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Abstract

Background: The association between multiple sclerosis (MS) and cancer has long been investigated with conflicting
results. Several reports suggest an increased cancer risk among MS patients treated with immunosuppressant (IS) drugs.

Methods: We performed a cohort study including MS patients recruited at the Neurological Department of the University
of Palermo. Mean follow-up period was ten years for the whole cohort. We calculated cancer incidence among patients
treated with IS. Incidence rates were compared in the cohort by calculating the relative risk according to length and dose
of exposure to IS. Cancer incidence among MS patients was compared to cancer incidence in the general population of
Sicily in similar age groups.

Results: On an overall cohort of 531 MS patients (346 women and 185 men) exposed to IS, we estimated a
crude incidence rate for cancer of 2.26% (2.02% in women, 2.7% in men). Cancer risk was higher compared
to rates observed among an equal number of patients not exposed to IS, and to the risk in the general population in
Sicily at similar age groups (adjusted HR: 11.05; CI 1.67–73.3; p = 0.013).

Conclusion: The present study showed a higher cancer risk in MS patients associated only to previous IS exposure.
Studies on long-term outcomes are essential to evaluate the possibility that treatment options that need to
be considered for a long time-period may modify risk for life threatening diseases.
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Background
The pathologic mechanisms of Multiple sclerosis (MS) are
mediated by the immune system and by neurodegenera-
tive processes causing both myelin sheath and axonal
damage. MS represents one of the major causes of neuro-
logical disability, especially in young people [1]. First line
treatments for MS until recently, were basically repre-
sented by immune modulating drugs like beta interferon
or glatiramer acetate, while in patients with more aggres-
sive disease courses or who did not respond to first line
treatments, immune suppressors (IS) had been used
[2]. For these reasons, azathioprine (AZA) was still in
use, even after the introduction of disease modifying
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treatments (DMT). Mitoxantrone (MX) and cyclo-
phosphamide (CP) were mostly chosen as second line
treatments or as induction therapy in patients with a
more aggressive disease. Their use declined signifi-
cantly after the introduction of new therapies charac-
terized by a specific mechanism of action for the
treatment of MS, like monoclonal antibodies (natali-
zumab was approved in Italy in 2006) and fingolimod
(introduced in Italy 2011) though these drugs still re-
main a therapeutic alternative in selected cases. The
safety profile of immune treatments for MS [3–7], as
well as the relationship between the disease and can-
cer, has been widely explored but results have been
yet not conclusive [8–14]. These inconsistencies are
due to methodological differences in study design, by
the difficulty in selecting an appropriate reference
group for comparisons, and length of follow-up,
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which is of particular relevance in clinical trials ex-
ploring the safety of drugs. Several question have not
been yet well addressed. Do generally IS used for MS
increase the risk for cancer or is there a particular IS
which is mainly associated with increased cancer risk?
Is there a difference between cancer risk among MS
patients treated with IS and those who were not ex-
posed to IS, compared to people not affected by MS
(general population)? In order to contribute to assess
these issues we performed a cohort study including
patients affected by MS exposed to IS, and an equal
number of MS patients not exposed to IS to deter-
mine cancer risk. The present study was also aimed
to compare cancer incidence among people affected
by MS to that in the general population in the same
geographic area and in the same period.

Methods
Cohort design
During the study period (1994, to January 31st, 2011) we
identified at our Neurologic Department a cohort of 531
MS patients affected by MS (346 women and 185 men)
who took at least one of the three IS (AZA, MX, and
CP) independently if they had been treated with inter-
feron or glatiramer. An equal number of patients (531)
with the same sex distribution but not exposed to IS was
matched as reference group. To assess the above-
mentioned questions in the cohort of MS patients we
considered two kind of comparison groups and hence,
two different approaches. A first group consisted as indi-
cated in an equal number of individuals affected by MS
consecutively selected and followed in the same time
interval, among patients followed at the same Neuro-
logical Department who had never been treated with IS.
We also compared cancer incidence among individuals
affected by MS exposed or not to IS, with that in the Si-
cilian general population, considering similar age groups
and calculating the standardized incidence ratio (SIR)
for cancer in the two cohorts.

Treatments
MX and CP were used in our Department after other
treatments had failed to reduce relapse frequency or dis-
ability worsening in patients affected by MS. Before
starting MX, patients underwent a screening for cardio-
vascular diseases. Treatment administration was made at
a monthly dose of 8 mg/m2 for the first three months,
and at a dose of 12 mg/m2 every three months up to a
cumulative dose of 140 mg/m2. We used this regimen
from 1994 until 2000. Afterward to limit cumulative
long-term toxicity, we modified the cumulative dose lim-
iting it to a maximum of 90 mg/m2. We limited the cu-
mulative dose of MX because of the already known
possible heart toxicity. For the same reason, we used to
perform a tight monitoring of heart function by trans-
thoracic ecocardiography. Treatment was stopped before
reaching the planned final dose if signs of impaired heart
function, such as confirmed left ventricular ejection frac-
tion (LVEF) reduction to less than 50%, or a confirmed re-
duction of more than 10% with respect to the first
examination, were observed. Reduction or termination of
infusions due to adverse events was at the physician’s
judgment. Azathioprine was targeted to reach a maximum
dose of 3 mg/Kg of body weight per day if tolerated. De-
crease of IS dosages were done in the presence of severe
leucopoenia, red blood cell or platelet reduction, severe
infections or other clinically relevant serological markers
modifications. CP was administered at a monthly dose of
500 mg/m2 during the first year of treatment; it was even-
tually prolonged during the second year with courses re-
peated every two months. We included in the whole
cohort MS patients who were treated with the three IS
considered in the same lag-time, obtaining a cohort with a
comparable follow-up. The second group of MS patients
(represented as above indicated by 531 individuals) were
treated with other drugs available at that time (beta inter-
feron or glatiramer).

Statistical analyses
Calculations of outcome measures were performed con-
sidering January 31st, 2011 as the end of follow-up while
the observation was started in 1994 at the time of inclu-
sion of the first patient for MX treatment. Statistical
analyses were performed by calculating univariate rela-
tive risks (RR) for cancer comparing its incidence in MS
patients exposed to IS with that in those not exposed to
IS. Cox proportional models were built to calculate ad-
justed hazard ratios (HR) considering the follow-up
period as the time variable. In these models, age at MS
onset, and length of the follow-up expressed in years,
were calculated as continuous variables. A separate Cox
model was built including also age at treatment initi-
ation (IS or other therapies) as a covariate. We per-
formed also a second analysis by comparing cancer
incidence rates in our cohort of MS patients, with that
of individuals from the Sicilian general population of the
same age groups. By means of this kind of comparison,
we calculated the possible difference existing in the
probability to develop cancers according to the condi-
tion of being affected or not by MS itself and not only
on being exposed to therapy. Since MS cohort was rep-
resented by individuals in the age classes between 18
and 54 years of age, we made comparisons by including
as a reference, cancer incidence in the Sicilian popula-
tion at the same age groups. These data were freely
available from the Italian National tumor registry
(http://www.tumori.net/). In these second analyses, we
calculated SIR. All the analyses were two-sided with
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alpha level set at 0.05; 95% confidence intervals (CI)
were also calculated.
The local ethical committee of our University Hospital

approved the study and each patient gave the consent
for treatment and inclusion in our clinical database.

Results
We included 531 MS patients from our database (346
women and 185 men), who had been treated with IS.
531 MS individuals who had never been exposed to IS
were included for comparisons. Table 1 summarizes
characteristics of the two groups of MS patients in the
cohort. The two groups were not significantly different
with regard to age, disease duration and cumulative
length of the follow-up. Mean follow up was 9 years for
patients treated with IS, and 10 years in for the others.
As expected, patients treated with different kind of IS
have different period of treatment exposure; AZA treat-
ment was usually stopped after 5 years of therapy, while
for CP and MX patients usually reached the planned
total cumulative dose within two tears of therapy. Details
about types of tumors in men and women are reported
in Table 2. Gut cancers (colon or rectal cancer), female
breast cancer and leukemia represented the most com-
mon type of cancer. Cancer distribution according to
length of exposure and the type of IS are reported in
Table 2. This variable was dichotomized according to
the median time of treatment duration for each specific
drug (below or above the mean). In the present cohort,
we observed no cancers in those people exposed to CP
alone. Table 3 reports relative risks and hazard ratios for
Table 1 Demographic and clinical characteristics of the MS
cohort included in the study

Variable Exposed to IS Others

Sex (W/M) 531 (336/
195)

531 (359/
172)

Mean age at onset (years +/− SD) 29 (10) 30 (10)

Mean age at treatment start (years +/− SD) 29.4 (9.9) 40 (13.5)

Mean disease duration (SD) 19 (9) 20 (10)

Mean Follow-up (years +/− SD) for the whole
cohort

9 (5) 10 (6)

Mean Follow-up (years +/− SD) for the MX
group

8 (5) _

Mean Follow-up (years +/− SD) for the CP
group

5 (5) _

Mean Follow-up (years +/− SD) for the AZA
group

10 (6) _

Mean treatment duration for the MX group
(years)

1 _

Mean treatment duration for the CP group
(years)

1 _

Mean treatment duration for the AZA group
(years)

4 _
the association between MS and the exposure to IS. At
univariate analyses, we observed a significant association
between exposure to IS and cancer in MS patients. Indi-
viduals treated with AZA had a four-fold increased risk
for cancer, compared to those not exposed (median time
of treatment 5 years). Among MS patients who were
treated with MTX (median exposure one year), cancer
risk was four times higher. Cox proportional hazard
models revealed an even higher risk for cancers associated
to IS exposure; HR was 11.05 (95% CI 1.67–73.30;
p = 0.01) in the most conservative model. Age at onset of
MS appeared to be independently associated to cancer risk
(HR 1.05; CI 1.01–1.10; p = 0.03). As indicated in Table 4,
SIR was four times higher in MS individuals exposed to IS
compared to the age matched general population. On
the contrary there was no a different cancer incidence
in people affected by MS who did not undergo to IS
therapy, showing significant lower cancer rates (SIR
0.97; CI 0.96–0.98).

Discussion
The present study did not show an association between
being affected by MS and cancer. The study revealed, a
direct strong association between IS exposure among
individuals affected by MS and cancer. Risk for cancer
observed in individuals with MS exposed to IS seems to
be related to the duration of exposure and to the cumu-
lative dose, not to a specific IS. Our study has some
limits derived from the relatively small number of can-
cers identified in the cohort, despite the fact that a large
cohort of MS patients was included and the analyses
were performed on the basis of a long follow-up period.
Our aim was to investigate if the risk for cancer could
be related to the disease itself or to the exposure to
treatments. Therefore we chose to compare MS patients
exposed to IS to MS individuals who had never been
treated with IS, and to a second cohort of individuals
not affected by MS. For the same reason we compared
cancer incidence in MS individuals to that of the Sicilian
general population. In our cohort, we did not observe
any cancer among individuals who were exposed to
Table 2 Number and type of cancer by IS drug and by exposure
duration

Drug Exposure
duration (years)

No. of
patients

N. and site of
cancer

p*

Azathioprine < 4 169 3 (gut a, brain, ovary)

≥4 177 4 (3 breast, 1 guta) 0,75

Mitoxantrone <1 74 1 (pancreas)

≥1 188 5 (3 leukemia, 1 lung, 1
gut)

0,5

* two sided Chi square analysis comparing the frequency among MS patients
exposed for the longer period, compared to those exposed for a
shorter period
aGut cancers include colon and rectal cancers



Table 4 SIR and 95% confidence intervals calculations for MS
patients exposed or not to IS drugs. Comparison were made with
respect to the Sicilian general population in the correspondent
age classes

Age Exposed to IS Not exposed to IS

No. Expected Observed No. Expected Observed

15–19 1 0,00035 0 2 0,0007 0

20–24 2 0,00100 0 9 0,0050 0

25–29 17 0,01200 0 28 0,0210 0

30–34 35 0,03600 0 41 0,0420 0

35–39 71 0,10,000 1 61 0,0900 0

40–44 66 0,16,000 2 78 0,1900 0

45–49 87 0,30,000 1 78 0,2700 1

50–54 90 0,48,000 3 59 0,3160 0

55–59 62 0,47,000 1 56 0,4280 0

60–64 48 0,51,000 2 52 0,5500 0

65–69 35 0,52,000 0 34 0,5100 1

70–74 13 0,24,000 3 17 0,3100 0

75–79 4 0,08600 0 7 0,1500 0

80–84 0 0,00000 0 6 0,1400 1

85+ 0 0,00000 0 3 0,0650 0

Total 531 2,91,535 13 531 3,0877 3

SIR Tot 4,12 0,97

Table 3 Relative risks and HR calculation by investigated variables

VARIABLE RR (CI)° HR p

Model A

Sex (men/women) 0.78 (0.28–2.22) 1.24 (0.43–3.56) 0.69

Age at MS onseta 1.001 (0.97–1.03) 1.05 (1.01–1.10) 0.03

Follow-up lengtha 1.03 (0.98–1.08) _ _

IS exposure (yes vs. no)b 4.01 (1.14–14.1) 11.05 (1.67–73.3) 0.013

Model B

Sex 1.32 (0.46–3.78) 0.6

Age at treatmenta 1.07 (1.02–1.12) 0.01

Disease durationa 2.36 (0.71–7.84) 0.2

IS exposure (yes vs. no)b 35.05 (3.12–403.31) 0.01
aAge at onset and length of follow-up were dichotomous variables according
to the median of the distribution in the whole cohort in univariate analyses,
while they were calculated as continuous variables in Cox models
bModel B was built including age at treatment initiation (IS or other therapies)
and disease duration as covariates
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cyclophosphamide only, similarly to other study [15]; it
is to note however, that in our cohort, the group of pa-
tients treated with CP was the smallest and the follow-
up was not as long as for the other drugs investigated.
Cancer risk in the present study appears to be similar in
individuals treated with MTX or AZA. These results
confirm previous studies indicating a higher cancer risk
related to MTX exposure, represented not only by
leukemia [7, 10]. We also observed similar results for
azathioprine; breast cancer was the most frequently
observed in this group of patients. The results we ob-
served need several comments. A positive association
between MS and cancer has been proposed several
times, suggesting that chronic inflammation could be
the mechanism underneath this relationship [16]. More
recent observations, anyway, do not support this associ-
ation anymore, although conflicting results were re-
ported for the association between MS and specific kind
of cancers in several studies [14, 17]. A study investigat-
ing the association between autoimmunity and cancer
risk [17], showed an inverse association between MS and
intestinal cancers. Other studies did not confirm this as-
sociation reporting on the contrary a global reduction of
cancer risk and an association with other kind of tumors
[8, 17, 18].
We found that MS does not appear to be associated to

cancer risk by itself. Although we did not observe rele-
vant differences between men and women for cancer
risk, these results were not plotted because further
stratification would have led to small numbers and very
broad confidence intervals. Another limitation of this
study derives from the fact that due to the study design,
it was not possible to investigate the possible confound-
ing effect of environmental risk factors for cancer like
smoking habit. It would be in fact not feasible to obtain
this information for referent individuals from the general
population. Another important consideration derives from
the fact that all the analyses performed with the two differ-
ent approaches we used, lead to the same observation in
our cohort. Comparing MS patients’ risk for cancer with
the one in the general population with similar ages re-
duced also the possibility of a possible selection bias deriv-
ing from age at patients’ selection. It is also important to
underline that length of follow-up is crucial in this kind of
studies. Carcinogenesis may occur in fact with a long la-
tency. Studies with shorter follow-up may not be able to
identify an association also because in the age groups rep-
resented by MS patients, cancer incidence depends on the
anatomical and histological type of the tumor. All of the
three drugs considered in this study act suppressing spe-
cific lymphocyte subpopulation but also by permanently
modifying DNA expression of oncogenes; all of them acti-
vate pathways that determine an increased risk for the de-
velopment of cancers [19]. For instance, suppression of
natural killer cells has been associated for instance to an
increased risk for leukemia and for skin cancers in several
studies although not focused to MS patients [20]. This is
not of course the only explanation for the association we
observed. Patients with chronic diseases like MS are fre-
quently exposed to several drugs whose interaction may
contribute to alter immune function leading to increased
cancer susceptibility. However, there is no information
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about how the temporal interaction between drugs may
further modify the risk. We did not observe anyway in our
cohort a higher risk among those patients who were ex-
posed to more treatments. Another explanation would
consider the possibility that MS patients, similarly to what
has been hypothesized in other immune mediated dis-
eases, may have a higher intrinsic susceptibility to cancer
if exposed to immune modifying drugs [21]. This hypoth-
esis is not supported by our findings showing that MS in-
dividuals who have been treated with drugs different from
IS, like beta interferon or glatiramer, did not show risk of
developing cancer differently from that observed in the
general population [22]. Another important methodo-
logical aspect needs to be highlighted. In our cohort of
patients, we observed a higher age at treatment initiation
among those people who were never treated with IS ther-
apy. This should not appear surprising considering that
immune suppression was the only available therapy for
more aggressive cases until the availability of natalizumab.
For this reason, in patients with a less aggressive disease
course, there could be a longer latency from MS onset to
treatment start particularly if we consider the possible ef-
fect on this phenomenon of the diagnostic criteria used at
that time and also, for a possible different disposition to
treat patients with a disease course considered less aggres-
sive. Nevertheless, as shown in Table 3, the Cox model
that included also age at treatment start (IS or other
drugs) as a covariate, led an even higher HR for the associ-
ation between IS and cancer risk. The observation that we
did not show an association between the exposures to
drugs like beta interferon or glatiramer, and cancer risk, is
of particular interest. The necessity to balance between
the need for a high impact drug with a possible long last-
ing effect on MS disease curse, and the consequent
acceptance of reasonable risks in terms of safety, is in fact
one of the most challenging aspects for neurologists tak-
ing care of people with MS. New drugs recently intro-
duced or those that are going to be released for MS
treatment act on specific pathways of immune system.
These new mechanisms of action lack of the knowledge
about long term effects. This study in our opinion
strengthen the need to implement surveillance programs
to improve our understanding of long term side effects
and safety profile of drugs already in use and of new drugs
which are going to be approved to treat MS. This would
be particularly helpful for not common events that may
occur after a long latency from the exposure.

Conclusion
Our study showed a higher cancer risk in MS patients as-
sociated to previous IS exposure but not the disease itself.
Even though not all the drugs we considered were associ-
ated to increased cancer risk, the present study indicate
the need for careful selection of MS patients requiring
therapies whose efficacies are balanced by potential harm-
ful effects, and a stringent follow-up of those patients
treated with IS. Despite the increasing amount of thera-
peutic possibilities to cure MS, patients still exist, who do
not respond to available drugs and experience an unfavor-
able disease course, rapidly accumulating disability, or
patients who have lack of tolerance and need therefore a
therapeutic alternative. In all of these patients, a strict
long-term follow-up must be planned to avoid life threat-
ening conditions.

Abbreviations
AZA: Azathioprine; CI: Confidence intervals; CP: Cyclophosphamide;
DMT: Disease modifying treatments; HR: Hazard ratio; IS: Immunosuppressant
drugs; LVEF: Left ventricular ejection fraction; MS: Multiple sclerosis;
MX: Mitoxantrone; RR: Relative risk; SIR: Standardized incidence ratio

Acknowledgements
Not applicable.

Funding
The present study was not supported by any funding.

Availability of data and materials
The datasets used and/or analyzed during the current study available from
the corresponding author on reasonable request.

Authors’ contributions
PR, GSal, and GSav planned the study, revised the database contributed to
the analyses, discussed the results, drafted and revised the manuscript. VLR,
MLR, SR, SA, contributed to selection of patients, building up of the database
and retrieving all necessary information, revising the manuscript. PA, GV,
MAM, and MDA contributed to revising the database, performing analyses,
discussing the results, revising the manuscript. All authors read and
approved the final manuscript.

Ethics approval and consent to participate
The local ethical committee of our University Hospital approved the study and
a consensus was asked to each patient to be treated with the considered drugs
and to be included in our clinical database.

Consent for publication
Not applicable.

Competing interests
The authors report no competing interest with respect to this study.
Authors potential conflict of interest are as follows:
- Paolo Ragonese received travel expenses or honoraria for consultancy from
Merck Serono, Biogen idec, Novartis, Sanophy Genzyme and Teva
pharmaceuticals.
- Paolo Aridon has nothing to disclose.
- Giulia Vazzoler has nothing to disclose.
- Maria Antonietta Mazzola has nothing to disclose.
- Vincenzina Lo Re has nothing to disclose.
- Marianna Lo Re has nothing to disclose.
- Sabrina Realmuto has nothing to disclose.
- Simona Alessi has nothing to disclose.
- Marco D’Amelio received honoraria for consulting or travel expenses by
Boeringher Ingheleim.
- Giovanni Savettieri received travel expenses or honoraria for consultancy
from Biogen, Teva, and Merck Serono.
- Giuseppe Salemi received travel expenses or honoraria for consultancy
from Biogen, Merck Serono, Novartis and Teva Pharmaceuticals.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



Ragonese et al. BMC Neurology  (2017) 17:155 Page 6 of 6
Received: 9 January 2017 Accepted: 31 July 2017
References
1. Compston ACC, Lassmann H, McDonald I, Miller D, Noseworthy J, Smith K,

et al. McAlpine’s Multiple Sclerosis. fourth ed. Philadelphia: Churchill
Livingstone Elsevier; 2004.

2. Wingerchuk DM, Carter JL. Multiple Sclerosis: Current and Emerging
Disease-Modifying Therapies and Treatment Strategies. Mayo Clinic
Procedings. 2014;89:225–40.

3. Casetta I, Iuliano G, Filippini G. Azathioprine for multiple sclerosis. Cochrane
Database Syst Rev. 2007;4:CD003982.

4. Martinelli Boneschi F, Vacchi L, Rovaris M, Capra R, Comi G. Mitoxantrone for
multiple sclerosis. Cochrane Database Syst Rev. 2013;4:CD002127.

5. The Canadian Cooperative Multiple Sclerosis Study Group. The Canadian
cooperative trial of cyclophosphamide and plasma exchange in progressive
multiple sclerosis. Lancet. 1991;337:441–6.

6. Hauser SL, Dawson DM, Lehrich JR, Lerich JL, Beal MF, Kevy SV, Propper
RD, Mills JA, Weiner HL. Intensive immunosuppression in progressive
multiple sclerosis: a randomized, three-arm study of high-dose
intravenous cyclophosphamide, plasma exchange, and ACTH. N Engl J
Med. 1983;308:173–80.

7. Marriott JJ, Miyasaki JM, Gronseth G, O'Connor PW. Evidence report: the
efficacy and safety of mitoxantrone (Novantrone) in the treatment of
multiple sclerosis: report of the Therapeutics and Technology Assessment
Subcommittee of the American Academy of Neurology. Neurology. 2010;74:
1463–70.

8. Bahmanyar S, Montgomery SM, Hillert J, Ekbom A, Olsson T. Cancer risk
among patients with multiple sclerosis and their parents. Neurology. 2009;
72:1170–7.

9. Kingwell E, Bajdik C, Phillips N, Zhu F, Oger J, Hashimoto S, Tremlett H.
Cancer risk in multiple sclerosis: findings from British Columbia, Canada.
Brain. 2012;135:2973–9.

10. Martinelli V, Cocco E, Capra R, Salemi G, Gallo P, Capobianco M, Pesci I,
Ghezzi A, Pozzilli C, Lugaresi A, Bellantonio P, Amato MP, Grimaldi LM,
Trojano M, Mancardi GL, Bergamaschi R, Gasperini C, Rodegher M, Straffi L,
Ponzio M, Comi G. Italian Mitoxantrone Group. Acute myeloid leukemia in
Italian patients with multiple sclerosis treated with mitoxantrone.
Neurology. 2011;77:1887–95.

11. Stroet A, Hemmelmann C, Starck M, Zettl U, Dörr J, Friedemann P, Flachenecker
P, Fleischer V, Zipp F, Nückel H, Kieseier BC, Ziegler A, Gold R, Chan A. Incidence
of therapy-related acute leukaemia in mitoxantrone-treated multiple sclerosis
patients in Germany. Ther Adv Neurol Disord. 2012;5:75–9.

12. Ragonese P, Aridon P, Salemi G, D’Amelio M, Savettieri G. Answer to: the
possible risk of cancer in multiple sclerosis patients: a controversial issue.
Eur J Neurol. 2011;18:e50. doi:10.1111/j.1468-1331.2010.03304.x.

13. Nielsen NM, Rostgaard K, Rasmussen S, Koch-Henriksen N, Storm HH,
Melbye M, Hjalgrim H. Cancer risk among patients with multiple sclerosis: a
population-based register study. Int J Cancer. 2006;118:979–84.

14. Landgren AM, Landgren O, Gridley G, Dores GM, Linet MS, Morton LM.
Autoimmune disease and subsequent risk of developing alimentary tract
cancers among 4.5 million US male veterans. Cancer. 2011;117:1163–71.

15. Le Bouc R, Zéphir H, Majed B, Vérier A, Marcel M, Vermersch P. No increase
in cancer incidence detected after cyclophosphamide in a French cohort of
patients with progressive multiple sclerosis. Mult Scler. 2012;18:55–63.

16. Erdman S, Poutahidis T. Cancer inflammation and regulatory T cells. Int J
Cancer. 2010;127:768–79.

17. Achiron A, Barak Y, Gail M, Mandel M, Pee D, Ayyagari R, Rotstein Z. Cancer
incidence in multiple sclerosis and effects of immunomodulatory
treatments. Breast Cancer Res Treat. 2005;89:265–70.

18. Lalmohamed A, Bazelier MT, Van Staa TP, Uitdehaag BM, Leufkens HG, De
Boer A, De Vries F. Causes of death in patients with multiple sclerosis and
matched referent subjects: a population-based cohort study. Eur J Neurol.
2012;19:1007–14.

19. Marcus A, Gowen BG, Thompson TW, Iannello A, Ardolino M, Deng W,
Wang L, Shifrin N, Raulet DH. Recognition of tumors by the innate immune
system and natural killer cells. Adv Immunol. 2014;122:91–128.

20. Gale RP, Opelz G. Commentary: does immune suppression increase risk of
developing acute myeloid leukemia? Leukemia. 2012;26:422–3.
21. Marrie RA, Cohen J, Stuve O, Trojano M, Sørensen PS, Reingold S, Cutter G,
Reider N. A systematic review of the incidence and prevalence of
comorbidity in multiple sclerosis: Overview. Mult Scler J. 2015;3:294–304.

22. Kingwell E, Evans C, Zhu F, Oger J, Hashimoto S, Tremlett H. Assessment of
cancer risk with β-interferon treatment for multiple sclerosis. J Neurol
Neurosurg Psychiatr. 2014;85:1096–102.
•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

http://dx.doi.org/10.1111/j.1468-1331.2010.03304.x

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Cohort design
	Treatments
	Statistical analyses

	Results
	Discussion
	Conclusion
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	References

