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Multiple sclerosis (MS) is a chronic autoimmune neurological disease that typically affects young adults, causing irreversible physical disability and cognitive impairment. Alemtuzumab, administered intravenously as 2 initial courses of 12 mg/day (5 consecutive days at baseline, and 3 consecutive days 12 months later), resulted in significantly greater improvements in clinical and MRI outcomes vs. subcutaneous interferon beta-1a over 2 years in patients with active relapsing-remitting MS (RRMS) who were either treatment-naive (CARE-MS I; NCT00530348) or had an inadequate response to prior therapy (CARE-MS II; NCT00548405). Efficacy with alemtuzumab was maintained over 7 years in subsequent extension studies (NCT00930553; NCT02255656), in the absence of continuous treatment and with a consistent safety profile. There is an increased incidence of autoimmune events in patients treated with alemtuzumab (mainly thyroid events, but also immune thrombocytopenia and nephropathy), which imparts a need for mandatory safety monitoring for 4 years following the last treatment. The risk management strategy for alemtuzumab-treated patients includes laboratory monitoring and a comprehensive patient education and support program that enables early detection and effective management of autoimmune events, yielding optimal outcomes for MS patients. Here we provide an overview of tools and techniques that have been implemented in real-world clinical settings to reduce the burden of monitoring for both patients and healthcare providers, including customized educational materials, the use of social media, and interactive online databases for managing healthcare data. Many practices are also enhancing patient outreach efforts through coordination with specialized nursing services and ancillary caregivers. The best practice recommendations for safety monitoring described in this article, based on experiences in real-world clinical settings, may enable early detection and management of autoimmune events, and help with implementation of monitoring requirements while maximizing the benefits of alemtuzumab treatment for MS patients.
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INTRODUCTION

Multiple sclerosis (MS) is a chronic autoimmune neurological disease that is the leading cause of disability in young adults (1). It is frequently characterized by relapses and remissions with variable sequelae, which may persist and contribute to progressive and irreversible long-term disability (2). The underlying pathology of MS is typically marked by acute lymphocytic inflammation that leads to neuronal demyelination, neurodegeneration, axonal damage, and to the eventual formation of lesions within the central nervous system (3, 4). Alemtuzumab is a humanized anti-CD52 monoclonal antibody approved for the treatment of patients with active relapsing-remitting MS (RRMS) defined by clinical or imaging features. It is administered as intravenous infusions of 2 courses of 12 mg/day on 5 consecutive days at baseline, and on 3 consecutive days 12 months later (5, 6). In Australia and the European Union, 2 additional courses may be given as needed for clinical and MRI activity (3 consecutive days, ≥12 months after the prior course) (6, 7). The efficacy and safety of alemtuzumab were established in 3 rater-blinded, comparative clinical trials in patients who were either treatment-naive (phase 2 CAMMS223; NCT00050778; and phase 3 Comparison of Alemtuzumab and Rebif Efficacy in Multiple Sclerosis [CARE-MS] I; NCT00530348) (8, 9) or had an inadequate response to prior therapy (phase 3 CARE-MS II; NCT00548405) (10).

Alemtuzumab significantly reduced relapses compared with subcutaneous interferon beta-1a (p < 0.001 in all 3 clinical trials) and improved disability over 2 years (p < 0.001, and p = 0.008 in the CAMMS223, and CARE-MS II trials, respectively). In extension studies (NCT00930553, NCT02255656 [TOPAZ]), the efficacy of alemtuzumab was maintained over at least 7 years, with many patients (61% from CARE-MS I and 52% from CARE-MS II) receiving no additional courses of alemtuzumab (11–15). Although the exact mechanism of action has not been fully elucidated, alemtuzumab efficacy may be due to the selective depletion and distinct pattern of repopulation of circulating CD52-expressing T and B lymphocytes (16, 17). During repopulation, there is a relative increase in regulatory T cells which results in a shift from pro- to anti-inflammatory cytokine profiles driven by differential reconstitution of T-cell subsets, potentially leading to a rebalancing of the immune system (18–20). Increased secretion of neurotrophic factors by the regenerating immune cells may have a neuroprotective effect, and provide an explanation, at least in part, for the sustained disability improvements in alemtuzumab-treated patients (21).

The most common adverse events (AEs) associated with alemtuzumab are infusion-associated reactions and infections, with the highest rates occurring after the first treatment course and declining thereafter (13). Alemtuzumab is also associated with an increased risk for autoimmune events, including thyroid disease, immune thrombocytopenia (ITP), and nephropathies, which can manifest months to years after treatment. Table 1 shows the incidence of these events in the clinical development program and in postmarketing surveillance, suggesting that the incidence is not higher in real-world settings. Because of the potential for these autoimmune events, alemtuzumab is only available through the Risk Evaluation and Mitigation Strategy program in the United States and Canada, and the Risk Management Program in Europe (25, 26). These programs include monthly urinalysis and blood testing for renal and hematological monitoring, and quarterly thyroid function monitoring for 48 months after the last alemtuzumab infusion, as well as physician and patient education about signs and symptoms of these autoimmune events.


Table 1. Clinical trial incidence, post-marketing frequency, and signs and symptoms of key autoimmune events after treatment with alemtuzumab.
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Monitoring can be challenging in clinical practice. As such, various monitoring tools and techniques have been developed in real-world clinical settings that may help to reduce the burden of monitoring and maximize the treatment benefit for patients receiving alemtuzumab. Although resources and strategies for patient management vary within individual practices in different countries, this article aims to provide an overview of these tools and techniques and offers perspectives from MS clinicians in various clinical settings on best practices to optimize patient care.

Strategies and Tools to Assist With Monitoring Alemtuzumab-Treated Patients in the Clinic

Pre-treatment Preparation
Patient selection

A patient's commitment to adhere to the risk management program, including the level of cognitive function and ability to understand treatment benefits vs. risks, should be considered before initiating treatment with alemtuzumab. The decision to initiate alemtuzumab treatment should be made only after ensuring that patients understand the need for long-term monitoring, and/or if patients have family and community support to help comply with monitoring.

Patient education and lifestyle management

The benefits of patient education and engagement in the management of MS are well documented (27–30). National Institute for Clinical Excellence guidelines and the European MS Platform's Code of Good Practice recommend implementing an education program that incorporates information about the disease, and provides guidance on the level of communication and emotional support while encouraging patient autonomy/self-management (31, 32). The MS Brain Health initiative, which emerged from an evidence-based international consensus report (33), recommends a “brain-healthy” lifestyle as part of a comprehensive approach to treatment and management of MS. Given that cardiovascular fitness correlates with brain volume and cognitive reserve (34), patients should be advised to incorporate aerobic exercise into their daily routines. They should also be encouraged to stop smoking to prevent excessive reduction in brain volume and worsening of disability progression (35–37), and to limit the use of alcohol to help maintain and maximize lifelong brain health.

As soon as the decision has been made to initiate treatment with alemtuzumab, patients receive various educational materials provided by the drug manufacturer, including a patient handbook that contains information on support services, treatment, and monitoring (Figures 1A,B). Patients are educated about the signs and symptoms of potential thyroid disorders, ITP, and nephropathies, and are given images of relevant AEs for visual reference (e.g., Figure 1C). Patients are also provided with an alert card containing helpful information for their regular and emergency healthcare providers (HCPs) (Figure 1D), which is particularly important if after-hours care is not available in the prescribing physician's office. In addition to educational materials provided by the drug manufacturer, clinical practices may consider developing their own information packages, as appropriate, including the use of social media (e.g., YouTube), highlighting the treatment benefits and potential side effects. However, as the veracity of online material is variable, scrutiny before recommending various platforms is pertinent.
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FIGURE 1. (A) Alemtuzumab dosing regimen and monitoring, (B) patient monitoring calendar, (C) patient reference guide with examples of immune thrombocytopenia (ITP) skin conditions, and (D) patient alert card.



It is crucial for HCPs to discuss the importance of monitoring with patients, as some patients may not understand the need to continue monitoring for an extended period after the completion of the active treatment phase. HCPs should emphasize that monitoring is for the benefit of the patient and that it can help with early detection and management of potential side effects, thereby ensuring that the positive effects of treatment are not circumvented. Additionally, HCPs may remind patients that many of the other MS therapies require daily to monthly administration, which is avoided with alemtuzumab. Some clinical practices request patients to sign an informed consent form, documenting that they have received education about the benefits and risks of treatment and are aware of their responsibilities for monitoring and follow-up, whereas other practices (in the UK and Belgium, for example) mail the alemtuzumab education materials directly to the patient's general practitioner (GP) to help with post-treatment monitoring. Lastly, patients should be advised to schedule their blood and urine tests at locations that are most convenient to them, including outpatient clinics, hospitals, or GPs office (if the latter provides these services). In some areas, clinical practices can also arrange for home visits by nursing staff to carry out monthly blood and urine tests.

Post-treatment Follow-Up

Patient support tools for monitoring

The alemtuzumab patient support program, MS One-to-One, is available to MS patients and their HCPs in North America, Europe, and other countries (Table 2) (38). It offers access to a network of nurses to assist with MS education and information on alemtuzumab. It also includes a platform for patients to share their experiences on living with MS, and provides links to support groups and patient advocacy organizations such as the MS Association of America and the National MS Society (39, 40). The MS One-to-One program has been used to assist with monitoring compliance and follow-up, particularly in MS clinics with large numbers of alemtuzumab-treated patients and in neurologists' offices with limited in-house support staff.


Table 2. Patient support tools for monitoring and follow-up after treatment with alemtuzumab.
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Many clinics have developed web-based portals that facilitate communication between the patient and his/her clinical support team (41). These portals may include patient questionnaires to self-report new symptoms and disease impact on their daily quality of life, which in turn may prompt HCP referrals to other healthcare services. In the UK and other European countries, clinicians use the Multiple Sclerosis Impact Scale-29, a 29-item self-report rating scale for measuring the physical and psychological impact of MS (Table 2) (42, 43). Results from this online questionnaire are transferred to a web portal that can be accessed by HCPs within a given geographic area. Asymptomatic patients who do not need face-to-face consultation are followed up within 3–6 months. The nursing staff also conducts “virtual” consultations via Skype or telephone, thus providing patients with convenient and flexible alternatives to office visits.

In several European countries, as well as in the United States, alemtuzumab-treated patients can use smartphone applications to set up reminders for complying with monthly tests, to identify the signs and symptoms of side effects through self-check, and to access MS-related health information (Table 2). HCPs have begun integrating e-mail and text messaging into their clinical practices, and are providing online links to tools such as alemtuzumab monitoring calendars to help patients track their appointments.

Lemtracks is a web-based, electronic patient reminder system available to MS centers across Europe that supports alemtuzumab monitoring requirements (Table 2). It allows HCPs and MS nurses to send appointment reminders to patients and, importantly, alerts them to missed appointments and abnormal lab results.

In Belgium, clinical practices request an independent nurse service (e.g., LemMon) to obtain blood and urine samples from patients in their homes (Table 2). During their home visits, nurses educate patients on the importance of routine monitoring and self-checks for signs and symptoms of AEs. They also report the occurrence of possible AEs to the MS clinic, and alert the clinic when patients miss appointments. In the UK, monitoring nurses are in charge of performing the monthly monitoring tests in hospitals. If the tests are done in the GP's clinic, the monitoring nurses coordinate with the clinic as needed to ensure timely receipt of laboratory results for evaluation and follow-up. Other clinical practices in North America and Europe collaborate with nurses and social workers for follow-up and laboratory test reminders.

Patient support tools may vary by institution, country, and local regulations. For example, in Norway, legal regulations require HCPs to access data only from the patients' hospital records, which may limit the use of different methods for follow-up. Clinical practices would thus benefit from having dedicated nursing staff adequately trained to care for patients with MS, assess patient symptoms, detect potential AEs and abnormal laboratory results, and ensure careful record-keeping.

Patient support tools for management of laboratory test data

Several MS-specific networks and databases are available that can facilitate patient data management (44–47). The MS-Documentation System: 3-Dimensional—Physicians, Nurses, and Patients (MSDS3D) (48, 49) is a widely used electronic management system for MS patients in Germany that can integrate data generated by physicians, nurses, and patients (Figure 2). Laboratory data collected from different sites can be transmitted to a central service for automatic processing. The MSDS3D platform also allows post-treatment monitoring of routine blood tests and immunologic samples, sending automatic e-mail notifications to HCPs. Patients' results are displayed in a progression graphic, providing a long-term overview of their condition. Other functionalities of the MSDS3D system include clinical advice on difficult cases from experts who have restricted access to patient MRI data from external MRI reading centers, and collection of post-authorization safety data (50).
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FIGURE 2. MSDS3D patient data management system. Reprinted from Ziemssen et al. (49). Creative Commons Attribution 4.0 International Public License.



An MSDS3D module for patients treated with alemtuzumab is currently being used in the TREAT-MS study (49). It is designed to connect all the HCPs responsible for the individual MS patient and enable comprehensive healthcare management by capturing patient data from the time of the last alemtuzumab treatment. Based on the patient data, MSDS3D generates prospective checklists for physicians and patients before treatment initiation. These checklists would guide and facilitate the next steps in the treatment schedule, including generating health forms for insurance purposes. The structured interface of the MSDS3D system can potentially support physicians and nurses to monitor alemtuzumab-treated patients effectively.

Many clinics across Australia use an automated clinical decision support system to implement the risk management program for MS patients treated with alemtuzumab (51). This computerized system is designed to track the pathology reports of alemtuzumab-treated patients and provide customizable alerts for abnormalities in identified risks.

In Canada, some clinical practices are using an automated, integrated, healthcare data management system developed by Excelleris™ Technologies (52) to monitor patients after treatment with alemtuzumab. Excelleris is a medical platform that standardizes health information from various sources and transmits laboratory data to clinicians. Building on this medical platform, clinicians have developed an automated alert program for ensuring compliance with monitoring monthly tests and screening for autoimmune events specific to alemtuzumab-treated patients. The platform is designed to harvest laboratory results, regardless of the laboratory location or the prescribing physician, and immediately trigger e-mail/text alerts for both clinicians and patients if a significant abnormality is identified within the program's parameters. This alemtuzumab automated alert platform contains other features that facilitate monitoring and follow-up, including a clinician portal that compiles patient information, graphs and analyzes test results and/or patterns over time, identifies the infusion dates, and allows communication between HCPs within the portal to respond to AEs.

Remedus is an online platform used in MS clinical practices across Belgium to communicate laboratory test results to HCPs (a neurologist or a GP) in real-time (Figure 3) (53). The database stores patient data along with the date of testing, and generates reports for HCPs every 3 months. Any abnormal result or delay in patient compliance triggers an alert for HCPs, allowing them to follow up with the patient.
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FIGURE 3. The Remedus data management platform.



Addressing Patient Non-compliance

In real-world clinical settings, even with the implementation of best practices for monitoring, some patients may not be compliant. Alemtuzumab-treated patients who do not have any evidence of disease activity and have not received additional treatment since their initial 2 courses of alemtuzumab, may be at particular risk for non-compliance with monitoring. Additionally, patients may become worn out by the requirement for frequent blood draws. Cognitive deficits and loss of family support may also contribute to non-compliance.

If a patient becomes non-compliant, HCPs and the nursing staff should take steps to determine an acceptable solution to re-establish compliance. This may include in-home lab collection, personal follow-up, seeking assistance from patient's GP and family members/community, tailoring reminder systems to suit the patient's lifestyle, and reiterating the importance of monitoring, while highlighting the treatment benefits vs. risks.

Practical Guidance for Management of Autoimmune Events

A recent task force of MS specialists, hematologists, nephrologists, and endocrinologists from Belgium issued practical recommendations on the management and daily clinical care of patients in the event of abnormal findings following treatment with alemtuzumab (Figure 4) (54–56). In patients with thyroid dysfunction associated with alemtuzumab treatment, a watch-and-wait approach is recommended if thyroid-stimulating hormone levels increase but free thyroxine (T4) levels remain normal, with testing every 6 weeks (54). In case of elevated thyroid-stimulating hormone, if free T4 is decreased, or if symptoms/signs of hypothyroidism are present, or if baseline serum thyroperoxidase antibody status is positive, treatment with synthetic T4 is indicated. In case of increased free T4 (>1.5-fold the upper limit of normal) or symptoms/signs of hyperthyroidism, symptomatic treatment with propranolol should be started.


[image: image]

FIGURE 4. Overview of the laboratory testing plan for autoimmune disorder risk monitoring. aApproximately 10% decrease in 3 successive measurements or >30% decrease from previous month or reticulated platelet count is above normal; bPlatelet count < 50 × 109/L. T3, triiodothyronine; T4, thyroxine; TSH, thyroid-stimulating hormone; TSH-R, thyroid-stimulating hormone-receptor; ER, emergency room.



In patients with clinical signs suggestive of bleeding after alemtuzumab, a complete blood count (CBC) must be obtained immediately (55). Any steep decrease of 50% or more from previous value but still above 100,000/μL must prompt an immediate recheck of the CBC to exclude pseudothrombocytopenia (platelet aggregates), with a referral to the hematologist if ITP is confirmed. A CBC between 30,000 and 100,000/μL and no bleeding symptoms should prompt a recheck within 48–72 h, and a hematologist should be contacted to discuss referral. Active bleeding or platelet count below 10,000/μL make treatment mandatory.

Isolated microscopic hematuria can be an initial sign of alemtuzumab-related anti-glomerular basement membrane disease (56). Weekly urinalysis is recommended to check for isolated or persistent hematuria. Isolated gross hematuria with urine discoloration must be reported immediately to the patient's neurologist or GP for follow-up blood and urine testing. Persistent hematuria must prompt a referral to a routine nephrology consultancy as soon as possible to test for anti-glomerular basement membrane antibodies. An immediate referral to a nephrologist is warranted in case of persistent hematuria with increased serum creatinine. A proteinuria finding above 0.2 grams protein per gram of creatinine needs further investigation, with referral to a nephrologist for a non-urgent consultation once urinary tract infection is excluded.

DISCUSSION

Effective disease management of chronic conditions such as MS requires a collaborative approach between HCPs and patients, and a multidisciplinary team of support staff. Treatment with alemtuzumab has been shown to reduce relapse rates, improve disability, and decrease MRI lesion activity and brain volume loss in patients with active RRMS over at least 7 years, with many patients receiving no additional alemtuzumab courses or other disease-modifying therapies (11–15). Improvements in disability are associated with improvements in patients' quality of life and work productivity, and decreases in healthcare costs (57, 58).

However, these benefits are associated with potential side effects. There is an increased risk for autoimmune events in patients treated with alemtuzumab (mainly thyroid events, but also ITP and nephropathies), which requires a specific monitoring regimen. These events can be managed if diagnosed early. AEs with other disease-modifying therapies have associated risks that remain constant or even increase with repeated exposure to drug (59–61). Other rare autoimmune side effects (e.g., alopecia, acquired hemophilia A, and neutropenia) have also been reported in patients treated with alemtuzumab (23, 24, 62). Implementing a comprehensive management program may improve outcomes in patients treated with alemtuzumab and maximize the therapeutic benefit as shown by the consistent safety profile in patients with active RRMS over 7 years (14, 15). Recent publications have outlined practical recommendations for managing these autoimmune events after alemtuzumab through careful analysis of monthly laboratory results (54–56, 63).

Several tools and strategies have been developed to implement the monitoring requirements and follow-up of patients treated with alemtuzumab. The use of educational materials through verbal reinforcement and support from physicians and nursing staff, via online tools, and through coordination with ancillary caregivers will increase patients' understanding of treatment benefits and risks.

Specialized nursing services that can facilitate interdisciplinary care have been beneficial, along with the use of online technologies, social media, and electronic health records and databases for management of laboratory results and patient data. These databases also enable access to patient data in real-time, which helps HCPs make informed clinical decisions.

Sustained patient outreach efforts and patient engagement by caregivers, including social workers, may improve patient adherence to monitoring, improve coping skills, and have a positive impact on patients' overall quality of life. The best practice recommendations described in this article are based on experiences in the real-world clinical settings, and may help reduce the burden of monitoring for both patients and HCPs and maximize the benefits in MS patients while minimizing the risks of treatment with alemtuzumab.

AUTHOR CONTRIBUTIONS

All authors had full editorial control of the manuscript and provided input and approval of all drafts, including the final, submitted version.

FUNDING

Funding for the development of this manuscript was provided by Sanofi.

ACKNOWLEDGMENTS

This article was reviewed by Ericka M. Bueno, Ph.D., and Colin Mitchell, Ph.D., of Sanofi. Editorial support for this manuscript was provided by Jaya Kolipaka and Linda Wychowski, Ph.D., of Envision Scientific Solutions, and funded by Sanofi. The authors were responsible for all content and editorial decisions and received no honoraria related to the development of this publication.

REFERENCES

 1. Koch-Henriksen N, Sorensen PS. The changing demographic pattern of multiple sclerosis epidemiology. Lancet Neurol. (2010) 9:520–32. doi: 10.1016/S1474-4422(10)70064-8

 2. Lublin FD, Baier M, Cutter G. Effect of relapses on development of residual deficit in multiple sclerosis. Neurology. (2003) 61:1528–32. doi: 10.1212/01.WNL.0000096175.39831.21

 3. Compston A, Coles A. Multiple sclerosis. Lancet. (2002) 359:1221–31. doi: 10.1016/S0140-6736(02)08220-X

 4. Friese MA, Schattling B, Fugger L. Mechanisms of neurodegeneration and axonal dysfunction in multiple sclerosis. Nat Rev Neurol. (2014) 10:225–38. doi: 10.1038/nrneurol.2014.37

 5. LEMTRADA (Alemtuzumab) Injection for Intravenous Use [prescribing information]. Cambridge, MA: Genzyme Corporation (2017).

 6. Genzyme Therapeutics Ltd. Lemtrada™ (Alemtuzumab 12 mg Concentrate for Solution for Infusion). EU Summary of Product Characteristics. Available online at: http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/003718/WC500150521.pdf (Accessed February 18, 2018).

 7. Australian Product Information – LEMTRADA® (Alemtuzumab). (2018). Available online at: https://www.ebs.tga.gov.au/ebs/picmi/picmirepository.nsf/pdf?OpenAgent&id=CP-2013-PI-02549-1&d=2018051116114622483 (Accessed June 22, 2018).

 8. CAMMS223 Trial Investigators, Coles AJ, Compston DA, Selmaj KW, Lake SL, Moran S, et al. Alemtuzumab vs. interferon beta-1a in early multiple sclerosis. N Engl J Med. (2008) 359:1786–801. doi: 10.1056/NEJMoa0802670

 9. Cohen JA, Coles AJ, Arnold DL, Confavreux C, Fox EJ, Hartung HP, et al. Alemtuzumab versus interferon beta 1a as first-line treatment for patients with relapsing-remitting multiple sclerosis: a randomised controlled phase 3 trial. Lancet. (2012) 380:1819–28. doi: 10.1016/S0140-6736(12)61769-3

 10. Coles AJ, Twyman CL, Arnold DL, Cohen JA, Confavreux C, Fox EJ, et al. Alemtuzumab for patients with relapsing multiple sclerosis after disease-modifying therapy: a randomised controlled phase 3 trial. Lancet. (2012) 380:1829–39. doi: 10.1016/S0140-6736(12)61768-1

 11. Havrdova E, Arnold DL, Cohen JA, Hartung HP, Fox EJ, Giovannoni G, et al. Alemtuzumab CARE-MS I 5-year follow-up: durable efficacy in the absence of continuous MS therapy. Neurology. (2017) 89:1107–16. doi: 10.1212/WNL.0000000000004313

 12. Coles AJ, Cohen JA, Fox EJ, Giovannoni G, Hartung HP, Havrdova E, et al. Alemtuzumab CARE-MS II 5-year follow-up: efficacy and safety findings. Neurology. (2017) 89:1117–26. doi: 10.1212/WNL.0000000000004354

 13. Ziemssen T, Thomas K. Alemtuzumab in the long-term treatment of relapsing-remitting multiple sclerosis: an update on the clinical trial evidence and data from the real world. Ther Adv Neurol Disord. (2017) 10:343–59. doi: 10.1177/1756285617722706

 14. Coles A, Boyko AN, De Seze J, Hartung HP, Havrdova E, Inshasi JS, et al. Alemtuzumab durably improves clinical outcomes in patients with active RRMS in the absence of continuous treatment: 7-year follow-up of CARE-MS I patients (TOPAZ study). Mult Scler. (2017) 23(Suppl.):427–679. doi: 10.1177/1352458517731406

 15. Singer BA, Alroughani R, Brassat D, Broadley SA, Hartung HP, Havrdova E, et al. Durable improvements in clinical outcomes with alemtuzumab in patients with active RRMS in the absence of continuous treatment: 7-year follow-up of CARE-MS II patients (TOPAZ study). Mult Scler. (2017) 23:736. doi: 10.1177/1352458517731404

 16. Cox AL, Thompson SA, Jones JL, Robertson VH, Hale G, Waldmann H, et al. Lymphocyte homeostasis following therapeutic lymphocyte depletion in multiple sclerosis. Eur J Immunol. (2005) 35:3332–42. doi: 10.1002/eji.200535075

 17. Hu Y, Turner MJ, Shields J, Gale MS, Hutto E, Roberts BL, et al. Investigation of the mechanism of action of alemtuzumab in a human CD52 transgenic mouse model. Immunology. (2009) 128:260–70. doi: 10.1111/j.1365-2567.2009.03115.x

 18. Zhang X, Tao Y, Chopra M, Ahn M, Marcus KL, Choudhary N, et al. Differential reconstitution of T cell subsets following immunodepleting treatment with alemtuzumab (anti-CD52 monoclonal antibody) in patients with relapsing-remitting multiple sclerosis. J Immunol. (2013) 191:5867–74. doi: 10.4049/jimmunol.1301926

 19. De Mercanti S, Rolla S, Cucci A, Bardina V, Cocco E, Vladic A, et al. Alemtuzumab long-term immunologic effect: Treg suppressor function increases up to 24 months. Neurol Neuroimmunol Neuroinflamm. (2016) 3:e194. doi: 10.1212/NXI.0000000000000194

 20. Thomas K, Eisele J, Rodriguez-Leal FA, Hainke U, Ziemssen T. Acute effects of alemtuzumab infusion in patients with active relapsing-remitting MS. Neurol Neuroimmunol Neuroinflamm. (2016) 3:e228. doi: 10.1212/NXI.0000000000000228

 21. Jones JL, Anderson JM, Phuah CL, Fox EJ, Selmaj K, Margolin D, et al. Improvement in disability after alemtuzumab treatment of multiple sclerosis is associated with neuroprotective autoimmunity. Brain. (2010) 133:2232–47. doi: 10.1093/brain/awq176

 22. Singer BA, Alroughani R, Brassat D, Broadley S, Hartung H-P, Havrdova E, et al. Durable clinical outcomes with alemtuzumab in patients with active RRMS in the absence of continuous treatment: 7-year follow-up of CARE-MS II patients (TOPAZ study). Neurology. (2018) 90(Suppl. 15):P3.369.

 23. Zimmermann J, Buhl T, Muller M. Alopecia universalis following alemtuzumab treatment in multiple sclerosis: a barely recognized manifestation of secondary autoimmunity – report of a case and review of the literature. Front Neurol. (2017) 8:569. doi: 10.3389/fneur.2017.00569

 24. McCaughan G, Massey J, Sutton I, Curnow J. Acquired haemophilia A complicating alemtuzumab therapy for multiple sclerosis. BMJ Case Rep. (2017) 2017:bcr-2017-223016. doi: 10.1136/bcr-2017-223016

 25. Sanofi Genzyme. LEMTRADA (Alemtuzumab): REMS (Risk Evaluation and Mitigation Strategy) Program. (2017). Available online at: https://www.lemtradarems.com (Cited August 25, 2017).

 26. Sanofi Genzyme. LEMTRADA (Alemtuzumab): Risk Management Program (RMP). Available online at: http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/003718/WC500150521.pdf (Cited August 25, 2017).

 27. Heesen C, Kasper J, Köpke S, Richter T, Segal J, Mühlhauser I. Informed shared decision making in multiple sclerosis–inevitable or impossible? J Neurol Sci. (2007) 259:109–17. doi: 10.1016/j.jns.2006.05.074

 28. Köpke S, Kasper J, Mühlhauser I, Nubling M, Heesen C. Patient education program to enhance decision autonomy in multiple sclerosis relapse management: a randomized-controlled trial. Mult Scler. (2009) 15:96–104. doi: 10.1177/1352458508095921

 29. Heesen C, Solari A, Giordano A, Kasper J, Köpke S. Decisions on multiple sclerosis immunotherapy: new treatment complexities urge patient engagement. J Neurol Sci. (2011) 306:192–7. doi: 10.1016/j.jns.2010.09.012

 30. Rieckmann P, Boyko A, Centonze D, Elovaara I, Giovannoni G, Havrdova E, et al. Achieving patient engagement in multiple sclerosis: a perspective from the Multiple Sclerosis in the 21st Century Steering Group. Mult Scler Relat Disord. (2015) 4:202–18. doi: 10.1016/j.msard.2015.02.005

 31. National Institute for Health and Care Excellence. NICE Guidance: Multiple Sclerosis in Adults: Management. Available online at: https://www.nice.org.uk/guidance/cg186 (Cited August 25, 2017).

 32. European Multiple Sclerosis Platform. Defeating MS Together: the European Code of Good Practice in MS. Available online at: http://www.emsp.org/projects/code-of-good-practice (Cited August 25, 2017).

 33. MS Brain Health. Time Matters in Multiple Sclerosis. Available online at: www.msbrainhealth.org (Cited November 8, 2017).

 34. Prakash RS, Snook EM, Motl RW, Kramer AF. Aerobic fitness is associated with gray matter volume and white matter integrity in multiple sclerosis. Brain Res. (2010) 1341:41–51. doi: 10.1016/j.brainres.2009.06.063

 35. Pittas F, Ponsonby AL, van der Mei IA, Taylor BV, Blizzard L, Groom P, et al. Smoking is associated with progressive disease course and increased progression in clinical disability in a prospective cohort of people with multiple sclerosis. J Neurol. (2009) 256:577–85. doi: 10.1007/s00415-009-0120-2

 36. Kappus N, Weinstock-Guttman B, Hagemeier J, Kennedy C, Melia R, Carl E, et al. Cardiovascular risk factors are associated with increased lesion burden and brain atrophy in multiple sclerosis. J Neurol Neurosurg Psychiatry. (2016) 87:181–7. doi: 10.1136/jnnp-2014-310051

 37. D'Hooghe MB, Nagels G, Bissay V, De Keyser J. Modifiable factors influencing relapses and disability in multiple sclerosis. Mult Scler. (2010) 16:773–85. doi: 10.1177/1352458510367721

 38. Sanofi Genzyme. MS One to One. Available online at: https://www.msonetoone.com (Cited August 25, 2017).

 39. Multiple Sclerosis Association of America. Improving Lives Today. Available online at: https://mymsaa.org/about-msaa/coalition/ (Cited January 24, 2019).

 40. National Multiple Sclerosis Society. Available online at: https://www.nationalmssociety.org/ (Cited January 24, 2019).

 41. Nielsen AS, Halamka JD, Kinkel RP. Internet portal use in an academic multiple sclerosis center. J Am Med Inform Assoc. (2012) 19:128–33. doi: 10.1136/amiajnl-2011-000177

 42. Hobart J, Lamping D, Fitzpatrick R, Riazi A, Thompson A. The Multiple Sclerosis Impact Scale (MSIS-29): a new patient-based outcome measure. Brain. (2001) 124:962–73. doi: 10.1093/brain/124.5.962

 43. Hobart J, Cano S, O'Conner R, Kinos S, Heinzlef O, Roullet E, et al. Multiple Sclerosis Impact Scale-29 (MSIS-29): measurement stability across eight European countries. Mult Scler. (2003) 9(Suppl. 1):23. doi: 10.1177/135245850300900101

 44. Butzkueven H, Chapman J, Cristiano E, Grand'Maison F, Hoffmann M, Izquierdo G, et al. MSBase: an international, online registry and platform for collaborative outcomes research in multiple sclerosis. Mult Scler. (2006) 12:769–74. doi: 10.1177/1352458506070775

 45. Confavreux C, Paty DW. Current status of computerization of multiple sclerosis clinical data for research in Europe and North America: the EDMUS/MS-COSTAR connection. European Database for Multiple Sclerosis. Multiple Sclerosis-Computer Stored Ambulatory Record. Neurology. (1995) 45:573–6.

 46. Bove R, Secor E, Healy BC, Musallam A, Vaughan T, Glanz BI, et al. Evaluation of an online platform for multiple sclerosis research: patient description, validation of severity scale, and exploration of BMI effects on disease course. PLoS ONE. (2013) 8:e59707. doi: 10.1371/journal.pone.0059707

 47. Ziemssen T, Hillert J, Butzkueven H. The importance of collecting structured clinical information on multiple sclerosis. BMC Med. (2016) 14:81. doi: 10.1186/s12916-016-0627-1

 48. Eisele J, Kern R, Alexander S, Großmann L, Schultheiss T, Ziemssen T. Multiple Sclerosis Documentation System MSDS3D - innovative management of patients with multiple sclerosis. Neurology. (2014) 82(Suppl. 10):I8–1.003.

 49. Ziemssen T, Engelmann U, Jahn S, Leptich A, Kern R, Hassoun L, et al. Rationale, design, and methods of a non-interventional study to establish safety, effectiveness, quality of life, cognition, health-related and work capacity data on Alemtuzumab in multiple sclerosis patients in Germany (TREAT-MS). BMC Neurol. (2016) 16:109. doi: 10.1186/s12883-016-0629-9

 50. Haase R, Wunderlich M, Dillenseger A, Kern R, Akgün K, Ziemssen T. Improving multiple sclerosis management and collecting safety information in the real world: the MSDS3D software approach. Expert Opin Drug Saf. (2018) 17:369–78. doi: 10.1080/14740338.2018.1437144

 51. Reddel SW, Barnett MH, Riminton S, Dugal T, Buzzard K, Wang CT, et al. Successful implementation of an automated electronic support system for patient safety monitoring: the alemtuzumab in multiple sclerosis safety systems (AMS3) study. Mult Scler. (2018). doi: 10.1177/1352458518783673 [Epub ahead of print].

 52. Excelleris, Technologies,. Available from: http://www.excelleris.com (Cited August 25, 2017).

 53. Remedus. Thuishospitalisatie - Hospitalisation & Domicile. Available online at: http://www.remedus.be/nl (Cited August 25, 2017).

 54. Decallonne B, Bartholomé E, Delvaux V, D'Haeseleer M, El Sankari S, Seeldrayers P, et al. Thyroid disorders in alemtuzumab-treated multiple sclerosis patients: a Belgian consensus on diagnosis and management. Acta Neurol Belg. (2018) 118:153–9. doi: 10.1007/s13760-018-0883-2

 55. Lambert C, Dubois B, Dive D, Lysandropoulos A, Selleslag D, Vanopdenbosch L, et al. Management of immune thrombocytopenia in multiple sclerosis patients treated with alemtuzumab: a Belgian consensus. Acta Neurol Belg. (2018) 118:7–11. doi: 10.1007/s13760-018-0882-3

 56. Sprangers B, Decoo D, Dive D, Lysandropoulos A, Vanopdenbosch L, Bovy C. Management of adverse renal events related to alemtuzumab treatment in multiple sclerosis: a Belgian consensus. Acta Neurol Belg. (2017) 118:143–51. doi: 10.1007/s13760-017-0864-x

 57. Oreja-Guevara C, Kobelt G, Berg J, Capsa D, Eriksson J, European Multiple Sclerosis Platform. New insights into the burden and costs of multiple sclerosis in Europe: results for Spain. Mult Scler. (2017) 23:166–78. doi: 10.1177/1352458517708672

 58. Kobelt G, Thompson A, Berg J, Gannedahl M, Eriksson J, Group MS, et al. New insights into the burden and costs of multiple sclerosis in Europe. Mult Scler. (2017) 23:1123–36. doi: 10.1177/1352458517694432

 59. Butzkueven H, Kappos L, Pellegrini F, Trojano M, Wiendl H, Patel RN, et al. Efficacy and safety of natalizumab in multiple sclerosis: interim observational programme results. J Neurol Neurosurg Psychiatry. (2014) 85:1190–7. doi: 10.1136/jnnp-2013-306936

 60. O'Connor P, Goodman A, Kappos L, Lublin F, Polman C, Rudick RA, et al. Long-term safety and effectiveness of natalizumab redosing and treatment in the STRATA MS Study. Neurology. (2014) 83:78–86. doi: 10.1212/WNL.0000000000000541

 61. Bloomgren G, Richman S, Hotermans C, Subramanyam M, Goelz S, Natarajan A, et al. Risk of natalizumab-associated progressive multifocal leukoencephalopathy. N Engl J Med. (2012) 366:1870–80. doi: 10.1056/NEJMoa1107829

 62. Baker D, Giovannoni G, Schmierer K. Marked neutropenia: significant but rare in people with multiple sclerosis after alemtuzumab treatment. Mult Scler Relat Disord. (2017) 18:181–3. doi: 10.1016/j.msard.2017.09.028

 63. Devonshire V, Phillips R, Wass H, Da Roza G, Senior P. Monitoring and management of autoimmunity in multiple sclerosis patients treated with alemtuzumab: practical recommendations. J Neurol. (2018) 265:2494–505. doi: 10.1007/s00415-018-8822-y

Conflict of Interest Statement: KB: consulting fees, speaker honorarium, and travel assistance (Sanofi). RC: consulting/speaking fees (Biogen, EMD Serono, Novartis, Roche, Sanofi, and Teva); grants/research support (MedImmune, Novartis, Roche, and Teva). AT: consulting fees (Biogen, Novartis, Roche, Sanofi, Serono, and Teva); grant/research support (Roche and Sanofi). ADB: consulting fees/fees for non-CME services from commercial interest or their agents/grant and research support (Biogen, Mallinckrodt, Novartis, Roche-Genentech, Sanofi, and Teva Neuroscience). CLG: consulting fees (Acorda Therapeutics, Bayer, Biogen, Cephalon, EMD Serono, Novartis, Pfizer, Questcor, Sanofi, Strativa, Teva, and UCB). ABe: advisory boards and/or speaker honoraria (Almirall, Bayer, Biogen, Novartis, Sanofi, and Teva); grant support (Almirall, Associazione San Luigi Gonzaga ONLUS, Bayer, Biogen, Fondazione per la Ricerca Biomedica ONLUS, the Italian Multiple Sclerosis Society, Merck, Novartis, Sanofi, and Teva). ABo: consulting fees and/or fees for non-CME services (Biogen, Mallinckrodt, Medtronic, Novartis, Sanofi, and Teva). EGC: advisory boards and/or speaker honoraria (Biogen, Genzyme, Merck, Novartis, Roche, and Teva); unrestricted research grants (Genzyme and Novartis). JdS: consulting and/or speaking fees, advisory board, and grant/research support (Sanofi). DD: speaker honorarium and travel assistance (Sanofi) and advisory boards (Biogen Idec, Merck Serono, Novartis, Roche, and Sanofi). MH: clinical investigator and/or speaker (Actelion, Alexion Pharmaceuticals, Alvogen, Bayer, Biogen, Merck, Novartis, Pliva/Teva, Roche, and Sanofi). J-ML: advisory board and speaker bureaus (Acorda Therapeutics, Genzyme, Novartis, and Teva). VL: consulting and/or speaker honoraria (Bayer, Biogen, Merck Serono, Novartis, Roche, Sanofi, and Teva) with approval by the HR-Department, Cologne General Hospital, University of Cologne. SGM: received honoraria for lecturing and travel expenses for attending meetings (Almirall, Amicus Therapeutics Germany, Bayer HealthCare, Biogen, Celgene, Chugai Pharma, Diamed, Genzyme, MedDay Pharmaceuticals, Merck Serono, Novartis, Novo Nordisk, ONO Pharma, QuintilesIMS, Roche, Sanofi-Aventis, and Teva), and research funding (Almirall, Amicus Therapeutics Germany, Biogen, Deutsche Forschungsgesellschaft [DFG], Diamed, Else Kröner Fresenius Foundation, Fresenius Medical Care, Genzyme, German Academic Exchange Service, German Foundation Neurology, German Ministry for Education and Research [BMBF], Hertie Foundation, Interdisciplinary Center for Clinical Studies [IZKF] Muenster, Merck Serono, Novartis, ONO Pharma, Roche, and Teva). CO-G: advisory board/speaker (Biogen, Genzyme, Merck, Novartis, Roche, and Teva). PP: consulting fees and/or speaking fees for non-CME services from commercial interest or their agents (Acorda, Biogen, Mallinckrodt, and Sanofi) and consulting fees (AIMS, CMSC CME program, and IOMSN). CV: advisory board (Sanofi). TZ: consulting and/or speaking fees (Almirall, Bayer, Biogen Idec, Genzyme, Merck, Novartis, Roche, and Teva) and grant/research support (Biogen Idec, Genzyme, Novartis, and Teva). DPB: employee of Sanofi with ownership interest. BVW: advisory board and/or speaker honoraria (Biogen, Merck, Novartis, Roche, and Sanofi) and grant/research support (Biogen, Merck, Novartis, and Sanofi). The funders played no role in the study design, the collection, analysis or interpretation of data, the writing of this paper or the decision to submit it for publication.

Copyright © 2019 Barclay, Carruthers, Traboulsee, Bass, LaGanke, Bertolotto, Boster, Celius, Seze, Cruz, Habek, Lee, Limmroth, Meuth, Oreja-Guevara, Pagnotta, Vos, Ziemssen, Baker and Wijmeersch. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fneur-10-00253-t001.jpg
Key autoimmune
AE?

Thyroid events

Immune
thrombocytopenia

Nephropathy

Incidence in clinical development program
(alemtuzumab 12-mg treatment arm) (13)

42¢

204

027

Estimated frequency in
post-marketing settingsP (22)

Not available

0.72

017

Signs and symptoms

Overactive thyroid: diaphoresis, unexplained weight loss,
eye swelling, nervousness, tachycardia

Underactive thyroid: unexplained weight gain, feeling
cold, increased fatigue, newly occurring constipation
Bruising, petechiae, purpura, mucosal bleeding,
increased menses, hematuria, melena

Blood in the urine (urine may be red or tea-colored),
swelling in legs and feet, hemoptysis.

9Does not include other rare autoimmune AEs (e.g., alopecia, acquired hemophilia A) that have been reported in alemtuzumab-treated patients (23, 24).
bCalculated as number of cases/total number of patients (n = 18,561) treated through December 31, 2017.
Over 6 years in the pooled CARE-MS patients who received alemtuzumab 12mg (n = 811).

90ver 5 years of total follow-up for CARE-MS studies and 8 years for CAMMS223 study in patients who received alemtuzumab 12mg (n = 1,217).
AE, adverse event; CARE-MS, Comparison of Alemtuzumab and Rebif Efficacy in Multiple Sclerosis.





OPS/images/fneur-10-00253-t002.jpg
Program Country

MS One-to-One United States.
Canada
Various countries in Europe
South Africa

MSIS-29 UK

Smartphone applications United States and various
Examples: countries in Europe

* MSAA's My MS Manager™

* CareZone

© LEMTRADA® MyLink
 LEMCHECK™

Lemtracks ("Your Lemtrada” in ltaly) Various countries in Europe

LemMon Belgium

Scope Contact information

www.msonetoone.com
hitpw/mylemtrada.ca
hitpy//msonetoone.eu
hitps://msonetoone.co.za/patient/
login#/
hitps://www.mstrust.org.uk/sites/
default/fles/MSIS-29.pdf

Assists with tracking results and
monitoring compliance

A29-tem, patient-reported
questionnaire that assesses the
physical and psychological impact of
MS
« Track patients’ monitoring
appointments
* Access online inks to
alemtuzumab monitoring calendar
« Provide information on signs and
symptoms of autoimmune AEs
* Send e-mail/text reminders to:
>Comply with monthly tests (e.g.,
blood and urine)
>Self-check for signs and
symptoms of AEs
Share findings with HCPs
Assists HCPs and MS nurses with
appointment reminders and sends
alerts for missed appointments and
abnormal test results
Obtains blood and urine samples
from patients in their homes

hitp://www.remedus.be/nl

AE, adverse event; HCP, healthcare provider; MSAA, Multiple Sclerosis Association of America; MSIS-29, Multiple Sclerosis Impact Scale-29.





OPS/images/fneur-10-00253-g003.gif
Blood drawing and urino samplo






OPS/images/fneur-10-00253-g004.gif





OPS/images/fneur-10-00253-g001.gif





OPS/images/fneur-10-00253-g002.gif





OPS/images/cover.jpg
, frontiers
in Neurology

Best Practices for Long-Term
Monitoring and Follow-Up of
Alemtuzumab-Treated MS Patients
in Real-World Clinical Settings









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Neurology





