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Abstract

The risk of cancer associated with persons with multiple sclerosis (pwMS) prescribed with disease modifying therapies
(DMTs) is not well established. This observational, cross-sectional, pharmacovigilance cohort study examined individual
case safety reports from the World Health Organization database: VigiBase®. All consecutive reports of DMTs prescribed
to pwMS (alemtuzumab, dimethyl fumarate, fingolimod, glatiramer acetate, interferon-f, natalizumab, ocrelizumab, and
teriflunomide), and their serious adverse event cases were eligible, excluding those reporting immunosuppressant DMTs
used as anticancer therapies. The primary outcome was the multivariate odds ratio of cancer reporting (r-OR) for DMTs
prescribed to pwMS after imputation of missing data. There were 5966 cancer cases from 240,993 reports of DMTs pre-
scribed to pwMS. After adjustments on age, sex, and geographical region, natalizumab (r-OR 1.74, 95% CI 1.63-1.87),
interferon-f (r-OR 1.39, 95% CI 1.30-1.49), dimethyl fumarate (r-OR 1.35, 95% CI 1.25-1.46), and fingolimod (r-OR 1.15,
95% CI 1.06-1.24) were significantly associated with a greater cancer reporting, whereas alemtuzumab, glatiramer acetate,
ocrelizumab, and teriflunomide were not, in the disproportionality analysis. As exploratory analyses, upper aerodigestive
tract, breast, urinary including the male genitourinary tract, and nervous system cancers were associated with natalizumab,
interferon-f, and dimethyl fumarate. Fingolimod was only associated with skin cancer types. Cancer cases reporting these
four DMTs prescribed to pwMS were younger in age than for non-pwMS drugs in the VigiBase® (p <0.0001). A close and
regular cancer screening in pwMS treated with natalizumab, interferon-f, dimethyl fumarate, and fingolimod may be war-
ranted, even for persons at a younger age.

Trial Registration NCT04237337

Introduction

In the last 20 years, the therapeutic armamentarium for
multiple sclerosis (MS) has drastically improved. Since the
first approved disease-modifying therapies (DMTs) in the
mid-1990s (including interferon-f} and glatiramer acetate as
immunomodulators), many new drugs, particularly immuno-
suppressants, entered the market as first-line (teriflunomide
and dimethyl fumarate) or second-line therapies (natali-
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zumab, fingolimod, ocrelizumab, and alemtuzumab [1].
Not all DMTs prescribed for persons with MS (pwMS)
are specific of this condition. These non-specific drugs
include azathioprine, cladribine, cyclophosphamide,
mitoxantrone, mycophenolate mofetil, and rituximab,
whereas specific DMTs prescribed to pwMS include alem-
tuzumab, dimethyl fumarate, fingolimod, glatiramer acetate,
interferon-p, natalizumab, ocrelizumab, and teriflunomide.
Specific DMTs are those without any anticancer indication.
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DMTs have effects on the immune system, such as block-
ade of activation and/or significant depletion of T- and
B-cell lines, and improve the control of inflammatory and
immune-mediated diseases [2]. Intense immunomodulation
combined with an inflammatory background, however, has
been suggested to favor tumor growth and increase the risk
of cancer [2, 3].

Cancer incidence in pwMS, irrespective of DMTs, was
largely investigated through hospital and population regis-
tries, case-controls, and prospective studies. Some studies
found a reduced or equivalent overall incidence of cancer
compared to general population samples [4-7]. Moreover,
an increased incidence was observed for specific types of
cancer including breast, digestive system, skin, respiratory
and genitourinary tract cancers, and lymphoma [4-10].

The role of DMTs in cancer development for pwMS
remains unclear. Studies reported that interferon-f and glati-
ramer acetate were not associated with an increased over-
all risk of cancer [11-13]. Other studies found glatiramer
acetate associated with a non-significant increase of breast
cancer in female pwMS, and interferon-f was associated
with a non-significant increase of non-breast-related can-
cers [14]. Furthermore, several DMTs that are not specifi-
cally prescribed to pwMS (azathioprine, cyclophosphamide)
increased the overall risk of cancer [11]. These studies, how-
ever, have not addressed the potential association between
cancer and recently marketed DMTs such as alemtuzumab
and ocrelizumab. The objective of this study was to evalu-
ate the association between cancer and specific DMTSs pre-
scribed to pwMS using a disproportionality analysis with
the World Health Organization (WHO) pharmacovigilance
database, VigiBase®.

Methods

The STROBE (Strengthening the Reporting of Observational
studies in Epidemiology) statement was used to report the
cohort study [15]. The study protocol was prospectively reg-
istered on https://www.ClinicalTrials.gov, NCT04237337.

Study Design

An international retrospective pharmacovigilance dispro-
portionality analysis was performed in the WHO pharma-
covigilance database, VigiBase®, from 1 January 2000 to

1 September 2019.

DMTs Prescribed to the pwMS Cohort

Serious individual case safety reports (ICSRs) were eligible
if they reported at least one DMT that was prescribed to
pwMS, to limit the indication bias (referred to as the DMTs

@ Springer

prescribed to pwMS cohort). DMTs had to be labelled by
either the Food and Drug Administration or the European
Medicines Agency and could not have an additional indica-
tion for treatment of cancer (exclusion of DMTs that are
non pwMS prescribed). Alemtuzumab, dimethyl fumarate,
fingolimod, glatiramer acetate, interferon-f, natalizumab,
ocrelizumab, and teriflunomide were eligible, whereas aza-
thioprine, cladribine, cyclophosphamide, mitoxantrone,
mycophenolate mofetil, and rituximab were not eligible
(including prior use of these treatments). Drugs with indi-
cations for other inflammatory diseases were considered
(e.g. natalizumab and Crohn’s disease) as the indication bias
only affected malignancies in our setting. We only included
reports on serious adverse events (SAEs) and excluded
reports concurrently reporting of DMTs that were non-
pwMS-prescribed, anticancer drugs or non-SAE:s.

Variables

Exposure variables were DMTSs prescribed to pwMS iden-
tified with their international non-proprietary name in the
reports. Potential confounders were age, sex and geographi-
cal region. Outcome variables were cancers identified with
the Medical Dictionary for Regulatory activities (MedDRA)
terms and Standardized Queries (Supplementary Methods
for details). The delay from drug initiation to the time to
cancer onset and death reporting were also collected.

Data Sources

The VigiBase® database was used to conduct this study
and details are available in the Supplementary Methods.
VigiBase® characterizes adverse drug reactions (ADRSs)
related to cancer therapies and to detect potential associa-
tions between non-cancer treatment and the development of
cancer [16—18]. The extract case level database was used to
allow for multiple adjustments on concomitant medications,
demographic parameters, and missing data imputation (Sup-
plementary Methods for details).

Quantitative Variables

Age was defined as an ordered categorical variable
(“<45 years old (yo)”, “45-64 yo”, “65-74 yo”, “>75 yo”),
and time to cancer onset was defined as a continuous vari-
able, expressed in months.

Objectives

The primary objective was to evaluate the association
between DMTs prescribed to pwMS and cancer report-
ings in the cohort. Secondary objectives included evaluat-
ing the changes of the reporting signal of DMTs prescribed
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to pwMS and cancer reporting over time, age at diagnosis
comparison of cancer cases according to DMTs prescribed
to pwMS versus all other cancer cases in the VigiBase®,
subgroup analyses according to cancer types for DMTs pre-
scribed to pwMS significantly associated with cancer report-
ing, and a descriptive analysis of cancer cases reported with
DMTs prescribed to pwMS significantly associated with
cancer reporting.

Statistical Methods

Disproportionality analysis was used to assess the effect
of DMTs prescribed to pwMS on cancer reporting. Details
to this methodology have been described elsewhere [16,
17, 19, 20]. This method is the reference to assess the
association between a drug and an adverse event (AE) in
pharmacovigilance databases. Disproportionality analysis
compares the proportion of reporting of a specific AE with
a suspected drug to an expected proportion assuming the
AE with this drug is independently reported. The reporting
odds ratio (r-OR) was used to quantify the association. The
r-OR was estimated with univariate and multivariate logis-
tic regression models for dichotomous outcomes and with
polytomous regression models for categorical outcomes
(comparison of age distribution among cancer cases). There
was no variable selection, and potential confounders were
included in the model based on a priori knowledge (age,
sex, and world region). The 95% confidence interval (CI)
of the depending variable r-OR was estimated, and p <0.05
was the threshold for significance. For DMTs prescribed to
pwMS associated with an over-reporting of cancer, second-
ary and exploratory analyses according to cancer types were
performed.

Missing data on age and sex were associated with sev-
eral parameters including administrative variables, DMTs
prescribed to pwMS, cancer types (Supplementary Meth-
ods for details), and therefore the Missing Completely at
Random hypothesis was rejected. Since missing data on
age affected more than 5% of the reports, we imputed the
missing data with multiple imputations by chained equa-
tion algorithms, using 20 imputed datasets (Supplementary
Methods for details). Estimates were combined according to
Rubin’s rule [21, 22]. Missing data reporting complied with
the Guidelines for reporting analysis potentially affected by
missing data [23].

Sensitivity analyses for the primary outcome included
(i) a restriction of the window period from 2014 to 2019
(to obtain a shorter window period to further improve the
comparability between the drugs and limit older treat-
ment bias), (ii) an exclusion of geographical regions in
Africa, South-East Asia, and the Eastern Mediterranean
region (because MS is mostly affecting patients in the
US, European, and Asian regions), (iii) non-imputed

datasets analyses, (iv) a consolidated period from 2000
to 2017 (to ascertain cases from individual countries were
exhaustively registered in VigiBase®), (v) a comparison
against all reports in the database (no restriction to DMT
related-reports), and (vi) a post-hoc analysis including
non-serious AE reports. Statistical analyses were per-
formed with R, Version 3.5.3 for Windows (R Founda-
tion for Statistical Computing, Vienna, Austria), and R
package “mice” [24].

Role of the Funding Source

There was no funding source dedicated to this study. The
study was supported by the Caen Normandy University Hos-
pital (CHU Caen Normandie) and the Normandy University
(Université de Caen Normandie) in France. The correspond-
ing author had full access to all data in the study and had
the responsibility for the decision to submit for publication.

Results
DMTs Prescribed to the pwMS Cohort

Of 20,471,248 reports in the VigiBase®, we identified
240,993 reports related to DMTs prescribed to pwMS and
reporting of SAEs, which formed the DMTs prescribed to
pwMS cohort (Fig. 1). Interferon-p was reported in 44%
of the reports, natalizumab in 15%, fingolimod in 15%,
dimethyl fumarate in 10%, glatiramer in 10%, terifluno-
mide in 5%, alemtuzumab in 3%, and ocrelizumab in 1%.
Some reports had more than one DMT prescribed to pwMS
(31,845, 13%). In the DMTs prescribed to the pwMS
cohort, missing data affected age in 32% (N=78,179) and
sex in 2% (N=5516). Missing data imputation details are
provided in the Supplementary Data. After imputation,
patients were mostly female (77%) and aged 45 or older
(61%) (Supplementary Table 1 for additional details on
baseline characteristics distribution according to missing
data).

Association Between Cancer and DMTs Prescribed
to pwMS

There were 15,966 cancer cases in the cohort of DMTs pre-
scribed to pwMS. In the univariate analysis, dimethyl fumarate,
interferon-f, and natalizumab were significantly associated with
cancer reporting (Supplementary Table 2). After adjustment
on age, sex and geographical region, natalizumab (r-OR 1.74,
95% CI 1.63-1.87; p<0.0001), interferon-f (r--OR 1.39, 95%
CI 1.30-1.49; p <0.0001), dimethyl fumarate (r-OR 1.35, 95%
CI 1.25-1.46; p<0.0001), and fingolimod (r-OR 1.15, 95%
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20,471,248 reports in the Vigibase
database

328,116 reports related to
disease modifying therapies
(DMTs) indicated both in
multiple sclerosis (MS) and
cancer

19,794,492 reports not related
to DMTs

676,756 DMTs prescribed to persons with
MS (pwMS) reports

431,622 reports not related to
serious adverse events

4,141 reports concurrently
reporting anticancer drugs

240,993 reports in DMTs prescribed to

pwMS cohort
15,966 cancer 225,027 non-
cases cancer reports

Fig. 1 Flowchart of the reports selection (DMT, disease-modifying
therapy; MS, multiple sclerosis. DMTs prescribed to persons with
MS (pwMS) were alemtuzumab, dimethyl fumarate, fingolimod,
glatiramer acetate, interferon-f, natalizumab, ocrelizumab, and terif-
lunomide)

CI 1.06-1.24; p<0.0001) were significantly associated with
cancer reporting, whereas glatiramer acetate, ocrelizumab,
alemtuzumab, and teriflunomide were not associated (Fig. 2).

Fig.2 Disproportionality Disease modifying

Changes in the adjusted r-ORs over time showed a con-
stantly increasing signal for natalizumab, a constant signal
for interferon-f, and a varying pattern for fingolimod and
dimethyl fumarate (Supplementary Fig. 1). Exploratory
analyses according to cancer type for DMTs prescribed
to pwMS significantly associated with cancer showed that
upper aerodigestive tract, breast, urinary including the male
genitourinary tract, and nervous system cancers were asso-
ciated with natalizumab, interferon-p and dimethyl fuma-
rate. Fingolimod was only associated with skin cancer types
(Supplementary Table 3). Natalizumab was also associated
with hematologic malignancies. Sensitivity analyses are
shown in Supplementary Table 2. Inclusion of non-SAE in
the analysis resulted in natalizumab associated with cancer,
whereas other DMTs were not.

Description of Cancer Cases for DMTs Prescribed
to pwMS Significantly Associated with Cancer

Characteristics of cancer cases for the four DMTs pre-
scribed to pwMS associated with cancer are shown in
Table 1. Natalizumab, interferon-f, dimethyl fumarate, and
fingolimod accounted for 14,211 cancer cases, of whom
79% were female and 74% were aged 45 or older. Cancer
cases associated with natalizumab, interferon-f, dimethyl
fumarate, and fingolimod were significantly younger than
all the other cancer cases in VigiBase® (p <0.0001 for all
four drugs). Time to cancer onset was significantly different
among DMTs associated with cancer (p <0.0001). Time to
cancer onset was significantly shorter for natalizamab versus
fingolimod and interferon-f cases (p <0.0001 for both), and
not different for dimethyl fumarate cases (p =0.07). Time to
cancer onset was significantly longer for interferon-§ versus
natalizumab, dimethyl fumarate and fingolimod (p < 0.0001
for all) (Table 1). The highest proportions of death in cancer
cases were found for interferon-p and natalizumab (12.7%

analysis for the association of therapy (DMT)
disease-modifying therapies Alemt b 7 555
(DMTs) prescribed to persons emiuzuma ’
with multiple scl§r051s (pwMS) Dimethyl fumarate 25.264
and cancer reporting (CI, confi-
dence interval; r-OR, reporting Fingolimod 35,678
odds ratio. Adjustment vari-
ables: age, sex, and geographi- Glatiramer acetate 23,611
cal region)
Interferon beta 106,572
Natalizumab 37,194
Ocrelizumab 3,548
Teriflunomide 11,575
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Cancer Adjusted r-OR
cases (95%Cl)

329 0.87 (0.77-0.99)
1,801 1.35 (1.25-1.46)
2,003 1.15 (1.06-1.24)
1,170 0.93 (0.85-1.01)
7,744 1.39 (1.30-1.49)
3,248 1.74 (1.63-1.87)

172 0.93 (0.79-1.10)

384 - 0.59 (0.52-0.66)

0.5
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Table 1 Characteristics of cancer cases for persons with multiple sclerosis (pwMS) prescribed with disease-modifying therapies (DMTs) in the
VigiBase® database among serious reports

Dimethyl fumarate

Fingolimod

Interferon-f

Natalizumab

Number of cancer cases
Report source

1.801

2.003

7.744

3.248

Spontaneous 813 (45.1%) [1.801] 1.216 (61%) [1.993] 4.962 (65.1%) [7.617] 1.839 (57.5%) [3.201]

From study 933 (51.8%) [1.801] 754 (37.8%) [1.993] 2.598 (34.1%) [7.617] 1.330 (41.5%) [3.201]

Other 55(3.1%) [1.801] 23 (1.2%) [1.993] 57 (0.7%) [7.617] 32 (1%) [3.201]

Age (%)

<45 years 26.8% 38.8% 21.9% 28.9%

45-64 years 58.4% 56.2% 63.7% 59.0%

65-74 years 13.1% 4.6% 12.7% 11.2%

> 75 years 1.7% 0.4% 1.7% 0.9%

Female (%)’ 76.9% 78.1% 80.1% 76.5%

Drug dosing (IQR) [avail- 240 mg/day (240-240) 0.5 mg/day (0.5-0.5) [1.150] 30 pg/week (30-30) [4.024] 300 mg/months
ability] [1.291] (300-300) [1.705]

Time to cancer onset in
months, median (IQR)
[availability]

Death (%) 5.9 3.7

13 (5-22) [136]

24 (12-45) [452]

54 (22-100) [1.565] 19 (8-34) [588]

12.7 10.4

IQR interquartile range

'Data extracted after multiple imputation, hence it is not possible to provide exact numbers of cases for age and sex in addition to percentages

and 10.4%, respectively), whereas dimethyl fumarate and
fingolimod had the lowest fatality reporting rates (5.9 and
3.7%, respectively) (Table 1). The proportion of deaths in
cancer cases associated with natalizumab, interferon-f,
dimethyl fumarate, and fingolimod was significantly lower
than in all other cancer cases in the VigiBase® (25.5% of
350,347 cancer cases, p <0.0001 for all).

Discussion

Natalizumab, interferon-f, dimethyl fumarate, and fingoli-
mod were significantly associated with cancer reporting for
pwMS, with some cancer types prominently represented than
others. In addition, cancer cases associated with patients pre-
scribed with these DMTs were younger at diagnosis than
other cancer cases in VigiBase®. We reported the most
extensive cohort of cancer cases associated with DMTs pre-
scribed to pwMS, in a worldwide database and evaluated
the cancer safety signal for a large panel of such DMTs,
including recently approved ones in the treatment for MS
patients. The younger age in cancer cases associated with
DMTs prescribed to pwMS as compared to other cancer
cases in VigiBase® reinforces a potential role of DMTs. This
younger age is unlikely to reflect an increased risk of MS
itself and immune dysregulation, as studies showed an aver-
age or reduced incidence of cancer in pwMS, as compared

to the general population [4—7]. Proportion of cancer cases
resulting in death among those associated with DMTs was
significantly lower compared to all other cancer cases in
VigiBase®. This might translate a low aggressivity of these
cancers and/or an early diagnosis from surveillance bias.

Cancer incidence in pwMS, irrespective of DMTs, was
not different to that of the general population in retrospec-
tive populational studies [6, 7, 25], and sometime reduced
[4-6]. Reported differences in the incidence of some cancers
in pwMS might reflect ascertainment differences rather than
true differences [25].

Previous studies which identified cancer cases following
natalizumab exposure had a limited number (fewer than 20)
of cancer cases. The AFFIRM phase III trial of natalizumab
found five cancer cases in the natalizumab arm (627 patients)
compared to one in the placebo arm (315 patients) over a
2-year follow-up [26]. A Swedish national population regis-
try and a retrospective study of cancer cases of pwMS found
no increased risk of cancer with natalizamab; however, only
17 cancer cases were detected in this group [11, 27]. Our
study had more than 3000 cancer cases following natali-
zumab exposure. We found that the safety signal was con-
stantly increasing over time, thus reducing the likeliness of
being affected by the Weber effect (peak of notification early
after drug authorization). Also, the time to cancer onset was
among the shortest in our descriptive analysis.

The association between interferon-f§ and cancer is
unclear. Our results suggest that interferon-f could be
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associated with cancer. A trend toward a higher overall risk
of cancer was suspected in a longitudinal censored-data
analysis, particularly showing a potential risk of breast can-
cer with interferon-p [14]. This significance was not rep-
licated in retrospective studies [11, 12]. Nonetheless, we
found that the time to cancer onset with interferon-p was
the longest among DMTs. This may show that studies with
mid-term follow-up or spontaneous non-systematic assess-
ment of cancer incidence might be misleading in addressing
this association, since it was found that a longer exposure
duration to DMTs and use of multiple DMTs could increase
the risk of cancer [28].

Our study is the first to assess the link between dimethyl
fumarate and cancer to date. This association, although limited,
constantly increased over time. Immunosuppressant DMTs are
suspected to increase the risk of cancer by attenuating anti-
tumour immune responses leading to tumour growth. This
could explain an increased risk of cancer with azathioprine,
cyclophosphamide, and mitoxantrone in pwMS [28]. Further-
more, this study showed that four DMTs prescribed to pwMS
were associated with various cancer types, the most noticeable
being the nervous system and gynecologic and genito-urinary
tract cancers. Natalizumab may have also been associated with
hematologic malignancies. The risk of nervous system cancers
in pwMS may be attributable to a surveillance bias [4]. The
surveillance bias could also affect several other cancer types
because pwMS are more likely to pass medical examinations,
for example when developing ADRs other than cancer, which
could lead to an unexpected diagnosis of latent malignancies.
The likeliness of developing gynecologic and hematologic
malignancies as compared to other cancers may reflect the
demographic characteristics of pwMS (age), since MS is more
likely to occur in young women. Fingolimod was only associ-
ated with skin cancer types and is consistent with the low pro-
portion of cases resulting in death in our findings and with the
attention engendered in the pivotal trials for an increased risk
of skin cancer and suggested dermatological examination. This
is further consistent with fingolimod only being associated with
an increased but limited risk of cancer in a recent propensity
matched cohort [27].

In literature, glatiramer acetate, alemtuzumab, ocreli-
zumab, and teriflunomide were never associated with a risk
of cancer and we did not find evidence to support an associa-
tion either [11]. This absence of association supports our own
setting for detection of association between DMTs and can-
cer. The relatively recent commercialization and marketing
of alemtuzumab and ocrelizumab compared to non-pwMS
prescribed DMTs may explain the absence of association
since cancer development takes time and can be detected
several years after treatment initiation. It might also explain
that safety issues relying on case reports of thyroid cancer,
melanoma, and lymphoproliferative disorders notified in the
FDA label of alemtuzumab were not replicated in our study.
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Furthermore, additional properties of DMTs could negatively
influence the development of cancer. For example, terifluno-
mide was suspected to downregulate anti-apoptotic proteins
and growth factor receptors in cancer cells, interrupt cancer
cell survival signalling, induce cancer cell death, abolish can-
cer stem cells, and disrupt cancer cell mitochondrial function
[2]. Although the disproportionality analysis cannot support
a protective role of teriflunomide on the development of
cancer, it could be an interesting anticancer drug, especially
since it shows efficacy at lower doses compared to other
drugs that inhibit DNA synthesis (such as methotrexate) [2].

Study Limitations

Studies using pharmacovigilance databases are disadvantaged
by underreporting bias, halo bias, lack of clinical information,
and sales volumes of drugs. In this study, this was taken into
consideration by using the disproportionality analysis which is
unaffected by underreporting bias [19]. There were, however,
other limitations to the study. We could not access cancer risk
factors and could not ensure the exclusion of other non-drug
aetiologies, or the prior use of a chemotherapy in some cases
(incomplete data), or other treatment history. The likeliness of
receiving a DMT reflects the disease activity which may itself
interfere with the risk of cancer (indication bias). The case/non-
case design of our analyses cannot provide evidence of a causal
relationship between DMTs prescribed to pwMS identified and
cancer development. In addition, since we chose to restrict the
analysis to a DMTs prescribed to the pwMS cohort, we could
not assess positive and negative controls. ADRs are more likely
to be notified shortly after post marketing and several drugs with
distant marketing dates may be difficult to compare on a deter-
mined window period [19]. To address this issue, we investigated
the changes of the r-ORs over time (secondary outcome) and
restricted the setting of our study to reports from January 2000.
The putative causal pathway of developing cancer for pwMS
treated with DMTs is highly affected in the case of a prior history
of cancer. Therefore, we chose to exclude reports of an anticancer
drug as a proxy to a history of cancer. Non-SAEs and SAEs may
not have had the same probability of being reported, and data
completeness may be different, thus altering multivariate analy-
ses and leading to apparent discordances. Since cancer is almost
always reported as a serious condition according to the phar-
macovigilance criteria (Supplementary Methods), we excluded
non-serious reports to reduce the notification bias. The incidence
of SAEs cannot be assessed in pharmacovigilance database,
because the denominator (the total number of pwMS treated
with DMTs) is not available. However, the incidence of several
cancer types had already been assessed in pwMS registries [28].
In conclusion, natalizumab, interferon-f, dimethyl fuma-
rate, and fingolimod were associated with a significantly
greater reporting of cancer compared to other DMTs pre-
scribed to pwMS. Cancer was found to occur in younger



Association Between Disease-Modifying Therapies Prescribed to Persons with Multiple Sclerosis...

1663

pwMS and several years after the treatment initiation. Pro-
spective registries for pwMS with systematic assessment of
cancer diagnosis are needed to deliver further evidence in
the future. In addition to the recommendations already set
for the general population, the increase of cancer develop-
ment in younger pwMS may advocate for regular systematic
cancer screening (especially for immunosuppressors) and
the need for clinical recommendations based on frequency
and monitoring for this screening type. Longitudinal popu-
lational studies focusing attention on DMTs, especially the
newer, are needed to replicate these findings.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s13311-021-01073-y.
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