhancing lesions
0 38/74 55/77 0.55(0.36-0.84) ——
1 43/67 40/55 0.72 (0.46-1.11) —a— 41
22 13/15 14/15 0.99 (0.41-2.39) ———>
EDSS score
0 23/46 34/45 0.53 (0.30-0.93) — 66
>0 71/110 75/101 0.69 (0.50-0.97) ——
Presence of T2 spinal cord lesions
No 10/31 22/30 0.23(0.10-0.51) ———®——
Yes 43/60 40/53 0.85 (0.54-1.32) —_— 01
Missing 41/65 47/64 0.68 (0.44-1.07) ——
Serum vitamin D level, nmol/L
<30 15/29 33/39 0.33(0.17-0.63) e a— 03
230 78/126 74/106 0.78(0.56-1.07) —a—
Body mass index
<25 51/88 70/90 0.53 (0.37-0.76) — 048
225 43/65 37/54 0.95 (0.60-1.50) ——
Optic neuritis
No 60/101 78/102 0.64 (0.45-0.91) —a— 77
Yes 34/55 31/45 0.69 (0.42-1.12) —
IVMP
No 10/27 15/19 0.23(0.09-0.58) <«——®—— 06
Yes 84/129 94/128 0.72(0.53-0.97) —
Presence of CSF oligoclonal bands
No 11/24 8/13 0.61 (0.24-1.51) S S 67
Yes 62/97 79/106 0.67 (0.48-0.94) —
0.‘1 0.5 1 2

Hazard ratio (95% Cl)

Squares represent hazard ratios (HRs) after adjustment on randomization strata
(contrast-enhancing lesions) and centers. Bars represent 95% Cls. Missing data
per group: fluid-attenuated inversion recovery (FLAIR): 4 in the vitamin D group
and 5 in the placebo group; Expanded Disability Status Scale (EDSS) score: 1in
the placebo group; serum vitamin D level: 1in the vitamin D group and 2 in the

placebo group; body mass index: 3 in the vitamin D group and 3 in the placebo
group; cerebrospinal fluid (CSF) oligoclonal bands: 35 in the vitamin D group
and 28 in the placebo group. See Supplement 2 for details of the EDSS, which
evaluates neurological disability associated with multiple sclerosis. IVMP
indicates high-dose intravenous methylprednisolone pulse therapy.

of brain T2/FLAIR lesions, presence of contrast-enhancing le-
sions, and EDSS score at baseline did not significantly influ-
ence the effects of vitamin D on the primary outcome (Figure 3).

Adverse Events

Thirty-three serious adverse events were reported in 30 pa-
tients during the study (17 patients [10.9%] in the vitamin D
group and 13 patients [8.8%] in the placebo group; x* test
P = .55; eTable 4 in Supplement 2), none of which were sug-
gestive of hypercalcemia or related to the study drug. Mild hy-
percalcemia (calcium level of 2.6-2.88 mmol/L) was ob-
served in only 2 patients at 3 and 12 months in the placebo
group (eTable 5in Supplement 2), with similar urinary calcium/

jama.com
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creatinine ratios on spot sample results during follow-up
(eTable 6 in Supplement 2). Neither kidney failure (eTable 7
in Supplement 2) nor moderate or severe hypercalcemia (cal-
cium level >2.88 mmol/L) were reported during follow-up
(eTable 5 in Supplement 2).

|
Discussion

This randomized clinical trial showed that high-dose chole-
calciferol monotherapy initiated within 90 days after diagno-
sis of CIS strongly suggestive of MS reduced disease activity
significantly compared with placebo.
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These results aligned with a pilot study testing the effi-
cacy of vitamin D monotherapy for 48 weeks in 30 patients with
untreated optic neuritis." In the current study, the efficacy of
vitamin D was similar between patients with CIS with or with-
out optic neuritis, extending its potential target population to
all CIS phenotypes.

The efficacy of vitamin D observed in this study contrasts
with the recent PrevANZ study testing vitamin D in untreated
patients with CIS.'? This might be related to the lack of power
of the PrevANZ study due to the 3 vitamin D doses tested,
lower patient numbers, shorter treatment duration, and
higher dropout rates. Moreover, the PrevANZ study included
older patients with CIS with fewer T2 lesions and fewer
people who smoke, resulting in fewer patients showing dis-
ease activity. Furthermore, the patients in the current study
had lower baseline vitamin D levels and lower BMI, both of
which influenced vitamin D efficacy in the study. One
hypothesis is that the daily oral vitamin D supplementation
used in the PrevANZ study might have had different immune
effects compared with the high-dose pulse therapy used in
this study, as explored in transcriptomic analyses of samples
from patients included in both studies, although comparative
analyses are lacking.?®2” When compared with placebo-
controlled phase 3 trials in CIS, the patients in the current
study had comparable baseline characteristics in terms of
optic neuritis frequency, EDSS score, contrast-enhancing
lesions, and high-dose intravenous methylprednisolone
pulse therapy, and the HR for disease activity with cholecal-
ciferol observed in our study (0.66 [95% CI, 0.50-0.87]) was
similar to that of teriflunomide (0.65 [95% CI, 0.51-0.82]) in
the TOPIC trial),?® and slightly more than interferon beta-1a
and interferon beta-1b treatment (0.49 [95% CI, 0.38-0.64]
in the REFLEX trial,?® and 0.54 [95% CI, 0.43-0.67] in
the BENEFIT trial, respectively).?! Interestingly, the early
separation of Kaplan-Meier curves suggest an early effect of
Vitamin D on disease activity that is sensitively detected
by MRI, while the parallel shape after 3 to 6 months could
indicate the maintenance of the treatment effect over 24
months, as observed in previous CIS therapeutic trials
(eg, the BENEFIT and TOPIC studies).?!*2® Altogether, this
suggests that cholecalciferol could represent an inexpensive
therapeutic alternative, with low risk of adverse events, after
a CIS, especially in populations with limited access to
disease-modifying therapies.

Because a subgroup analysis also showed that cholecal-
ciferol significantly reduced disease activity in patients with
RRMS according to the most recent McDonald diagnostic
criteria,'® vitamin D supplementation might also benefit all pa-
tients with early-stage RRMS, especially after careful exclu-
sion of patients at risk for hypercalcemia, including those with
sarcoidosis and tuberculosis. This is supported by the low fre-
quency and severity of adverse events in the high-dose vita-
min D group in the study.

Patients who benefited most from vitamin D were those
with severe vitamin D deficiency (<30 nmol/L). This is in line
with the 2024 report showing that low vitamin D levels be-
fore initiation of disease-modifying therapy increase the risk
of disease activity in MS, with a causality relationship,3° and
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strongly encourages further studies to examine the benefit of
vitamin D add-on therapy in patients with vitamin D defi-
ciency when starting a disease-modifying therapy.

Combination therapy, whereby 2 individually subopti-
mal agents are given simultaneously, could be imagined to have
a beneficial therapeutic effect as seen in infections, cancers,
and rheumatoid inflammatory diseases, but results in MS are
so far disappointing.! The low risk of adverse events and prom-
ising efficacy profile of high-dose vitamin D observed in the
D-Lay MS trial makes vitamin D an ideal candidate for future
studies as an add-on therapy to improve the risk-benefit ratio
of existing therapies.

In line with results of the current study, add-on therapy
studies with vitamin D, CHOLINE and SOLAR, suggested ben-
efits on MRI activity in combination with interferon beta-1a,
although they were negative for the primary end point (reduc-
tion of MS relapse).®'° Thus, a larger-scale study with 24
months of follow-up is needed to assess efficacy of high-dose
vitamin D supplementation as add-on therapy to reduce evi-
dence of disease activity in treated patients with MS.

The study design prioritized patient safety, with brain and
spinal cord MRI at 3, 12, and 24 months, allowing the early
switch to disease-modifying therapy on detection of disease
activity through MRI activity. Hence, the relapse rate was very
low, which may have limited the ability to detect a significant
difference in relapse risk reduction after vitamin D therapy.
However, MRI activity is considered a more sensitive and ob-
jective measure of disease activity. In accordance with the low
relapse rate, vitamin D had no impact on EDSS score progres-
sion and other clinical outcomes in this study.

Interestingly, patients without spinal cord lesions also ben-
efited the most from vitamin D, while other good prognostic
factors (optic neuritis, low EDSS score, absence of contrast-
enhancinglesions, and no high-dose intravenous methylpred-
nisolone pulse therapy at baseline MRI) did not influence vi-
tamin D efficacy, suggesting that the impact of vitamin D is not
limited to MS with good prognosis.

Limitations

This study has several limitations. First, the detection of
events by imaging was only possible at the fixed times of the
scheduled MRI scans, which did not necessarily correspond
to the precise moment when the lesion developed. This phe-
nomenon, which affected both groups, is unlikely to compro-
mise the validity of the results, but could potentially lead to a
lower precision of the CIs obtained. It also means that the me-
dian times reported in the groups represent fixed visit times
rather than actual times at which the MRI findings devel-
oped, and should therefore be interpreted with caution. Sec-
ond, because EDSS score was not measured frequently enough
to assess 3- or 6-month confirmed disability accumulation, it
was not possible to estimate the percentage of patients reach-
ing no evidence of disease activity-3 at 24 months, a compos-
ite measure used to assess the effectiveness of treatments in
clinical trials combining no clinical relapses, no radiological
activity, and no disability progression (measured by EDSS
score). Accordingly, relapse-associated worsening and pro-
gression independent of relapse activity could not be estimated
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here.?? These measures help elucidate the nature of disease
progression, capturing the stepwise progression induced by
incomplete recovery from relapses (relapse-associated wors-
ening) or gradual disease progression (progression indepen-
dent of relapse activity). Third, relapses and MRI activity were
not diagnosed by central adjudication. However, patients were
followed up in MS centers with solid clinical trial experience
and expert neuroradiologist interpretation was reviewed by the
treating neurologist who detailed the localization of the le-
sions in a standardized case report form. Fourth, the multiple
comparisons of the secondary end points and subgroup analy-
sesraise the potential for typeI errors, meaning that these find-
ings should be interpreted cautiously. Fifth, despite the long
enrollment period and the revision of MS diagnostic criteria
in 2017, there was only a slightly decreased enrollment rate over
time, and few differences in patient characteristics after 2017

Original Investigation Research

(lower EDSS score, but more contrast-enhancing lesions; see
eFigure 1 and eTable 3 in Supplement 2). Sixth, whether the
patient population was a diverse and/or representative sample
could not be addressed because French law precludes collect-
ing race and ethnicity data in this setting.

.|
Conclusions

This randomized clinical trial showed the efficacy and low
risk of adverse events of oral cholecalciferol 100 000 IU
monotherapy every 2 weeks to reduce disease activity in
patients with CIS and early RRMS. These results make high-
dose vitamin D an interesting candidate for further studies
evaluating add-on therapy in the therapeutic strategy for
managing MS.
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