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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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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.
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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-TNFE"” “etanercept,” “infliximab,”
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Table 1 Approved indications in dermatology and mechanism of action of the main JAK inhibitors

Drug Route of =~ Mechanism of action FDA-approved indications in  EMA-approved indications in
administra- dermatology dermatology
tion
Abrocitinib Oral Selective JAK1 inhibitor ~ Moderate-to-severe atopic Moderate-to-severe atopic
dermatitis dermatitis
Upadacitinib ~ Oral Selective JAK1 inhibitor =~ Moderate-to-severe atopic Moderate-to-severe atopic
dermatitis dermatitis
Active psoriatic arthritis Active psoriatic arthritis
Baricitinib Oral JAKI and JAK?2 inhibitor Moderate-to-severe atopic Moderate-to-severe atopic
dermatitis dermatitis
Alopecia areatain > 18 years  Alopecia areata in > 18 years
Ruxolitinib Topical JAK1 and JAK?2 inhibitor Mild-to-moderate atopic Non-segmental vitiligo
dermatitis
Non-segmental vitiligo
Ritlecitinib Oral Selective JAK3 inhibitor ~ Alopecia arcatain>12years  Alopecia areatain > 12 years

Deucravacitinib Oral Selective TYK2 inhibitor

Moderate-to-severe plaque

psoriasis

Moderate-to-severe plaque

psoriasis

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

FMS-like tyrosine kinase 3

“adalimumab,” “certolizumab,” “golimumab,”
“anti 1L-17,” “secukinumab,” “ixekizumab,”
“brodalumab,” “bimekizumab,” “anti I1L-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 I1L-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)
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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
antitheumatic 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
nbDMARD:s. 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-I1L-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 (22 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, 101-1035]. 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

A\ Adis



Dermatol Ther (Heidelb)

(€5°0=52001)
qIUNDLIE] YIIM BWOUTDIED
[[92 [P3I9JA] 10§ A[uo pue
{(10'T = $Z0DI) qrunaejod
pue (f=<70D]) qrunioxni
(AIM BUWIOUTDIED [[22 [B[IA
pue (¥£'0=S200I) qrun
-1ejo1 pue (18°0 = ST0OI)
qrUnIOXNI YIIM BWOUER[IW
105 £(28:0=$2001) qiun
-To¥j01 puE (76°¢ = S70DI)
qIUII[OXNI [2I0 IIM DS
103 2an150d 9q 01 PUNOJ SEM
Teusis Larpeuoniodoidsip v
s&q 00T 1od
68°0 sem (DSIAIN UEY3 19Y20)
£oueuSiew Jo 9181 25UpIOUY
s&q 00T 1od
88’6 Sea STV SNOLIdS JO pue
steak-uosiad (0T 12d ¢9'7H

Sem wmmaqw.wo 2lel uuCu—UMUEM YT,

qrunpLIeq pue ‘qrun
-1DB}03 ‘qIURI[OXNI SOpN]OU]

(uonoea1 §nip as1oApe paidad

-STis JO IsEqEITP [EUOLIBUIIIUL 1¢oadng/er

uoneziuediQ YIEdH PHOAy  22uls SULIMdd0 aseqerep aoue|

ay3) aseqI3I ul siskJeue -ISTAODEWIIEY ] YOUSL] o2
mwmmuwco: /$9s€d Wo1j eie(] WOIJ sI190Ued Unys jo s110do1 [Ty [96] Te 32 s311e[ “220¢

SV 30 ‘0Osd ‘adl ‘v
Y sauoned ur qrunotreq
pue ‘qrunod(y ‘qrunpepedn
‘qrunmeyol yam sauaned ur
(sarpnis [euOnEAIISqO pUE
S[eL11) SATPNIS 7 SIpNU]
VIN Y ys 651°99 [S6] 'Te 32 BIPATIO 0707 s1ouqryur Y[ Iy

symsay

udrsa(q/adfy Apmaig N sIoyINe Ted} 1y

3511 125uEd pue £Jojoreurrap ur pakojduwa s10aqryur Yy [ usam1aq drysuone[d1 Ay ssasse 1BYa SAIPNIS UTE]y] G I[qe],

A\ Adis



Dermatol Ther (Heidelb)

so130[01q Yatm paiean

3SOY3 Ut Uey I [ s
parean sauaned ur 10ySry
a1oM DSTAIN JO SIJ Y3 A[Iym
TV pue ‘s1ouqryur ¢z- ]
$1031qTYUI /-] Y31a pa3ean
syuonred ssoxoe ojqeredwod
910M BUWIOUE[AW JO SI[ YT,
sKJ 00T 12d s1uoAd
(19°0-€€°0 1D %S6) S7'0
sem DSTAIN JO Y] [[E10A0 o3
pue s£g 00T 12d s3U243 (ST°0
=S0°0 1D %56) 80°0 seas
BUWOUE[IW JO ] [[619A0 YT,
asn LN T, qaim paredurod asn
V[ (314 paseaIdur 10U sem
W yam sauoned uearoy ur
st LoueuSipewr Kpnas stya uy
SIOSN LN ], UT
(01'T-99°0 1D %S6) $4d 001
12d ¢g°( pue s1asn [y [ ut
(FI'T-9T°0 1D %S6) 4d 001

12d $,¢°() 210M LoureuSIew

[[B42A0 JO $3381 95UIPIdUT 9T,

vsd pue Osd Y sauoned ur
DSJAIN PUt BWOUE[W JO Y]

Suniodor sarpnas g sopnpouy

VIN PIAYS

W s syuaned sopnpouy
Apmas

Iazuadnynuw u>wuuu&m0uuulm

6€L81

(sauanred

paresani-103qryur N,

$98¢ puE Pa1EdNI-103IqIY Ul
MV[#901) siuaned 6764

[09] Te 32 YYoIzskzry] ‘€70T

[¢€] 'Te 32 8uog ‘770t

symsay

udrsa(q/2dfy Apmaig

N

sIoyine ‘redx

wady

panunuod [ 9Iqe],

A\ Adis



Dermatol Ther (Heidelb)

1INLL 10J uey 10y3ry
10U seM TY V[ Y3rm Juduniedany
Sunenrur sfenprarpur ur
DSJAN UBY3 19430 190Ued
JO [SLI WI93-1I0YS 943 951
-oead Testurpo ur Krewwns uy
(€680 1D %S6)
I'TPue (T°6-L010 %S6)
6T 214 SYH Y2 “DSIAN
JULPIIUL ¢/ *SA 8 PUE DSIAN
UBY3 IDYI0 SIIUED JUIPIdUT
€/, "SA G UO Paseq “Ysq U]
(68°¢-ST'T
1D %S6) TI'T Sem DSIAIN
J0J H Y2 ‘pa3teis yuow
-Yea11 103Je STedL 210U IO
W (I6T-10T 1O %S6)
6€°T SeMYH 3 DSIAIN JO
SIUDPIOUI GQT "SA GG UO Paseg
(8€'T-S9°0 1D %S6) ¥6°0
SeAM Y [eI9A0 9Y3 “TINLT.
s 1T sA Y[ s

Vsd

DSJAN UBY3 1Y10 s100UEd  pue Yy Yaim sauaned sopnpuy
JUSPIOUT ¢ U0 paseq ‘Y U]  Apnas aandadsord stmusonnpy 068%1 [1%] Te 32 ssnH ‘€20¢
sInsay uSrsa(q/2dfy Apmaig N s1oINe ‘Jeay wady

ponunuod [S 9Iqe],

A\ Adis



Dermatol Ther (Heidelb)

[(88'1-ST°0 1D %S6) 89°0]
m&SOum oml uﬂu Cuu.ﬁuuﬁ

Te[IWIS 910M 7 PUE T 5195 JO
sdnoi8 1IN 1, pue sdnoid
V(92 ur 10ued 103 JH YT,
uone3nIw Ysu 10§ [011U0D
aseastp [ewndo Sutiodsiopun

‘s1951 A[Uo- (Y VINAqU
uey) 19M0] A[2ATIR[DI SEM

pue sa130[01q/ 13 /[ yarm

pa1ean Y danrsodoids Yam

sjuaned UT paseaIour 10U seM
I9DUED [[LI2A0 JO IDUIPIOUT YT,

(¢60-06'0 1O

%S6) 16°0 ‘88°0 sea s2130[01q

/OIy[ paroisturwpe siuoned

UT $190UED [[21940 JO SYY T

Y SAYVINQqU Yaim Auo
pa3eon syuaned 01 paredwon)

(L976 :dnoid

DIVIIesopnpul  HINLL ‘865 :dnosd nyvy)

BII0Y sauoned Wy 9/ 1T 7 29S
ur 'y Y sauoned sopnpouy (156
Lpnas :dno18 1IN T, ‘%9 :dnoid

aandadsonar stuadnniy V() sausned YV 9657 T 39§

SQYVING 4 TIV[ pue
LINLL Y3t syuanred sopnpoug
VY oan
-1sodo1as Y sauonred sopnpouy

Apnas aandadsord smussnnyy 918101

[2¥] Te 32 W €207

[€¥] Te 0 uyy ‘€20T

symsay

udrsa(q/2dfy Apmaig N

sIoyine ‘redx

wady

panunuod [ 9Iqe],

A\ Adis



Dermatol Ther (Heidelb)

pasearour 10u

sea [AppAnoadsar {(950 = ./
‘€CTHT0) 850 (%0 =of
‘18'€-57°0) L6'0] DOSIN
uey 1910 sapueudIew

pue UWEZWO JSLaYT,

Vs

siuaned parean- (Y VINA]
"SA TY[ Y[ 103 U23S SEM (S1D)
%S6“LET9L0ID %S6)
131 JO Y H U ‘s[opou X0y
oyy1oads-asnes parydom Sursn

sdnoi3 om1 oy Surredwory

SOSIAN-UOU pue sHSIAN
g (56 1-91°T 1D %S6
051 1) Koueudipew jo

UUCU‘TMUﬁM TwwduuUQM ue &u;D

Pa3e1d0sse a1om I V[ 942

-M0Y ‘TINLL, Y3 paredwo))

(89'T-S€0 1D %S6
££°0¥N]) 21EX210YI0W pue
V[ u9am13q 10 (ST T-%%°0

1D %S6 TL°0°qdT) 0922
-e[d pue [y [ usamioq
wpnyIp Apuesyrudis ou
sem SOSIAN Surpnpour sa1o

-ueuSieur [[e Jo 3dUIPIOUT YT,

(8w o€ pue ST °5'L)
qrunmepedn pue (Sw ¥ pue
7 °T) qrunreq (3w 007
PUE ‘00T ‘0€ ‘0T) qrunmoIqe
:s3n1p urmoryoy oy Yarm
av Y syuaned sopnpouy
STOY ¥ sopnpuf
VN Pue S

(V) snuyare proa
“ewnayI Y sausned sopnpouy
Apras

2A1192ds01191 SIUAII A

av 10°adI ‘S ‘0sd
“Vsd VY YIm sanpe sapnpouy
$ITPNIS [EUOIIEAIIS]O
91 pue SL. DY 79 Sopn[dy]
VYIN

1§27 [86] Te 32 u0Ox $70¢

Appandadsar S VING
s130j01q pue (yy[) s103
-IqIquI Y[ Yaim pazean
siwonred WY /HTH PUL GL8  [L6] T 0 UURWIANSIN $T0T

189°9¢ [¥] Te 32 [[ossy ‘70T

SISy

uSrsa(q/2dfy Apmaig

N sIoyine ‘Iedx

wady

ponunuod [S 9Iqe],

A\ Adis



Dermatol Ther (Heidelb)

(INI-1ue £[pen
-u%oV s1oreredwoo 1ay30 03 dv pue ‘ysd

paredwos qrunepedn yam ‘W s syuaned sopnpouy

AoueuSipew 10 SUOTIdYUT JO s[etn [ed
a1e1 10481y © pUy 10U PIp -IUI[D PIZIWOPUEI G7 SIPNIU]
sarpnas pazsodar aup jo 350y ¥S 000°0T < [€0T] 'Te 32 B[SEN 50T
190U
Jo sad£1 1oa0 ut pUE HSAN 10Y ¢ aseyd
ur aoq ‘vonendod e1ousd  jo (T sausnred jo vaep sopnouy
o1 01 o]qeredwod pue mo] sarpnas [To1]
K1oa seam orex foueuSiewr oy, ¢ aseyd jo sisdfeue pazerdaiug $8%C Te 30 Ayjssex-uewino ‘cz0g
qewnuwIfepe pue qrun
-epedn yam syuaned sopnpour
(Vsd) sntryare oneriosd
sdnoig aAnoE Yaim syuapred sopnpouy
JUSWIELDTI SSOIDE TE[IUTS £aoyes (1031qIyUt
2ToM SIDUBUSI[EW JO $918Y]  OIUT PIZI[LI0J SISAJEUE [e11-150] 1STT [6S] e 10 masowing ‘7zog [V 2A1dapes) qrunmepedn
sdnoid AV Y sauaned sopnpuy
01 93 JO IOYIID UI PIPIOIAI [EI TIVINOD (101qryur
arom Aoueudiewr Jo sased oN (V[ Y2 Jo S1sAJeue 201 150 €59 [££] Te 32 uosdung ‘€707 V[ 24199[9s) qrunmoiqy
sInsay udrsa(q/2dfy Apmaig N s1oYINe ‘Jea)} 1y

panunuod [ 9Iqe],

A\ Adis



Dermatol Ther (Heidelb)

VU vdn

YILM PIAIISqo sem DSIAN
.wO 1l Tvmduuuﬁm uﬁuﬁuﬂuﬁwu.ﬁ
lmeﬁ A\ .<&muﬁwluc .TGN Rm<
“VSd VY SSOI® 1UISISUOD
dI9M pue ‘X ] A PUt ‘VAV
Bw 0¢ van Sw ¢t van

u2m15q re[rurss A[perousd
a1om DSAN Surpnpoxa Loueu
-311ew jo sarer Lreurwns uy
Apuanb
-axyur parrodar o1om 315
-ueudiew ‘ydgxe-1u pue gy
Ul YAV pue Sw 0¢ VN
Sur g1 ) usam12q Te[TIWIS
Aqrerauad aram DN
pue DSIAN Surpnpoxs
KoueuSipeur jo sorex “ysg uy
XL put vV ueys 10ydry
aTom Swr 0¢ V) pue Sw g1
VdN yoq Sw g1 v uey
8w 0¢ vaN s 12ysiy
a1oM $9181 DSIAN VY UL
X.LIN pue

‘vav 8w o¢ vdn Sw gy
V) U92M12q Te[rwrs AJ[e1d

ydgxe-1u 10 ‘G “ysJ
‘Y i syuaned sopnpour

-uad a1om DHSAN Surpnpoxa s[ern [T apnpouy [%01]
KoueuSiews Jo sarex “yy uJ S 000°0S < Te 39 10g-112qqny 4707
sInsay uSrsa(q/2dfy Apmaig N s1oINe ‘Jeay wady

ponunuod [S 9Iqe],

A\ Adis



Dermatol Ther (Heidelb)

qrun

-IDEABIONOP 1M PIPIOIAI
2IoMm SIIOUBUSI[EW PUOIIS ON]

uone[ndod [erous3

Y UT UBY) PUNOJ 2I9M SI[D
-ueudifew Jo sarer 1ySiy oN

sasATeue I91[Ied 01

argo1d £3o5es rerwrs € poutel
-urewr qrundLIeq £pnas srya uy

(€0="11) OSIN Sutpnpx>
sopueUSI[ew £ 219M 219,

SODUEU

-Bryew 103 (X J 00T 12d) s1

pasnfpe-ainsodxos 10§ pazou
T2/ SIIUDIIYIP ISOP Ie3[d ON]

(92T-06'0 1D %S6)

£0°T sem DSIAN Surpnpxo
sorueudipew 103 YIS YT,

(9%€°0) OSINN

0S Pue (%90°0) sewoydwA|

6 “wa Suoury KoueuSipewr
JO $358D (9%C°T) 86T d39m 319Y],

(0'141)

I2)JEIIIYA S[QEIS PIUTLWAT

PUE 9°() SeM SYOM 8F IS O

Surmp (SN Surpnxo)
KoueuSiew 105 Yy oYL,

Osd Y sauaned sapnpuy
[ T-OSd AALA0d
¢ aseyd payjonuod-oqaserd
‘Papur[g-o[qnop ‘pazrwopuey]
AAA G
sauoned Jo s7 )Y ¢ sopnpou]
VI IS

AV Y sauaned sopnpuy
S[e1n3 [edruId

Jo K1ayes urt eaep wim-3uo

W s syuaned sopnpouy
[e11 JestuI

J0 L1dyes ur eaep wim-3uoy

999

(414!

9¢9¢

0LLE

(T031qIyUI TY X 1,

9ATII[3S) qIUIIDBARIONI(]

[621] Te 32 Suonswry ‘€707

[0TT] Te 32 pnowryey ‘€20T

[80T] Te 39 12991 “€70T

(ronqryur
[£01] Tea010[ker ‘20T V[ Pue V() qruinLeg

symsay

udrsa(q/2dfy Apmaig

sIo0yIne ‘Teay wady

panunuod [ 9Iqe],

A\ Adis



Dermatol Ther (Heidelb)

eaeare epadofe pp farexanoyow Y 7 jy ‘snirqareoidpuods ferxe srydesdorper-uou pdgav-4\r ‘ewoydwid] unSpop{-uou 77A ‘ewounIes [[25 snouwrenbs /) ‘ewounIed
[[22 Teseq DG ssutyare onenosd prsy ssiseniosd (s ssnidpuods Sursofdoyue gp ssntryareodpuods pdg ¢sn1j0d 9A1IRII[N 1) /) LISLISIP [9M0(q AIOILWWRUI (7T $ISLISIP
suyoID) (77 ‘snnewap o1dole (7 SSNLIYLIE PIOIEWNIYI 7y $190UED UDS BWOUR[IW-UOU )N ‘qQrunepedn p /) ‘qewixnii y, 7y ‘qewnwi[epe p/(7F ‘qewIxXIjur
X7 $sSn1p oneumnoyimue Surdjripow-aseasip 2130[01q-UoU STy F IV 9 s3np onewnaymue SUIJIpow-aseastp d130[01q Sy F (9 ‘$3nip snewnoymue Suidjipowr
-OSBASIP (TYFIA(] [eAIPIUL 2DUIPLUOD ) £$37eI 20UIPIOUT patsn(pe-arnsodxs yyp 7 ‘onel prezey paisnlpe yyv ‘onel pIezey Yy YSLI ANE]DI Jy ‘ONEI 3UIPIOUT
Pa3snipe 77 {01IEI 2OUIPIOUT PIZIPILPUEIS YTS LOIILT eI DUIPIOUT YT {[eL1d [EITUI[D PIZIWOPUET [ )Y SISA[eUL-EIOW FJ{ { MITADT DTIBWIISAS )¢ (STEIL-1UDWILIT
juanied g 1 g ‘xeak-uosiad 47 curnqordounwwr 57 <103d221 3 xonqryut Ny [ £y {(INLI-BUE) 1031qIul N I, /N, 1039%] SISOI2U I0Wn1 JAL] ‘UDNI[IAUL 77

(steak 8T
—Z1) S3U22s3[OpE Ul paurel

-urew sem apgoxd £1o3es oy,

(3ooued
UDYs BWOUE[PW-Uou Sut VV yaa sauanred sopnpoug
-pnpoxo) saurudiew 10§ (X J 111/92/%2
001/S0°0) %1°0 > 1M (-s1]- aseyd ur syern 3, sopnpuy (ro31qIyuI Y X T, put J03qryur
s93e1 2dUdpIOUT) suoniodoig S[e113 qIUIIDAPI JO Y S 6921 [£21] Te 32 8ury %202 V[ 241109]3s) qrUIPIARY
Am.o ‘SA

0'1) sorueudiew 10§ AjoAn

-20dsox ‘s1eak 7 pue 1e0£ |

Je TR[TWIS 2I9M sTedk-uosiod Osd Y sauanaed sapnpouy
00T 12d (SYTV) sdzex uors
sousprout passnfpe-amsodxy  -u21xd eI [-OSd YA LTOd 61ST [921] & 32 [YOMqDT $20T
sInsay uSrsa(q/2dfy Apmaig N s1oINe ‘Jeay wady

ponunuod [S 9Iqe],

A\ Adis



Dermatol Ther (Heidelb)

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-TNE, 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% (I,
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 212 years. In this
study, the risk of NMSC was not specifically ana-
lyzed [127].

DISCUSSION

Biologics and Cancer Risk

TNF-a 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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