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Introduction
Multiple sclerosis (MS) is an inflammatory, 
autoimmune disease of central nervous 
system  (CNS) that affects youth all over 
the world.[1] The most common form of 
the disease is relapsing‑remitting  (RR) that 
accounts for nearly 85% of all MS types.[2] 
Interferon‑beta and glatiramer acetate are 
the first disease‑modifying therapies for 
patients with MS while their effectiveness 
is not high.[3] Natalizumab is a monoclonal 
antibody, an a4‑integrin antagonist, is 
a disease‑modifying therapy  (DMT) 
which is administered in subjects with 
MS.[4] Natalizumab prevents migration 
of lymphocytes across the blood–brain 
barrier.[4] It is widely used for treating 
RR form of MS disease.[5,6] Its safety and 
efficacy profile is acceptable while concern 
regarding developing progressive multifocal 
leukoencephalopathy  (PML) raises during 
treatment with this medication.[7]

Subjects with MS have higher rate of 
mortality compared with their age‑  and 
sex‑matched controls due to secondary 
complications of MS.[8,9] Infectious, 
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respiratory, and cardiovascular diseases as 
well as malignancies are the most frequent 
leading causes of death in individuals with 
MS.[10,11]

Smoking, vitamin D deficiency, and 
genetics are among common etiological 
factors between cancers and MS.[12]

Previous studies reported different rates 
of cancer in MS patients who are under 
treatment with various medications such as 
Natalizumab.

So, we designed this systematic review 
and meta‑analysis to estimate the pooled 
prevalence of cancer in MS patients who 
received Natalizumab.

Methods
The protocol of this systematic review was 
approved in Tehran University of medical 
sciences (IR.TUMS.NI.REC.1400.053).

The search terms were:

We systematically and comprehensively 
searched PubMed, Scopus, EMBASE, 
Web of Science, google scholar, and gray 
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literature including references of the included studies that 
were published before October 2021.

(“Disseminated Sclerosis” OR “multiple sclerosis” OR 
“MS” OR “Acute Fulminating”) AND  (“Cancer” OR 
“Neoplasia*” OR “Neoplasm*” OR “Tumor*” OR 
“Malignancy” OR “Benign Neoplasm” OR “Malignant 
neoplasm”) AND  (“Tysabri” OR “Antegren” OR 
“natalizumab” OR “Modifying Therapy”).

We included studies if their design was cohort and providing 
information regarding the number of included patients who 
were treated with Natalizumab and incident number of cancer 
and also studies which were published in English language.

We excluded studies which were case‑control, 
cross‑sectional studies, and case reports.

Data extraction

Two researchers extracted data regarding the total number of 
patients, first author name, publication year, country of origin, 
and number of patients with cancer from the included studies.

If discrepancies were found, the third one reviewed the forms.

Risk of bias assessment

We assessed the potential risk of bias in included studies 
was evaluated using the Hoy assessment scale.[13]

Statistical analysis

We conducted statistical analyses were performed using STATA 
(Version  13.0; Stata Corp LP, College Station, TX, USA). 
We used the inverse variance with random effects model. To 
determine heterogeneity, Inconsistency (I2) was calculated.

Results
We found 1,993 articles by literature search, and after 
deleting duplicates 1,573 remained. Eight articles remained 
for metaanalysis [Figure 1].

Eight articles were included. The basic characteristics of 
the included studies [Table 1].

The pooled prevalence of cancer in patients who 
received Natalizumab was 2%  (95%CI: 1–3%; I2:99.4%, 
P < 0.001) [Figure 2].

The pooled prevalence of basal cell carcinoma in 
patients with cancer was 12%  (95%CI: 5–20%; I2:50.3%, 
P = 0.13) [Figure 3].

The quality assessment of included studies are reported in 
Table 2.

Discussion
To the best of our knowledge, this is the first study 

Identification of studies via databases and registers

Records identified from*:
Databases (n = 1993)

PubMed (n = 72)
Embase (n = 187)

Web of Sci (n = 480)
Scopus (n = 1253)
PreQuest (n = 1)

Records removed before screening:
Duplicate records removed  (n = 288)
Records removed for other reasons

(n = 168)

Records screened
(n = 1537)

Records excluded**
(n = 1516)

Reports sought for retrieval
(n = 21)

Reports not retrieved
(n = 0)

Reports assessed for eligibility
(n = 21)

Reports excluded:
Unclear definition (n = 3)

Lack data and not to report relevant
information (n = 10)

Studies included in review
(n = 8)

Reports of included studies
(n = 8)
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Figure 1: Flow diagram summarizing the selection of eligible studies
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evaluating the pooled prevalence of cancer in MS cases 
who received natalizumab. The results show that the pooled 
prevalence is 2% ranging from 0 to 5%. This finding could 
show that cancers should be evaluated in subjects with 
MS who receive Natalizumab. As it was mentioned in the 
introduction, MS is not a fatal disease and most cases die 
due to complications such as infections, respiratory diseases, 
and cancers.[10,11]

Recent innovation by disease modifying therapies 
such as Natalizumab has lead to better clinical 
progress, and quality of life improvement.[14] Better 
antiinflammatory responses and neuroprotective effects 
are advantages of Natalizumab treatment,[14] but 
hepatotoxicity, allergic reactions, progressive multifocal 
leukoencephalopathy  (PML) development, and a higher 
risk of infection are among disadvantages of Natalizumab 
treatment.[15]

Previous studies showed risk of developing cancer in 
subjects who received Natalizumab is not higher.[4,16]

Basal cell carcinoma was reported by most studies and its 
pooled prevalence was12%.

In general population, breast, colorectal, prostate, lung, 
and stomach cancers are the most frequent neoplasm, and 
breast, cervical, and thyroid are the most common cancers 
in women.[17] In MS cases, the most incident cancers 
reported as breast, and digestive cancers.[12]

Foley et  al.[18] enrolled 6,634 MS patients who received 
natalizumab and reported malignant incidence as 449.0 per 
100,000  patient‑years. The most prevalent cancers among 
women and men in their study were breast and colon 
cancers, respectively.

In another large safety study, Stamatellos et  al.[19] enrolled 
56,767 MS patients who were under treatment with 
natalizumab and reported cancer in 2.3%.

In another study, Polman et al.[20] included 627 MS cases who 
were treated by natalizumab and found malignancies in 5.

Natalizumab is effective in patients with RR type of 
the disease while has multifocal leukoencephalopathy 
(PML) as its complication.[6] PML is life threatening, so 
monitoring of JCV antibody status is necessary for patients 
who administer this medication.

Natalizumab is a monoclonal antibody which is approved 
for treating RR form of MS which slows down the 
progression of symptoms and decreases the rate of flare 
up.[21] It decreases inflammation by blocking the cross 
of leukocytes from the blood vessel which leads to 
inflammation decrease.[21]

It is shown that natalizumab plays role in rapid 
progression of the CNS diffuse large B‑cell 
lymphomas  (CNSL)[16] and also some modifications in 
pigmented lesions.[22] The incidence of melanoma in 
cases who received natalizumab estimated as 5/100,000 
MS person‑years.[22]

Overall, it seems that administration of natalizumab is not 
related with higher risk of cancer in subjects with MS.

This systematic review has some limitation. First, all 
studies did not report the prevalence of each neoplasm 
separately. Second, the number of included studies was 
limited. Third, there was no exact data regarding the time 
between the availability and affordability of the drug and 
the incidence of cancers.

Conclusions
The main finding of this systematic review and metaanalysis 
is that the pooled prevalence of cancer in subjects who 
suffer from MS and received natalizumab was 2%.
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Figure  2: The pooled prevalence of basal cell carcinoma in cases who 
received Natalizumab

Figure 3: The pooled prevalence of basal cell carcinoma in patients with 
cancer

[Downloaded free from http://www.ijpvmjournal.net on Saturday, September 30, 2023, IP: 176.102.243.141]



Nasirzadeh, et al.: Prevalence of cancer in patients with MS received natalizumab

4 International Journal of Preventive Medicine 2023, 14: 114

Ta
bl

e 
1:

 B
as

ic
 c

ha
ra

ct
er

is
tic

s o
f i

nc
lu

de
d 

st
ud

ie
s

Ta
bl

e 
X

. C
ha

ra
ct

er
is

tic
s o

f i
nc

lu
de

d 
st

ud
ie

s.
A

ut
ho

r
Ye

ar
C

ou
nt

ry
Fe

m
al

e
M

al
e

To
ta

l s
am

pl
e 

M
S

Pa
tie

nt
 c

an
ce

r
U

se
 n

at
al

iz
um

ab
N

T
B

 c
an

ce
r

B
C

C
LT

C
O

C
PC

SC
C

U
N

/N
M

FB
C

B
C

C
C

M
M

C
IN

A
lp

in
g

20
20

Sw
ed

en
52

87
84

9
61

36
20

4
16

70
44

8
17

2
2

15
D

A
m

ic
o

20
19

Ita
ly

79
2

38
8

11
80

36
14

2
0

Fo
le

y
20

19
M

ul
ti‑

co
un

try
47

49
17

59
64

34
13

2
64

34
13

2
10

4
5

7
64

33
9

G
il‑

B
er

na
l

20
21

Sp
ai

n
15

8
92

25
0

66
42

2
2

Le
br

un
20

11
Fr

an
ce

15
22

0
57

73
20

99
3

18
9

82
0

4
4

O
'C

on
no

r
20

14
C

an
ad

a
75

5
33

9
10

94
30

10
94

30
5

25
Po

lm
an

20
06

M
ul

ti‑
co

un
try

66
0

28
2

94
2

6
62

7
5

3
1

1
St

am
at

el
lo

s
20

21
G

re
ec

e
12

90
29

35
52

9
16

45
58

62
59

56
76

7
12

57
12

57
B

C
C

: B
as

al
 c

el
l c

ar
ci

no
m

a;
 L

TC
: l

eu
ke

m
ia

 (v
ar

io
us

 ty
pe

s)
 a

nd
 th

yr
oi

d 
ca

nc
er

s;
 O

C
PC

: O
ra

l c
av

ity
 a

nd
 p

ha
ry

nx
 c

an
ce

rs
; S

C
C

: S
qu

am
ou

s c
el

l c
ar

ci
no

m
a;

 U
N

/N
M

: U
ns

pe
ci

fie
d 

N
eo

pl
as

m
/N

ot
 m

en
tio

ne
d;

 F
B

C
: F

em
al

e 
br

ea
st

 c
an

ce
r; 

B
C

: B
re

as
t c

an
ce

r (
m

al
e 

an
d 

fe
m

al
e)

; C
C

: C
er

vi
ca

l c
an

ce
r; 

M
M

: M
et

as
ta

tic
 m

el
an

om
a;

 C
IN

: C
er

vi
ca

l I
nt

ra
ep

ith
el

ia
l N

eo
pl

as
ia

Ta
bl

e 
2:

 Q
ua

lit
y 

as
se

ss
m

en
t o

f i
nc

lu
de

d 
st

ud
ie

s
Ta

bl
e 

X
. Q

ua
lit

y 
as

se
ss

m
en

t c
he

ck
lis

t f
or

 in
cl

ud
ed

 st
ud

ie
s

A
ut

ho
r

W
as

 th
e 

st
ud

y’
s 

ta
rg

et
 p

op
ul

at
io

n 
a 

cl
os

e r
ep

re
se

nt
at

io
n 

of
 th

e 
na

tio
na

l 
po

pu
la

tio
n 

in
 

re
la

tio
n 

to
 r

el
ev

an
t 

va
ri

ab
le

s, 
e.

g.
, a

ge
, 

se
x,

 o
cc

up
at

io
n?

W
as

 th
e 

sa
m

pl
in

g 
fr

am
e 

a 
tr

ue
 o

r 
cl

os
e 

re
pr

es
en

ta
tio

n 
of

 th
e 

ta
rg

et
 

po
pu

la
tio

n?

W
as

 so
m

e 
fo

rm
 o

f 
ra

nd
om

 
se

le
ct

io
n 

us
ed

 
to

 se
le

ct
 th

e 
sa

m
pl

e,
 O

R
, 

w
as

 a
 c

en
su

s 
un

de
rt

ak
en

?

W
as

 th
e 

lik
el

ih
oo

d 
of

 
no

n‑
re

sp
on

se
 

bi
as

 
m

in
im

al
?

W
er

e 
da

ta
 

co
lle

ct
ed

 
di

re
ct

ly
 

fr
om

 th
e 

su
bj

ec
ts

 (a
s 

op
po

se
d 

to
 

a 
pr

ox
y)

?

W
as

 a
n 

ac
ce

pt
ab

le
 

ca
se

 
de

fin
iti

on
 

us
ed

 in
 

th
e 

st
ud

y?

W
as

 th
e 

st
ud

y 
in

st
ru

m
en

t t
ha

t 
m

ea
su

re
d 

th
e 

pa
ra

m
et

er
 o

f i
nt

er
es

t 
(e

.g
., 

pr
ev

al
en

ce
 o

f 
lo

w
 b

ac
k 

pa
in

) s
ho

w
n 

to
 h

av
e 

re
lia

bi
lit

y 
an

d 
va

lid
ity

 (i
f n

ec
es

sa
ry

)?

W
as

 th
e 

sa
m

e 
m

od
e 

of
 d

at
a 

co
lle

ct
io

n 
us

ed
 

fo
r 

al
l 

su
bj

ec
ts

?

W
er

e 
th

e 
nu

m
er

at
or

 (s
) a

nd
 

de
no

m
in

at
or

 (s
) 

fo
r 

th
e 

pa
ra

m
et

er
 

of
 in

te
re

st
 

ap
pr

op
ri

at
e

Su
m

m
ar

y 
on

 th
e 

ov
er

al
l 

ri
sk

 o
f 

st
ud

y 
bi

as

To
ta

l 
sc

or
e

A
lp

in
g

Lo
w

 ri
sk

Lo
w

 ri
sk

Lo
w

 ri
sk

Lo
w

 ri
sk

Lo
w

 ri
sk

Lo
w

 ri
sk

H
ig

h 
ris

k
Lo

w
 ri

sk
Lo

w
 ri

sk
Lo

w
 ri

sk
1

D
A

m
ic

o
Lo

w
 ri

sk
Lo

w
 ri

sk
Lo

w
 ri

sk
Lo

w
 ri

sk
Lo

w
 ri

sk
Lo

w
 ri

sk
Lo

w
 ri

sk
Lo

w
 ri

sk
Lo

w
 ri

sk
Lo

w
 ri

sk
0

Fo
le

y
Lo

w
 ri

sk
Lo

w
 ri

sk
Lo

w
 ri

sk
H

ig
h 

ris
k

Lo
w

 ri
sk

Lo
w

 ri
sk

H
ig

h 
ris

k
Lo

w
 ri

sk
Lo

w
 ri

sk
Lo

w
 ri

sk
2

G
il‑

B
er

na
l

Lo
w

 ri
sk

Lo
w

 ri
sk

Lo
w

 ri
sk

Lo
w

 ri
sk

Lo
w

 ri
sk

Lo
w

 ri
sk

Lo
w

 ri
sk

Lo
w

 ri
sk

Lo
w

 ri
sk

Lo
w

 ri
sk

0
Le

br
un

Lo
w

 ri
sk

Lo
w

 ri
sk

Lo
w

 ri
sk

Lo
w

 ri
sk

Lo
w

 ri
sk

Lo
w

 ri
sk

Lo
w

 ri
sk

Lo
w

 ri
sk

Lo
w

 ri
sk

Lo
w

 ri
sk

0
O

'C
on

no
r

Lo
w

 ri
sk

Lo
w

 ri
sk

Lo
w

 ri
sk

Lo
w

 ri
sk

Lo
w

 ri
sk

Lo
w

 ri
sk

H
ig

h 
ris

k
Lo

w
 ri

sk
Lo

w
 ri

sk
Lo

w
 ri

sk
1

Po
lm

an
Lo

w
 ri

sk
Lo

w
 ri

sk
Lo

w
 ri

sk
Lo

w
 ri

sk
Lo

w
 ri

sk
Lo

w
 ri

sk
H

ig
h 

ris
k

Lo
w

 ri
sk

Lo
w

 ri
sk

Lo
w

 ri
sk

1
St

am
at

el
lo

s
Lo

w
 ri

sk
Lo

w
 ri

sk
Lo

w
 ri

sk
Lo

w
 ri

sk
Lo

w
 ri

sk
Lo

w
 ri

sk
Lo

w
 ri

sk
Lo

w
 ri

sk
Lo

w
 ri

sk
Lo

w
 ri

sk
0

[Downloaded free from http://www.ijpvmjournal.net on Saturday, September 30, 2023, IP: 176.102.243.141]



Nasirzadeh, et al.: Prevalence of cancer in patients with MS received natalizumab

5International Journal of Preventive Medicine 2023, 14: 114

References
1.	 Ghajarzadeh  M, Jalilian  R, Sahraian  MA, Moghadasi  AN, 

Azimi A, Mohammadifar M, et al. Pain in patients with multiple 
sclerosis. Maedica 2018;13:125.

2.	 Ghajarzadeh M, Azizi S, Moghadasi AN, Sahraian MA, Azimi A, 
Mohammadifar  M, et  al. Validity and reliability of the Persian 
version of the PERception de la Scle’rose En Plaques et de ses 
Pousse’es questionnaire evaluating multiple sclerosis‑related 
quality of life. Int J Prev Med 2016;7:25.

3.	 Piehl  F. A  changing treatment landscape for multiple sclerosis: 
Challenges and opportunities. J Intern Med 2014;275:364‑81.

4.	 Alping  P, Askling  J, Burman  J, Fink  K, Fogdell‑Hahn  A, 
Gunnarsson  M, et  al. Cancer risk for fingolimod, natalizumab, 
and rituximab in multiple sclerosis patients. Ann Neurol 
2020;87:688‑99.

5.	 Rudick RA, Stuart WH, Calabresi PA, Confavreux C, Galetta SL, 
Radue  EW, et  al. Natalizumab plus interferon beta‑1a for 
relapsing multiple sclerosis. N Engl J Med 2006;354:911‑23.

6.	 Azimi  A, Hanaei  S, Sahraian  MA, Mohammadifar  M, 
Ramagopalan  SV, Ghajarzadeh  M. Incidence of seroconversion 
and sero‑reversion in patients with multiple sclerosis  (MS) who 
had been treated with natalizumab: A  systematic review and 
meta‑analysis. J Clin Neurosci 2020;71:129‑34.

7.	 Hanaei  S, Sahraian  MA, Mohammadifar  M, Ramagopalan  SV, 
Ghajarzadeh  M, Ghajarzadeh  M. Prevalence of Anti‑JC virus 
antibody seropositivity in patients with multiple sclerosis: 
A  systematic review and meta‑analysis. Intervirology 
2019;62:169‑73.

8.	 Brønnum‑Hansen  H, Koch‑Henriksen  N, Stenager  E. Trends 
in survival and cause of death in Danish patients with multiple 
sclerosis. Brain 2004;127:844‑50.

9.	 Grytten Torkildsen N, Lie S, Aarseth J, Nyland H, Myhr K. Survival 
and cause of death in multiple sclerosis: Results from a 50‑year 
follow‑up in Western Norway. Mult Scler J 2008;14:1191‑8.

10.	 Hirst C, Swingler R, Compston D, Ben‑Shlomo Y, Robertson NP. 
Survival and cause of death in multiple sclerosis: A  prospective 
population‑based study. J  Neurol Neurosurg Psychiatry 
2008;79:1016‑21.

11.	 Smestad  C, Sandvik  L, Celius  E. Excess mortality and cause of 
death in a cohort of Norwegian multiple sclerosis patients. Mult 

Scler J 2009;15:1263‑70.
12.	 Ghajarzadeh M, Mohammadi A, Sahraian MA. Risk of cancer in 

multiple sclerosis  (MS): A  systematic review and meta‑analysis. 
Autoimmun Rev 2020;19:102650.

13.	 Hoy  D, Brooks  P, Woolf  A, Blyth  F, March  L, Bain  C, et  al. 
Assessing risk of bias in prevalence studies: Modification of 
an existing tool and evidence of interrater agreement. J  Clin 
Epidemiol 2012;65:934‑9.

14.	 Carbone  ML, Lacal  PM, Messinese  S, De Giglio  L, Pozzilli  C, 
Persechino  S, et  al. Multiple sclerosis treatment and melanoma 
development. Int J Mol Sci 2020;21:2950.

15.	 Singer  BA. The role of natalizumab in the treatment of 
multiple sclerosis: Benefits and risks. Ther Adv Neurol Disord 
2017;10:327‑36.

16.	 Lebrun  C, Rocher  F. Cancer risk in patients with multiple 
sclerosis: Potential impact of disease‑modifying drugs. CNS 
Drugs 2018;32:939‑49.

17.	 Bray F, Ren JS, Masuyer E, Ferlay J. Global estimates of cancer 
prevalence for 27 sites in the adult population in 2008. Int J 
Cancer 2013;132:1133‑45.

18.	 Foley  J, Carrillo‑Infante  C, Smith  J, Evans  K, Ho P‑R, Lee  L, 
et  al. The 5‑year Tysabri global observational program in 
safety  (TYGRIS) study confirms the long‑term safety profile of 
natalizumab treatment in multiple sclerosis. Mult Scler Relat 
Disord 2020;39:101863.

19.	 Stamatellos  VP, Siafis  S, Papazisis  G. Disease‑modifying 
agents for multiple sclerosis and the risk for reporting cancer: 
A  disproportionality analysis using US Food and Drug 
Administration Adverse Event Reporting System  (FAERS) 
database. Br J Clin Pharmacol 2021;87:4769‑79.

20.	 Polman  CH, O’Connor  PW, Havrdova  E, Hutchinson  M, 
Kappos  L, Miller  DH, et  al. A  randomized, placebo‑controlled 
trial of natalizumab for relapsing multiple sclerosis. N  Engl J 
Med 2006;354:899‑910.

21.	 Babaesfahani A, Khanna  NR, Kuns  B. Natalizumab. StatPearls. 
Treasure Island (FL): StatPearls Publishing; 2021.

22.	 Castela  E, Lebrun‑Frenay  C, Laffon  M, Rocher  F, Cohen  M, 
Leccia  NC, et  al. Evolution of nevi during treatment with 
natalizumab: A  prospective follow‑up of patients treated with 
natalizumab for multiple sclerosis. Arch Dermatol 2011;147:72‑6.

[Downloaded free from http://www.ijpvmjournal.net on Saturday, September 30, 2023, IP: 176.102.243.141]


