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INTRODUCTION
• Vitamin D is the precursor of a potent immunoregulatory 

molecule.
• The role of vitamin D in the pathogenesis and progression 

of multiple sclerosis (MS) has received increasing interest in 
recent years.1

• Low serum levels of vitamin D (25(OH)D3) have been 
associated with greater risk of developing MS, and with poorer 
outcomes in MS patients.2-4

• However, whether supplementation of vitamin D improves 
outcomes is uncertain, since existing clinical evidence is 
contradictory and involves small patient numbers.5,6

OBJECTIVES
• To investigate the efficacy and safety of cholecalciferol (vitamin 

D3) as add-on therapy to subcutaneous interferon (sc IFN) β-1a.

METHODS
• SOLAR was a prospective, randomised, double-blind, 

multicentre, 48-week study (NCT01285401).
• Patients with relapsing-remitting MS and serum 25(OH)D3 

levels <150 nmol/L were randomised to sc IFN β-1a 44 µg three 
times weekly plus either oral cholecalciferol (14,007 IU/day 
[350 µg]) or matching placebo (Figure 1).

 – A third arm was planned for patients with serum 25(OH)D3 
levels ≥150 nmol/L but no patients met this criterion (Figure 1).

Figure 1. SOLAR Study Design

 sc IFN, subcutaneous interferon; tiw, three times weekly.

• Primary endpoint: proportion of patients at Week 48 with no 
evidence of disease activity (NEDA), defined as: no relapses; 
no Expanded Disability Status Scale (EDSS) score progression; 
and no new Gd-enhancing T1 lesions, or new or enlarging T2 
MRI lesions.

 – Original primary endpoints: mean number of combined 
unique active (CUA) lesions at Week 48 and proportion of 
relapse-free patients at Week 96.

 – Due to delays in patient recruitment the primary endpoints 
were changed to NEDA, allowing a reduction in sample size 
and study duration.

• Secondary endpoints at Week 48 included: mean annualised 
relapse rate (ARR); EDSS progression; mean number of CUA 
lesions/patient/scan; mean number of new T1-hypointense 
lesions; change from baseline in total volume of T2 lesions.

• Analysis of NEDA status at Week 48 was estimated in the 
intent-to-treat (ITT) population using a logistic regression model 
with treatment and stratification variables as covariates.

RESULTS
• 229 patients were randomised to cholecalciferol or placebo as 

add-on to sc IFN β-1a:
 – The ITT population (81.2%) had a follow-up of 48 weeks.
 – Demographics and disease activity at baseline between 
groups were similar, except for the time since diagnosis 
(Table 1).

Table 1. Baseline Demographics and Clinical Characteristics

IFN β-1a +
cholecalciferol

(N=113)

IFN β-1a + 
placebo
(N=116)

Total
(N=229)

Age, years 34.1 (8.0) 33.5 (9.3) 33.8 (8.7)

Female 76 (67.3%) 79 (68.1%) 155 (67.7%)

Time since 
diagnosis, months 10.4 (8.1) 14.8 (17.0) N/A

Body weight, kg 75.8 (17.9) 75.1 (17.0) 75.4 (17.4)

Height, cm 171.9 (9.5) 171.3 (9.1) 171.6 (9.3)

BMI, kg/m2 25.63 (5.67) 25.54 (5.23) 25.58 (5.44)

Data are number (%) or mean (SD).  
BMI, body mass index; IFN, interferon; SD, standard deviation.

No Difference in % of Patients with NEDA 
• Overall, 37% of patients in the sc IFN β-1a + cholecalciferol 

group had NEDA at Week 48.
• There was no statistically significant difference in NEDA status 

at Week 48 between treatment groups (cholecalciferol: 37.2% 
vs. placebo: 35.3%; odds ratio [OR]: 0.97; P = 0.91).

Cholecalciferol was Associated with Significantly Better MRI 
Outcomes
• Although only one MRI scan was performed after baseline, at 

Week 48 cholecalciferol was associated with a 32% reduction 
in the number of CUA lesions versus placebo (1.09 vs. 1.49; 
incidence rate ratio [IRR]: 0.68; P = 0.0045; Figure 2).

Figure 2. Mean Number of CUA Lesions Per Patient Per Scan at Week 48

CUA, combined unique active; IFN, interferon; SD, standard deviation. 

• The proportion of subjects free from new T1-hypointense 
lesions was significantly higher with cholecalciferol versus 
placebo in patients aged 18–30 years (85.7% vs. 46.8%; OR: 
11.03; P = 0.006), but not in the ITT population.

• Compared with placebo, cholecalciferol significantly reduced 
the mean percentage change from baseline in total volume of 
T2 lesions at Week 48 (3.57% vs. 6.07%; P = 0.035).

No Difference in EDSS Progression
• The proportion of patients free from any EDSS progression at 

Week 48 was similar for both treatment groups (cholecalciferol: 
71.7% vs. placebo: 75.0%; OR: 0.84; P = 0.57). 

• There was no significant difference between treatment groups 
for time to confirmed EDSS progression up to Week 48 (hazard 
ratio: 2.02; P = 0.25; Figure 3).

Figure 3. Kaplan-Meier Plot of Time to Confirmed EDSS Progression up to 
Week 48

EDSS, Expanded Disability Status Scale; IFN, interferon. 

ARR was Lower in the Cholecalciferol Group, but did not Reach 
Significance
• Compared with placebo, patients receiving cholecalciferol had a 

30% lower ARR (0.28 vs. 0.41; IRR: 0.69; P = 0.17; Figure 4), 
although statistical significance was not reached.

• The proportion of patients who were relapse-free at Week 48 
was similar between the two groups (cholecalciferol: 78.8% vs. 
placebo: 75.0%; OR: 1.26; P = 0.47).

Figure 4. Mean Annualised Relapse Rates at Week 48

ARR, annualised relapse rate; IFN, interferon; SD, standard deviation. 
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Despite the High Treatment Dose, No Additional Safety Issues 
were Identified with Cholecalciferol Add-On
• The incidence of severe treatment-emergent adverse events 

(TEAEs) was overall low and similar between treatment groups 
(Table 2). 

• There were no new or unexpected TEAEs with cholecalciferol 
treatment and the observed TEAEs were broadly similar across 
the two treatment groups.

 – The most common TEAEs in the cholecalciferol group 
were headache (n=20 [17.7%]) and nasopharyngitis (n=18 
[15.9%]).

 – The most common TEAEs in the placebo group were 
headache (n=22 [19.0%]) and influenza (n=19 [16.4%]).

Table 2. Summary of Adverse Events

IFN β-1a + 
cholecalciferol

(N=113)

IFN β-1a + 
placebo
(N=116)

n (%) m n (%) m

Any TEAE 99 (87.6) 601 93 (80.2) 507

Any TESAE 18 (18.2) 23 8 (8.6) 9

Any TEAE leading to 
discontinuation 4 (4.0) 4 7 (7.5) 12

TEAE by severity: 
Mild 
Moderate 
Severe

 
90 (90.9) 
63 (63.6) 

7 (7.1)

 
414 
179 

8

 
87 (93.5) 
52 (55.9) 

4 (4.3)

 
398 
105 

4

TEAE relationship to 
treatment: 
Unrelated 
Unlikely 
Possible 
Probable

 
 

92 (92.9) 
35 (35.4) 
12 (12.1) 

9 (9.1)

 
 

472 
103 
17 
9

 
 

91 (97.8) 
18 (19.4) 
14 (15.1) 

6 (6.5)

 
 

448 
34 
19 
6

IFN, interferon; m, number of events; n, number of patients; TEAE, treatment-emergent adverse event; TESAE, treatment 
emergent serious adverse event.

CONCLUSIONS
• SOLAR is the largest (to date), placebo-controlled, 

randomised, double-blind study of vitamin D3 as an 
add-on therapy for MS patients.

• Compared with placebo, high-dose vitamin D did 
not demonstrate an effect on the NEDA primary 
endpoint at Week 48.

• High-dose vitamin D significantly improved MRI 
outcomes compared with placebo.

• Relapse rates were reduced with high-dose vitamin 
D, although statistical significance was not reached.

• There were no additional safety issues with high-
dose vitamin D treatment.

• SOLAR did not show a significant effect on the 
primary endpoint, although the MRI findings (CUA 
lesions, change from baseline in total volume of T2 
lesions) and the ARR suggest a benefit of high-dose 
vitamin D.
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