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ABSTRACT

Introduction: This article aims to describe
malignancies in patients with rheumatoid
arthritis (RA), psoriatic arthritis (PsA), ankylos-
ing spondylitis (AS), or non-radiographic axial
spondyloarthritis (nr-axSpA) treated with
upadacitinib (UPA) or active comparators.

Methods: This integrated safety analysis
includes data from 11 phase 3 UPA trials across
RA (6 trials), PsA (2 trials), AS (2 trials; one
phase 2b/3), and nr-axSpA (1 trial). Treatment-
emergent adverse events (TEAEs) were summa-
rized for RA (pooled UPA 15 mg [UPA15],
pooled UPA 30 mg [UPA30], adalimumab 40 mg
[ADA], methotrexate monotherapy [MTX]), PsA
(pooled UPA15, pooled UPA30, ADA), AS
(pooled UPA15), and nr-axSpA (UPA15). TEAEs
were reported as exposure-adjusted event rates
(events/100 patient-years).
Results: Median treatment duration ranged
from 1.0 to 4.0 years (with a maximum of
6.6 years in RA). Across treatments and indica-
tions, rates of malignancy excluding non-
melanoma skin cancer (NMSC) ranged from 0.2
to 1.1, while NMSC ranged from 0.0 to 1.4. In
RA, rates of malignancy excluding NMSC were
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generally similar between UPA15, UPA30, ADA,
and MTX (breast and lung cancer were the most
common). In RA and PsA, Kaplan–Meier analy-
ses revealed no differences in event onset of
malignancy excluding NMSC with UPA15 ver-
sus UPA30 over time. In RA, NMSC rates were
higher with UPA30 than UPA15; both UPA15
and UPA30 were higher than ADA and MTX. In
PsA, rates of malignancy excluding NMSC and
NMSC were generally similar between UPA15,
UPA30, and ADA. In AS and nr-axSpA, malig-
nancies were reported infrequently. Few events
of lymphoma were reported across the clinical
programs.
Conclusion: Rates of malignancy excluding
NMSC were generally similar between UPA15,
UPA30, ADA, and MTX and were consistent
across RA, PsA, AS, and nr-axSpA. A dose-de-
pendent increased rate of NMSC was observed
with UPA in RA.
Trial Registration: ClinicaTrials.gov identifier:
NCT02706873, NCT02675426, NCT02629159,
NCT02706951, NCT02706847, NCT03086343,
NCT03104400, NCT03104374, NCT03178487,
and NCT04169373.

Keywords: Ankylosing spondylitis (AS); Janus
kinase (JAK) inhibitor; Malignancy;
Nonmelanoma skin cancer (NMSC); Non-
radiographic axial spondyloarthritis (nr-
axSpA); Psoriatic arthritis (PsA); Rheumatoid
arthritis (RA); Risk factors; Spondyloarthritis
(SpA); Upadacitinib (UPA)

Key Summary Points

Why carry out this study?

As a result of the safety concerns raised in
ORAL Surveillance, a post-authorization
safety study with the Janus kinase (JAK)
inhibitor tofacitinib, further
characterization of the safety profile of
JAK inhibitors is needed across the
rheumatic diseases and in the context of
active comparators to help clinicians and
patients make informed treatment
decisions.

The objective of this integrated safety
analysis is to describe events of
malignancy in patients with rheumatoid
arthritis (RA), psoriatic arthritis (PsA),
ankylosing spondylitis (AS), or non-
radiographic axial spondyloarthritis (nr-
axSpA) treated with the JAK inhibitor
upadacitinib from the SELECT clinical
trials in the context of active comparators
adalimumab (RA and PsA) and
methotrexate (RA).

What was learned from the study?

Event rates of malignancy excluding
nonmelanoma skin cancer (NMSC) were
generally similar between upadacitinib
15 mg (the approved dose for RA, PsA, AS,
and nr-axSpA), upadacitinib 30 mg,
adalimumab, and methotrexate, and were
consistent across RA, PsA, AS, and nr-
axSpA.

In RA, there was a dose-dependent
increase in NMSC, with rates being higher
with upadacitinib 30 mg treatment than
upadacitinib 15 mg; rates of NMSC were
higher with both upadacitinib doses
versus adalimumab and methotrexate.

This analysis provides important safety
information on malignancies with
upadacitinib treatment across RA, PsA, AS,
and nr-axSpA, which can help inform
treatment decisions to improve patient
care.

INTRODUCTION

Rheumatoid arthritis (RA), psoriatic arthritis
(PsA), ankylosing spondylitis (AS), and non-ra-
diographic axial spondyloarthritis (nr-axSpA)
are chronic immune-mediated inflammatory
diseases. An increased risk of malignancy has
been associated with chronic inflammation, as
well as with the use of immunosuppressive and
immunomodulatory therapies [2–6]. It is well
established that patients with RA have an
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increased risk of malignancies compared to the
general population [3, 7], while the risk of
malignancies in patients with PsA [8–10], AS
[10, 11], or nr-axSpA is not as clear.

Data from ORAL Surveillance, a post-autho-
rization safety study, demonstrated an
increased risk of malignancy and major adverse
cardiovascular events (MACE) in patients with
RA C 50 years of age with at least one additional
cardiovascular risk factor treated with tofaci-
tinib (a Janus kinase [JAK] inhibitor targeting
JAK1, JAK2, and JAK3 subtypes over tyrosine
kinase 2 [TYK2]) versus tumor necrosis factor
(TNF) inhibitors [12, 13]. As a result of the safety
concerns raised in ORAL Surveillance, further
characterization of the safety profile of JAK
inhibitors is needed across the rheumatic dis-
eases and in the context of active comparators
to help clinicians and patients make informed
treatment decisions.

Upadacitinib is an oral JAK inhibitor engi-
neered for greater selectivity for JAK1 versus
JAK2, JAK3, and TYK2, with demonstrated effi-
cacy across many inflammatory diseases,
including RA [14–19], PsA [20, 21], AS [22, 23],
and nr-axSpA [24]. For this integrated safety
analysis, our objective is to describe events of
malignancy in patients with RA, PsA, AS, or nr-
axSpA treated with upadacitinib from the
SELECT clinical trials in the context of active
comparators adalimumab (RA and PsA) and
methotrexate (RA).

METHODS

Patients and Studies

This integrated safety analysis includes data
(cutoff 15 Aug 2022) from 11 phase 3 upadaci-
tinib trials in adults (C 18 years of age) across
RA (6 trials), PsA (2 trials), AS (2 trials; one
phase 2b/3), and nr-axSpA (1 trial) from the
SELECT clinical program. Patients with a history
of any malignancy, except for successfully
treated nonmelanoma skin cancer (NMSC) or
localized carcinoma in situ of the cervix, were
excluded from participating in these studies.
Methodological details for the SELECT clinical
trials in RA [14–19], PsA [20, 21], AS [22, 23],

and nr-axSpA [24] have been published previ-
ously. A brief overview of each trial is provided
in the Supplementary Material (Supplementary
Tables 1 and 2).

All studies were conducted in accordance
with the International Council for Harmonisa-
tion of Technical Requirements for Pharma-
ceuticals for Human Use (ICH) guidelines,
applicable regulations governing clinical trial
conduct, and the Declaration of Helsinki 1964
and its later amendments. The trial protocols
were approved by an independent ethics com-
mittee (IEC)/institutional review board (IRB) at
each study site per Good Clinical Practice
(GCP). All patients provided written informed
consent prior to screening.

Treatments

Patients were treated with upadacitinib 15 mg
(approved dose) once daily in the RA, PsA, AS,
and nr-axSpA studies, and upadacitinib 30 mg
once daily in the RA and PsA studies. Active
comparators for this analysis included
methotrexate monotherapy in RA (up to 5 years
from the SELECT-EARLY study) and adali-
mumab 40 mg every other week in RA (up to
7 years from the SELECT-COMPARE study) and
PsA (up to 5 years from the SELECT-PsA 1
study). Within each trial, patients initially ran-
domized to placebo were switched to upadaci-
tinib treatment at the end of the double-blind
placebo-controlled period. Since upadacitinib
15 mg is the approved dose for RA and PsA,
patients on upadacitinib 30 mg were switched
to upadacitinib 15 mg in the ongoing studies.
An overview of each clinical trial is provided in
Supplementary Tables 1 and 2.

Safety Assessments

Treatment-emergent adverse events (TEAEs) of
malignancy were defined as an adverse event
(AE) with onset on or after the first dose and
B 30 days after the last dose of upadacitinib
15 mg, upadacitinib 30 mg, or methotrexate, or
B 70 days after the last dose of adalimumab. AEs
were coded using the Medical Dictionary for
Regulatory Activities (MedDRA). Malignancy
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data were retrieved using the standardized
MedDRA Query (SMQ) or company MedDRA
Query (CMQ) search criteria. All malignancy
events, with corresponding information from
the treating clinician, were reviewed by safety
physicians employed by the sponsor but were
not formally adjudicated by an independent
committee. Study protocols required that
patients developing a malignancy other than
localized NMSC or carcinoma in situ of the
cervix discontinue from study drug. For this
analysis, TEAEs are summarized for RA (pooled
upadacitinib 15 mg, pooled upadacitinib 30 mg,
adalimumab [SELECT-COMPARE study only],
and methotrexate [SELECT-EARLY study only]),
PsA (pooled upadacitinib 15 mg, pooled
upadacitinib 30 mg, and adalimumab [SELECT-
PsA 1 study only]), AS (pooled upadacitinib
15 mg), and nr-axSpA (upadacitinib 15 mg). In
the RA program, four of the six studies evalu-
ated both doses of upadacitinib (15 mg and
30 mg); additional sub-analyses comparing
upadacitinib 15 mg versus upadacitinib 30 mg
were conducted with pooled data from only
these four studies.

Statistical Analysis

In this post hoc analysis, TEAE data are reported
as exposure-adjusted adverse event rates (EAERs;
events/100 patient-years [E/100 PY]), or as
exposure-adjusted incidence rates (EAIRs; n/
100 PY) in the Supplementary Material, with
95% confidence intervals (CIs) calculated using
the exact method for the Poisson mean. For
EAERs, exposure time was calculated as the total
study drug duration for all events, including
multiple events in a single patient, which are
shown in the numerator. For EAIRs, exposure
time was calculated as the time to the first event
in patients who experienced an event; any
patient experiencing one or more events was
counted once in the numerator. In patients who
did not experience an event, exposure time was
censored on the day of the patient’s last known
assessment or the cutoff date of database lock,
whichever occurred first. The age-gender adjus-
ted standard incidence ratio (SIR) was calculated
for RA, as there was a sufficient number of

events, using the Surveillance, Epidemiology,
and End Results (SEER) database for the general
population. The SIR was not calculated for PsA,
AS, or nr-axSpA because of the low number of
malignancy events. Times to first event of
malignancy excluding NMSC or NMSC with
upadacitinib 15 mg and upadacitinib 30 mg
treatment were estimated using Kaplan–Meier
analysis for RA (studies with both upadacitinib
doses) and PsA. Hazard ratios were generated
using univariable Cox proportion hazards
regression models for time from first dose of
upadacitinib 15 mg to the first events of malig-
nancy excluding NMSC or NMSC to assess the
impact of known risk factors on malignancy
rates in RA and PsA. Multivariable analysis was
not possible because of low numbers of malig-
nancy events. Kaplan–Meier analyses and uni-
variable regression models were not generated
for lymphoma in RA or PsA, or for malignancy
excluding NMSC, NMSC, or lymphoma in AS or
nr-axSpA, because of the low number or absence
of malignancy events reported.

RESULTS

Patients and Exposure

Across RA (N = 5306), PsA (N = 2257), AS
(N = 596), and nr-axSpA (N = 286), a total of
4998 patients (14,472.1 PY) received at least one
dose of upadacitinib 15 mg, 2125 patients
(5110.8 PY) received at least one dose of
upadacitinib 30 mg, 1008 patients (2719.6 PY)
received at least one dose of adalimumab, and
314 patients (865.1 PY) received at least one
dose of methotrexate. In RA, the median treat-
ment duration was 4.0 years (range
1 day–6.6 years) for upadacitinib 15 mg,
3.2 years (range 1 day–5.1 years) for upadaci-
tinib 30 mg, 2.2 years (range 1 day–6.6 years) for
adalimumab, and 2.6 years (range
1 day–5.4 years) for methotrexate. In PsA, the
median treatment duration was 2.9 years (range
1 day–5.0 years) for upadacitinib 15 mg,
2.4 years (range 1 day–4.3 years) for upadaci-
tinib 30 mg, and 3.1 years (range
1 day–4.8 years) for adalimumab. In AS, the
median treatment duration was 1.7 years (range
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1 day–3.8 years) for upadacitinib 15 mg. For the
nr-axSpA study, the median treatment duration
was 1.0 years (range 1 day–2.2 years) for
upadacitinib 15 mg.

Baseline demographic data stratified by
occurrence of malignancy during the studies
(no malignancy, malignancy excluding NMSC,
or NMSC) for the RA, PsA, AS, and nr-axSpA
patient populations are shown in Supplemen-
tary Material Table 3. Within each indication
and treatment group, patients with an event of
malignancy excluding NMSC or NMSC were
slightly older and typically reported higher
tobacco/nicotine use and alcohol use at baseline
than patients with no malignancy event.
Despite exclusion criteria, a small number of
patients with previous malignancy were inad-
vertently enrolled in the studies across RA, PsA,
AS, and nr-axSpA (as shown in Supplementary
Material Table 3).

TEAEs of Malignancy

For all RA studies, EAERs (E/100 PY [95% CI]) of
malignancy excluding NMSC were generally
similar between upadacitinib 15 mg (0.8 [0.6,
0.9]), upadacitinib 30 mg (1.1 [0.8, 1.6]), adali-
mumab (0.8 [0.4, 1.3]), and methotrexate (0.9
[0.4, 1.8]) (Fig. 1a). The age-gender adjusted SIR
(95% CI) for malignancy excluding NMSC was
0.98 (0.79, 1.20) in patients treated with
upadacitinib 15 mg and 1.18 (0.88, 1.55) in
patients treated with upadacitinib 30 mg. The
most common types of malignancy excluding
NMSC in RA were lung cancer and breast cancer
(Table 1). No events of breast cancer were
reported in men. Across all treatments in RA,
94.4% (17 of 18 events) of lung cancer events
were reported in current or former smokers.
Lymphoma was infrequent in RA (upadacitinib
15 mg: \0.1 [0.0, 0.1]; upadacitinib 30 mg:
\0.1 [0.0, 0.2]; adalimumab: 0.2 [0.0, 0.6];
methotrexate: 0.0 [0.0, 0.4]) (Fig. 1a). One case
of suspected lymphoma in a patient treated
with upadacitinib 15 mg was of abnormal lym-
phocyte morphology which became normal in
subsequent testing. Rates of NMSC were
numerically higher with upadacitinib 30 mg
(1.4 [1.0, 1.8]) than upadacitinib 15 mg (0.5

[0.4, 0.6]) and were higher with both doses of
upadacitinib compared to adalimumab (0.1
[0.0, 0.5]) or methotrexate (0.0 [0.0, 0.4]). The
most common types of NMSC were cutaneous
squamous cell carcinoma and basal cell carci-
noma, which occurred at similar rates (Table 1).
Similar findings as above for rates of malig-
nancy excluding NMSC (upadacitinib 15 mg:
0.9 [0.6, 1.2]; upadacitinib 30 mg: 1.1 [0.8, 1.6]),
lymphoma (upadacitinib 15 mg:\0.1 [0.0,
0.2]; upadacitinib 30 mg:\0.1 [0.0, 0.2]), and
NMSC (upadacitinib 15 mg: 0.5 [0.3, 0.8];
upadacitinib 30 mg: 1.4 [1.0, 1.8]) were
observed when RA studies including both doses
of upadacitinib were evaluated (Fig. 1b), and in
the SELECT-COMPARE study, where upadaci-
tinib 15 mg (malignancy excluding NMSC: 0.6
[0.4, 0.8]; lymphoma: 0.0 [0.0, 0.1]; NMSC: 0.5
[0.3, 0.7]) and adalimumab (malignancy
excluding NMSC: 0.8 [0.4, 1.3]; lymphoma 0.2
[0.0, 0.6]; NMSC: 0.1 [0.0, 0.5]) were directly
compared (Fig. 1c).

In PsA, rates of malignancy excluding NMSC
were generally similar between upadacitinib
15 mg (0.7 [0.4, 1.1]), upadacitinib 30 mg (0.8
[0.5, 1.3]), and adalimumab (0.4 [0.1, 1.0]). The
most common types of malignancy excluding
NMSC were colorectal cancer and melanoma
(Table 1). Three events of suspected lymphoma
were reported in PsA (0.1 [0.0, 0.4]) with
upadacitinib 15 mg treatment; however, all
three cases were of abnormal lymphocyte mor-
phology and were not confirmed to be true
lymphomas (lymphocyte morphology returned
to normal in subsequent testing) (Fig. 1d). Rates
of NMSC were similar between upadacitinib
15 mg (0.9 [0.6, 1.4]) and upadacitinib 30 mg
(0.8 [0.5, 1.3]), but were numerically lower with
adalimumab (0.2 [0.0, 0.6]) (Fig. 1d). The most
common type of NMSC was basal cell carci-
noma (Table 1). Similar findings as above for
rates of malignancy excluding NMSC, lym-
phoma, and NMSC were observed in the
SELECT-PsA 1 study, where upadacitinib 15 mg
(0.6 [0.3, 1.0],\0.1 [0.0, 0.3], and 0.8 [0.4, 1.3],
respectively), upadacitinib 30 mg (0.7 [0.3, 1.3],
0.0 [0.0, 0.3], and 0.6 [0.3, 1.2], respectively),
and adalimumab (0.4 [0.1, 1.0], 0.0 [0.0, 0.3],
and 0.2 [0.0, 0.6], respectively) were directly
compared (Fig. 1e). Across both AS studies, two
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events each of malignancy excluding NMSC
and NMSC (both 0.2 [0.0, 0.8]) were reported
with upadacitinib 15 mg (Fig. 1f). In the nr-
axSpA study, one event each of malignancy
excluding NMSC and NMSC (both 0.3 [0.0, 1.7])
were reported (Fig. 1g). One event each of
abnormal lymphocyte morphology (classified
under lymphoma) was reported in the AS (0.1
[0.0, 0.6]) and nr-axSpA (0.3 [0.0, 1.7]) studies
and were not confirmed to be true lymphomas
(morphology returned to normal in subsequent
testing). TEAEs of malignancy, as well as details
about the types of malignancy observed, are
presented as EAIRs in Supplementary Material
Tables 4 and 5, respectively.

Timing of Malignancy Events

When TEAEs were stratified by length of expo-
sure to upadacitinib, 0 to B 12 months or
[12 months, no differences were observed in
time to malignancy events in RA, PsA, AS, or nr-
axSpA (Fig. 2). TEAEs stratified by length of
exposure to upadacitinib as EAIRs are presented
in Supplementary Material Table 6. In RA stud-
ies with both upadacitinib doses evaluated,
Kaplan–Meier analysis revealed no clear pattern
in timing of event onset of malignancy
excluding NMSC (Supplementary Material
Fig. 1A) or NMSC (Supplementary Material
Fig. 2A) in patients treated with upadacitinib
15 mg or upadacitinib 30 mg up to 60 months.

Fig. 1 Event rates per 100 patient-years for TEAEs of
malignancy in patients treated with UPA across RA (a–c),
PsA (d, e), AS (f), and nr-axSpA (g). �Cases of abnormal
lymphocyte morphology are included (upadacitinib 15 mg:
RA [1], PsA [3], AS [1], and nr-axSpA [1]), as this
preferred term is included in the Malignant Lymphoma
Standardized MedDRA Queries but were not confirmed to
be true lymphomas. ADA adalimumab, AS ankylosing

spondylitis, CI confidence interval, E event, EAER
exposure-adjusted event rate, EOW every other week,
MTX methotrexate, NMSC nonmelanoma skin cancer, nr-
axSpA non-radiographic axial spondyloarthritis, PsA pso-
riatic arthritis, PY patient-years, QD once daily, RA
rheumatoid arthritis, TEAE treatment-emergent adverse
events, UPA upadacitinib

102 Rheumatol Ther (2024) 11:97–112



T
ab
le
1

Su
m
m
ar
y
of

m
al
ig
na
nc
y
ty
pe

as
ev
en
t
ra
te
s
pe
r
10
0
pa
ti
en
t-
ye
ar
s
in

pa
ti
en
ts
tr
ea
te
d
w
it
h
U
PA

ac
ro
ss
R
A
,P

sA
,A

S,
an
d
nr
-a
xS
pA

E
A
E
R
a

R
A

P
sA

A
S

nr
-a
xS
pA

U
P
A

15
m
g

Q
D
,

n
=
32
09

U
P
A

30
m
g

Q
D
,

n
=
12
04

A
D
A

40
m
g

E
O
W
,

n
=
57
9

M
T
X
,

n
=
31
4

U
P
A

15
m
g

Q
D
,

n
=
90
7

U
P
A

30
m
g

Q
D
,

n
=
92
1

A
D
A

40
m
g

E
O
W
,

n
=
42
9

U
P
A

15
m
g

Q
D
,

n
=
59
6

U
P
A

15
m
g

Q
D
,

n
=
28
6

M
al
ig
na
nc
y,
ex
cl
ud
in
g
N
M
SC

B
re
as
t
ca
nc
er
b

0.
1
(0
.1
,0

.2
)

[1
5]

0.
2
(0
.1
,0

.4
)

[6
]

\
0.
1
(0
.0
,

0.
4)

[1
]

0.
0
(0
.0
,

0.
4)

[0
]

0
(0
.0
,0

.2
)

[0
]

0.
2
(0
.0
,0

.4
)

[3
]

0
(0
.0
,0

.3
)

[0
]

0
(0
.0
,0

.4
)

[0
]

0.
3
(0
.0
,

1.
7)

[1
]

C
ol
or
ec
ta
l
ca
nc
er

\
0.
1
(0
.0
,

0.
1)

[5
]

0.
1
(0
.0
,0

.3
)

[4
]

0.
2
(0
.0
.0

.6
)

[3
]

0.
1
(0
.0
,

0.
6)

[1
]

\
0.
1
(0
.0
,

0.
2)

[1
]

0.
1
(0
.0
,0

.4
)

[2
]

\
0.
1
(0
.0
,

0.
5)

[1
]

0
(0
.0
,0

.4
)

[0
]

0
(0
.0
,1

.1
)

[0
]

L
un

g
ca
nc
er
c

0.
1
(0
.1
,0

.2
)

[1
4]

\
0.
1
(0
.0
,

0.
2)

[1
]

0.
1
(0
.0
,0

.5
)

[2
]

0.
1
(0
.0
,

0.
6)

[1
]

\
0.
1
(0
.0
,

0.
3)

[2
]

\
0.
1
(0
.0
,

0.
3)

[1
]

0
(0
.0
,0

.3
)

[0
]

0
(0
.0
,0

.4
)

[0
]

0
(0
.0
,1

.1
)

[0
]

L
ym

ph
om

ad
\

0.
1
(0
.0
,

0.
1)

[4
]

\
0.
1
(0
.0
,

0.
2)

[2
]

0.
2
(0
.0
,0

.6
)

[3
]

0
(0
.0
,0

.4
)

[0
]

0.
1
(0
.0
,0

.4
)

[3
]

0
(0
.0
,0

.2
)

[0
]

0
(0
.0
,0

.3
)

[0
]

0.
1
(0
.0
,

0.
6)

[1
]

0.
3
(0
.0
,

1.
7)

[1
]

M
el
an
om

a
\

0.
1
(0
.0
,

0.
1)

[7
]

\
0.
1
(0
.0
,

0.
3)

[3
]

\
0.
1
(0
.0
,

0.
4)

[1
]

0
(0
.0
,0

.4
)

[0
]

0.
1
(0
.0
,0

.4
)

[3
]

0.
2
(0
.0
,0

.4
)

[3
]

0
(0
.0
,0

.3
)

[0
]

0
(0
.0
,0

.4
)

[0
]

0
(0
.0
,1

.1
)

[0
]

Pa
nc
re
at
ic
ca
nc
er

\
0.
1
(0
.0
,

0.
1)

[2
]

0
(0
.0
,0

.1
)

[0
]

0
(0
.0
,0

.2
)

[0
]

0
(0
.0
,0

.4
)

[0
]

0
(0
.0
,0

.2
)

[0
]

0
(0
.0
,0

.2
)

[0
]

\
0.
1
(0
.0
,

0.
5)

[1
]

0
(0
.0
,0

.4
)

[0
]

0
(0
.0
,1

.1
)

[0
]

Pr
os
ta
te

ca
nc
er

\
0.
1
(0
.0
,

0.
1)

[1
]

\
0.
1
(0
.0
,

0.
3)

[3
]

0
(0
.0
,0

.2
)

[0
]

0
(0
.0
,0

.4
)

[0
]

\
0.
1
(0
.0
,

0.
3)

[2
]

0
(0
.0
,0

.2
)

[0
]

\
0.
1
(0
.0
,

0.
5)

[1
]

0
(0
.0
,0

.4
)

[0
]

0
(0
.0
,1

.1
)

[0
]

O
th
er

0.
3
(0
.2
,0

.4
)

[3
4]

0.
5
(0
.3
,0

.8
)

[1
5]

\
0.
1
(0
.0
,

0.
4)

[1
]

0.
7
(0
.3
,

1.
5)

[6
]

0.
3
(0
.1
,0

.6
)

[8
]

0.
4
(0
.1
,0

.7
)

[7
]

0.
2
(0
.0
,0

.6
)

[2
]

0.
2
(0
.0
,

0.
8)

[2
]

0
(0
.0
,1

.1
)

[0
]

N
M
SC

B
as
al
ce
ll
ca
rc
in
om

a
0.
2
(0
.1
,0

.3
)

[2
4]

0.
7
(0
.4
,1

.0
)

[2
1]

\
0.
1
(0
.0
,

0.
4)

[1
]

0
(0
.0
,0

.4
)

[0
]

0.
5
(0
.3
,0

.9
)

[1
2]

0.
4
(0
.2
,0

.8
)

[8
]

0.
2
(0
.0
,0

.6
)

[2
]

0.
2
(0
.0
,

0.
8)

[2
]

0.
3
(0
.0
,

1.
7)

[1
]

C
ut
an
eo
us

sq
ua
m
ou
s

ce
ll
ca
rc
in
om

a

0.
2
(0
.1
,0

.3
)

[1
9]

0.
7
(0
.4
,1

.1
)

[2
2]

\
0.
1
(0
.0
,

0.
4)

[1
]

0
(0
.0
,0

.4
)

[0
]

0.
5
(0
.2
,0

.8
)

[1
1]

0.
4
(0
.2
,0

.8
)

[8
]

0
(0
.0
,0

.3
)

[0
]

0
(0
.0
,0

.4
)

[0
]

0
(0
.0
,1

.1
)

[0
]

Rheumatol Ther (2024) 11:97–112 103



T
a
b
le
1

co
n
ti
n
u
ed

E
A
E
R
a

R
A

P
sA

A
S

nr
-a
xS
pA

U
P
A

15
m
gQ

D
,

n
=
32
09

U
P
A

30
m
gQ

D
,

n
=
12
04

A
D
A

40
m
gE

O
W
,

n
=
57
9

M
T
X
,

n
=
31
4

U
P
A

15
m
gQ

D
,

n
=
90
7

U
P
A

30
m
gQ

D
,

n
=
92
1

A
D
A

40
m
gE

O
W
,

n
=
42
9

U
P
A

15
m
gQ

D
,

n
=
59
6

U
P
A

15
m
gQ

D
,

n
=
28
6

O
th
er
e

\
0.
1
(0
.0
,

0.
1)

[8
]

0
(0
.0
,0

.1
)

[0
]

0
(0
.0
,0

.2
)

[0
]

0
(0
.0
,0

.4
)

[0
]

0
(0
.0
,0

.2
)

[0
]

0
(0
.0
,0

.2
)

[0
]

0
(0
.0
,0

.3
)

[0
]

0
(0
.0
,0

.4
)

[0
]

0
(0
.0
,1

.1
)

[0
]

A
D
A
ad
al
im

um
ab
,A

S
an
ky
lo
si
ng

sp
on
dy
lit
is
,C

I
co
nfi

de
nc
e
in
te
rv
al
,E

ev
en
ts
,E

A
E
R
ex
po
su
re
-a
dj
us
te
d
ev
en
t
ra
te
,E

O
W

ev
er
y
ot
he
r
w
ee
k,
M
T
X
m
et
ho
tr
ex
at
e,

N
M
SC

no
nm

el
an
om

a
sk
in

ca
nc
er
,
nr
-a
xS
pA

no
n-
ra
di
og
ra
ph
ic

ax
ia
l
sp
on
dy
lo
ar
th
ri
ti
s,
Ps
A

ps
or
ia
ti
c
ar
th
ri
ti
s,
PY

pa
ti
en
t-
ye
ar
,
Q
D

on
ce

da
ily
,
R
A

rh
eu
m
at
oi
d

ar
th
ri
ti
s,
U
PA

up
ad
ac
it
in
ib

a D
at
a
ar
e
pr
es
en
te
d
as

E
A
E
R
s,
de
fin

ed
as

E
/1
00

PY
s
(9
5%

C
I)
[n
um

be
r
of

ev
en
ts
]

b N
o
ev
en
ts
of

br
ea
st
ca
nc
er

w
er
e
re
po
rt
ed

in
m
en

c S
m
ok
in
g
st
at
us

in
pa
ti
en
ts
w
it
h
lu
ng

ca
nc
er

ev
en
ts
w
er
e
as

fo
llo
w
s
in

R
A
(U

PA
15

m
g:
64
.3
%

cu
rr
en
t,
28
.6
%

fo
rm

er
,7
.1
%

ne
ve
r;
U
PA

30
m
g:
10
0.
0%

cu
rr
en
t;

A
D
A

40
m
g:
10
0.
0%

cu
rr
en
t;
M
T
X
:
10
0.
0%

fo
rm

er
)
an
d
Ps
A

(U
PA

15
m
g:
50
.0
%

cu
rr
en
t,
50
.0
%

ne
ve
r;
U
PA

30
m
g:
10
0.
0%

fo
rm

er
)

d
T
he

fo
llo
w
in
g
pr
ef
er
re
d
te
rm

s
w
er
e
re
po
rt
ed

fo
r
ev
en
ts
of

ly
m
ph
om

a
in

R
A
(U

PA
15

m
g:
1
ev
en
t
ea
ch

of
cu
ta
ne
ou
s
T
ce
ll
ly
m
ph
om

a,
no
n-
H
od
gk
in
’s
ly
m
ph
om

a,
no
n-
H
od
gk
in
’s
ly
m
ph
om

a
st
ag
e
IV
,a
nd

ly
m
ph
oc
yt
e
m
or
ph
ol
og
y
ab
no
rm

al
;U

PA
30

m
g:
1
ev
en
t
ea
ch

of
B
ce
ll
ly
m
ph
om

a
an
d
B
ce
ll
sm

al
ll
ym

ph
oc
yt
ic
ly
m
ph
om

a;
A
D
A

40
m
g:

1
ev
en
t
ea
ch

of
B
ce
ll
ly
m
ph
om

a,
di
ff
us
e
la
rg
e
B
ce
ll
ly
m
ph
om

a,
an
d
H
od
gk
in
’s
di
se
as
e
st
ag
e
IV
),
Ps
A

(U
PA

15
m
g:

3
ev
en
ts

of
ly
m
ph
oc
yt
e

m
or
ph
ol
og
y
ab
no
rm

al
),
A
S
(1

ev
en
t
of

ly
m
ph
oc
yt
e
m
or
ph
ol
og
y
ab
no
rm

al
),
an
d
nr
-a
xS
pA

(1
ev
en
t
of

ly
m
ph
oc
yt
e
m
or
ph
ol
og
y
ab
no
rm

al
).
C
as
es

of
ab
no
rm

al
ly
m
ph
oc
yt
e
m
or
ph
ol
og
y
ar
e
sh
ow

n
(u
pa
da
ci
ti
ni
b
15

m
g:
R
A
[1
],
Ps
A
[3
],
A
S
[1
],
an
d
nr
-a
xS
pA

[1
])
,a
s
th
is
pr
ef
er
re
d
te
rm

is
in
cl
ud
ed

in
th
e
M
al
ig
na
nt

L
ym

ph
om

a
St
an
da
rd
iz
ed

M
ed
D
R
A

Q
ue
ri
es

bu
t
w
er
e
no
t
co
nfi

rm
ed

to
be

tr
ue

ly
m
ph
om

as
e T
he

‘‘o
th
er
’’
ca
te
go
ry

in
cl
ud
es

m
al
ig
na
nc
ie
s
no
t
lis
te
d
in

th
e
pr
ec
ed
in
g
ca
te
go
ri
es
,s
uc
h
as

ad
en
oc
ar
ci
no
m
a,
bl
ad
de
r
ca
nc
er
,e
nd

om
et
ri
al
ca
nc
er
,g
lio
bl
as
to
m
a,
an
d

re
na
l
ca
nc
er

104 Rheumatol Ther (2024) 11:97–112



Fig. 2 Event rates per 100 patient-years for TEAEs of
malignancy in RA (a), PsA (b), AS (c), and nr-axSpA
(d) by length of UPA exposure. �Cases of abnormal
lymphocyte morphology are included (upadacitinib 15 mg:
RA [1], PsA [3], AS [1], and nr-axSpA [1]), as this
preferred term is included in the Malignant Lymphoma
Standardized MedDRA Queries but were not confirmed to
be true lymphomas. ADA adalimumab, AS ankylosing

spondylitis, CI confidence interval, E event, EAER
exposure-adjusted event rate, EOW every other week,
MTX methotrexate, NMSC nonmelanoma skin cancer, nr-
axSpA non-radiographic axial spondyloarthritis, PsA pso-
riatic arthritis, PY patient-years, QD once daily, RA
rheumatoid arthritis, TEAE treatment-emergent adverse
events, UPA upadacitinib

Fig. 3 Risk factors for malignancy excluding NMSC in
RA (a) and PsA (b) with UPA 15 mg. Hazard ratios were
generated using univariable Cox proportional hazards
regression models for time from first dose of UPA 15 mg
to first event of malignancy excluding NMSC in RA and
PsA. *P\ 0.05; **P\ 0.01; ***P\ 0.001. BMI body mass

index, CI confidence interval, CRP C-reactive protein, HR
hazard ratio, NE not estimable (due to zero events),
NMSC nonmelanoma skin cancer, PsA psoriatic arthritis,
QD once daily, RA rheumatoid arthritis, ULN upper limit
of normal, UPA upadacitinib
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Similarly, in PsA, no patterns in timing of event
onset of malignancy excluding NMSC (Supple-
mentary Material Fig. 1B) or NMSC (Supple-
mentary Material Fig. 2B) were observed with
upadacitinib 15 mg or upadacitinib 30 mg up to
42 months.

Risk Factors for Malignancy Events

In the univariable regression model for all RA
studies, being older (C 65 years of age), being
male, consuming alcohol, and residing in the
USA (compared to Europe and/or outside the
USA) were associated with an increased risk of
malignancy excluding NMSC in patients treated
with upadacitinib 15 mg (Fig. 3a). In PsA, being
older and male were associated with an
increased risk of malignancy excluding NMSC
with upadacitinib 15 mg treatment (Fig. 3b).
Similarly, factors associated with an increased
risk of NMSC in patients with RA treated with
upadacitinib 15 mg included being older, male,
and residing in the USA (Fig. 4a). In PsA, being
older, having a higher body mass index (BMI;
particularly C 30 kg/m2), and residing in the
USA were associated with an increased risk of

NMSC in patients treated with upadacitinib
15 mg (Fig. 4b).

DISCUSSION

A recent analysis of ORAL Surveillance data
found an increased risk of both malignancy
(excluding NMSC) and NMSC in at-risk patients
with RA treated with the JAK inhibitor tofaci-
tinib versus TNF inhibitors [13]. Although the
risks of lung cancer and lymphoma are known
to be higher in patients with RA compared to
the general population [7], treatment with
tofacitinib in patients of C 50 years of age with
at least one additional cardiovascular risk factor
led to higher rates of lung cancer and lym-
phoma compared to treatment with TNF inhi-
bitors. In contrast to the findings from ORAL
Surveillance, published real-world data from the
observational, cohort, claims-based STAR-RA
study of tofacitinib versus TNF inhibitors [25],
as well as data from the CorEvitas (formerly
Corrona) real-world registry comparing tofaci-
tinib and biological disease-modifying anti-
rheumatic drugs (bDMARDs) [26], did not find

Fig. 4 Risk factors for NMSC in RA (a) and PsA (b) with
UPA 15 mg. Hazard ratios were generated using univari-
able Cox proportional hazards regression models for time
from first dose of UPA 15 mg to first event of NMSC in
RA and PsA. *P\ 0.05; **P\ 0.01; ***P\ 0.001. BMI

body mass index, CI confidence interval, CRP C-reactive
protein, HR hazard ratio, NE not estimable (due to zero
events), NMSC nonmelanoma skin cancer, PsA psoriatic
arthritis, QD once daily, RA rheumatoid arthritis, ULN
upper limit of normal, UPA upadacitinib.
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an increased risk of malignancy with JAK inhi-
bitor treatment in patients with RA. However,
when similar inclusion criteria to ORAL
Surveillance were applied (i.e., C 50 years of age
and at least one risk factor for cardiovascular
disease), tofacitinib was associated with a
numerically increased risk of malignancies [25].
An analysis by the ARTIS group of patients with
RA or PsA in clinical practice found no evidence
of an increased risk of malignancy excluding
NMSC with JAK inhibitors (baricitinib and
tofacitinib) compared to TNF inhibitors, while
the risk of NMSC was elevated in patients
receiving JAK inhibitor treatment [27]. A previ-
ous study on natural killer (NK) cells from 16
patients with RA treated with tofacitinib or
baricitinib demonstrated altered phenotype and
function ex vivo and in vitro, which may
impact the NK cell-mediated antitumor
response [28]. Given these mixed results, it is
important to understand whether the findings
from ORAL Surveillance can be generalized to
other JAK inhibitors and other rheumatic dis-
eases, as well as assess the safety of a JAK inhi-
bitor versus a conventional synthetic disease-
modifying antirheumatic drug (csDMARD)
comparator (i.e., methotrexate in the RA
SELECT-EARLY trial).

For this integrated safety analysis of
upadacitinib across 11 phase 3 trials (1 AS
phase 2b/3 study) in RA (5306 patients), PsA
(2257 patients), AS (596 patients), and nr-axSpA
(286 patients), nearly 20,000 total PYs of expo-
sure data and up to a maximum of 6.6 years of
treatment duration data for upadacitinib are
described. In the integrated RA data, the overall
rate of malignancy excluding NMSC was gen-
erally similar across upadacitinib 15 mg,
upadacitinib 30 mg, adalimumab, and
methotrexate. In the SELECT-COMPARE RA
study, where both upadacitinib 15 mg (the
approved dose) and adalimumab were evalu-
ated, no increase in the rate of malignancy
excluding NMSC was observed. Similarly, in a
recent post hoc analysis of the SELECT-COM-
PARE study, the rate of malignancy excluding
NMSC in at-risk patients with RA (C 50 years
old with at least one cardiovascular risk factor)
was generally similar between upadacitinib
15 mg and adalimumab [29]. Furthermore, the

current analysis of PsA data also demonstrated
similar results to that observed in RA, where the
rates of malignancy excluding NMSC were
generally similar between upadacitinib 15 mg or
30 mg and adalimumab.

As demonstrated previously [30], NMSC was
reported more frequently with upadacitinib
30 mg versus upadacitinib 15 mg in RA, and
rates were higher with both doses of upadaci-
tinib than the active comparators adalimumab
or methotrexate. While the rates of NMSC were
also higher with upadacitinib compared to
adalimumab in PsA, no meaningful dose rela-
tionship was observed for upadacitinib in the
PsA studies. On the basis of the overall data, an
increased risk of NMSC has been assessed to be
causally related to upadacitinib therapy and has
been added to the upadacitinib label; periodic
skin examination is recommended for all
patients, particularly in those with risk factors
for skin cancer [31, 32]. Other JAK inhibitors,
such as tofacitinib [33] and baricitinib [34], also
report an increased risk of NMSC in their pre-
scribing information.

The rates of basal cell carcinoma (BCC) and
cutaneous squamous cell carcinoma (SCC) in
the SELECT trials were largely similar within
each treatment and indication. Published liter-
ature shows variability in the prevalence of
these malignancies in the general population
[35], which can be influenced by many factors
including age, sex, and geographic region (i.e.,
latitude and subsequent sun exposure), as well
as the methods used to calculate the incidence
rate. Some publications support similar rates for
both BCC and SCC [35, 36], as observed in this
analysis, while others report a higher prevalence
of BCC compared to SCC [37–39]. Of relevance
to this study, immunosuppression has been
linked to a greater incidence of NMSC, with
reversal of the BCC to SCC ratio [40]. Addi-
tionally, patients who reported an adverse event
of NMSC in the SELECT trials were older in age
(range 50–66 years old), which has been associ-
ated with a more equal ratio of BCC to SCC
compared to younger patients [36, 41].

Overall, no differences in the time to malig-
nancy events were observed in RA, PsA, AS, or
nr-axSpA. In addition, Kaplan–Meier analysis
showed no clear pattern in the timing of event
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onset of malignancy excluding NMSC or NMSC
between the two upadacitinib doses in RA or
PsA. Univariable regression modeling revealed
that being older and in the USA (compared to
Europe and/or outside the USA) were common
risk factors for malignancy excluding NMSC
and NMSC in patients with RA or PsA treated
with upadacitinib 15 mg. Additionally, being
male (RA and PsA) and consuming alcohol (RA)
were associated with an increased risk of
malignancy excluding NMSC, while being male
(RA) and having a higher BMI (PsA) were asso-
ciated with an increased risk of NMSC in
patients treated with upadacitinib 15 mg. ORAL
Surveillance also found an increased risk of
malignancy in patients with RA in North
America (including the USA, Puerto Rico, and
Canada), regardless of baseline atherosclerotic
cardiovascular disease risk score, compared to
the rest of the world [13]. A study of patients
with PsA (age- and sex-matched to non-PsA
comparators) also reported that higher age was
a predisposing risk factor for malignancy, but
opposite to our findings, being female was also
identified as a risk factor [42]. In the general
population, being older [43], being male [44],
consuming alcohol [45], and having a higher
BMI/obesity [45, 46] have been associated with
an increased risk of cancer, which is consistent
with the findings reported here for patients with
RA or PsA treated with upadacitinib.

Limitations of this integrated safety analysis
include the lack of a placebo control arm for
comparative analysis, and the reduced sample
size and limited length of exposure in AS and
nr-axSpA compared to RA or PsA. Active com-
parators (adalimumab or methotrexate) were
only assessed in one or two studies, with smaller
drug exposure compared to upadacitinib, which
makes the interpretation of these data more
limited. Comparisons between the SELECT trials
and ORAL Surveillance should be treated with
caution because of differences in study design,
in particular the lack of an enriched, at-risk
patient population (C 50 years of age with at
least one additional cardiovascular risk factor)
in the SELECT trials or this post hoc analysis. In
addition, these data were gathered from con-
trolled clinical trials, which may not be entirely
reflective of data gathered in real-world clinical

practice or typical cancer screening practices
that occur in routine care settings. Findings
from the univariable regression models to assess
the impact of known risk factors on the inci-
dence of malignancy excluding NMSC and
NMSC in RA and PsA should be interpreted with
caution because of the low rates of malignancy
reported in these studies. Further evaluation
with longer-term exposure to upadacitinib,
which may allow for the use of more sophisti-
cated multivariable modeling, is required to
make firmer conclusions regarding risk factors
for malignancy with upadacitinib treatment.

CONCLUSION

Event rates of malignancy excluding NMSC
were generally similar between upadacitinib
15 mg (the approved dose for RA, PsA, AS, and
nr-axSpA), upadacitinib 30 mg, adalimumab,
and methotrexate, and were consistent across
RA, PsA, AS, and nr-axSpA. In RA, there was a
dose-dependent increase in NMSC, with rates
being higher with upadacitinib 30 mg treat-
ment than upadacitinib 15 mg. In addition,
rates of NMSC were higher with both upadaci-
tinib doses versus adalimumab and methotrex-
ate. This analysis provides important safety
information on malignancies with upadacitinib
treatment across RA, PsA, AS, and nr-axSpA,
which can help inform treatment decisions to
improve patient care.
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