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Abstract
Alemtuzumab, the first monoclonal antibody to be used as a therapy and the first to be humanized, was introduced into the treatment of multiple sclerosis in 1991 after its successful use in haematology, oncology and transplantation medicine. One phase 2 and two phase 3 trials of this lymphocyte-depleting agent, have established alemtuzumab’s superior efficacy to interferon beta-1a over the short term (2-3 years) with greater relapse rate reduction, reduced accumulation of accumulation and more frequent sustained improvement in disability. Longer-term extension studies show durable effects on slowing cerebral atrophy over 6 years and maintained low relapse rates over 10 years, despite roughly half of patients not needing further dosing.  Homeostatic proliferation of residual T cells after alemtuzumab-induced lymphopenia is probably responsible for its most common side-effects: secondary autoimmunity, one or two years after the last infusion of alemtuzumab, affecting the thyroid gland (30% of patients), platelets (1%) or renal glomeruli (0.1%). With the prerequisite of patient and physician adherence to a prolonged safety monitoring protocol, alemtuzumab offers durable high efficacy from infrequent dosing.




 Introduction
Alemtuzumab was made in the Department of Pathology in Cambridge, UK in the 1980s and so named Campath-1H. It is the first monoclonal antibody to be used therapeutically in humans and the first to be humanized by Greg Winter’s technology (Waldmann and Hale 2005). It targets CD52, a small glycoprotein abundant in lymphocytes (T and B), monocytes, eosinophils but not in haematological precursor cells. The molecule’s function is not known; we have not been able to replicate all the data behind the assertion that it is present in high density on regulatory T cells which act via soluble CD52’s interaction with Siglec-10 (Bandala-Sanchez et al., 2013). A single dose of alemtuzumab rapidly depletes peripheral lymphocytes and monocytes which are undetectable within minutes, but it has less effect on secondary lymphoid tissues, as evident from studies in human CD52 transgenic mouse (Hu et al., 2009).
Alemtuzumab was originally used in transplantation medicine, to prevent graft versus host disease (Waldmann et al., 1984), and then in lymphoid malignancies (Hale et al., 1988). Soon after, it was tried in systemic vasculitis (Lockwood et al., 1993). It was first used in seven patients with secondary progressive multiple sclerosis (MS) in 1991 (Moreau 1994) and then in a group of 29 patients with established secondary progressive disease (SPMS) and significant levels of disability (Coles et al., 1999). 
The rationale behind the design of the alemtuzumab trials
The rationale for trying alemtuzumab in SPMS back in 1991 stemmed from the hypothesis that SPMS was just a result of more aggressive inflammation in comparison to the relapsing-remitting disease form (RRMS). Although a single infusion of alemtuzumab (100mg over five days) radically reduced relapses and new lesion formation in the MRI scans of the first 36 patients, even seven years post administration (Coles et al., 1999), it failed to prevent disability progression and brain atrophy (Coles et al., 2006). Retrospectively, we believe that this represents eloquent proof either that SPMS is driven by neurodegeneration and not inflammation, or that inflammation has become trapped in the central nervous system behind a closed blood-brain-barrier  and therefore inaccessible to alemtuzumab (Frischer et al., 2009). 
At this point the idea of “window in therapeutic opportunity” started taking shape: the realization that immunotherapies could be effective in MS only if administered at an early disease stage. This prompted the second attempt of alemtuzumab use in MS, in a group of 22 RRMS patients with mean disease duration of only 2.7 years but with aggressive disease course (mean relapse rate 2.2 and mean EDSS 4.8). This time, the profound reduction in mean relapse rate was also accompanied by improvement of disability of a mean of 1.2 EDSS points over two years (Coles et al., 2006). The encouraging open-label data were further validated by one phase 2 (CAMMS-223) and two phase 3 trial studies (CARE-MS1 and CARE-MS2). In these studies, all patients received two cycles of alemtuzumab: five daily infusions at baseline (60mg) followed, at twelve months, by three days’ infusions (36mg).
A unique feature of these trials is that patients were required to have “early” RRMS (defined as disease duration less than three years in CAMMS-223, and five and ten years for CARE-MS1 and CARE-MS2, respectively), with minimal disability (3.0 or below for CAMMS-223 and CARE-MS1 participants, 5.0 or below for CARE-MS2). Alemtuzumab’s efficacy was tested both as a first line and second line treatment; sample in CAMMS-223 and CARE-MS1 consisted of treatment naive patients, whereas in CARE-MS2 of patients with disease activity despite being on one of the licensed therapies at the time. The hurdle for alemtuzumab was set high: in each trial, there was an active comparator, interferon beta-1a, and the primary outcomes were an effect on sustained disability as well as relapse rate.
Because alemtuzumab has stereotyped and universal infusion symptoms, no attempt was made to blind patients or doctors to treatment allocation. To protect the integrity of the data, an independent ‘”blinded rater” assessed the clinical outcome measures as suggested by the American Academy of Neurology (Goodin et al., 2002), however this design was challenged by the FDA at the time of licensing.
An extension study has collected all willing patients into a long-term study of efficacy and safety of alemtuzumab, which has now reported at ten years (CAMMS223) or six years (CARE MS trials). Patients in this extension were offered retreatment with alemtuzumab (three days, 36mg) if they had one clinical relapse or two new MRI lesions on annual MRI scans. Overall, some 50% of patients do not need retreatment at all over 6 years, roughly 30% need one additional cycle and 15% need two cycles and the remainder require more (LaGanke and Trabolousee ECTRIMS 2016).
Efficacy of alemtuzumab
Alemtuzumab was shown to be more effective than interferon beta-1a in all three studies as shown in Table 1. Over 2-3 years, alemtuzumab reduced the risk of clinical relapse compared to interferon beta-1a, by 69% in CAMMS-223, and by 55% and 49.4% in CARE-MS1 and CARE-MS2 respectively (Cohen et al., 2012; Coles et al., 2008; Coles et al., 2012a). These low relapse rates have been sustained for at least six years in the CARE MS trials (Fox and Coles, poster presentations ECTIMS 2016) and for ten years in the CAMMS223 trials (Selmaj, poster presentation ECTIMS 2016).
There is good evidence that alemtuzumab reduces the risk of accumulating disability, in comparison to interferon beta-1a. This was statistically significant in CAMMS-223 and CARE-MS2 (relative reduction by 71% and 42% respectively). Although the same trend was present in CARE-MS1, statistical significance was not reached. This was because of the unexpectedly low disability accumulation rate in the interferon treated arm.
The alemtuzumab trials are the first to record significant improvements in disability:  by a mean of 0.39 or 0.17 EDSS points in CAMMS-223 and CARE MS2 respectively, compared to mean deterioration of 0.38 or 0.24 EDSS points in the interferon patients. (No such differences were seen in CARE-MS1, probably because the recruits had unexpectedly benign disease). At six years, 77% of the alemtuzumab patients in the CARE MS2 study had unchanged or improved EDSS compared to baseline (Fox ECTRIMS 2016) and at ten years, the mean disability of the CAMMS223 patients was unchanged from baseline (Selmaj ECTRIMS 2016). The alemtuzumab investigators have pioneered the outcome measure of “sustained improvement in disability” to capture this effect, defined as a reduction of EDSS by 1 point or more, confirmed at 6 months (Coles et al., 2012b): 43% of alemtuzumab patients had achieved this by 6 years in CARE MS2 (Fox ECTRIMS 2016).
There is some objective support for these observations; in a small subgroup of 20 patients, grey matter magnetisation transfer ratio, which is a biomarker of remyelination, improved after treatment with alemtuzumab, unlike in 18 interferon beta treated controls (Button et al., 2013). Advanced myelin-specific imaging techniques have confirmed this result (Vavasour et al., 2015).
No doubt disability improvement after alemtuzumab represents endogenous repair in patients with short disease duration, after adequate disease control with a potent anti-inflammatory agent. But we have explored the possibility that alemtuzumab might actively promote “neuroprotective autoimmunity” (described below).
Alemtuzumab showed statistically significant superiority to interferonbeta-1a in all MRI outcomes. More specifically, with regard to i) the number of patients with new or enlarging T2 lesions, ii) the number of patients with gadolinium enhancing lesions and iii) the median change in brain parenchymal fraction measure of normalised brain volume (as marker of cerebral atrophy). The reduced rate of cerebral atrophy in comparison to interferon was maintained for at least two years in more than 70% of patients, despite the lack of need for retreatment with alemtuzumab.
It remains unclear whether alemtuzumab delays the transition from RRMS to SPMS. In a cohort of 87 patients treated with alemtuzumab, with mean disease duration of 3 years before treatment, only 5% fulfilled the criteria for secondary progression after a median follow-up of 7 years from first infusion (Tuohy et al., 2015). 
Alemtuzumab’s safety profile 
Infusion reactions
In the early days, alemtuzumab was administered without predmedication. All patients developed a systemic syndrome consisting of pyrexia, nausea, headache, urticarial rash, and sometimes bradycardia and hypotension within two hours of starting the infusion. Patients also experienced a transient rehearsal of neurological symptoms and signs that had been noted during previous relapses. On one occasion, reversible conduction block was captured on visual evoked potentials from an eye with previous history of optic neuritis (Moreau et al., 1996). All the above phenomena were self-limiting after some hours. The subsequent introduction of high dose methylprednisolone intravenously before alemtuzumab infusion has dramatically reduced these infusion associated symptoms. In current clinical routine, pre-medication also includes antihistamine and paracetamol (see Table 2).
This “cytokine release syndrome” is probably attributed to cytokines such as IL-6, interferon-γ and nitric oxide produced when alemtuzumab induces cross-linking-activation of natural killer cells (Wing et al., 1996).
Infections
Despite initial fears, given the prolonged lymphopenia that follows alemtuzumab, infections are not a major concern, except in the immediate few weeks after infusion. Mild to moderate respiratory and urinary tract infections are indeed more common after alemtuzumab (Coles et al., 2008; Cohen et al., 2012; Coles et al., 2012a), than with interferon beta-1a, as shown in a pooled analysis of CARE-MS1 and CARE-MS2 trials (Havrdova, 2013). In the same analysis 16% of alemtuzumab treated patients developed herpetic infections (11.4% herpes simplex – mainly cold sores, 4.7% herpes zoster), vs 2.8% of interferon-treated patients.  Serious infections after alemtuzumab were rare in the commercially-sponsored trials, specifically 2.8% vs 1.3 % in the interferon-treated group (Havrdova, 2013). There have not been isolated any cases of progressive multifocal leucoencephalopathy, to date.
The relative absence of significant infections may be explained by the fact that alemtuzumab does not affect cells of the innate immune system. Retention and expansion of memory T cells the first months after the infusion (see below) may also have a contribution to this. In a small study, 24 patients were found to be “immunocompetent” after alemtuzumab, in that they retained immunological memory against antigens previously met, and were capable to make normal antibody responses to novel and recall antigens when challenged by vaccination (McCarthy et al., 2013).
In this same study, one patient failed to make a normal response to vaccinations given within one month of alemtuzumab. This does seem to be an “at risk” period for infections. Herpetic infections happened more frequently the first month after the infusion and were adequately prevented by a month of acyclovir prophylaxis, which also represents the current practice (see Table 2). Rare case reports of listeria meningitis have been described in the post-marketing era (Rau et al., 2015), with a recent fatal case in the UK. Genzyme pharmacovigilance estimates 0.25% of patients have had a Listeria infection (personal communication), all within the first four weeks after alemtuzumab. It is likely that this arises from Listeria colonizing the bowel at the time of treatment. Recent advice from the Association of British Neurologists is to either (i) prescribe co-trimoxazole three times weekly for one month after alemtuzumab or (ii) eliminate Listeria from the bowel with one week of amoxicillin before alemtuzumab and ask the patient to take a Listeria-free diet for the month afterwards. 
Malignancy – Proliferative disorders
Malignancies were not found to be more frequent in patients treated with alemtuzumab in comparison to interferon-beta in the three commercially-sponsored trials, but these were not powered sufficiently to pick up differences in low frequency events. Two cases of thyroid papillary carcinoma were reported in CARE-MS1 trial, one of them in the context of a known thyroid nodule before the infusion. Both cases were treated with surgery and ablation and recovered completely without disease reappearance (Cohen et al., 2012). A third similar case was reported in CARE-MS2 (Coles et al., 2012a). It is still not fully understood whether there is a direct or indirect aetiological connection of alemtuzumab with the above incidents, or if they just represent random findings due to effective monitoring bias (Berker et al., 2011).
One patient treated with alemtuzumab in a non-commercial trial in Cambridge, UK, was diagnosed with Castleman’s disease which is considered to be a pre-lymphomatous condition (Jones and Coles, 2014). A second patient developed haemophagocytic syndrome, which is another potentially severe haematological condition attributed to uncontrolled proliferation of chronically activated but morphologically benign lymphocytes and macrophages. Although a clear mechanism cannot be described, it is possible that these proliferative disorders were in some way triggered by the previous treatment with alemtuzumab. Initially alemtuzumab was incriminated in the death of a patient who had been in the CAMMS-223 study, from Burkitt’s lymphoma, but her mother subsequently developed the same tumour and a genetic cause is more likely.
Secondary autoimmunity
It is now well recognized that secondary autoimmunity represents the most common and important side-effect of treatment with alemtuzumab. It can happen up to five years after treatment with a frequency peak at two years. One third approximately of treated patients will develop autoimmune thyroid disease, predominantly Graves’ disease, due to antibody production against thyroid stimulating hormone receptors (Costelloe et al., 2012). The reason for this ‘preference’ for the thyroid gland is not clear. Genetic factors, with the inheritance of common susceptibility loci for both MS and Graves’ disease, may play a role as the prevalence of the latter condition was found to be increased in the family members of patients with MS (Broadley et al., 2000). Currently, the safety recommendation is to monitor thyroid function 3-monthly for 48 months after the last alemtuzumab infusion and according to clinical judgment afterwards (Table 2).
The first case of idiopathic thrombocytopaenic purpura (ITP), an autoimmune condition against platelets, was identified in 2005. This index case died of intracranial haemorrage, although he had phenomena of bleeding diathesis for two weeks before the fatal event, for which he had not sought medical attention (Coles et al., 2008). After that ITP was identified at a prevalence of 2.8% in CAMMS-223 patients receiving alemtuzumab versus 0.9% on interferonbeta-1a. In CARE-MS1 and CARE-MS2, ITP was diagnosed in 0.8% and 0.84% respectively. Patient education on thrombocytopaenia symptoms and monitoring with monthly blood counts (Table 2) have contributed to early detection and effective management (steroids, intravenous immunoglobulin and/or Rituximab) of all subsequent cases after the index case.
Seven cases of autoimmune renal disease have been reported in total to date, 4 of which attributed to anti-glomerular basement membrane disease (Goodpasture’s syndrome without lung manifestations) and thus more severe. 2 of these 4 cases outside the sponsored trials eventually required renal transplant despite prompt treatment, but this was not the case for the 2 cases diagnosed in the phase 3 studies, who recovered with conservative treatment avoiding transplantation. The safety monitoring programme recommended in the summary of product characteristics is monthly urinalysis with microscopy (Table 2). Our view is that this is not helpful. Firstly, our experience has been that Goodpasture’s syndrome occurs too rapidly to be captured by routine testing. Secondly, many false positives are generated, leading to multiple repeats, irritation and fatigue – in both patients and monitoring staff. 
Finally, there have been reported rare cases of sarcoidosis, as well as isolated cases of autoimmune cytopenias (neutropenia, haemolytic anaemia, pancytopenia), vitiligo, alopecia and a few cases of pneumonitis.
Pregnancy and breast feeding
Alemtuzumab is not given during pregnancy, but the summary of product characteristics suggest it is safe to become pregnant four or more months after the last alemtuzumab infusion. This is particularly appealing for women of child-bearing potential, as alemtuzumab is the only currently licensed treatment that remains effective long after being undetectable, therefore offering disease control safely during early gestation (Jones and Coles, 2014). However, patients should be monitored closely for thyroid disease during pregnancy after alemtuzumab (perhaps monthly); two cases of neonatal thyrotoxicosis have occurred in this context, requiring specialist help, both with good outcomes.
Alemtuzumab has been detected in the milk of lactating mice, but it is unknown whether this applies to human breast milk as well. Currently women are advised to discontinue breast feeding during alemtuzumab treatment and for 4 months following each course (Table 2).
Long-term immunological effects of alemtuzumab
Alemtuzumab induces a prolonged lymphopenia. B cell counts return to the lower limits of normal (≥0.1x109/L) within 7 months, CD8+ cell counts (≥0.2x109/L) within 20 months and CD4+ cell counts (≥0.4x 109/L) within 35 months. T cell counts rarely recover fully to their pre-treatment levels though (Hill-Cawthorne et al., 2012). However, lymphopenia in absolute numbers does not seem to be the driving force behind alemtuzumab’s efficacy and safety profile. The rate of lymphocyte count reconstitution was previously shown to be unrelated to either relapse risk (Kousin-Ezewu et al., 2014), infection (Havrdova, 2013) or secondary autoimmunity (Jones et al., 2013). Besides, reconstitution of total numbers does not reflect the prolonged alteration in lymphocyte sub groups. For instance, the B cell pool after treatment for instance is dominated by mature naïve cells (CD19+CD23+CD27-), whereas memory B cells (CD19+CD27+) are depleted. On the other hand, T cell repertoire is dominated by effector memory CD4 and CD8 populations for at lest 9 months after treatment (Jones and Coles, 2014).
The most challenging question is why alemtuzumab induces de novo autoimmune diseases in people whose original autoimmune disease (MS) is so well treated. The family of autoimmune disease induced by alemtuzumab are antibody-mediated. But, B cell populations and B cell activating factors do not correlate with secondary autoimmunity (Jones and Coles, 2014). And B cell depletion therapy in MS does not seem to be associated with autoimmune phenomena either (Kappos et al., 2011). So, we hypothesise that changes within the T cell compartment modify the B cell response.
Autoimmunity associated with T cell lymphopenia is a well recognised phenomenon (Gleeson et al., 1996; King et al., 2004; Khoruts ad Fraser, 2005) and is believed to be a result of functional changes of T cells as they proliferate in order “fill in the gap”. This process is known as homeostatic proliferation  and is driven by stimulation from TCR-self peptide complexes, leading to production of oligoclonal T cell populations prone to auto-reactivity  (Kassiotis et al., 2003; Baccala and Theofilopoulos, 2005; Khoruts and Fraser, 2005). T cell reconstitution after alemtuzumab is controlled primarily by homeostatic proliferation for at least 6 months post-treatment, leading to oligoclonal, highly proliferative (Ki67+), chronically activated (CD28-CD57+) memory-like CD4+ and CD8+ (CCR7-CD45RA- or CCR7-CD45RA+) T cells (Jones et al., 2013). This response is more exaggerated (in contrast to new T lymphocyte thymic production) in individuals who develop secondary autoimmunity (Jones et al., 2013). What alters the balance between homeostatic proliferation and thymopoesis is not fully understood. It could be influenced by several heterogeneous contributing factors like genetic background, exposure to external antigens, thymic reserve and homeostatic cytokines. For example, baseline serum interleukin-21 levels were reported to be increased in patients who subsequently develop autoimmune side-effects, possible reflecting genetic alterations (Jones et al., 2009). However commercial kits to detect interleukin-21 do not have the same predictive capacity and should not be used for pre-treatment counselling (Azzopardi et al., 2014).
Apart from memory T cells, cells with a regulatory phenotype (CD4+CD25hiCD127loCD45RA-FoxP3hi) are also expanded the first 6 months after alemtuzumab treatment (Cox et al., 2005). It is still not fully proven whether they function as regulatory as well of if they are somewhat defective, to allow secondary autoimmunity in some patients at least. Another possibility is that T cells expanded through the homeostatic proliferation mechanism are endowed with enhanced abilities to escape regulation (Moxham et al., 2008).
Finally, it should be stressed that not every type of autoimmunity arising from lymphopenia after alemtuzumab is inadvertently ‘bad’. We have speculated that disability improvement post treatment may be due in part to pro-remyelinating effects of the drug, mediated by neurotrophic factors produced by expanding auto-reactive T cells. In the laboratory, peripheral blood mononuclear cell cultures, specifically stimulated by myelin basic protein (MBP), were shown to produce increased concentrations of brain-derived neurotrophic factor (BDNF), platelet-derived growth factor (PDGF) and ciliary neurotrophic factor (CNTF), which are factors with established properties of promoting neuronal and oligodendrocytic survival and differentiation (Jones et al., 2010). Media from such cultures promoted survival of rat neurones and increased axonal length in vitro, but these effects were partially blocked by BDNF and CNTF neutralising antibodies. The same media were also able to promote oligodendrocyte precursor cell survival, maturation and myelination. Although not proven, it is hypothesized that proliferating T cells, auto-reactive to (MBP), can transverse the blood-brain-barrier and promote neurotrophic factor production through their ‘cross-talk’ with MBP, thus contributing to neuronal repair and remyelination. This is a mechanism described before under the term “neuroprotective autoimmunity” (Moalem et al., 2000).
Clinical scenarios of alemtuzumab inefficacy
Two patients have been reported whose multiple sclerosis disease activity seems to have worsened after alemtuzumab. They subsequently responded to rituximab, suggesting that their multiple sclerosis was always, or had been modified by alemtuzumab to be, driven predominantly by B cell autoimmunity (Haghikia, 2017).
In one case of neuromyelitis optica, alemtuzumab treatment led to monocytic infiltration of the CNS, with fatal results (Gelfand 2014). In three Cambridge cases of neuromyelitis optica, this effect was not seen, but alemtuzumab was not efficacious and indeed the disease may have been exacerbated (Azzopardi 2016). Alemtuzumab was not an effective treatment of one person with Balo’s concentric sclerosis (Brown 2013).
Concluding remarks
Three decades of experience have established the merits and concerns of alemtuzumab as a treatment of multiple sclerosis. In its favour, infrequent dosing leads to prolonged efficacy that it is not surpassed by any other licensed treatment. And there are robust clinical trial data to support its use as a first or second line treatment choice for relapsing-remitting disease (although first-line use is not approved or reimbursed in all regions). But, its safety profile is complex, and requires monitoring for four years after each infusion. Unhelpfully, patients are most at risk of serious adverse events when their multiple sclerosis is most suppressed, and their disability has probably stabilised or improved. The ideal candidate for alemtuzumab then is someone with active disease who understands the “high risk high gain” value of alemtuzumab and who will comply with the safety monitoring programme long-term. Conversely, alemtuzumab is not appropriate in someone with cognitive impairment without good support, or with erratic behaviour, who may default from safety monitoring. Alemtuzumab is a useful option for women who require disease control during and after pregnancy. We would not recommend alemtuzumab in patients with rapid progression, where the distinction between relapsing-remitting or progressive disease is unclear. For if alemtuzumab was used, and the person continued to deteriorate through progressive disease, they would have gained nothing but would now be open to four years’ of monitoring and risk of serious adverse events.
Clearly there are some safety concerns with alemtuzumab, but its ability to transform the lives of some, at least, MS patients cannot be challenged. The scientific community looks forward for day when highly effective immunotherapies with minimal side-effects will be commercially available, but until then alemtuzumab remains a very reasonable choice for active disease. At some future point, when alemtuzumab is superseded, it might yet be that the development of this drug is valued for its historical demonstration of the benefits from treating multiple sclerosis early in the “window of therapeutic opportunity” (Coles 2006).
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Table 1
	Summary of alemtuzumab’s efficacy from the three commercially sponsored clinical trials

	
	Phase 2
CAMMS 223
N=333
	Phase 3
CARE-MS 1
N=581
	Phase 3
CARE-MS 2
N=840

	Previous DMT
	No
	No
	Yes

	Age, yr
mean (SD)
	32.3
(8.5)
	33.0
(8.2)
	35.1
(8.4)

	EDSS Score 
mean (SD)
	2.0
(0.7)
	2.0
(0.8)
	2.7
(1.2)

	Disease Duration, yr
median (range)
	1.3
(0.1–6.3)
	1.7
(0.1–6.0)
	3.7
(0.2–16.9)

	Relapses in Past 2 Years
mean (range)
	2.3
(1–7)
	2.4
(1–7)
	2.7
(1–9)

	
	
	
	

	Pivotal results
	3-year study
	2-year study

	Relapse rate reduction
	69% **
	55% ***
	50% ***

	Annualised relapse rate (alemtuzumab v. interferon)
	0.10 v. 0.36
	0.18 v. 0.39
	0.26 v. 0.52

	Proportion relapse free
	77% v. 52% **
	78% v. 59% ***
	65% v. 47% ***

	% with sustained disability confirmed at 6 months
	9% v. 26% **
	8% v. 11%
Non-significant
	13% v. 21% **

	Change in mean EDSS from baseline
	Improvement of 0.39 compared to deterioration of 0.38 on IFNb1a **
	No significant change
	Improvement of 0.17 compared to deterioration of 0.24 on IFNb1a ***

	Reduction in brain atrophy on alemtuzumab v. interferon 
	
	42% ***
	24% *


*P<0.05; ** P<0.01; *** P<0.001




Table 2: Practical advice on use of alemtuzumab for multiple sclerosis

	Before administering alemtuzumab
	Check FBC, creatinine electrolytes, TSH, HIV, HepB and C, varicella immunity (and consider vaccination is not immune), and – in TB endemic areas- CXR.

	Premedication
	1g methylprednisolone i.v. immediately prior to alemtuzumab on days 1 to 3 of each treatment course. 
antihistamines and antipyretics is advised.

	Alemtuzumab dosing
	12mg/day administered by intravenous infusion (over approximately 4 hours) for 2 treatment courses:
· Baseline course: 12 mg/day for 5 consecutive days (60mg total dose)
· Second course (12 months after the initial course): 12mg/day for 3 days (36mg total dose).

	Infection prophylaxis
	
aciclovir 200mg twice a day (against herpes simplex) starting on the first day of each course and continuing for 28 days. 
cotrimoxazole three times weekly (against Listeria), starting on the first day of each course until 28 days after the last infusion (see text for alternatives)

	Post-treatment monitoring:
	· To monitor for ITP (and other cytopenias) full blood counts should be obtained at monthly intervals until 48 months after the last infusion. During and after this time, if ITP is suspected clinically an urgent full blood count should be obtained. 
· The SmPc also recommends monthly creatinine and urinalysis with microscopy until 48 months after the last infusion. A clinically significant change from baseline in serum creatinine, haematuria (not explained by menstruation) and/ or proteinuria should prompt further evaluation for nephopathies including a referral to a specialist. (But please see text where we argue that this monitoring may be unhelpful).
· Thyroid function should be monitored for 3 months after treatment, until 48 months following the last infusion. After this period, testing should be performed based on clinical findings suggestive of thyroid dysfunction.

	Pregnancy and breastfeeding
	Pregnancy: according the SmPC serum concentrations of alemtuzumab are low or undetectable within 30 days of each treatment course. Therefore, women of child bearing potential should use effective contraception when receiving a course of alemtuzumab, and for 4 months following each course of treatment.
Breast feeding: it is unknown if alemtuzumab is excreted in human breast milk, but it has been detected in the milk of lactating mice. Therefore, women should be advised to discontinue breast-feeding during each course of treatment with alemtuzumab, and for 4 months following each course of treatment.


	[bookmark: _GoBack]Vaccinations
	Patients must not receive live vaccinations after alemtuzumab. It is not known definitively if alemtuzumab affects response to vaccination, but in a pilot study of 24 patients  the response appeared normal (apart, perhaps, during the first few months following treatment). The SmPC suggests that vaccination prior to Alemtuzumab should be considered in patients who have not completed standard required vaccines, and for those who have no immunity to chickenpox. Required vaccinations should be given at least 6 weeks prior to treatment. 







