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Results: Multiple large studies have evaluated 
the association between BD, JAKi and cancer 
risk. However, there is a lack of prospective, 
comparative studies. Overall, patients undergo‑
ing BD and JAKi present a cutaneous cancer inci‑
dence similar to that in the general population. 
The drugs more strongly associated with non‑
skin cancer risk were anti‑tumor necrosis factor 
(anti‑TNFs) agents and JAKi (especially tofaci‑
tinib and oral ruxolitinib). This risk appears to 
increase with age, the presence of other factors 
(such as chronic immunosuppression from pre‑
vious drugs or other comorbidities), and spe‑
cific diseases such as rheumatoid arthritis (RA) 
and myelodysplastic syndrome. Conversely, BD 
such as interleukin (IL)‑17 and IL‑23 inhibitors 
may even reduce the risk of some visceral and 
hematological malignancies. In patients with 
dermatological conditions such as psoriasis and 
atopic dermatitis, the risk of malignancies may 
be lower than in other subgroups, and probably 
comparable to the general population.
Conclusions: The incidence of cancer in 
patients undergoing BD or JAKi is generally low. 
This incidence can be higher in elderly patients 
with RA or myelodysplastic syndrome, and in 
those undergoing prolonged therapy with tofaci‑
tinib or ruxolitinib (oral), or anti‑TNF agents.

Keywords: JAK inhibitors; Tofacitinib; 
Upadacitinib; Baricitinib; Ruxolitinib; 

ABSTRACT

Introduction: Biological drugs (BD) and Janus 
kinase inhibitors (JAKi) have revolutionized the 
treatment of diverse dermatoses. However, there 
are concerns regarding their safety, especially the 
risk of cancer and opportunistic infections. Here, 
we discuss the risk of cancer associated with the 
BD and JAKi used in dermatology.
Methods: A narrative review was carried out. 
All relevant articles evaluating the risk of can‑
cer associated with BD or JAKi and published 
between January 2010 and February 2024 were 
selected.
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Key Summary Points 

In general, biological drugs and Janus kinase 
inhibitors (JAKi) are considered safe regard‑
ing the risk of cancer.

The incidence of cancer may be increased 
in patients undergoing prolonged treatment 
with with anti‑tumor necrosis factor (anti‑
TNF) agents, tofacitinib and oral ruxolitinib 
(possibly more so with these latter two 
agents).

Cancer incidence may be increased in elderly 
patients or those with other factors, such as 
chronic immunosuppression from previously 
administered drugs.

Overall, the risk of cancer in patients with 
dermatological conditions (such as psoriasis, 
psoriatic arthritis, or atopic dermatitis) is low, 
and could be lower than in other subgroups 
(such as those with rheumatoid arthritis or 
myelodysplastic syndrome), and possibly 
comparable to the general population.

INTRODUCTION

Conventional immunosuppressants such as 
corticosteroids, cyclosporine, methotrexate, or 
azathioprine present a significant burden of side 
effects (AEs) [1], including cytopenias (metho‑
trexate or azathioprine), renal dysfunction or 
hypertension (cyclosporine), and an elevated 
incidence of cutaneous and extracutaneous neo‑
plasms and opportunistic infections in patients 
undergoing long‑term therapy [2]. Biologic 
drugs (BD) have revolutionized the manage‑
ment of multiple dermatoses [3]. BD target spe‑
cific protein receptors, and are typically admin‑
istered subcutaneously or intravenously. They 
present a more selective action, and tend to have 
a more favorable safety profile [4]. Diverse BD 
are available in dermatology, including inhibi‑
tors of tumor necrosis factor alpha (anti‑TNF), 

interleukin (IL)‑4 (anti‑IL‑4), IL‑17 (anti‑IL‑17), 
and IL‑23 (anti‑IL‑23), among others. BD have 
been linked to AEs such as generic reactions at 
injection sites, flu‑like symptoms, or respiratory, 
gastrointestinal, and genitourinary infections 
[5]. Anti‑TNF drugs have been associated with 
severe reactivation of latent tuberculosis infec‑
tion (LTBI), reactivation of the hepatitis B virus 
(HBV), and the occurrence of cutaneous and 
extracutaneous neoplasms [6].

More recently, Janus kinase inhibitors (JAKi) 
have emerged. JAKi are a series of proteins 
essential for intracellular signaling of various 
cytokines, and play a crucial role in regulating 
the immune system and inflammation [7]. Cur‑
rently, six molecules have been approved for use 
in dermatology: upadacitinib, baricitinib, abroc‑
itinib, ritlecitinib, deucravacitinib, and topical 
ruxolitinib. Off‑label uses have been reported for 
multiple dermatoses, and the approval of these 
drugs for diverse inflammatory dermatoses is 
anticipated (Table 1) [8]. As JAKi block intracel‑
lular signaling, they could theoretically reduce 
systemic AEs, when compared to conventional 
immunosuppressants [7]. However, concerns 
have recently arisen about their safety profile. 
In September 2021, the Food and Drug Adminis‑
tration (FDA) reviewed the post‑marketing safety 
trial results comparing tofacitinib with anti‑TNF 
in rheumatoid arthritis (RA), and concluded 
that tofacitinib posed a higher risk of major car‑
diovascular events (MACE), thromboembolic 
events, malignant neoplasms, and death. Based 
on these results, a boxed warning was issued, 
which also extended to other JAKi [8, 9].

In the first part of this review, we will discuss 
the available evidence regarding the relationship 
between BD and JAKi used for dermatological 
disorders, and the risk of cancer.

METHODS

We conducted a narrative review of the litera‑
ture. Searches were performed on MEDLINE 
and Google Scholar from January 2010 to 
February 2024 using the following key terms: 
“cancer,” “malignancy,” “skin cancer,” “mela‑
noma,” “anti‑TNF,” “etanercept,” “infliximab,” 



Dermatol Ther (Heidelb) 

“adalimumab,” “certolizumab,” “golimumab,” 
“anti IL‑17,” “secukinumab,” “ixekizumab,” 
“brodalumab,” “bimekizumab,” “anti IL‑23,” 
“guselkumab,” “tildrakizumab,” “risanki‑
zumab,” “anti IL‑12/23,” “ustekinumab,” “anti 
IL‑1,” “anti CD‑20,” “rituximab,” “anti IL‑4/13,” 
“dupilumab,” “tralokinumab,” “anti IgE,” 
“omalizumab,” “anti IL‑31,” “nemolizumab,” 
“JAK inhibitors,” “abrocitinib,” “upadacitinib,” 
baricitinib,” “ruxolitinib,” “tofacitinib,” “deu‑
cravacitinib,” “ritlecitinib.”

The search was directed to articles written 
in Spanish and English. These articles were 
screened based on their abstracts, and selected 
according to their relevance after reading the 
studies. Observational studies, clinical trials, 
post‑trial analysis studies, systematic reviews 
(SR), and meta‑analyses (MA) were included. 
Two authors (MMP and DMC) carried out the 
search and article selection. The procedures fol‑
lowed here are in accordance with the stand‑
ards of the committee on ethical human experi‑
mentation and with the Helsinki Declaration 
of 1975, as revised in 1983. We have not used 

patients’ names, initials, or hospital numbers. 
This article is based on previously conducted 
studies and does not contain any new studies 
with human participants or animals performed 
by any of the authors.

RESULTS

Anti‑TNF and Cancer Risk (Table 2)

Anti‑TNFs

We found 50 studies on anti‑TNF agents and the 
risk of cancer. Among them, 34 include anti‑TNF 
as a group (≥ 3 drugs of this class) [10–44], with 
four on etanercept (ETN) therapy [45–48], two 
on infliximab (IFX) [49, 50], six on adalimumab 
(ADA) [46, 51–55], three on certolizumab 
[56–58], and one on golimumab treatment [56]. 
Globally, the risk of cancer could be slightly 
increased with the use of anti‑TNF agents, espe‑
cially for non‑melanoma skin cancer (NMSC) 

Table 1  Approved indications in dermatology and mechanism of action of the main JAK inhibitors

FDA Food and Drugs Administration; EMA European Medicines Agency; JAK Janus kinase; TYK2 tyrosine kinase 2; FML 
FMS-like tyrosine kinase 3

Drug Route of 
administra-
tion

Mechanism of action FDA-approved indications in 
dermatology

EMA-approved indications in 
dermatology

 Abrocitinib Oral Selective JAK1 inhibitor Moderate-to-severe atopic 
dermatitis

Moderate-to-severe atopic 
dermatitis

 Upadacitinib Oral Selective JAK1 inhibitor Moderate-to-severe atopic 
dermatitis

Active psoriatic arthritis

Moderate-to-severe atopic 
dermatitis

Active psoriatic arthritis

Baricitinib Oral JAK1 and JAK2 inhibitor Moderate-to-severe atopic 
dermatitis

Alopecia areata in > 18 years

Moderate-to-severe atopic 
dermatitis

Alopecia areata in > 18 years

Ruxolitinib Topical JAK1 and JAK2 inhibitor Mild-to-moderate atopic 
dermatitis

Non-segmental vitiligo

Non-segmental vitiligo

 Ritlecitinib Oral Selective JAK3 inhibitor Alopecia areata in > 12 years Alopecia areata in > 12 years
Deucravacitinib Oral Selective TYK2 inhibitor Moderate-to-severe plaque 

psoriasis
Moderate-to-severe plaque 

psoriasis



 Dermatol Ther (Heidelb)

Ta
bl

e 2
  M

ai
n 

st
ud

ie
s t

ha
t a

ss
es

s t
he

 re
la

tio
ns

hi
p 

be
tw

ee
n 

an
ti-

T
N

F 
ag

en
ts

 an
d 

ca
nc

er
 ri

sk

Ye
ar

, a
ut

ho
rs

N
St

ud
y t

yp
e/

de
sig

n
R

es
ul

ts

20
11

, A
sk

lin
g e

t a
l. 

[1
0]

15
,4

18
 p

at
ie

nt
s w

ith
 an

ti-
T

N
F 

vs
. 7

48
6 

co
nt

ro
ls

M
A

 o
f R

C
T

 (d
er

m
at

ol
og

ic
al

 an
d 

no
n-

de
rm

at
ol

og
ic

al
 in

di
ca

tio
ns

)
13

1 
(0

.8
4%

) i
nd

iv
id

ua
ls 

un
de

r a
nt

i-T
N

F 
th

er
ap

y w
er

e d
ia

gn
os

ed
 w

ith
 ca

nc
er

, 
co

m
pa

re
d 

to
 4

8 
(0

.6
4%

) i
nd

iv
id

ua
ls 

ra
nd

om
iz

ed
 to

 co
m

pa
ra

to
rs

Th
e o

nl
y t

um
or

 as
so

ci
at

ed
 w

ith
 T

N
F 

in
hi

bi
to

rs
 w

as
 N

M
SC

 [R
R

 o
f 2

.0
2 

(9
5%

 
C

I: 
1.

11
–3

.9
5)

]
N

o 
di

ffe
re

nc
e i

n 
in

ci
de

nc
e a

m
on

g a
da

li-
m

um
ab

, e
ta

ne
rc

ep
t, 

an
d 

in
fli

xi
m

ab
20

12
, M

er
ce

r e
t a

l. 
[1

1]
18

81
 p

at
ie

nt
s t

re
at

ed
 w

ith
 an

ti-
T

N
F 

ag
en

ts
 co

m
pa

re
d 

w
ith

 3
62

9 
pa

tie
nt

s 
re

ce
iv

in
g D

M
A

R
D

s

M
ul

tic
en

te
r p

ro
sp

ec
tiv

e s
tu

dy
 o

f p
at

ie
nt

s 
w

ith
 R

A
In

cl
ud

es
 ad

al
im

um
ab

, e
ta

ne
rc

ep
t, 

an
d 

in
fli

xi
m

ab

SI
R

 fo
r s

ki
n 

ca
nc

er
 w

as
 in

cr
ea

se
d 

in
 b

ot
h 

co
ho

rt
s c

om
pa

re
d 

to
 th

e E
ng

lis
h 

po
pu

la
-

tio
n:

 S
IR

 1
.7

2 
(9

5%
 C

I 1
.4

3–
2.

04
) f

or
 

an
ti-

T
N

F;
 1

.8
3 

(9
5%

 C
I 1

.3
0–

2.
50

) f
or

 
D

M
A

R
D

s o
nl

y
In

 p
at

ie
nt

s w
ith

ou
t p

re
vi

ou
s s

ki
n 

ca
n-

ce
r, 

ba
sa

l c
el

l c
ar

ci
no

m
a i

nc
id

en
ce

 p
er

 
10

0,
00

0 
pa

tie
nt

-y
ea

rs
 w

as
 3

42
 (9

5%
 C

I 
29

0–
40

2)
 aft

er
 an

ti-
T

N
F 

an
d 

40
7 

(9
5%

 
C

I 2
88

–5
58

) a
fte

r D
M

A
R

D
H

R
 aft

er
 an

ti-
T

N
F 

ad
ju

st
ed

 fo
r t

re
at

m
en

t 
w

ei
gh

tin
g w

as
 0

.9
5 

(9
5%

 C
I 0

.5
3–

1.
71

)
Sq

ua
m

ou
s c

el
l c

ar
ci

no
m

a i
nc

id
en

ce
 p

er
 

10
0,

00
0 

pa
tie

nt
-y

ea
rs

: a
nt

i-T
N

F 
53

 
(9

5%
 C

I 3
3–

79
); 

D
M

A
R

D
 4

3 
(9

5%
 

C
I 1

2–
11

0)
; a

dj
us

te
d 

H
R

 1
.1

6 
(9

5%
 C

I 
0.

35
–3

.8
4)



Dermatol Ther (Heidelb) 

Ta
bl

e 2
  c

on
tin

ue
d

Ye
ar

, a
ut

ho
rs

N
St

ud
y t

yp
e/

de
sig

n
R

es
ul

ts

20
13

, R
aa

sc
ho

u 
et

 al
. [

12
]

Pa
tie

nt
s w

ith
 R

A
 tr

ea
te

d 
(n

 =
 10

,8
78

) 
or

 n
ot

 (n
 =

 42
,1

98
) w

ith
 T

N
F 

in
hi

bi
-

to
rs

 an
d 

m
at

ch
ed

 g
en

er
al

 p
op

ul
at

io
n 

co
m

pa
ra

to
rs

 (n
 =

 16
2,

74
3)

M
ul

tic
en

te
r p

ro
sp

ec
tiv

e s
tu

dy
In

cl
ud

es
 al

l T
N

F-
in

hi
bi

to
rs

In
cl

ud
es

 p
at

ie
nt

s w
ith

 R
A

R
A

 p
at

ie
nt

s n
ot

 tr
ea

te
d 

w
ith

 b
io

lo
gi

ca
l 

dr
ug

s w
er

e n
ot

 at
 si

gn
ifi

ca
nt

ly
 in

cr
ea

se
d 

ris
k 

of
 m

el
an

om
a c

om
pa

re
d 

w
ith

 th
e 

ge
ne

ra
l p

op
ul

at
io

n 
(h

az
ar

d 
ra

tio
 1

.2
, 

95
%

 co
nfi

de
nc

e i
nt

er
va

l 0
.9

–1
.5

)
38

 in
va

siv
e m

el
an

om
as

 o
cc

ur
re

d 
in

 R
A

 
pa

tie
nt

s t
re

at
ed

 w
ith

 T
N

F 
in

hi
bi

to
rs

; 
th

es
e p

at
ie

nt
s h

ad
 an

 in
cr

ea
se

d 
ris

k 
of

 
m

el
an

om
a c

om
pa

re
d 

w
ith

 R
A

 p
at

ie
nt

s 
no

t t
re

at
ed

 w
ith

 b
io

lo
gi

ca
l d

ru
gs

 (h
az

-
ar

d 
ra

tio
 1

.5
, 1

.0
–2

.2
) (

20
 ad

di
tio

na
l 

ca
se

s p
er

 1
00

,0
00

 p
er

so
n-

ye
ar

s)
Th

e r
isk

 o
f a

 se
co

nd
 p

rim
ar

y m
el

an
om

a 
w

as
 n

on
sig

ni
fic

an
tly

 in
cr

ea
se

d 
(h

az
ar

d 
ra

tio
 3

.2
, 0

.8
–1

3.
1)

 in
 rh

eu
m

at
oi

d 
ar

th
rit

is 
pa

tie
nt

s t
re

at
ed

 w
ith

 T
N

F 
in

hi
bi

to
rs

 co
m

pa
re

d 
to

 th
os

e n
ot

 
tr

ea
te

d 
w

ith
 b

io
lo

gi
ca

l d
ru

gs



 Dermatol Ther (Heidelb)

Ta
bl

e 2
  c

on
tin

ue
d

Ye
ar

, a
ut

ho
rs

N
St

ud
y t

yp
e/

de
sig

n
R

es
ul

ts

20
14

, D
ul

ai
 et

 al
. [

14
]

55
28

SR
 w

ith
 tr

ia
ls 

an
d 

ob
se

rv
at

io
na

l s
tu

di
es

 
w

ith
 >

 5 
pa

tie
nt

s
In

cl
ud

es
 p

at
ie

nt
s w

ith
 in

fli
xi

m
ab

 th
er

ap
y 

fo
r c

hi
ld

re
n 

w
ith

 u
lc

er
at

iv
e c

ol
iti

s o
r 

C
D

, o
r a

da
lim

um
ab

 th
er

ap
y f

or
 ch

il-
dr

en
 w

ith
 C

D

Tw
o 

pa
tie

nt
s p

re
se

nt
ed

 w
ith

 ly
m

ph
om

a 
(2

.1
/1

0,
00

0 
pe

rs
on

-y
ea

r f
ol

lo
w

 u
p 

-P
Y

F-
), 

sim
ila

r t
o 

th
e e

xp
ec

te
d 

ra
te

 
of

 ly
m

ph
oi

d 
ne

op
la

sia
 in

 th
e e

nt
ire

 
pe

di
at

ric
 p

op
ul

at
io

n 
(5

.8
/1

00
,0

00
 

PY
F;

 S
IR

 3
.5

; 9
5%

 C
I, 

0.
35

–1
9.

6)
, 

an
d 

lo
w

er
 th

an
 th

e p
op

ul
at

io
n 

of
 

pe
di

at
ric

 p
at

ie
nt

s r
ec

ei
vi

ng
 th

io
pu

rin
e 

m
on

ot
he

ra
py

 (4
.5

/1
0,

00
0 

PY
F;

 S
IR

, 
0.

47
; 9

5%
 C

I, 
0.

03
–6

.4
4)

 an
d 

am
on

g 
ad

ul
ts

 tr
ea

te
d 

w
ith

 an
ti-

T
N

F 
ag

en
ts

 
(6

.1
/1

0,
00

0 
PY

F;
 S

IR
, 0

.3
4;

 9
5%

 C
I, 

0.
04

–1
.5

1)
20

15
, M

er
ce

r e
t a

l. 
[1

6]
11

,7
67

 p
at

ie
nt

s w
ith

ou
t h

ist
or

y o
f c

an
ce

r 
w

ho
 re

ce
iv

ed
 T

N
F 

in
hi

bi
to

rs
, c

om
-

pa
re

d 
to

 3
24

9 
pa

tie
nt

s w
ith

ou
t p

rio
r 

ca
nc

er
 tr

ea
te

d 
w

ith
 D

M
A

R
D

s

M
ul

tic
en

te
r p

ro
sp

ec
tiv

e s
tu

dy
In

cl
ud

es
 al

l T
N

F-
 in

hi
bi

to
rs

In
cl

ud
es

 p
at

ie
nt

s w
ith

 R
A

42
7 

so
lid

 ca
nc

er
s w

er
e r

ep
or

te
d 

in
 

52
,5

49
 p

at
ie

nt
-y

ea
r f

ol
lo

w
-u

p 
in

 th
e 

T
N

F 
in

hi
bi

to
rs

 g
ro

up
 [8

1 
(9

5%
 C

I 
74

–8
9)

 p
er

 1
0,

00
0 

pa
tie

nt
-y

ea
rs

)]
 an

d 
13

6 
ca

nc
er

s w
er

e r
ep

or
te

d 
in

 1
1,

67
2 

pa
tie

nt
-y

ea
rs

 in
 th

e D
M

A
R

D
s c

oh
or

t 
[1

17
 (9

5%
 C

I 9
8–

13
8)

 p
er

 1
0,

00
0 

pa
tie

nt
-y

ea
rs

]
A

fte
r a

dj
us

tin
g f

or
 d

iff
er

en
ce

s i
n 

ba
se

lin
e 

ch
ar

ac
te

ris
tic

s, 
th

er
e w

as
 n

o 
di

ffe
re

nc
e 

in
 ri

sk
 o

f s
ol

id
 ca

nc
er

 fo
r T

N
F 

in
hi

bi
-

to
rs

 co
m

pa
re

d 
to

 D
M

A
R

D
s-t

re
at

ed
 

pa
tie

nt
s: 

H
R

 0
.8

3 
(9

5%
 C

I 0
.6

4–
1.

07
)

Th
er

e w
as

 n
o 

di
ffe

re
nc

e i
n 

th
e r

el
at

iv
e 

ris
k 

of
 ca

nc
er

 fo
r a

ny
 o

f t
he

 in
di

vi
du

al
 

an
ti-

T
N

F 
dr

ug
s



Dermatol Ther (Heidelb) 

Ta
bl

e 2
  c

on
tin

ue
d

Ye
ar

, a
ut

ho
rs

N
St

ud
y t

yp
e/

de
sig

n
R

es
ul

ts

20
15

, A
al

to
ne

n 
et

 al
. [

18
]

37
62

M
ul

tic
en

tr
ic

 re
tr

os
pe

ct
iv

e s
tu

dy
 o

f 
pa

tie
nt

s w
ith

 R
A

92
 m

al
ig

na
nc

ie
s w

er
e r

eg
ist

er
ed

Th
e c

ru
de

 ra
te

s o
f m

al
ig

na
nc

ie
s w

er
e 

hi
gh

es
t a

m
on

g t
he

 u
se

rs
 o

f D
M

A
R

D
s 

an
d 

RT
X

, a
nd

 lo
w

es
t a

m
on

g p
at

ie
nt

s 
tr

ea
te

d 
w

ith
 IF

X
, w

ith
 n

o 
di

ffe
re

nc
es

 
in

 aI
R

R
20

15
, K

op
yl

ov
 et

 al
. [

19
]

19
,5

82
Si

ng
le

-c
en

te
r r

et
ro

sp
ec

tiv
e s

tu
dy

 o
f 

pa
tie

nt
s w

ith
 IB

D
In

cl
ud

es
 ad

al
im

um
ab

 an
d 

in
fli

xi
m

ab

N
ei

th
er

 im
m

un
om

od
ul

at
or

s n
or

 an
ti-

T
N

F-
α 

ag
en

ts
 w

er
e a

ss
oc

ia
te

d 
w

ith
 an

 
in

cr
ea

se
d 

ris
k 

of
 m

el
an

om
a o

r c
ol

or
ec

-
ta

l c
an

ce
r

20
16

, S
co

tt
 et

 al
. [

20
]

94
60

 in
di

vi
du

al
s (

68
41

 w
ith

 R
A

 an
d 

27
88

 w
ith

 IB
D

)
Si

ng
le

-c
en

te
r r

et
ro

sp
ec

tiv
e s

tu
dy

 o
f 

pa
tie

nt
s w

ith
 R

A
 an

d 
IB

D
In

cl
ud

es
 al

l a
nt

i-T
N

F 
ag

en
ts

 an
d 

rit
ux

i-
m

ab

Th
e r

isk
 o

f a
 se

co
nd

 N
M

SC
 w

as
 

in
cr

ea
se

d 
in

 p
at

ie
nt

s w
ith

 R
A

 an
d 

a 
hi

st
or

y o
f N

M
SC

, e
sp

ec
ia

lly
 if

 th
ey

 h
ad

 
ta

ke
n 

or
 w

er
e t

ak
in

g c
on

co
m

ita
nt

 tr
ea

t-
m

en
t w

ith
 m

et
ho

tr
ex

at
e

Th
er

e w
as

 n
o 

as
so

ci
at

io
n 

be
tw

ee
n 

a s
ec

-
on

d 
N

M
SC

 an
d 

th
e u

se
 o

f a
nt

i-T
N

F 
fo

r I
BD



 Dermatol Ther (Heidelb)

Ta
bl

e 2
  c

on
tin

ue
d

Ye
ar

, a
ut

ho
rs

N
St

ud
y t

yp
e/

de
sig

n
R

es
ul

ts

20
16

, H
el

lg
re

n 
et

 al
. [

21
]

87
03

 p
at

ie
nt

s w
ith

 S
pA

 w
ho

 h
ad

 st
ar

te
d 

T
N

Fi
 d

ur
in

g 2
00

1–
20

11
 vs

. a
n 

an
ti 

T
N

Fi
-n

aï
ve

 S
pA

 co
ho

rt
 (n

 =
 28

,1
64

) v
s. 

a S
w

ed
ish

 ag
e-

m
at

ch
ed

 an
d 

se
x-

m
at

ch
ed

 
ge

ne
ra

l p
op

ul
at

io
n 

co
m

pa
ra

to
r c

oh
or

t 
(n

 =
 13

1,
68

7)

M
ul

tic
en

te
r r

et
ro

sp
ec

tiv
e s

tu
dy

In
cl

ud
es

 al
l T

N
F-

in
hi

bi
to

rs
Ba

se
d 

on
 1

18
8 

ca
nc

er
s a

m
on

g t
he

 T
N

Fi
-

na
ïv

e p
at

ie
nt

s w
ith

 S
pA

, t
he

 R
R

 o
f c

an
-

ce
r o

ve
ra

ll 
w

as
 1

.1
 (9

5%
 C

I 1
.0

–1
.2

)
Ba

se
d 

on
 1

47
 ca

nc
er

s a
m

on
g T

N
Fi

 in
iti

-
at

or
s w

ith
 S

pA
, R

R
 ve

rs
us

 T
N

Fi
-n

aï
ve

 
w

as
 0

.8
 (9

5%
 C

I 0
.7

–1
.0

) a
nd

 re
su

lts
 

w
er

e s
im

ila
r f

or
 an

ky
lo

sin
g s

po
nd

yl
iti

s 
an

d 
ps

or
ia

tic
 ar

th
rit

is 
w

he
n 

an
al

yz
ed

 
se

pa
ra

te
ly

Si
te

-sp
ec

ifi
c c

an
ce

r R
R

s: 
pr

os
ta

te
 0

.5
 

(9
5%

 C
I 0

.3
–0

.8
), 

lu
ng

 0
.6

 (9
5%

 
C

I 0
.3

–1
.3

), 
co

lo
re

ct
al

 1
.0

 (9
5%

 C
I 

0.
5–

2.
0)

, b
re

as
t 1

.3
 (9

5%
 C

I 0
.9

–2
.0

), 
ly

m
ph

om
a 0

.8
 (9

5%
 C

I 0
.4

–1
.8

), 
an

d 
m

el
an

om
a 1

.4
 (9

5%
 C

I 0
.7

–2
.6

)
In

 co
nc

lu
sio

n,
 in

 p
at

ie
nt

s w
ith

 S
pA

, 
tr

ea
tm

en
t w

ith
 T

N
Fi

 w
as

 n
ot

 as
so

ci
-

at
ed

 w
ith

 in
cr

ea
se

d 
ris

ks
 o

f c
an

ce
r, 

ei
th

er
 o

ve
ra

ll 
or

 fo
r t

he
 si

x m
os

t c
om

-
m

on
 ca

nc
er

 ty
pe

s



Dermatol Ther (Heidelb) 

Ta
bl

e 2
  c

on
tin

ue
d

Ye
ar

, a
ut

ho
rs

N
St

ud
y t

yp
e/

de
sig

n
R

es
ul

ts

20
16

, P
ou

lle
no

t e
t a

l. 
[2

2]
C

oh
or

t o
f >

 10
,0

00
 p

at
ie

nt
s

M
ul

tic
en

te
r a

m
bi

sp
ec

tiv
e s

tu
dy

In
cl

ud
es

 IB
D

 p
at

ie
nt

s
79

 ca
se

s o
f I

BD
 p

at
ie

nt
s w

ith
 p

re
vi

ou
s 

m
al

ig
na

nc
y d

ia
gn

os
ed

 1
7 

m
on

th
s 

(m
ed

ia
n;

 ra
ng

e:
 1

–6
5)

 b
ef

or
e i

nc
lu

sio
n 

w
er

e i
de

nt
ifi

ed
Th

e m
os

t f
re

qu
en

t c
an

ce
r l

oc
at

io
ns

 w
er

e 
br

ea
st

 (n
 =

 17
) a

nd
 sk

in
 (n

 =
 15

)
A

fte
r a

 m
ed

ia
n 

fo
llo

w
-u

p 
of

 2
1 

(r
an

ge
: 

1–
11

9)
 m

on
th

s, 
15

 (1
9%

) p
at

ie
nt

s 
de

ve
lo

pe
d 

in
ci

de
nt

 ca
nc

er
 (8

 re
cu

rr
en

t 
an

d 
7 

ne
w

 ca
nc

er
s)

, i
nc

lu
di

ng
 5

 b
as

al
-

ce
ll 

ca
rc

in
om

as
20

17
, M

er
ce

r e
t a

l. 
[2

4]
13

0,
31

5 
R

A
 p

at
ie

nt
s w

ith
 5

79
,9

83
 

pe
rs

on
-y

ea
rs

 o
f f

ol
lo

w
-u

p
M

ul
tic

en
te

r r
et

ro
sp

ec
tiv

e s
tu

dy
 o

f 
pa

tie
nt

s w
ith

 R
A

In
cl

ud
es

 al
l T

N
F 

in
hi

bi
to

rs

Po
ol

ed
 S

IR
s o

f m
el

an
om

a f
or

 b
io

lo
gi

c-
na

ïv
e a

nd
 T

N
Fi

 w
er

e 1
.1

 (9
5%

 C
I 

0.
9–

1.
4)

 an
d 

1.
2 

(0
.9

9–
1.

6)
, r

es
pe

c-
tiv

el
y

Th
is 

st
ud

y d
id

 n
ot

 co
nfi

rm
 an

 o
ve

ra
ll 

in
cr

ea
se

d 
ris

k 
of

 m
el

an
om

a f
ol

lo
w

in
g 

ex
po

su
re

 to
 T

N
Fi

20
17

, M
er

ce
r e

t a
l. 

[2
5]

11
,9

31
 T

N
F 

in
hi

bi
to

rs
-tr

ea
te

d 
pa

tie
nt

s 
vs

. 3
36

7 
bi

ol
og

ic
al

-I 
pa

tie
nt

s
M

ul
tic

en
te

r p
ro

sp
ec

tiv
e s

tu
dy

In
cl

ud
es

 p
at

ie
nt

s w
ith

 R
A

Th
er

e w
as

 n
o 

di
ffe

re
nc

e i
n 

th
e r

isk
 o

f 
ly

m
ph

om
a f

or
 th

e T
N

F 
in

hi
bi

to
rs

 
ve

rs
us

 th
e b

io
lo

gi
ca

l-I
 g

ro
up

: H
R

 1
.0

0 
(9

5%
 C

I 0
.5

6–
1.

80
) i

n 
m

ed
iu

m
-te

rm
 

fo
llo

w
-u

p.
 N

o 
ris

k 
di

ffe
re

nc
es

 w
er

e 
ob

se
rv

ed
 fo

r i
nd

iv
id

ua
l T

N
F 

in
hi

bi
to

rs



 Dermatol Ther (Heidelb)

Ta
bl

e 2
  c

on
tin

ue
d

Ye
ar

, a
ut

ho
rs

N
St

ud
y t

yp
e/

de
sig

n
R

es
ul

ts

20
17

, L
em

ai
tr

e e
t a

l. 
[2

6]
18

9,
28

9
M

ul
tic

en
te

r r
et

ro
sp

ec
tiv

e s
tu

dy
 o

f 
pa

tie
nt

s w
ith

 IB
D

Th
e r

isk
 o

f l
ym

ph
om

a w
as

 h
ig

he
r a

m
on

g 
th

os
e e

xp
os

ed
 to

 th
io

pu
rin

e m
on

ot
he

r-
ap

y (
aH

R
, 2

.6
0;

 9
5%

 C
I, 

1.
96

–3
.4

4;
 

p <
 0.

00
1)

, a
nt

i-T
N

F 
m

on
ot

he
ra

py
 

(a
H

R
, 2

.4
1;

 9
5%

 C
I, 

1.
60

–3
.6

4;
 

p <
 0.

00
1)

, o
r c

om
bi

na
tio

n 
th

er
ap

y 
(a

H
R

, 6
.1

1;
 9

5%
 C

I, 
3.

46
–1

0.
8;

 
p <

 0.
00

1)
Th

e r
isk

 w
as

 h
ig

he
r i

n 
pa

tie
nt

s e
xp

os
ed

 
to

 co
m

bi
na

tio
n 

th
er

ap
y v

s. 
th

os
e 

ex
po

se
d 

to
 th

io
pu

rin
e m

on
ot

he
ra

py
 

(a
H

R
, 2

.3
5;

 9
5%

 C
I, 

1.
31

–4
.2

2;
 

p <
 0.

00
1)

 o
r a

nt
i-T

N
F 

m
on

ot
he

ra
py

 
(a

H
R

, 2
.5

3;
 9

5%
 C

I, 
1.

35
–4

.7
7;

 
p <

 0.
00

1)
20

18
, D

re
ye

r e
t a

l. 
[2

7]
15

,2
86

M
ul

tic
en

te
r p

ro
sp

ec
tiv

e s
tu

dy
In

cl
ud

es
 p

at
ie

nt
s w

ith
 rh

eu
m

at
oi

d 
ar

th
rit

is

Th
e u

se
 o

f b
D

M
A

R
D

s w
as

 as
so

ci
at

ed
 

w
ith

 a 
H

R
 o

f 1
.1

1 
(9

5%
 C

I 0
.7

4–
1.

67
) 

fo
r d

ev
el

op
in

g a
 S

M
N

 co
m

pa
re

d 
w

ith
 

no
n-

us
e (

ca
nc

er
 si

te
 ad

ju
st

ed
)

A
fte

r f
ur

th
er

 ad
ju

stm
en

t f
or

 th
e e

xt
en

t 
of

 th
e p

rim
ar

y c
an

ce
r, 

th
e H

R
 fo

r 
de

at
h 

w
as

 1
.2

0 
(9

5%
 C

I 0
.8

8–
1.

63
) 

fo
r b

D
M

A
R

D
s u

se
 b

ef
or

e c
an

ce
r, 

1.
36

 
(9

5%
 C

I 0
.7

8–
2.

39
) f

or
 b

D
M

A
R

D
 

us
e o

nl
y a

fte
r c

an
ce

r, 
an

d 
1.

22
 (9

5%
 

C
I 0

.7
0–

2.
13

) f
or

 u
se

 b
ot

h 
be

fo
re

 an
d 

aft
er

 th
e c

an
ce

r



Dermatol Ther (Heidelb) 

Ta
bl

e 2
  c

on
tin

ue
d

Ye
ar

, a
ut

ho
rs

N
St

ud
y t

yp
e/

de
sig

n
R

es
ul

ts

20
19

, M
ic

ic
 et

 al
. [

28
]

38
07

 T
N

F 
in

hi
bi

to
r p

at
ie

nt
s v

s. 
79

72
 

co
nt

ro
ls

SR
 an

d 
M

A
 o

f o
bs

er
va

tio
na

l s
tu

di
es

O
nl

y p
at

ie
nt

s w
ith

 a 
hi

st
or

y o
f p

re
vi

ou
s 

ca
nc

er
 w

er
e r

ec
or

de
d

In
cl

ud
e a

ll 
T

N
F 

in
hi

bi
to

rs
—

de
rm

at
o-

lo
gi

ca
l a

nd
 n

on
-d

er
m

at
ol

og
ic

al
 in

di
ca

-
tio

ns

Th
e p

oo
le

d 
R

R
 o

f n
ew

 o
r r

ec
ur

re
nt

 
ca

nc
er

 am
on

g i
nd

iv
id

ua
ls 

w
ith

 a 
hi

st
or

y 
of

 ca
nc

er
 ex

po
se

d 
to

 an
ti-

T
N

F 
th

er
ap

y 
w

as
 n

ot
 si

gn
ifi

ca
nt

ly
 d

iff
er

en
t c

om
-

pa
re

d 
to

 co
nt

ro
l t

he
ra

pi
es

 (I
R

R
 0

.9
0;

 
95

%
 C

I 0
.5

9–
1.

37
)

20
20

, C
hu

pi
n 

et
 al

. [
29

]
26

1,
68

9
SR

 w
ith

 M
A

Fo
ur

 o
bs

er
va

tio
na

l s
tu

di
es

In
cl

ud
es

 p
at

ie
nt

s w
ith

 IB
D

C
om

pa
re

d 
to

 p
at

ie
nt

s n
ot

 ex
po

se
d 

to
 an

ti-
T

N
F 

an
d 

th
io

pu
rin

es
, t

ho
se

 
ex

po
se

d 
to

 an
ti-

T
N

F 
m

on
ot

he
ra

py
, 

th
io

pu
rin

e m
on

ot
he

ra
py

, o
r c

om
bi

na
-

tio
n 

th
er

ap
y h

ad
 p

oo
le

d 
IR

R
 (p

er
 1

00
0 

pa
tie

nt
-y

ea
rs

) o
f l

ym
ph

om
a o

f 1
.5

2 
(9

5%
 C

I: 
1.

06
–2

.1
9;

 p 
= 

0.
02

3)
, 2

.2
3 

(9
5%

 C
I: 

1.
79

–2
.7

9;
 p 

< 
0.

00
1)

, a
nd

 
3.

71
 (9

5%
 C

I: 
2.

30
–6

.0
0;

 p 
≤ 

0.
01

), 
re

sp
ec

tiv
el

y
Th

e r
isk

 o
f l

ym
ph

om
a a

ss
oc

ia
te

d 
w

ith
 

co
m

bi
na

tio
n 

th
er

ap
y w

as
 h

ig
he

r t
ha

n 
w

ith
 th

io
pu

rin
es

 o
r a

nt
i-T

N
F 

al
on

e, 
w

ith
 p

oo
le

d 
IR

R
 o

f 1
.7

0 
(9

5%
 C

I: 
1.

03
–2

.8
1;

 p 
= 

0.
03

9)
 an

d 
2.

49
 (9

5%
 

C
I: 

1.
39

–4
.4

7;
 p 

= 
0.

00
2)

, r
es

pe
ct

iv
el

y
Th

e r
isk

 d
id

 n
ot

 d
iff

er
 b

et
w

ee
n 

an
ti-

T
N

F 
m

on
ot

he
ra

py
 an

d 
th

io
pu

rin
e m

on
o-

th
er

ap
y, 

w
ith

 p
oo

le
d 

IR
R

 o
f 0

.7
2 

(9
5%

 
C

I: 
0.

48
–1

.0
7;

 p 
= 

0.
10

7)



 Dermatol Ther (Heidelb)

Ta
bl

e 2
  c

on
tin

ue
d

Ye
ar

, a
ut

ho
rs

N
St

ud
y t

yp
e/

de
sig

n
R

es
ul

ts

20
21

, L
i e

t a
l. 

[3
0]

75
,4

06
SR

 w
ith

 M
A

23
 st

ud
ie

s, 
al

l c
lin

ic
al

 tr
ia

ls
In

cl
ud

es
 p

at
ie

nt
s w

ith
 R

A
 p

so
ria

tic
 

ar
th

rit
is 

an
d 

an
ky

lo
sin

g s
po

nd
yl

iti
s

Ex
po

su
re

 to
 an

ti-
T

N
F-

α 
ag

en
ts

 w
as

 as
so

-
ci

at
ed

 w
ith

 an
 in

cr
ea

se
d 

ris
k 

of
 ca

nc
er

 
un

de
r t

he
 ra

nd
om

-e
ffe

ct
s m

od
el

 (O
R

: 
1.

36
, 9

5%
 C

I: 
1.

20
–1

.5
3,

 p 
< 

0.
00

00
1)

O
nl

y t
hr

ee
 st

ud
ie

s s
ho

w
ed

 an
 in

cr
ea

se
d 

ris
k 

of
 ca

nc
er

 d
ev

el
op

m
en

t a
nd

 w
er

e a
ll 

co
nd

uc
te

d 
in

 p
at

ie
nt

s w
ith

 R
A

20
22

, C
ha

rk
ao

ui
 et

 al
. [

31
]

32
,4

03
 p

at
ie

nt
s w

ith
 U

C
, a

nd
 1

5,
54

2 
(4

8%
) o

f t
he

m
 w

er
e e

xp
os

ed
 to

 an
ti-

T
N

F

M
ul

tic
en

te
r r

et
ro

sp
ec

tiv
e s

tu
dy

In
cl

ud
es

 p
at

ie
nt

s w
ith

 U
C

W
he

re
as

 th
e r

isk
 o

f C
RC

 as
so

ci
at

ed
 w

ith
 

an
ti-

T
N

F 
ex

po
su

re
 w

as
 n

ot
 d

ec
re

as
ed

 
in

 th
e o

ve
ra

ll 
gr

ou
p 

of
 p

at
ie

nt
s w

ith
 

U
C

 (h
az

ar
d 

ra
tio

 [H
R

], 
0.

85
; 9

5%
 

C
I, 

0.
58

–1
.2

6)
, a

nt
i-T

N
F 

ex
po

su
re

 
w

as
 as

so
ci

at
ed

 w
ith

 a 
de

cr
ea

se
d 

ris
k 

of
 

C
RC

 in
 p

at
ie

nt
s w

ith
 lo

ng
-st

an
di

ng
 

co
lit

is 
[d

ise
as

e d
ur

at
io

n 
≥ 

10
 ye

ar
s]

 
[H

R
, 0

.4
1;

 9
5%

 C
I, 

0.
20

–0
.8

6]
20

22
, C

ho
i e

t a
l. 

[3
3]

45
92

M
ul

tic
en

te
r r

et
ro

sp
ec

tiv
e s

tu
dy

In
cl

ud
es

 p
at

ie
nt

s w
ith

 R
A

Tr
ea

tm
en

t w
ith

 T
N

F 
in

hi
bi

to
rs

 w
as

 
co

ns
ist

en
tly

 as
so

ci
at

ed
 w

ith
 a 

lo
w

er
 

ris
k 

of
 ca

nc
er

 th
an

 in
 th

e n
bD

M
A

R
D

 
co

ho
rt

 (I
R

 p
er

 1
00

0 
pe

rs
on

-y
ea

rs
, 6

.5
 

vs
. 1

5.
6;

 ad
ju

st
ed

 H
R

, 0
.3

79
; 9

5%
 C

I, 
0.

25
5–

0.
56

3)
Th

e a
dj

us
te

d 
H

R
 (9

5%
 C

I)
 w

as
 si

g-
ni

fic
an

tly
 lo

w
er

 in
 th

e T
N

F 
in

hi
bi

to
r 

co
ho

rt
 th

an
 th

e n
bD

M
A

R
D

 co
ho

rt
 

fo
r g

as
tr

oi
nt

es
tin

al
 ca

nc
er

 (0
.4

32
; 

0.
23

5–
0.

79
7)

, b
re

as
t c

an
ce

r (
0.

14
6;

 
0.

04
5–

0.
47

4)
, a

nd
 g

en
ito

ur
in

ar
y c

an
-

ce
r (

0.
22

0;
 0

.0
59

–0
.8

20
)



Dermatol Ther (Heidelb) 

Ta
bl

e 2
  c

on
tin

ue
d

Ye
ar

, a
ut

ho
rs

N
St

ud
y t

yp
e/

de
sig

n
R

es
ul

ts

20
22

, Y
tt

er
be

rg
 et

 al
. [

34
]

14
55

 p
at

ie
nt

s r
ec

ei
ve

d 
to

fa
ci

tin
ib

 
5 

m
g/

12
 h

; 1
45

6 
re

ce
iv

ed
 to

fa
ci

tin
ib

 
10

 m
g/

12
 h

; a
nd

 1
45

1 
re

ce
iv

ed
 a 

T
N

Fi

R
an

do
m

iz
ed

, o
pe

n-
la

be
l, 

no
n-

in
fe

rio
rit

y, 
po

st
 au

th
or

iz
at

io
n,

 sa
fe

ty
 en

dp
oi

nt
 tr

ia
l

In
cl

ud
es

 p
at

ie
nt

s w
ith

 R
A

D
ur

in
g a

 m
ed

ia
n 

fo
llo

w
-u

p 
of

 4
.0

 ye
ar

s, 
th

e i
nc

id
en

ce
 o

f c
an

ce
r w

as
 h

ig
he

r 
w

ith
 th

e c
om

bi
ne

d 
to

fa
ci

tin
ib

 d
os

es
 

(4
.2

%
 [1

22
 p

at
ie

nt
s]

) t
ha

n 
w

ith
 a 

T
N

F 
in

hi
bi

to
r (

2.
9%

 [4
2 

pa
tie

nt
s]

)
Th

e h
az

ar
d 

ra
tio

 w
as

 1
.4

8 
(9

5%
 C

I, 
1.

04
–2

.0
9)

 fo
r c

an
ce

r
20

22
, S

on
g e

t a
l. 

[3
5]

49
29

 p
at

ie
nt

s (
10

64
 JA

K
 in

hi
bi

to
r-

tr
ea

te
d 

an
d 

38
65

 T
N

Fi
-tr

ea
te

d 
pa

tie
nt

s)

R
et

ro
sp

ec
tiv

e m
ul

tic
en

te
r s

tu
dy

In
cl

ud
es

 p
at

ie
nt

s w
ith

 R
A

Th
e i

nc
id

en
ce

 ra
te

s o
f o

ve
ra

ll 
m

al
ig

-
na

nc
y w

er
e 0

.5
4 

pe
r 1

00
 P

ys
 (9

5%
 C

I 
0.

26
–1

.1
4)

 in
 JA

K
i u

se
rs

 an
d 

0.
85

 p
er

 
10

0 
Py

s (
95

%
 C

I 0
.6

6–
1.

10
) i

n 
T

N
Fi

 
us

er
s

In
 an

 in
ve

rs
e p

ro
ba

bi
lit

y o
f t

re
at

m
en

t 
w

ei
gh

tin
g a

na
ly

sis
 w

ith
 a 

ba
la

nc
ed

 
sa

m
pl

e (
41

01
 JA

K
i-t

re
at

ed
 an

d 
51

31
 

T
N

Fi
-tr

ea
te

d 
pa

tie
nt

s)
, H

R
 w

as
 

0.
83

 (9
5%

 C
I 0

.5
5–

1.
27

) f
or

 o
ve

ra
ll 

m
al

ig
na

nc
y:

 0
.7

7 
(9

5%
 C

I 0
.5

0–
1.

19
) 

fo
r s

ol
id

 m
al

ig
na

nc
y a

nd
 2

.8
6 

(9
5%

 
C

I 0
.4

1–
20

.0
0)

 fo
r h

em
at

ol
og

ic
al

 
m

al
ig

na
nc

y
In

 co
nc

lu
sio

n,
 in

 th
is 

st
ud

y m
al

ig
na

nc
y 

ris
k 

in
 K

or
ea

n 
pa

tie
nt

s w
ith

 R
A

 w
as

 
no

t i
nc

re
as

ed
 w

ith
 JA

K
i u

se
 co

m
pa

re
d 

to
 T

N
Fi

 u
se



 Dermatol Ther (Heidelb)

Ta
bl

e 2
  c

on
tin

ue
d

Ye
ar

, a
ut

ho
rs

N
St

ud
y t

yp
e/

de
sig

n
R

es
ul

ts

20
22

, K
ho

sr
ow

-K
ha

va
r e

t a
l. 

[3
6]

83
,2

95
R

ea
l-l

ife
 d

at
a f

ro
m

 a 
co

ho
rt

 o
f p

at
ie

nt
s 

w
ith

 R
A

 tr
ea

te
d 

w
ith

 to
fa

ci
tin

ib
 o

r 
T

N
Fi

Th
e p

oo
le

d 
w

ei
gh

te
d 

H
R

 fo
r t

he
 p

rim
ar

y 
ou

tc
om

e o
f a

ny
 m

al
ig

na
nc

y a
ss

oc
ia

te
d 

w
ith

 to
fa

ci
tin

ib
 tr

ea
tm

en
t c

om
pa

re
d 

to
 

an
y m

al
ig

na
nc

y a
ss

oc
ia

te
d 

w
ith

 T
N

Fi
 

th
er

ap
y w

as
 b

et
w

ee
n 

1.
01

 an
d 

1.
17

 
(9

5%
 C

I 0
.8

3,
 1

.6
2)

 (c
om

pa
re

d 
to

 th
e 

O
R

A
L 

Su
rv

ei
lla

nc
e t

ria
l H

R
 o

f 1
.4

8 
[9

5%
 C

I 1
.0

4,
 2

.0
9]

Th
is 

st
ud

y d
id

 n
ot

 fi
nd

 ev
id

en
ce

 o
f a

n 
in

cr
ea

se
d 

ris
k 

of
 m

al
ig

na
nc

y d
ev

el-
op

m
en

t w
ith

 to
fa

ci
tin

ib
 th

er
ap

y, 
in

 
co

m
pa

ris
on

 w
ith

 T
N

Fi
 th

er
ap

y, 
in

 R
A

 
pa

tie
nt

s t
re

at
ed

 in
 a 

re
al

-w
or

ld
 se

tt
in

g
20

23
, Y

u 
et

 al
. [

37
]

13
1,

49
2

M
ul

tic
en

te
r r

et
ro

sp
ec

tiv
e s

tu
dy

In
cl

ud
es

 p
at

ie
nt

s w
ith

 IB
D

A
lth

ou
gh

 th
e r

isk
 o

f l
ym

ph
om

a i
n 

pa
tie

nt
s w

ith
 IB

D
 re

m
ai

ns
 lo

w,
 ex

po
-

su
re

 to
 an

ti-
T

N
F 

is 
on

e o
f t

he
 m

os
t 

co
m

m
on

 as
so

ci
at

ed
 ri

sk
 fa

ct
or

s (
st

an
d-

ar
di

ze
d 

in
ci

de
nc

e r
at

io
s [

SI
R

] 5
.7

; 9
5%

 
C

I 2
.7

–1
1.

9)



Dermatol Ther (Heidelb) 

Ta
bl

e 2
  c

on
tin

ue
d

Ye
ar

, a
ut

ho
rs

N
St

ud
y t

yp
e/

de
sig

n
R

es
ul

ts

20
23

, C
ur

tis
 et

 al
. [

38
]

43
62

A
na

ly
sis

 o
f O

R
A

L 
Su

rv
ei

lla
nc

e c
lin

ic
al

 
tr

ia
l

In
cl

ud
es

 p
at

ie
nt

s w
ith

 R
A

 ag
ed

 ≥
 50

 ye
ar

s 
w

ith
 ≥

 1 
ad

di
tio

na
l c

ar
di

ov
as

cu
la

r r
isk

In
ci

de
nc

e f
or

 m
al

ig
na

nc
ie

s e
xc

lu
di

ng
 

N
M

SC
 w

as
 h

ig
he

r w
ith

 to
fa

ci
tin

ib
 

(c
om

bi
ne

d 
an

d 
in

di
vi

du
al

 d
os

es
) v

er
su

s 
T

N
Fi

R
isk

 o
f l

un
g c

an
ce

r (
m

os
t c

om
m

on
 

su
bt

yp
e w

ith
 to

fa
ci

tin
ib

) w
as

 h
ig

he
r 

w
ith

 to
fa

ci
tin

ib
 1

0 
m

g t
w

ic
e p

er
 d

ay
 

ve
rs

us
 T

N
Fi

In
 th

e o
ve

ra
ll 

st
ud

y p
op

ul
at

io
n,

 th
e r

isk
 

of
 m

al
ig

na
nc

ie
s e

xc
lu

di
ng

 N
M

SC
 

w
as

 si
m

ila
r b

et
w

ee
n 

bo
th

 to
fa

ci
tin

ib
 

do
se

s a
nd

 T
N

Fi
 u

nt
il 

m
on

th
 1

8 
bu

t 
in

cr
ea

se
d 

w
ith

 to
fa

ci
tin

ib
 aft

er
 m

on
th

 
18

20
23

, K
im

 et
 al

. [
39

]
40

,3
22

40
,3

22
IL

-1
7 

an
d 

T
N

Fi
 u

se
rs

, b
ot

h 
tr

ea
tm

en
ts

 
co

nf
er

re
d 

co
m

pa
ra

bl
e r

isk
 o

f c
an

ce
r

20
23

, H
us

s e
t a

l. 
[4

1]
14

,8
90

M
ul

tic
en

tr
ic

 p
ro

sp
ec

tiv
e s

tu
dy

In
cl

ud
es

 p
at

ie
nt

s w
ith

 R
A

 an
d 

ps
or

ia
tic

 
ar

th
rit

is

In
 R

A
, b

as
ed

 o
n 

38
 in

ci
de

nt
 ca

nc
er

s 
ot

he
r t

ha
n 

N
M

SC
 w

ith
 JA

K
i v

s. 
21

3 
w

ith
 T

N
Fi

, t
he

 o
ve

ra
ll 

H
R

 w
as

 0
.9

4 
(9

5%
 C

I 0
.6

5–
1.

38
). 

A
t 2

 o
r m

or
e 

ye
ar

s a
fte

r t
re

at
m

en
t s

ta
rt

ed
, t

he
 H

R
 

fo
r N

M
SC

 w
as

 2
.1

2 
(9

5%
 C

I 1
.1

5–
3.

89
)

In
 cl

in
ic

al
 p

ra
ct

ic
e, 

th
e s

ho
rt

-te
rm

 ri
sk

 o
f 

ca
nc

er
 o

th
er

 th
an

 N
M

SC
 in

 in
di

vi
du

-
al

s i
ni

tia
tin

g t
re

at
m

en
t w

ith
 JA

K
i w

as
 

no
t h

ig
he

r t
ha

n 
fo

r T
N

Fi
, b

ut
 th

er
e 

w
as

 ev
id

en
ce

 o
f i

nc
re

as
ed

 ri
sk

 o
f 

N
M

SC



 Dermatol Ther (Heidelb)

Ta
bl

e 2
  c

on
tin

ue
d

Ye
ar

, a
ut

ho
rs

N
St

ud
y t

yp
e/

de
sig

n
R

es
ul

ts

20
23

, M
in

 et
 al

. [
42

]
Se

t 1
: 1

59
6 

R
A

 p
at

ie
nt

s (
JA

K
i g

ro
up

: 
64

5;
 T

N
Fi

 g
ro

up
: 9

51
)

Se
t 2

: 1
1,

76
5 

R
A

 p
at

ie
nt

s (
JA

K
i g

ro
up

: 
24

98
; T

N
Fi

 g
ro

up
: 9

26
7)

M
ul

tic
en

tr
ic

 re
tr

os
pe

ct
iv

e s
tu

dy
In

cl
ud

es
 p

at
ie

nt
s w

ith
 R

A
In

cl
ud

es
 al

l J
A

K
i

Th
e H

R
 fo

r c
an

ce
r i

n 
th

e J
A

K
i g

ro
up

s 
an

d 
T

N
Fi

 g
ro

up
s o

f s
et

s 1
 an

d 
2 

w
er

e 
sim

ila
r [

0.
68

 (9
5%

 C
I, 

0.
25

–1
.8

8)
]

20
23

, A
hn

 et
 al

. [
43

]
10

1,
81

6
M

ul
tic

en
tr

ic
 p

ro
sp

ec
tiv

e s
tu

dy
 o

f p
at

ie
nt

s 
w

ith
 se

ro
po

sit
iv

e R
A

In
cl

ud
es

 p
at

ie
nt

s w
ith

 T
N

F-
in

hi
bi

to
rs

, 
JA

K
-in

hi
bi

to
rs

 (g
ro

up
 1

), 
or

 n
bD

-
M

A
R

D
s

C
om

pa
re

d 
to

 p
at

ie
nt

s t
re

at
ed

 o
nl

y w
ith

 
nb

D
M

A
R

D
s, 

th
e I

R
R

s o
f o

ve
ra

ll 
ca

nc
er

s i
n 

pa
tie

nt
s a

dm
in

ist
er

ed
 JA

K
i/

bi
ol

og
ic

s w
as

 0
.8

8 
0.

91
 (9

5%
 C

I 
0.

90
–0

.9
2)

Si
te

-sp
ec

ifi
c l

un
g,

 li
ve

r, 
pr

os
ta

te
, a

nd
 sk

in
 

ca
nc

er
s w

er
e m

or
e f

re
qu

en
t i

n 
JA

K
i/

bi
ol

og
ic

s u
se

rs
Th

e i
nc

id
en

ce
 o

f o
ve

ra
ll 

ca
nc

er
 w

as
 n

ot
 

in
cr

ea
se

d 
in

 p
at

ie
nt

s w
ith

 se
ro

po
sit

iv
e 

R
A

 tr
ea

te
d 

w
ith

 JA
K

i/
bi

ol
og

ic
s a

nd
 

w
as

 re
la

tiv
el

y l
ow

er
 th

an
 n

bD
M

A
R

D
 

on
ly

 u
se

rs
, u

nd
er

sc
or

in
g o

pt
im

al
 d

is-
ea

se
 co

nt
ro

l f
or

 ri
sk

 m
iti

ga
tio

n



Dermatol Ther (Heidelb) 

Ta
bl

e 2
  c

on
tin

ue
d

Ye
ar

, a
ut

ho
rs

N
St

ud
y t

yp
e/

de
sig

n
R

es
ul

ts

20
23

, A
hn

 et
 al

. [
43

]
10

1,
81

6
M

ul
tic

en
tr

ic
 p

ro
sp

ec
tiv

e s
tu

dy
In

cl
ud

es
 p

at
ie

nt
s w

ith
 se

ro
po

sit
iv

e R
A

In
cl

ud
es

 p
at

ie
nt

s w
ith

 T
N

Fi
 an

d 
JA

K
-i 

(g
ro

up
 1

) v
s. 

nb
D

M
A

R
D

s

C
om

pa
re

d 
to

 p
at

ie
nt

s t
re

at
ed

 o
nl

y 
w

ith
 n

bD
M

A
R

D
s, 

th
e I

R
R

 o
f o

ve
ra

ll 
ca

nc
er

s i
n 

pa
tie

nt
s a

dm
in

ist
er

ed
 JA

K
i/

bi
ol

og
ic

s w
as

 0
.8

8 
0.

91
 (9

5%
 C

I 
0.

90
–0

.9
2)

Si
te

-sp
ec

ifi
c l

un
g,

 li
ve

r, 
pr

os
ta

te
, a

nd
 sk

in
 

ca
nc

er
s w

er
e m

or
e f

re
qu

en
t i

n 
JA

K
i/

bi
ol

og
ic

s u
se

rs
Th

e i
nc

id
en

ce
 o

f o
ve

ra
ll 

ca
nc

er
 w

as
 n

ot
 

in
cr

ea
se

d 
in

 p
at

ie
nt

s w
ith

 R
A

 tr
ea

te
d 

w
ith

 JA
K

i/
bi

ol
og

ic
s a

nd
 w

as
 re

la
tiv

el
y 

lo
w

er
 th

an
 n

bD
M

A
R

D
-o

nl
y u

se
rs

, 
un

de
rs

co
rin

g o
pt

im
al

 d
ise

as
e c

on
tr

ol
 

fo
r r

isk
 m

iti
ga

tio
n

20
23

, R
us

se
ll 

et
 al

. [
44

]
36

,6
81

M
A

In
cl

ud
es

 6
2 

ra
nd

om
iz

ed
 cl

in
ic

al
 tr

ia
ls 

an
d 

16
 o

bs
er

va
tio

na
l s

tu
di

es
In

cl
ud

es
 ad

ul
ts

 w
ith

 R
A

, p
so

ria
tic

 ar
th

ri-
tis

, p
so

ria
sis

, a
xi

al
 sp

on
dy

lo
ar

th
rit

is,
 

IB
D

, o
r a

to
pi

c d
er

m
at

iti
s

Th
e i

nc
id

en
ce

 o
f a

ll 
m

al
ig

na
nc

ie
s i

nc
lu

d-
in

g N
M

SC
s w

as
 n

ot
 si

gn
ifi

ca
nt

ly
 d

if-
fe

re
nt

 b
et

w
ee

n 
JA

K
i a

nd
 p

la
ce

bo
 (I

R
R

 
0.

71
; 9

5%
 C

I 0
.4

4–
1.

15
) o

r b
et

w
ee

n 
JA

K
i a

nd
 m

et
ho

tr
ex

at
e (

IR
R

 0
.7

7;
 9

5%
 

C
I 0

.3
5–

1.
68

)
C

om
pa

re
d 

to
 T

N
Fi

, J
A

K
i w

er
e a

ss
oc

ia
te

d 
w

ith
 an

 in
cr

ea
se

d 
in

ci
de

nc
e o

f m
al

ig
na

n-
ci

es
 (I

R
R

 1
.5

0;
 9

5%
 C

I 1
.1

6–
1.

94
)

IL
 in

te
rle

uk
in

; T
N

F 
tu

m
or

 n
ec

ro
sis

 fa
ct

or
; T

N
Fi

 T
N

F 
in

hi
bi

to
r (

an
ti-

T
N

F)
; J

A
K

i J
A

K
 in

hi
bi

to
r;

 R
 re

ce
pt

or
; I

g i
m

m
un

og
lo

bu
lin

; P
y P

er
so

n-
ye

ar
; S

R 
sy

st
em

at
ic

 
re

vi
ew

; M
A 

m
et

a-
an

al
ys

is;
 R

C
T

  ra
nd

om
iz

ed
 cl

in
ic

al
 tr

ia
l; 

IR
R 

in
ci

de
nc

e r
at

e r
at

io
; S

IR
 st

an
da

rd
iz

ed
 in

ci
de

nc
e r

at
io

; a
IR

R 
ad

ju
st

ed
 in

ci
de

nc
e r

at
e r

at
io

; R
R 

re
la

tiv
e 

ris
k;

 H
R 

ha
za

rd
 ra

tio
; a

H
R 

ad
ju

st
ed

 h
az

ar
d 

ra
tio

; C
I c

on
fid

en
ce

 in
te

rv
al

; D
M

A
RD

 d
ise

as
e-

m
od

ify
in

g 
an

tir
he

um
at

ic
 d

ru
gs

; b
D

M
A

RD
s b

io
lo

gi
c d

ise
as

e-
m

od
ify

in
g 

an
tir

he
um

at
ic

 d
ru

gs
; n

bD
M

A
RD

S 
no

n-
bi

ol
og

ic
 d

ise
as

e-
m

od
ify

in
g a

nt
irh

eu
m

at
ic

 d
ru

gs
; I

FX
 in

fli
xi

m
ab

; A
D

A 
ad

al
im

um
ab

; R
T

X 
rit

ux
im

ab
; N

M
SC

 n
on

-m
el

an
om

a 
sk

in
 ca

nc
er

; R
A 

rh
eu

m
at

oi
d 

ar
th

rit
is;

 A
D

 at
op

ic
 d

er
m

at
iti

s; 
C

D
 C

ro
hn

’s 
di

se
as

e;
 IB

D
 in

fla
m

m
at

or
y b

ow
el

 d
ise

as
e;

 U
C

 u
lc

er
at

iv
e c

ol
iti

s; 
Sp

A 
sp

on
dy

lo
ar

th
rit

is



 Dermatol Ther (Heidelb)

and in patients with other risk factors (increased 
age, comorbidities).

An MA of randomized controlled trials 
(RCTs) (n > 15,000) published in 2011, includ‑
ing patients treated with ADA, ETN, or IFX for 
diverse pathologies, showed that the only tumor 
associated with anti‑TNF was non‑melanoma 
skin cancer (NMSC) [relative risk (RR) of 2.02 
(95% CI: 1.11–3.95)], with no differences among 
the three drugs [10]. This risk was especially rel‑
evant in patients with rheumatoid arthritis (RA). 
Anti‑TNFs presented a significant risk when com‑
pared with non‑biological disease‑modifying 
antirheumatic drugs (nbDMARDs). In 2015, a 
multicenter prospective study (n > 10,000) com‑
pared the risk of solid organ malignancies in RA 
patients treated with anti‑TNF to that in patients 
treated with nbDMARDs. After adjusting for dif‑
ferences in baseline characteristics, there was 
no significant difference between treatments: 
hazard ratio (HR) 0.83 (95% CI 0.64–1.07). Fur‑
thermore, there was no difference in the RR of 
cancer for any of the individual anti‑TNF [16]. 
A multicenter retrospective study with 4500 
patients suggested that individuals with RA 
undergoing anti‑TNF treatment might even have 
a lower risk of cancer than those treated with 
nbDMARDs. The adjusted HR (95% CI) was sig‑
nificantly lower in the anti‑TNF cohort than in 
the nbDMARD cohort for gastrointestinal can‑
cer (0.432; 0.235–0.797), breast cancer (0.146; 
0.045–0.474), and genitourinary cancer (0.220; 
0.059–0.820) [33]. Regarding inflammatory 
bowel disease (IBD), in 2022, a multicenter ret‑
rospective study with > 30,000 patients showed 
that the risk of colorectal cancer could even be 
decreased in patients under anti‑TNF treatment 
for ≥ 10 years (HR, 0.41; 95% CI, 0.20–0.86). [31] 
However, other studies have linked anti‑TNF in 
IBD patients with the risk of lymphomas, espe‑
cially when combined with other treatments 
[29, 37].

Regarding dermatological indications, a sin‑
gle‑center retrospective study (n = 280) demon‑
strated that the incidence of NMSC in psoriasis 
patients treated with anti‑TNF was higher than 
in those with RA treated with anti‑TNF [HR 6.0 
(1.6–22.4 95% CI)]. This could be explained by 
different baseline characteristics between the 

groups (e.g., previous phototherapy in psoriasis 
patients) [15].

Regarding patients with a history of cancer, 
an SR and MA, including 3807 patients under 
anti‑TNF therapy (with dermatological and 
non‑dermatological disorders) versus 7972 con‑
trols, all those with a previous history of cancer, 
showed that the pooled RR of new or recurrent 
cancer was not significantly different between 
the groups (IRR 0.90; 95% CI 0.59–1.37) [28].

The risk of malignancies has also been evalu‑
ated in pediatric and young adult patients under 
anti‑TNF therapy. Overall, the risk was low and 
comparable to the general population [48, 50].

Anti‑TNF Versus JAK Inhibitors or Other 
Therapies

A multicenter retrospective study (n > 3500) 
revealed that the rates of malignancies were 
higher with rituximab than with infliximab 
[18]. Other comparative studies have suggested 
a higher incidence of cutaneous and extracuta‑
neous cancers with JAKi (especially tofacitinib) 
when compared to anti‑TNF agents [34, 38, 
41, 43, 44]. An MA including 62 RCTs and 16 
observational studies (n > 35,000) concluded that 
JAKi were associated with a higher incidence of 
malignancy (IRR 1.50; 95% CI 1.16–1.94), both 
NMSCs and non‑NMSCs, than anti‑TNFs [44]. 
However, other studies have shown a similar 
incidence of cancer with anti‑TNF drugs and 
JAKi [35, 40, 47].

Anti IL‑17 and Cancer Risk (Table 3)

We found six studies analyzing the relation‑
ship between anti‑IL‑17 drugs or IL‑17 recep‑
tor (R) inhibitors (IL‑17i) and the risk of cancer. 
Among them, four studies that simultaneously 
investigated various IL‑17i [39, 59–61], includ‑
ing > 140,000 patients in total, showed that the 
incidence of neoplasms with these agents was 
very low, both cutaneous and non‑cutaneous 
cancer. In fact, anti‑IL‑17 could even confer a 
decreased risk of certain neoplasms in patients 
with psoriasis, compared to the native popula‑
tion [61].
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Regarding secukinumab, in 2021, an analysis 
of 49 RCTs and post‑marketing surveillance data, 
including > 15,000 patients with psoriasis, PsA, 
and/or ankylosing spondylitis (AS), reported 
an exposure‑adjusted incidence rate (EAIR) of 
malignancy of 0.85 per 100 persons treated per 
year [95% CI 0.74–0.98] in secukinumab‑treated 
patients, a relatively low incidence at 5 years of 
follow‑up [62]. Similar results were observed 
with ixekizumab [63].

Anti IL‑17 Versus Anti‑TNF

A population‑based study published in 2024 
(n > 40,000) revealed that patients undergoing 
anti‑TNF treatment had an increased risk of 
cancer compared to those receiving anti‑IL‑17 
and IL‑23 drugs. Anti‑IL17 could even decrease 
the risk of malignancies, especially non‑Hodg‑
kin lymphoma (NHL), colorectal cancer, ovar‑
ian cancer, hepatobiliary cancer, melanoma, and 
basal cell carcinoma [61].

Anti IL‑23 and Cancer Risk (Table 3)

We found 11 studies that evaluated the risk of 
cancer in patients treated with IL‑23 inhibitors 
(IL‑23i): three studies simultaneously investi‑
gated various drugs [59–61], three focused on 
guselkumab [64–66], two on tildrakizumab [67, 
68], and three on risankizumab [69–71].

The majority of studies indicate a very low 
incidence of neoplasms, comparable or even 
lower than the general population [59–61]. 
Similar findings were shown individually for 
guselkumab [64–66], tildrakizumab [67, 68], 
and risankizumab [69–71]. The previously men‑
tioned population‑based study by Kidrin et al. 
[61] showed that patients under IL‑23i experi‑
enced a decreased risk of NHL (HR, 0.39; 95% 
CI, 0.19–0.78; p = 0.006) and hepatobiliary can‑
cer (HR, 0.44; 95% CI, 0.31–0.62; p < 0.001). A 
recent SR and MA, including 19 observational 
studies and > 18,000 individuals, compared 
the incidence of malignancies among patients 
undergoing anti IL‑17, anti IL‑23, ustekinumab, 
or JAKi, and showed that the incidence of 
NMSC was higher in patients undergoing JAKi 
when compared to those receiving anti IL‑17, 

ustekinumab, or anti IL‑23, but was similar for 
other types of tumors [60].

Ustekinumab (Anti IL‑12/23) and Cancer 
Risk (Table 3)

We found three studies evaluating ustekinumab 
and the risk of malignancies. They revealed a 
very low risk [32, 60, 72]. An analysis of four 
clinical trials (> 3000 individuals) showed that 
the rate of cancer was similar in patients receiv‑
ing a placebo [32, 72].

Anti CD‑20 and Cancer Risk (Table 4)

We found five studies that evaluated the rela‑
tionship between rituximab (RTX) and neo‑
plastic risk [18, 20, 24, 73, 74]. A multicentric 
retrospective study with 3762 individuals with 
RA showed that the crude rates of malignancies 
were highest among the users of RTX and nbD‑
MARD, and lowest among patients treated with 
IFX [18]. A multicenter retrospective study on 
130,315 RA patients did not revealed an overall 
increased risk of melanoma following exposure 
to rituximab [24]. Similar results were observed 
in a global company safety database that 
included 409,706 patients, where data showed 
no evidence of an increased risk of malignancy 
of any type following rituximab treatment in 
patients with RA [74].

Anti IL‑4/13 and Anti IL‑13 and Cancer Risk 
(Table 4)

We found four studies that evaluated the risk 
of malignancies with dupilumab [75–78] 
and three with tralokinumab [79–81] An SR 
and MA including 22 observational studies 
in patients with AD under dupilumab (anti‑
IL‑4/13) revealed that no cases of malignancy 
were reported [75]. Strikingly, Mota et  al., 
using worldwide real data in safety databases 
 (VigiBase®) (n > 10,000,000), linked dupilumab 
to cases of cutaneous T‑cell lymphoma [relative 
odds ratio (ROR) = 11.11] [78]. This association 
was not found in other studies [75–77].

Regarding tralokinumab (anti‑IL‑13), a post 
hoc analysis of clinical trials on 1174 patients 
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with AD found nine neoplasms in the group 
under biologic treatment [79].

Anti IL‑31 and Cancer Risk (Table 4)

We found two studies that assessed the relation‑
ship between nemolizumab and cancer [82, 
83]. An SR with MA, including eight RCTs (809 
patients with AD), did not reveal an increased 
risk of cancer in individuals under nemolizumab 
therapy [82].

Anti Ig‑E and Cancer Risk (Table 4)

We found five studies (four of them were SR) 
evaluating the relationship between neoplasms 
and omalizumab. In all the included studies, 
cancer rates among patients exposed to omali‑
zumab were not higher than in the general pop‑
ulation [84–88].

Anti IL‑1 (Anakinra, Canakinumab, 
Rilonacept) and Cancer Risk

We found five studies on anti‑IL‑1 agents and 
the risk of cancer: two analyzing various anti‑
IL‑1 [89, 90], two on canakinumab [91, 92] and 
one on rilonacept [93]. All of the studies, includ‑
ing an SR with > 10,000 patients with cryopyrin‑
associated periodic syndromes (CAPS) treated 
with anti‑IL‑1 therapy, showed that these drugs 
did not increase the rate of neoplasms compared 
to the general population [90].

JAK Inhibitors and Cancer Risk (Table 5)

JAK Inhibitors (ALL) and Cancer Risk

We found 46 studies on JAKi agents and the 
risk of cancer. Among them, 11 included JAKi 
as a group (≥ 2 drugs of this class) [35, 40–44, 
60, 94–98]. An SR and MA from 2020, encom‑
passing 82 RCTs with over 66,000 RA patients, 
revealed that the incidence rates of malignan‑
cies (excluding NMSC) were 0.89 per 100 person‑
years, which is slightly higher than would be 
expected in the general population (0.5–0.6 per 

100 person‑years) [95]. Jalles et al., utilizing data 
from  VigiBase®, a French pharmacovigilance 
database that reports skin cancers (> 100,000 
registered cases), revealed a disproportionality 
signal for squamous cell carcinoma (SCC) with 
ruxolitinib and tofacitinib, for melanoma with 
ruxolitinib and tofacitinib, and Merkel cell carci‑
noma with ruxolitinib and tofacitinib, and only 
for Merkel cell carcinoma with baricitinib [96].

Anti‑JAKi Versus Biologics

A retrospective study involving nearly 5000 
patients reported that the incidence of malig‑
nancies in RA patients was not increased with 
JAKi use compared with anti‑TNF therapy [35]. 
This finding has been supported by other studies 
[42, 43]. However, some studies have reported 
a higher incidence of neoplasms in patients 
undergoing JAKi treatment compared to anti‑
TNF [41, 44], including a recent multicenter ret‑
rospective study (n > 36,000) which concluded 
that compared to anti‑TNF, JAKi were associated 
with an increased incidence of cancer (incidence 
rate ratio 1.50; 95% CI 1.16–1.94), both NMSCs 
and non‑skin cancer [44].

JAK‑1 Inhibitors (Abrocitinib, Upadacitinib) 
and Cancer Risk

We found nine studies on the risk of neoplasms 
with selective JAK 1 (JAK‑1) inhibitors: three 
focusing on abrocitinib [77, 99, 100] and six on 
upadacitinib [55, 101–105]. In the three stud‑
ies with abrocitinib, including 787 patients 
with AD, no cases of cancer were reported [77, 
99, 100]. Regarding upadacitinib, a recent SR 
including 25 RCTs (> 10,000 patients) reported 
that most of the RCTs did not find a significant 
increase in the rate of malignancies with upa‑
dacitinib therapy when compared to placebo 
or to anti‑TNFs [101, 103, 105]. However, an 
extended study of a phase 3 RCT (493 patients 
with RA) showed a higher rate of neoplasia in 
the 12 mg/day group, mainly at the expense of 
NMSC [102]. An SR with 11 RCTs and > 50,000 
patients (including patients with RA, PsA, and 
spondyloarthritis) revealed a dose‑depend‑
ent increase in the incidence of NMSC in RA 
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patients treated with upadacitinib, but not in 
patients with spondyloarthritis or PsA. The inci‑
dence of other types of cancer was not increased 
[104].

JAK‑1 and JAK‑2 Inhibitors (Baricitinib, 
Ruxolitinib) and Cancer Risk

We found 11 studies: one on ruxolitinib and 
baricitinib [106], four studies on baricitinib 
[107–110], and six studies on ruxolitinib 
[111–116]. Regarding baricitinib, the incidence 
of cancer was low, and there was no higher rate 
of malignancies when compared to the refer‑
ence population in studies involving RA [107] 
(n = 3770), AD [108] (n = 2636), or alopecia areata 
(AA) (n > 1300) [109, 110].

Concerning oral ruxolitinib, an agent tradi‑
tionally used in hematological disorders such 
as myelofibrosis and polycythemia vera, diverse 
studies have demonstrated an increased inci‑
dence of secondary neoplasms [111, 112]: a 
multicentric retrospective study on 700 patients 
with myelofibrosis revealed that 11.4% of cases 
developed a neoplasm after starting ruxolitinib 
and 50% were NMSC [112]. Other studies have 
also shown an increased incidence of NMSC, 
especially SCC [113–115]. NMSCs have also 
been reported with the use of topical ruxolitinib 
in RCTs on patients with vitiligo, although all 
cases were considered unrelated to the treatment 
[116]. A recent study that reviewed nearly 14,000 
patient‑years of post‑marketing safety data from 
the first year following market approval of rux‑
olitinib cream found four NMSC in two patients 
[116].

PAN‑JAK Inhibitors (Tofacitinib) and Cancer 
Risk

Twelve studies were found that assessed the 
risk of cancer with the administration of the 
JAK‑1, JAK‑2, JAK‑3, and TYK‑2 inhibitor tofaci‑
tinib [34, 36, 38, 47, 117–124]. Diverse studies 
reported that the incidence of neoplasms with 
tofacitinib was low and similar to the general 
population, including NMSC [117–121, 123, 
124]. A recent SR and MA including 26 con‑
trolled studies (22 RCTs) showed that the RR for 

any cancer with tofacitinib therapy compared 
to any control treatment was 1.06 (95% CI, 
0.86–1.31; p = 0.95). When comparing tofaci‑
tinib to either placebo or biological therapy, no 
difference was found in the overall cancer risk 
(versus placebo, RR = 1.04; 95% CI, 0.44–2.48; 
p = 0.95; versus biological drugs, RR = 1.06; 95% 
CI, 0.86–1.31; p = 0.58). However, when tofaci‑
tinib was compared to anti‑TNF, the overall can‑
cer RR was 1.40 (95% CI, 1.06–2.08; p = 0.02). For 
skin cancer, the RR was 1.30 (95% CI, 0.22–5.83; 
p = 0.88). In conclusion, a slightly higher risk was 
found in patients treated with tofacitinib than 
in those treated with anti‑TNF agents [122]. 
Similar findings were reported in a randomized, 
open‑label, non‑inferiority, post‑authorization, 
safety endpoint trial with 1455 RA patients com‑
paring tofacitinib to anti‑TNF [HR 1.48 (95% CI, 
1.04–2.09)] [34], and in a study that reviewed 
data from real practice (> 80,000 patients) [36].

TYK‑2 Inhibitors (Deucravacitinib) and 
Cancer Risk

We found two studies (n = 666 and n = 1519) on 
the association of cancer and deucravacitinib in 
patients with psoriasis. Neither article reported a 
higher incidence of malignancies with this drug 
than in the general population [125, 126].

JAK‑3 and TYK Inhibitors (Ritlecitinib) and 
Cancer Risk

An SR including four RCTs and > 1000 patients 
with AA revealed no higher rate of cancer with 
ritlecitinib in individuals aged ≥ 12 years. In this 
study, the risk of NMSC was not specifically ana‑
lyzed  [127].

DISCUSSION

Biologics and Cancer Risk

TNF‑α is a cytokine with pleiotropic activity, 
and plays a crucial role in inflammation, exhib‑
iting pro‑inflammatory characteristics and 
influencing various aspects of inflammation 
and immune regulation. Concerns have arisen 
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about the potential induction of immunotol‑
erance by anti‑TNF treatment, leading to the 
development of malignancies [128]. However, 
we found a low risk of cancer with these agents, 
higher in RA patients with other comorbidities 
such as advanced age, exposure to other immu‑
nosuppressants, and/or hematological disorders 
[10, 11]. When comparing anti‑TNF with other 
BD, evidence suggested that treatment with 
anti‑IL‑17 or anti‑IL‑23 may have a lower can‑
cer risk than anti‑TNF, potentially even lower 
than the general population [61]. This could be 
attributed to a pro‑tumor role of IL‑17 or IL‑23, 
as suggested by some studies [129]. Regard‑
ing other BD such as IL‑4/13 (dupilumab), 
IL‑13 (tralokinumab), CD‑20 (rituximab), IgE 
R (omalizumab), IL‑12/23 (ustekinumab), and 
IL‑31 (nemolizumab) inhibitors, as well as anti‑
IL‑1, IL‑5, and IL‑6, no higher risk of cancer was 
found compared to the general population or to 
other biologics.

Regarding anti IL‑4/13, concerns have been 
raised about the association of dupilumab with 
certain lymphoproliferative processes. This was 
initially based on cases of patients treated with 
dupilumab and subsequently diagnosed with 
cutaneous T‑cell lymphomas (LCCT). However, 
recent studies have indicated no clear associa‑
tion, with most cases likely being diagnostic 
errors, initially diagnosed as AD but later con‑
firmed as LCCT [130].

JAK Inhibitors and Cancer Risk

JAKi block multiple cytokines and intracellular 
pathways of immunosurveillance. The disruption 
of immunosurveillance could increase the risk of 
cancer [8]. In our review, some studies demon‑
strated a higher incidence of cancer, particularly 
of NMSC, in patients undergoing JAKi, especially 
with tofacitinib and ruxolitinib, [96]. This may be 
secondary to the less selective inhibition of tofaci‑
tinib (JAK‑1, JAK‑2, JAK‑3, and TYK‑2) and rux‑
olitinib (JAK‑1 and JAK‑2). However, the patients 
receiving these drugs may have clinical character‑
istics (elderly with myelodysplastic syndrome for 
ruxolitinib and RA patients for tofacitinib) ren‑
dering them prone to the development of malig‑
nancies. The association of oral ruxolitinib with 

SCC is noteworthy and has been shown in several 
case series, often involving high‑risk and poor‑
prognosis tumors [114]. This should be considered 
in patients undergoing ruxolitinib and present‑
ing with other risk factors for cutaneous cancer 
[113–115].

For the rest of JAKi, the overall association with 
cancer was limited and comparable to the gen‑
eral population, although a slightly higher rate 
of NMSC has been reported with upadacitinib, 
which is dose‑dependent and only in RA [104].

Cancer Risk: Biologics Versus JAK Inhibitors

Multiple studies have attempted to compare the 
incidence of cancer in patients undergoing BD 
(especially anti‑TNF) and JAKi. Although some 
have demonstrated a similar incidence [35, 42, 
55], most have revealed a higher cancer incidence 
in patients treated with JAKi than those with anti‑
TNF or other BD [34, 38, 40, 41, 44, 47, 60]. This 
risk seems higher particularly for NMSC [41], in 
patients under prolonged therapy [38], in RA indi‑
viduals [34, 38, 47], and in patients using tofaci‑
tinib [34, 47] or ruxolitinib [114]. However, it is 
important to emphasize that the overall safety 
profile of JAKi is favorable and generally superior 
to other classic immunosuppressants (systemic 
corticosteroids, azathioprine, methotrexate, cyclo‑
phosphamide) [8]. Additionally, the higher inci‑
dence of neoplasms has been mainly observed in 
patients with extra‑dermatological disorders (RA 
and myelodysplastic syndrome), who tend to be 
older, with more comorbidities, and have under‑
gone prior therapy with multiple immunosup‑
pressants [8]. Nevertheless, new guidelines evalu‑
ating the safety of JAKi and certain BD are needed. 
Recently, the Pharmacovigilance Risk Assessment 
Committee proposed measures to address severe 
side effects linked to JAKi in immune‑mediated 
inflammatory diseases [131]. These and other 
measures may provide a more comprehensive 
understanding of JAKi and other BD.

Limitations

Our study has several limitations. First, it is a 
narrative review rather than a systematic one. 
Second, not all JAKi and BD available were 
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included. The risk of sonidegib, vismodegib, 
and immunotherapy was not assessed. How‑
ever, efforts were made to include as many 
drugs as possible. Third, a significant portion of 
the included studies evaluated rheumatologi‑
cal conditions (such as RA, PsA, or spondyloar‑
thropathies), digestive disorders (IBD), or hema‑
tological conditions (such as myelodysplastic 
syndromes), and these patients may present 
comorbidities or an intrinsic cancer risk that 
may differ from that of dermatologic patients. 
Fourth, there is limited literature on newer drugs 
(e.g., abrocitinib) and a reduced follow‑up inter‑
val with these agents. Lastly, many studies glob‑
ally assessed cancer incidence without specific 
mention of cutaneous cancer, as most reported 
studies focused on non‑dermatological con‑
ditions. All these factors make the generaliza‑
tion of reported findings and their conclusions 
difficult.

CONCLUSIONS

The drugs most strongly associated with cancer 
risk are anti‑TNF agents and JAKi (specifically 
tofacitinib and ruxolitinib). BD and JAKi tend 
to represent an incidence of cutaneous cancer 
similar to the general population.

When comparing BD with JAKi, the lat‑
ter seem to be associated with a higher risk of 
malignancies. This risk appears to increase with 
age, with the presence of other factors such as 
chronic immunosuppression from previous 
drugs or other comorbidities, and with specific 
diseases such as RA and myelodysplastic syn‑
drome. In patients with dermatological condi‑
tions (such as psoriasis, PsA, AD), this risk may 
be lower than in other subgroups and possibly 
comparable to the general population.
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