Efficacy and safety outcomes in Vitamin D supplement users in the fingolimod phase 3 trials
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ABSTRACT 

Background: Low serum levels of 25-hydroxyvitamin D have been associated with worse outcomes in multiple sclerosis (MS) patients treated with interferon-beta. Association of vitamin D nutrition on the outcomes of other MS therapies has been studied less. 

Objective: Whether patients in the phase 3 fingolimod trials using vitamin D supplements have better clinical, MRI and safety outcomes than non-users. 

Materials and Methods: Pooled data from phase 3 FREEDOMS trials was analyzed post hoc. Vitamin D use was defined as ´non-users´ (n=562), ´casual users´ (n=157) and ´daily users´ (usage 100% time in the study, n=110). 

Results: Expanded Disability Status Scale change from baseline to month 24, annual relapse rate and proportion of patients with relapses were similar across the vitamin D user groups. Proportion of patients free of new/enlarging T2-lesions significantly favored vitamin D ´daily users´ versus ´non-users´. Mean number of lesions were lower and proportion of patients free of gadolinium-enhanced T1-lesions were higher in the ´daily users´. At month 12, percent brain volume change was significantly lower in the ´daily users´ versus ´non-users´ and remained low at month 24 (non-significant). Incidence of depression was lower for vitamin D ´daily users´ (non-significant).  

Conclusions: We observed improved MRI outcomes on percent brain volume change and proportion of patients free of new/enlarging T2 lesions, and a trend of less depression in the ´daily users´ of vitamin D supplement in patients in the FREEDOMS trials.   
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Introduction

A strong epidemiological link between vitamin D nutrition and the risk of MS has been substantiated in several studies 1, 2.  Intake of vitamin D from multivitamin supplements, high sun exposure in childhood or adolescence, and serum levels of vitamin D >100 nmol/L are all associated with a lower incidence of MS 3-6. A recent study performed from a pregnancy serum sample biobank from Finland showed, that offspring of mothers with deficient levels of vitamin D during early pregnancy have a 2-fold risk of developing MS compared with children born to mothers with normal levels 7. This suggests that the timing of vitamin D effect on MS-risk may be as early as during fetal period.
There is less evidence of the role of vitamin D in established MS. Low serum level of vitamin D has been associated with increased clinical and radiological disease activity in patients with MS 8-12. In a phase 2 placebo-controlled randomized trial with vitamin D as an add-on therapy to interferon-beta (IFN-), significantly less T1-enhancing lesions on magnetic resonance imaging (MRI) in patients randomized to receive vitamin D at a dose of 20000 IU/week were seen, but no effect could be shown on relapses or Expanded Disability Status Scale (EDSS) progression 13. The results of the so far largest vitamin D add-on trial, the Solar-trial, met the primary MRI endpoints, and showed a 30% reduction in relapse rate with vitamin D supplementation as an add-on to IFN-, but the relapse efficacy and other clinical endpoints were not statistically significant 14. In addition to the Solar trial, the strongest evidence so far supporting usefulness of vitamin D therapy in established MS comes from the Benefit trial, where low serum levels of 25-hydroxyvitamin D (25(OH)D) were associated with worse clinical and MRI outcomes in MS patients treated with IFN- 1b 15. In the BEYOND-trial, where a higher dose of IFN- 1b (500g) was compared with the standard 250 g in 1482 MS patients, higher 25(OH)D levels were associated with lower rates of MS activity observed on MRI such that a 50.0-nmol/L increase in serum 25(OH)D levels associated with a 31% lower rate of new lesions and the lowest rate of new lesions was observed among patients with 25(OH)D levels greater than 100 nmol/L16. Results for brain atrophy and clinical progression were more equivocal 16.
 Among MS patients on other first-line disease-modifying treatment (DMT) than IFN- there is less data of vitamin D effect on outcomes. VIDAMS trial is assessing the efficacy of vitamin D as an add-on to glatiramer acetate (GA) and will hopefully provide more conclusive information on the effect of vitamin D add-on therapy to GA 17. A recent study on the effect of vitamin D serum levels on MS activity by DMT class, showed a reduction in new inflammatory events and in relapses alone per 25(OH)D tertile increase among MS patients on fingolimod 12, but usefulness of vitamin D supplement in patients using fingolimod has not been investigated previously.  
Depression is the most common co-morbidity in MS, with the greatest impact on subjective quality of life in people with MS 18-19. An inverse association between serum 25(OH)D levels and the risk of depression in a meta-analysis comprising 11 cross-sectional studies in more than 40000 mostly elderly individuals without MS has been shown, but association of depression with vitamin D intake or serum 25(OH)D levels is less established in MS patients 20. Some studies have suggested a correlation between vitamin D intake and depression also in MS 18, but the results are conflicting and more studies are needed. 
The objective of this study was to analyze the effect of vitamin D supplementation on clinical and MRI outcomes and depression in RRMS patients from the pivotal fingolimod trials. To meet this objective, we performed data mining from pooled data of the FREEDOMS and FREEDOMS II trials, and performed post hoc analysis of the study clinical and MRI outcomes, as well as safety outcomes including depression, from the groups ´daily´ vitamin D users versus ´non-users´ among patients randomized to receive fingolimod or placebo therapy. 


Methods


Study population

This was a post hoc analysis of pooled data from the phase 3 FREEDOMS 21 and FREEDOMS II trials 22. Data on vitamin D use and use of multivitamins were retrieved from the ´Concomitant Medications´ section of the electronic case report forms (eCRFs). Vitamin D users were defined as those on concomitant vitamin D supplementation during the core study treatment period. Patients using multivitamins at any point during the core study treatment period were not considered vitamin D users, unless they also took vitamin D. According to their intake of supplementary vitamin D during the study, patients (n=1953) were categorized into three groups: Daily users: Daily supplemental vitamin D use 100% of time during the study (n=120); Casual users: Supplemental vitamin D use <100% of the time during the study (n=170); Non-users: No use of supplemental vitamin D (n=1663). The present analysis was limited to patients from countries where the use of vitamin D was prominent (USA, n=731; Canada, n=74; and Australia, n=24) (´daily users´: n=110, ´casual users´: n=157, ´non-users´: n=562; total N=829). Vitamin D supplement use in other countries was very limited (´daily users´: n=10, ´casual users´: n=13 and ´non-users´: n=1101).


Evaluated outcomes

Clinical outcomes evaluated: Aggregate annualized relapse rate (ARR) up to Month 24 (M24); Proportion of patients with confirmed relapse at Month 12 (M12) and M24; EDSS change from baseline to M24.
MRI outcomes evaluated: Numbers of new/newly enlarged T2 lesions from baseline to M12 and M24; Proportion of patients free of new/newly enlarged T2 lesions at M12 and M24; Number of Gd+ T1 lesions at M12 and M24; Proportion of patients free of Gd+ T1-lesions at M12 and M24; Percent brain volume change (PBVC) from baseline to M12 and M24.
Safety: Incidence of infections and depression.


Statistical analysis

Baseline characteristics were compared between vitamin D ´users´ and ´non-users´, using Wilcoxon test for quantitative variables and from chi-square trend test for categorical variables. Various generalized linear models were adjusted for treatment, vitamin D use, baseline, age, region and treatment-vitamin D use interaction. ARR at Month 24 by vitamin D use was studied by negative binomial regression model adjusted for treatment, vitamin D use, number of relapses in the previous 2 years, baseline EDSS, and region. MRI outcomes by vitamin D use were calculated from a Rank ANCOVA or logistic regression models with the following covariates: treatment, vitamin D use, region, baseline volume or numbers of lesions, and treatment*vitamin D use interaction. In the evaluation of MRI outcomes by treatment within vitamin D subgroups, report was made by group level (pair-wise comparisons) due to the small number in each of the vitamin D subgroups.
 

Results


Demographic and baseline characteristics

Overall, 829 patients from the vitamin D user countries were evaluated. Some differences were observed in the baseline characteristics across the three vitamin D user groups: older age in ´daily´ (p=0.016) and ´casual´ (p=0.001) versus ´non-users´ and significantly lower BMI and T2 lesion volume in ´daily´ versus ´non-users´, along with a trend for lower Gd+ T1 lesion activity and EDSS table 1.

	Table 1. Baseline characteristics of patients by vitamin D use 

	Variables
	Daily users
n=110 
	Casual users
n=157
	Non-users
n=562

	Age (years)
p-value
	42.0±8.2
0.0155
	41.9±8.5
0.0013
	39.7±8.4

	Female (%)
p-value
	80.0
0.2399           
	80.9
0.1100
	74.7

	BMI (kg/m2)
p-value
	26.1±5.0
0.0116           
	27.4±5.7
0.4488
	27.8±6.3

	Duration of MS since diagnosis (years)
p-value
	6.0±6.0
0.3297
	6.2±6.3
0.2739
	6.4±5.7

	Number of relapses in the previous 2 years
p-value
	2.3±1.4
0.3531
	2.4±1.7
0.2464
	2.3±1.8

	EDSS
p-value
	2.2±1.3
0.1327
	2.5±1.3
0.3990
	2.4±1.3

	Normalised total brain volume (cc)
p-value
	1519.9±86.1
0.4545
	1514.3±82.3
0.0765
	1527.4±81.5

	Number of Gd-enhanced T1 lesions, 
p-value
	0.6±1.2
0.0590
	1.3±4.5
0.1284
	1.4±3.6 

	Total volume of Gd-enhanced T1 lesions (cc)
p-value
	67.0±163.7
0.0661
	143.8±491.0
0.2175
	133.1±412.6

	Total volume of T2 lesions (cc)
p-value
	4651.9±8051.3
0.0146
	5201.5±7092.9
0.2242
	5350.0±7068.4

	Duration of  Vitamin D use (days)
	674.5±181.61
	314.3±218.97
	0



Table 1 Data are expressed as mean±SD unless otherwise specified. P-values from Wilcoxon test for quantitative variables and from chi-square trend test for categorical variables. P-values refer to pair-wise comparisons between ‘daily’ or ‘casual’ vitamin D users and ‘non-vitamin D users’. Data are presented for ‘vitamin D user’ countries only (USA, Canada and Australia). BMI, body mass index; cc, cubic centimetre; EDSS, Expanded Disability Status Scale; Gd, gadolinium; MS, multiple sclerosis


Clinical outcomes

Within the study population, ARR at M24 was significantly lower in the fingolimod (0.5 mg) group versus placebo (0.188 versus 0.370; p=0.0004), however, no difference was observed in ARR between vitamin D ´daily´, ´casual´ and ´non-users´ (Figure 1). Similarly, no effect was seen for the proportion of patients with relapses at M12 (´daily users´ n=110 27,1%; ´casual users´ n=157 17,1%, ´non-users´ n=562 24,7%) and M24 (39,7%, 31,0% and 25,4% respectively). EDSS change from baseline to M24 was minimal across all three groups and did not differ significantly between ´daily´ users (n=89) versus ´non-users´ (n=374) (0.1 versus -0.05; p=0.262). The fingolimod treatment effect versus placebo was seen in all sub-groups, but the small number of sample size make it impossible to conclude a treatment effect between the vitamin D use subgroups.


MRI outcomes

Mean numbers of new/newly-enlarged T2-lesions from baseline to M12 and baseline to M24 were lower in the vitamin D ´daily´ and ´casual users´ versus ´non-users´; however the differences did not reach statistical significance figure 2a. The proportion of patients free of new/newly-enlarged T2-lesions significantly favored vitamin D ´daily users´ versus ´non-users´ at both time points (M12 p=0.038 and M24 p=0.009); the difference was not significant between ´casual´ versus ´non-users´ figure 2b. Mean number of Gd+ T1-lesions from baseline to M12 and baseline to M24 were numerically lower in the ´daily users´ versus ´non-users´ and in ´casual users´ at M12 figure 3a. Similarly, the proportion of patients free of Gd+ T1-lesions at M12 and M24 favored ´daily users´ versus ´non-users´, whereas there was no difference between ´casual´ and ´non-users´ figure 3b. At M12, percent brain volume change (PBVC) was significantly lower in the ´daily´ versus ´non-users´ (p=0.018) and remained low at M24 (non-significant) figure 4. There was no difference in PBVC between ´casual users´ and ´non-users´. 


Safety

Incidence of infections was similar in all groups; the most frequent were nasopharyngitis and upper respiratory tract infection table 2. The proportion of patients with depression was lower in ´daily vitamin D users´ versus ´non-users´ and comparable in ´casual´ versus ´non-users´ (5.5% in the ´daily users´ versus 10.8% in ´casual users´ and 11.9% in ´non-users´) table 2.

	Table 2. Safety outcomes in patients by Vitamin D use

	
	Daily users
n=110 
	Casual users 
n=157
	Non-users
n=562

	Infections and infestations, n (%) 
	83 (75.5)
	128 (81.5) 
	397 (70.6)

	Most frequent, n (%):
	
	
	

	Nasopharyngitis 
	31 (28.2)
	43 (27.4)
	134 (23.8)

	Upper respiratory tract infection
	26 (23.6)
	45 (28.7)
	133 (23.7)

	Urinary tract infection
	11 (10.0)
	24 (15.3)
	69 (12.3)

	Sinusitis
	12 (10.9)
	29 (18.5)
	65 (11.6)

	Influenza
	12 (10.9)
	19 (12.1)
	46 (8.2)

	Bronchitis
	12 (10.9)
	11 (7.0)
	39 (6.9)

	Depression
	6 (5.5)
	17 (10.8)
	67 (11.9)




Discussion

In this paper, we studied the effect of vitamin D supplement usage on the clinical, MRI and safety outcomes of patients from the phase 3 pivotal fingolimod trials. We performed a post hoc analysis of vitamin D supplement use, MS disease activity, and safety parameters by data-mining from the pooled trials data. We included patients from countries were vitamin D supplements were used.  Previous data, that has suggested benefit of vitamin D as an add-on therapy in MS, has accumulated mainly from patients using IFN- 23. Indeed, it has been suggested that IFN´s and vitamin D may have a synergistic effect and thence, the results of vitamin D efficacy in MS patients using IFN- would not be generable to other DMTs 24.  In support of this, a recent study exploring the effect of vitamin D serum levels on MS activity by DMT classes in 344 MS patients, observed better outcomes with increasing 25(OH)D levels in the IFN- subgroup, but not in GA-treated participants. In the 77 patients on fingolimod therapy included in the mentioned study, a significant reduction in new inflammatory events and in relapses but not for Gd+ lesions or EDSS progression per serum 25(OH)D tertile increase was shown 12.   
IFN- treatment has been shown to be associated with greater production of vitamin D from sun exposure, suggesting a synergistic effect and even that part of the therapeutic effects of IFN- on relapses in MS may be through modulation of vitamin D metabolism 24. Fingolimod acts on the peripheral immune system as a sphingosine-1-phosphate (S1P) receptor modulator, leading to internalization of the receptor and sequestration of T-lymphocytes in the lymph nodes and thence reduction of T-cell trafficking into the CNS 25. In a study that assessed the mechanistic rationale that may explain potential clinical effects of vitamin D in MS, vitamin D was found to regulate expression dynamics of a large gene–gene interaction system, which primarily regulates immune modulatory processes modulating MS activity 26. Targets of IFN- and a regulator of sphingosine-1-phosphate bioavailability were found among the vitamin D regulated genes 26. More specifically, vitamin D regulated SGPP1, a gene that encodes for an enzyme that catalyzes the degradation of S1P. Degradation of the SP1 receptor decreases receptor availability to lymphocytes and thence acts into the same direction as fingolimod, providing a potential beneficial mechanism of action of vitamin D add-on to fingolimod. An additive effect was not demonstrated in this analysis, further studies are required to confirm this hypothesis.
Based on previous conflicting results concerning the effects of vitamin D on depression in MS, the second objective of this study was to assess reported depression among MS patients using vitamin D supplements compared to no vitamin D intake. The results indicated that the proportion of patients with depression was lower among the ´daily´ vitamin D users. Our results suggest a possible beneficial impact of vitamin D supplementation, not only on MS-disease activity, but also on depression and consequently, the quality of life. Confounding factors such as differences in other lifestyles between the users and non-users cannot be excluded. For instance data on smoking, a risk factor for worse clinical and MRI-outcomes in MS, was not available in this study. Other potential confounding factors not available or adjusted for in this study were genetic factors, ethnicity, socioeconomic status, precise latitude and previous DMT versus treatment-naivety, whereas age, gender, BMI, duration of diagnosis, EDSS and relapse rate at baseline were included in baseline characters. The results may be altered by some of these potential confounding factors, and conclusions cannot be made whether the results are generalizable to all ethnic groups.
 The major caveat of our study is the lack of data of serum 25(OH)D levels and the dose of vitamin D obtained from the supplements. It is possible that vitamin D supplement users had also otherwise healthier lifestyles that could have explained the observed differences in MRI outcomes. In the baseline characteristics, significantly lower BMI and T2 lesion volume in ´daily´ versus ´non-users´, along with a trend for lower Gd+ T1 lesion activity and EDSS were indeed discovered.  It is interesting to speculate that these differences could have been accounted for by the vitamin D supplement use. We did not, however, have data on duration of vitamin D supplementation prior to the study. Similarly lower T2 lesion volume, less Gd+ T1 lesions and a trend towards lower EDSS was observed in a placebo-controlled phase 2 clinical trial with vitamin D add-on to IFN- performed in Finland, with a moderate vitamin D dose (20000 IU/week) 13. In the present study, all the MRI outcomes pointed into the direction of benefit from supplements, and there was a suggestion for a dose effect in the Gd+ lesions at Month 12 and new T2 lesions at Month 12 and Month 24 such that casual users were between daily users an non-users. These results suggest that the findings of this post hoc analysis are not merely a stochastic chance event but rather have a biological explanation. 
In conclusion, we observed better MRI outcomes in the ´daily users´ of vitamin D supplements compared to ´non-users´ in patients from the phase 3 pivotal fingolimod studies. Based on our results, vitamin D supplement use can be recommended also to MS patients receiving fingolimod therapy.
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Figure legends

Figure 1. Annualized relapse rate at Month 24 by vitamin D use.  Negative binomial regression model adjusted for treatment, vitamin D use, number of relapses in the previous 2 years, baseline EDSS, and region.

Figure 2. MRI outcomes by vitamin D use (T2 lesions).  (a) All p values were calculated from a Rank ANCOVA with the following covariates: treatment, vitamin D use, region, baseline volume of T2 lesions and treatment*vitamin D use interaction (b) All p values were derived from a logistic regression model with the following covariates: treatment, vitamin D use, region and baseline volume of T2 lesions treatment*vitamin D use interaction. P values refer to pair-wise comparisons between ‘daily’ or ‘casual’ vitamin D users and ‘non-vitamin D users’. ANCOVA, analysis of covariance; MRI, magnetic resonance imaging

Figure 3. MRI outcomes (Gd-enhanced T1 lesions) by vitamin D use. 
 (a) Number of Gd-enhanced T1 lesions at Month 12 and 24. All p values were calculated from a Rank ANCOVA with the following covariates: treatment, vitamin D use, region and baseline number of Gd-enhanced T1 lesions and treatment*vitamin D use interaction. P values refer to pair-wise comparisons between ‘daily’ or ‘casual’ vitamin D users and ‘non-vitamin D users’.
 (b) Proportion of patients free of Gd-enhanced T1 lesions at Months 12 and 24. All p values were derived from a logistic regression model with the following covariates: treatment, vitamin D use, region, baseline number of Gd-enhanced T1 lesions, and treatment*vitamin D use interaction. P values refer to comparisons between ‘daily’ or ‘casual’ vitamin D users and ‘non-vitamin D users’. ANCOVA analysis of covariance; Gd, gadolinium; MRI, magnetic resonance imaging

Figure 4.  Percent brain volume change from baseline to Months 12 and 24 by vitamin D use. P-values are from a Rank ANCOVA with covariates: treatment, vitamin D use, baseline brain volume, region, and treatment*vitamin D use interaction






 








