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Abstract
Multiple sclerosis (MS) is a chronic inflammatory condition not commonly associated with cancer. Although since 1993 with the
introduction of disease modifying therapies (DMTs), changing the natural history of the disease, cancer risk appears associated with
some of these new therapies. We present the most common risks associated with each DMTs.
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Introduction
In multiple sclerosis (MS), a chronic inflammation of the central nervous system is the major component of the disease’s
pathology. If this is the major factor of the disease’s pathogenesis, it’s still a matter of debate nowadays [1,2]. The disease relapses
were believed to be a T cell drive process, although recent evidence shows a growing importance of other cell types like B-cells
and other peripheral myeloid cells [1,2], as well as CNS primary cells [2]. Once chronic inflammation is associated with cancer
[3], a possible correlation between a chronic disease like multiple sclerosis and cancer have been studied throughout the time.
There are studies showing decrease or no alteration in cancer risk of multiple sclerosis patients, even though some specific
cancers show a different trend [4-8].
For example, a cohort study found a higher risk of malignant melanoma, although MS patients presented lower cancer risk and
cancer mortality when compared to the general population [5]. An interesting fact found in another cohort was that even though
MS patients had a lower incidence of cancer in comparison with the general population, they had an increased incidence of larger
tumors. it points to the possibility of neglect diagnosis among MS patients [8].
In 1993, with the first disease modifying therapy (DMTs) for remittent relapsing MS, the natural history of the disease had been
altered; but, with these, some new collateral effects and risk appeared. Among them, cancer risks [9,10]. As debated above, MS
patients appear to have lower incidence of cancer, although a cohort study showed an increased risk only in patients exposed to
immunosuppressant therapy [11]. MS patients that are not exposed to immunosuppressant therapy showed lower incidence of
cancer, according with other studies [11]. This increased risk is particularly true for some drugs and some cancers that will be
further discussed in separate sections [9,10,12].

Discussion
Fingolimod
Fingolimod, a Sphingosine 1-P receptor modulator, complicates the egress of T and B cells from secondary lymphoid organs,
causing peripheral lymphopenia. This S1P is involved in cell proliferation, migration, angiogenesis, inflammatory responses and
lymphocyte trafficking, while sphingolipids such as ceramide and sphingosine are responsible for apoptosis. So, the dysregulation
in sphingolipid metabolism allows cancer cells to escape cell death by increasing S1P signaling, altering expression of ceramide,
degrading enzymes and increasing the sphingosine kinases, such as sphingosine kinase 1 (SK1) [9].
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This drug has been associated in some clinical trials with skin cancer, mostly basocellular carcinoma [13], but also melanoma,
squamous cell carcinoma and bowen’s disease [13,14]. Those malignant neoplasms were reported in 4 patients receiving 0.5 mg of
fingolimod, 4 receiving 1.25 mg of fingolimod, and 10 receiving placebo. Besides that, the VIRGILE study, made in France, reported 8
cancers in 1023 patients treated with fingolimod [15]. Moreover, some evidence presented the risk of breast cancer, multiple myeloma,
and, rarely, lymphoma [16-18]. So, it is necessary the screening of skin cancer once a year in patients that use this medication.

Teriflunomide
Teriflunomide is an imunossupressor that acts on the pyrimidine synthesis, reducing the lymphocytes count, and it has been used
in MS treatment [10]. In two clinical trials, teriflunomide was associated with one case of cervical carcinoma 17 and one case of
leiomyosarcoma [19], and they were reported in 4 different patients of the study. In a post marketing survey, it was found 308 cases
of cancer, and breast and skin cancer were the most common ones [10]. In this case, it’s important to keep screening MS patients
in use of teriflunomide once a year, especially for skin cancer.

Dimethyl Fumarate
Dimethyl fumarate acts reducing the cytokines released during inflammation due to a lower immune cell activation, and it is also
used in MS cases [9,10]. This drug increases the transcription of anti-inflammatory genes, and that’s the expected effect in MS
patients. It also provides an epithelial to mesenchymal transition, which leads to migration and metastasis. The dimethyl fumarate
can also modify the metabolic environment in cancer cells, helping them to grow, survive and proliferate. In the clinical trials,
Dimethyl fumarate was associated with low incidence of malignancies [9], even though a recent French post marketing survey from
2017 cumulated 32 reports of neoplasm. Those cases were breast (8) and skin (2 melanoma, 2 basocellular, 2 unspecified) [10].

Cladribine
Cladribine is a purinergic antimetabolite that acts on lymphocytes. It provokes lymphocyte apoptosis by inhibiting DNA synthesis
and repair. First, cladribine causes sustained and fast reductions in numbers of CD4+ and CD20+ cells and temporary reduction
in numbers of CD8+ and natural killer cells [9]. The use of this drug in patients with MS has shown 9 cases of uterine leiomyomas
compared with 1 in the placebo group in a randomized control trial [19]. Despite that, a more recent study does not support the
idea of cladribine increasing cancer risk even when compared to other treatments. This study called CLARITY showed a cancer
rate of 0,34% and thus not different from all other groups of placebo-controlled trials, but further evidence is still needed [20].

Natalizumab
Natalizumab is an anti α4 integrin antagonist that blocks the attachment of cells in the brain endothelium, decreasing blood brain
barrier inflammation [9]. Despite that, a recent study shows no increase in cancer risk in patients in use of natalizumab compared
with the general population [21].
Melanoma risk increase is a fear surrounding the use of this drug. The Food and Drug Administration’s (FDA) Adverse Event
Reporting System (FAERS) reported 137 melanomas associated with natalizumab in MS patients [22], with one case of melanoma
being reported in the clinical trial [9]. Besides that, a four-year observational study evaluating the risk of nevus transformation in
melanoma in patients with MS in use of natalizumab showed no increased risk, and even proposed a protective effect [23]. Other
cancers or precancerous lesions have been described in patients in use of natalizumab 9, like cervical dysplasia [24] and even a case
of rapid progression of low-grade cervical dysplasia in an invasive cancer during natalizumab treatment [25].

Alemtuzumab
Alemtuzumab, a monoclonal antibody anti-CD52 that depletes B and T lymphocytes, has not been associated with an increase of
cancer risk [10], although some cancer appears more frequently. In the clinical trials involving alemtuzumab, out of 1486 patients
assigned, 29 (2%) developed cancer. Thyroid papillary carcinoma (6) was the most frequent followed by basal cell carcinoma (6),
breast cancer (5) and melanoma (4) [26]. Other malignancies had been described associated with alemtuzumab, including basal
cell carcinoma, non-Epstein-Barr virus Burkitt’s lymphoma and Castleman’s disease [9].

Rituximab and Ocrelizumab
Rituximab is an anti-CD20 monoclonal antibody that is associated with cases of myelodysplastic syndrome, lymphoma and acute
leukemia, but a relation between these cancers and multiple sclerosis has not been found [10]. In the Vygilize search, out of 3853
malignancies found in patients under Rituximab, 362 were myelodysplastic syndrome, 202 were acute leukemia and 197 were
acute lymphoma [10]. Ocrelizumab, a humanized anti-CD20 antibody, has been linked to a variety of neoplasms. This drug was
also the first effective medication for primary progressive MS. A study between 732 primary-progressive MS patients showed that,
when in use of Ocrelizumab, the performance on the 25ft walk worsened in 38,9% of the patients, while the placebo rate was 51,1%
[27]. The ORATORIO study showed that neoplasm occurred in 2.3% of the patients treated with ocrelizumab against 0.8% in the
placebo group [27]. Patients using Ocrelizumab also have a higher risk of developing breast cancer [13], and once B cells have been
linked with a better prognosis in breast and ovarian cancers B cells depletion therapy could have a worse outcome in these patients
[9]. In the OPERA studies, 2 cases of breast cancer related to Ocrelizumab have been shown8 and 4 in the ORATORIO trial [27].
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Interferon-β
Interferon-β was the first approved drug for MS treatment. Elevated blood levels of IFN-β are associated with a reduced T-Cell
activity, therefore increasing anti-inflammatory cytokines and reducing proinflammatory cytokines. Also, there is a reduced Th17
and neuroinflammatory actions [13]. This disease-modifying drug hasn’t shown a significant increase of cancer risk, according to a
french study using the European Database [10] and a in a British Columbia cohorts study [28]. However, in this cohort was found an
increased risk in breast cancer among thus using interferon-β. Tumor size was similar between the treated and untreated group [28].

Glatiramer Acetate
Glatiramer Acetate action mechanisms are not well established. It seems to have an effect in shifting cytokines to anti-inflammatory
responses. Also, there is APCs modulation and an increase in the neuroprotective factor 13. This drug is not very related to cancer either,
and just one case of a primary lymphoma CD30+ was reported. Beyond that, these drugs can be used in patients with Multiple Sclerosis
even if the patient has a cancer history. However, the follow-up with specific specialists is still important in cancer prevention [10].

Authors Recommendations
Once MS patients demand constant reevaluation by neurologists, it must be warned by this professional the risk involving MS
treatment - especially cancer – to avoid negligence. Altering the patient prognosis, as it was discussed by Kingwell et al. [8].
Another important consideration when dealing with DMT in MS is the increase of cancer risk in patients that switched between
more than one DMT [29]. This risk should be considerate when evaluating harm and benefits when a change in treatment is needed.
Our recommendations are: (1) All MS patients should receive multidisciplinary medical care; (2) Annual screening of skin cancers
especially basocellular carcinoma in patients using fingolimod and teriflunomide [13-15,17]; (3) Annual screening of thyroid cancer
in patients using alemtuzumab [10,26]; (4) Annual screening of breast cancer in patients using ocrelizumab [8,9,27]; (5) Annual
screening melanoma and cervical cancer in patients using natalizumab [22,24,25]; (6) An special attention should be take in patients
that had use more than one DMTs [29] (Table 1).
Authors Recommendations
All MS patients should receive multidisciplinary medical care
Annual screening of skin cancers especially basocellular carcinoma in patients using fingolimod and teriflunomide [13-15,17]
Annual screening of thyroid cancer in patients using alemtuzumab [10,26]
Annual screening of breast cancer in patients using ocrelizumab [8,9,27]
Annual screening of melanoma and cervical cancer in patients using natalizumab [22,24,25]
A special attention should be taken in patients that had use more than one DMTs [29]
Table 1: The Table presents the author’s recommendations about the management of DMTs and cancer risk in MS patients

Conclusion
In conclusion, we advise neurologists to make sure their MS patients are constantly evaluated by dermatologists and gynecologists for
active cancer surveys by most qualified specialists and analyze the risk-benefit balance of cancer risks when choosing or switching DMTs.
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