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Abstract 

Alemtuzumab is a highly effective treatment for multiple sclerosis (MS) and the treatment 

strategy of two cycles 12 months apart has a lot of appeal to patients. Widespread use of 

alemtuzumab has been tempered by treatment emergent autoimmunity which is seen in 

approximately one-third of patients in the 5 years after treatment. It has been postulated that 

relative vitamin D deficiency may be a causative factor in this setting. We have conducted a 

retrospective case-control study looking at the association of vitamin D and other potentially 

relevant clinical factors on the likelihood of treatment emergent autoimmune disease 

following alemtuzumab. Occurrence of autoimmunity was monitored for clinically and 

through the Bloodwatch® monitoring program. Clinical data and vitamin D levels obtained as 

part of routine clinical practice were recorded. Vitamin D levels were seasonally adjusted. 
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Only cases with complete data were included. Univariable and multivariable Cox proportional 

hazards analyses were performed. There were 113 patients treated with alemtuzumab for 

whom there was complete data. Median follow up was 4.4 years. Risk of autoimmune 

disease was not associated with lower vitamin D levels. Risk of autoimmune disease was 

associated with female sex (HR 3.5) and with higher EDSS score at treatment. The 

association with EDSS was lost when analysis was restricted to those with 4 or more years 

of follow up. These data do not support a role for vitamin D supplementation in the 

prevention of autoimmune disease following alemtuzumab. Males have a lower risk of 

autoimmunity following alemtuzumab. 
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Introduction 

 

The past 25 years has seen a transformation in the prognosis for people diagnosed with multiple 

sclerosis (MS).
1
 Epidemiological, pathological, animal model and genetic studies have contributed to 

our ever-increasing understanding of the pathophysiology of MS and this has led to the development 

of effective treatments. It has become clear that in individuals with a primed immune system, including 

specific HLA epitopes (DR*1501) with dysregulation of normal immune regulation, who acquire the 

Epstein Barr Virus (particularly if this occurs relatively later in life as glandular fever) and have a 

number of environmental risk factors (relative vitamin D deficiency, lack of sun-exposure, history of 

smoking, diets high in saturated fats and obesity) are at increased risk of developing MS.
2
 Treatments 

for MS have focused on modulating or suppressing immune responses. More than a dozen effective 

therapies for what was once a severely disabling condition in the majority of cases have now been 

approved in many jurisdictions.
3
 One of the most effective of these is alemtuzumab, which is a lytic 

monoclonal antibody to a cell surface protein marker of lymphocytes (both T and B cells) of unknown 

function, CD52.
4
 Intravenous administration of therapeutic doses of alemtuzumab results in complete 

ablation of circulating lymphocytes which are then regenerated from bone marrow stem cells over 

several months. This treatment approach is highly effective showing a roughly 50% reduction in 
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relapse activity when compared to β-interferon (a known effective therapy for MS) and a 30% 

reduction in sustained disability progression.
5
 

 

The initial phase of profound lymphopenia is associated with a small increased risk of infection which 

are predominantly mild and easily treated.
5 6

 The early identification of a risk of reactivation of genital 

herpes (even in those without a prior history) has led to the routine administration of valaciclovir for 

the first month
5
 and a low risk of listeria meningitis can be avoided through the administration of 

Bactrim 3-times per week for the same time period.
7
 Whilst infection has not proven to be a significant 

issue with alemtuzumab, the emergence of other autoimmune diseases in the first 5 years after the 

initial dose has.
8
 Autoimmune thyroid disease, most commonly Graves’ disease, is seen in 

approximately one-third of patients.
9
 Other autoimmune complications are less common, idiopathic 

thrombocytopenia (2%)
10

 and nephropathy (0.5%).
11

 In addition there have been case reports of 

vitiligo,
12

 alopecia areata,
13

 autoimmune hepatitis,
14

 hemophagocytic syndrome,
15

 adult-onset Still’s 

disease,
16

 type 1 diabetes mellitus,
17

 sarcoidosis,
18

 acquired haemophilia A,
19

 pneumonitis
20

 and 

Lambert-Eaton myasthenic syndrome.
21

 Some cases of nephropathy are due to anti-GBM antibodies 

and can be severe, resulting in permanent renal injury.
11

 Autoimmune thyroid disease is eminently 

treatable but also comes with an increased risk of vascular disease,
22

 some associated morbidity and 

can result in the need for thyroidectomy or radio-iodine therapy.
23

 Graves’ ophthalmopathy appears to 

be particularly rare in the setting of alemtuzumab but has been reported and can have significant 

impacts, even threatening vision.
24

 Strategies aimed at minimising the risk of autoimmune 

complications of alemtuzumab would considerably increase the acceptability of this therapy. 

 

Risk of autoimmune disease following alemtuzumab, which appears to be unique to people with MS 

being treated with this agent, has been noted to be associated with elevated serum levels of IL21.
25

 It 

has been speculated that early re-emergence of B-cells which occurs about 2 months prior to the re-

emergence of T-cells after alemtuzumab might lead to the generation of auto-reactive B-cells due to 

the lack of T-cell regulation.
26

 A process known as immune reconstitution homeostasis may also be a 

contributing factor.
27

 The emergence of autoimmunity following lymphocyte depletion in other settings 

(e.g. bone marrow transplantation for haematological malignancies) has been noted but is less 
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common.
28

 As noted above relative vitamin D deficiency is a risk factor for MS and this has also been 

noted for a number of other autoimmune diseases (see Table 1).
29-36

 This has led some to speculate 

that vitamin D deficiency might be a potentially modifiable factor in the development of autoimmune 

disease following alemtuzumab for MS.
37

 

 

We have undertaken a retrospective case-control study of vitamin D levels in a cohort of people with 

MS treated with alemtuzumab with the aim of identifying factors associated with an increased risk of 

autoimmune disease. The primary hypothesis being tested is that the occurrence of autoimmune 

disease following alemtuzumab therapy will be associated with lower levels of vitamin D in the peri- 

and post-treatment phase. 

 

Methods 

 

Study Design 

 

This was a retrospective case-control study of people with MS treated with alemtuzumab. This 

involved the re-analysis of data from an on-going study of long-term treatment outcomes in MS for 

which ethics approval has been granted by Gold Coast Hospital and Health Service HREC 

(LNR/2019/QGC/55081) and the requirement for patient consent was waived. This was a single 

centre study conducted at the Gold Coast University Hospital (GCUH) which is a tertiary referral 

centre for South East Queensland Australia. Consecutive patients with MS treated with alemtuzumab 

through the MS Clinic at GCUH formed the study cohort. 

 

A standard approach to treatment with alemtuzumab using a dose of 12 mg administered 

intravenously over 5 days in the first year and 3 days in the second year was used.
5
 Subsequent 

doses of alemtuzumab were administered for confirmed clinical relapses or significant new changes 

on MRI after two years. In addition to alemtuzumab all patients received 500 mg intravenous 
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methylprednisolone on each infusion day and had loratadine 10 mg od for 10 days, valaciclovir 500 

mg od for 30 days and Bactrim DS one tablet three times per week for 30 days with each round of 

infusions. It has been our usual practice to measure vitamin D levels in people with MS and to 

recommend supplementation 1,000 – 3,000 IU per day for anyone with vitamin D levels below 75 

nmol/L. 

 

Case definitions and data collection 

 

Cases were defined as people with MS developing autoimmune disease following the administration 

of alemtuzumab. Controls were those who had not developed autoimmune disease as of the time of 

last follow up. Data collected, included age, sex, age at onset of MS, duration of disease since first 

symptoms, number of relapses prior to alemtuzumab therapy, expanded disability status scale 

(EDSS) score
38

 at time of alemtuzumab therapy, number of prior treatments, last prior treatment and 

all vitamin D levels performed from 6 months prior to alemtuzumab up to the time of either (A) 

developing an autoimmune adverse event or (B) last follow up. Patients without complete data were 

excluded. 

 

Autoimmune disease monitoring 

 

Monitoring for autoimmune complications was performed both clinically, with all patients being 

advised of the common autoimmune conditions and their symptoms and signs, and through the 

Bloodwatch
®
 (RxMx

®
, Sydney, Australia) system. Bloodwatch

®
 is a website and smart phone app 

which are available to patients treated with alemtuzumab in Australia and the healthcare professionals 

involved in their care at no cost. The Bloodwatch
®
 system integrates treatment schedules and 

laboratory results from monthly blood and urine testing to optimise the detection of adverse events. 

Bloodwatch® monitors monthly for abnormalities of urine (raised red cell count, albumin and 

urine albumin-creatinine ratio), serum (raised creatinine and urea) to identify autoimmune 
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renal disease, full blood count to identify low platelets and possible ITP and liver function 

tests for autoimmune hepatitis. Thyroid stimulating hormone levels are checked every three 

months to monitor for autoimmune thyroid disease. The system reminds patients of when 

laboratory testing is due and sends reminders when results are not received. Practitioners are also 

notified when tests have not been completed within specified timeframes. Abnormal results are 

communicated to the patient, treating neurologist, practice nurse and family physician. A previous 

audit across Queensland indicated a 98% compliance level with laboratory testing using this system. 

 

Statistical analysis 

 

It has been previously noted that vitamin D levels can vary within individuals by over 20 nmol/L 

between the post-summer peak and post-winter nadir.
39

 Because the seasonal timing of alemtuzumab 

administration and vitamin D estimations was random all vitamin D levels were seasonally adjusted. 

This was performed by fitting a sinusoidal curve for all vitamin D levels available in the cohort 

(including those excluded from the main analysis) plotted against month of sample collection using 

the least squares method against the mean for each month. The difference between the fitted 

sinusoidal curve for each month and the overall mean was subtracted or added to the observed value 

to give a seasonally adjusted value. 

 

The primary analysis of vitamin D on risk of autoimmunity was undertaken using the mean of all 

recorded vitamin D levels during the period of interest (6 months prior to treatment with alemtuzumab 

until last follow up or onset of autoimmune disease). Univariable comparisons were performed using 

appropriate parametric (student t) or non-parametric (Mann-Whitney U and Χ
2
) tests. Because of 

variability in the duration of follow up potential factors were analysed in a time to event analysis using 

Cox proportional hazards Sensitivity analyses undertaken included restricting analysis to only those 

with at least 4 years of follow-up, using lowest vitamin D level and excluding cases with vitamin D 

levels only available prior to treatment. 
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Results 

 

Included cases and controls 

 

A total of 117 people with MS were treated with alemtuzumab. At least one vitamin D level was 

available for 116/117 (99%) giving a total of 467 vitamin D estimations. There were 113/116 (97%) 

who met the inclusion criteria. Reasons for exclusion were: no vitamin D level prior to onset of 

autoimmune disease available (1); and less than 90 days follow up (2). Complete clinical data was 

available for the included cases. The median follow-up period was 4.4 years (0.3 -12.6 years). The 

distribution of follow up was 5 or more years = 32 (28%), 4 years = 36 (32%), 3 years = 14 (12%). 2 

years = 13 (12%) and less than 2 years = 18 (16%). Thus, more than half (61%) of the cohort had 4 or 

more years of follow up which is beyond the peak period of autoimmune adverse events. A third 

course of treatment was required in 12/113 (11%) of patients and two had a fourth course. 

Autoimmune disease was seen in 36/113 (32%) of patients. There were 34/36 (94%) cases of thyroid 

disease, 28/34 (82%) had Graves’ disease (5 with initial hypothyroidism and 1 with orbitopathy), 1 

case with hyperthyroidism where antibodies were not available, and 5/34 (15%) had Hashimoto’s 

thyroiditis (4 with initial hyperthyroidism). Two cases had isolated T3 hyperthyroidism (one with 

Graves’ disease, one with Hashimoto’s thyroiditis). There was one case of idiopathic 

thrombocytopenia and one of anti-GBM nephropathy. Vitamin D levels below 75 nmol/L where seen in 

77/113 (68%) of the cohort on at least one occasion, 24/113 (21%) had a level in the insufficient 

range (<50 nmol/L) and 1/113 (1%) had a level in the deficient range (<25 nmol/L). 

 

Seasonal adjustment of vitamin D levels. 

 

A scatter plot of vitamin D levels by month of sampling is given in Figure 1A together with a fitted 

sinusoidal curve using the least squares method. There was a 19.4 nmol/L peak to nadir annual 

variation in vitamin D levels with peak levels offset by 66 days after the summer solstice (21 

December). 
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Factors influencing risk of autoimmunity 

 

The results of comparisons between cases (those with autoimmune disease) and controls (those 

without autoimmune disease) with regards to risk of autoimmune disease following alemtuzumab are 

given in Table 2. Mean vitamin D levels from 6 months pre-treatment to onset of autoimmune disease 

or last follow up showed no statistically significant association with risk of autoimmunity (Figure 1B). 

Time to event analysis showed no significant difference (Figure 2A). The only factors associated with 

risk of autoimmunity were sex and EDSS at treatment. Time to event analysis showed females were 

more likely to develop autoimmune disease sooner with a hazard ratio of 3.6 (95% CI 1.3 – 10.6; 

p=0.022). Age, sex, EDSS and mean vitamin D level were included in the model. Autoimmune 

disease adverse events were seen in 5/28 (18%) of men and 31/85 (36%) of women. Sensitivity 

analyses using lowest vitamin D level in place of mean, only including cases with vitamin D levels 

post-alemtuzumab treatment and restricting analysis to only those with at least 4 years of follow up 

did not change the results (Supplementary Table). 

 

Discussion 

 

We have failed to demonstrate an association between relative vitamin D deficiency and the 

occurrence of autoimmune disease following the administration of alemtuzumab for the treatment of 

multiple sclerosis. This finding was replicated in sensitivity analyses looking at lowest vitamin D levels 

and when restricting data to those with post-treatment vitamin D levels and a minimum of 4 years 

follow up. We must therefore accept the null hypothesis that there is no association between vitamin 

D levels and risk of autoimmunity in this setting. This is counter to a recently postulated hypothesis.
37

 

We have shown that the risk of autoimmune disease following alemtuzumab is higher for women (HR 

3.6). This risk factor has been noted previously.
40

 Other clinical, MRI and prior treatment factors were 

found to have no impact on the risk of autoimmunity. These findings suggest that attempts to increase 

vitamin D levels to avoid autoimmune adverse events is unlikely to be an effective strategy. 
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These findings are somewhat at odds with prior epidemiological studies linking relative vitamin D 

deficiency to susceptibility for a variety of autoimmune diseases, including Graves’ disease which is 

the most commonly seen condition after alemtuzumab.
29

 Alemtuzumab represents a unique 

opportunity to explore factors associated with autoimmunity as the timing of the precipitant is known. 

Although this study has been conducted retrospectively, the vitamin D levels were all obtained prior to 

the onset of autoimmune disease, thereby removing the potential for reverse causation. We had 

complete data and vitamin D estimations for over 97% of our cohort treated with alemtuzumab. Our 

vitamin D data was seasonally adjusted and the peak to trough variation of 19.5 nmol/L with a delay 

from the summer and winter solstices of just over 2 months is similar to previous studies
39

 despite the 

difference in latitude (Gold Coast, Queensland is 28 º South and Hobart, Tasmania is 42.9 º South).
39

 

 

The mechanism of autoimmunity in the setting of immune reconstitution may be different to that seen 

“in the wild”. In de novo autoimmune disease vitamin D may contribute to a relative depletion of 

immune cells as part of the trigger for loss of self-tolerance. In the setting of alemtuzumab, the level of 

lymphocyte depletion is so profound that vitamin D levels may have little influence. Our practice of 

attempting to correct relative vitamin D deficiency may have blunted any effect of more severe vitamin 

D deficiency. However, the frequency of autoimmune disease seen in this cohort was similar to prior 

studies
9
 and over half had a vitamin D level below 75 nmol/L at some point post alemtuzumab 

treatment. 

 

In conclusion, these data provide no evidence to implicate vitamin D deficiency in the causation of 

autoimmune disease after alemtuzumab and do not support the routine administration of vitamin D to 

lower the risk of this outcome. We are not able to comment on the effect of vitamin D levels on MS 

outcomes in this setting, but prior studies suggest that lower vitamin D levels may be associated with 

worse outcomes. We would therefore still recommend that vitamin D levels in the low or deficient 

range be corrected. Males have a lower risk of developing autoimmune adverse events following 

alemtuzumab. 
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Figure 1. Seasonal variation in vitamin D levels 

Scatter plot of vitamin D levels (open circles) from entire cohort of patients treated with alemtuzumab 

according to month of sampling. Sinusoidal curve (dashed line) fitted using least squares method. The 

final formula was: 

𝑉𝑒𝑥𝑝 = �̅� + (𝑎 × sin (((𝑀 ×  30) + 𝑝)  ×  
2𝜋

360
)) 
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Figure 2. Box and whisker plot of mean seasonally adjusted vitamin D levels in cases and 

controls 

Mean seasonally adjusted vitamin D level from 6 months prior to alemtuzumab treatment to 

development of autoimmune disease or last follow up for cases with autoimmune disease and 

controls without. Bold line shows median, box shows quartiles and whiskers show range. There was 

no statistically significant difference between the two groups. 
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Table 1. Evidence for vitamin D deficiency as a risk factor for autoimmunity 

 

Autoimmune Diseaseref Nature of association LoE 

Graves' disease29 OR 2.24 for deficiency in meta-analysis I 

Rheumatoid arthritis30 OR 2.46 for deficiency in meta-analysis I 

Systemic lupus erythematosus31 Mean 10.44 ng/ml lower in meta-analysis I 

Type 1 diabetes mellitus32 Mean 5.69 ng/ml lower in meta-analysis I 

Addison's disease33 10/13 cases deficient in single study IV 

Antiphospholipid syndrome34 12/46 cases deficient in single study IV 

Pernicious anaemia35 Mean 12.0 ng/ml lower in single study IV 

Psoriatic arthritis36 Mean 5.12 ng/ml lower in single study IV 

 

LoE = Level of Evidence 

 

Table 2. Comparison of baseline clinical features and vitamin D levels in cases and 

controls 
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Clinical Feature Without AID With AID p value 

N 77 36  

Age at Treatment (years) – median 

(range) 

35 (16 – 55) 37 (17 – 53) ns 

Sex (female) – n (%) 54 (70) 31 (86) 0.048 

Age at Onset (years) – median (range) 27 (10 – 47) 30 (14 – 44)  

Disease Duration (years) – median 

(range) 

4.2 (0.2 – 32.7) 5.6 (0.2 – 30.8) ns 

No. of Prior Relapses – median 

(range) 

3 (1 – 8) 3.5 (1 – 12)  

Annualised Relapse Rate – mean 

(SD) 

1.3 (2.3) 1.1 (1.4) ns 

EDSS – median (range) 1.5 (0 – 6.5) 2.0 (0 – 7.0) 0.028 

Clinical Course – n (%)   ns 

Clinically Isolated Syndrome 19 (25) 7 (19)  

Relapsing remitting 56 (73) 24 (67)  

Secondary Progressive 2 (3) 5 (14)  

No. of Prior Treatments – median 

(range) 

1 (0 – 5) 1 (0 – 5)  

Last Treatment – n (%)   ns 

None 29 (36) 10 (28)  

Beta-interferon 8 (10) 3 (8)  

Glatiramer Acetate 7 (9) 4 (11)  

Dimethyl Fumarate 5 (6) 3 (8)  

Fingolimod 11 (14) 5 (14)  

Natalizumab 17 (22) 11 (30)  
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Ocrelizumab 1 (1) 0 (0)  

Prior AID – n (%) 6 (8) 4 (11) ns 

No. MRI Lesions – median (range)    

Brain – total T2 18 (1-69) 21 (3 – 63) ns 

Brain – new T2 0 (0 – 26) 0 (0 – 12) ns 

Brain – Gd-enhancing -  0 (0 -57) 0 (0 – 14) ns 

Spine – T2 1 (0 – 11) 1.5 (0 – 7) ns 

Clinical/MRI Active – n (%) 61 (79) 21 (58) ns 

Mean Vitamin D (nmol/L) – median 

(range) 

88.6 (39.8 – 

161.9) 

86.0 (50.2 – 181.8) ns 

Lowest Vitamin D (nmol/L) – median 

(range) 

64.8 (23.1 – 

161.9) 

67.3 (39.6 – 107.7) ns 

Follow up (Years) – median (range) 3.8 (0.3 – 11.7) 5.0 (0.3 – 12.6) 0.01 

AID = autoimmune disease 

EDSS = expanded disability status scale 

 

 

 


