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ABSTRACT

Introduction: Upadacitinib (UPA) is a Janus
kinase inhibitor that has demonstrated efficacy
in moderate-to-severe rheumatoid arthritis (RA)
with an acceptable safety profile. We

investigated laboratory parameter changes in
UPA RA clinical trials.
Methods: Pooled data from six randomized tri-
als in the SELECT phase 3 program were inclu-
ded. Key laboratory parameters and safety data
were measured for UPA 15 and 30 mg once daily
(QD), adalimumab (ADA) 40 mg every other
week ? methotrexate (MTX), and MTX
monotherapy. Exposure-adjusted event rates
(EAERs) of adverse events were calculated.
Results: A total of 3209 patients receiving UPA
15 mg QD (10 782.7 patient-years [PY]), 1204
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Institute of Rheumatology, Na Slupi 4, 12850
Prague, Czech Republic

Rheumatol Ther

https://doi.org/10.1007/s40744-023-00624-3

http://orcid.org/0000-0002-1768-7019
http://orcid.org/0000-0002-8792-0402
http://orcid.org/0000-0002-0177-2198
http://orcid.org/0000-0003-4459-8609
http://orcid.org/0000-0002-4018-7629
http://orcid.org/0000-0002-0851-0713
http://orcid.org/0000-0003-4855-3926
http://orcid.org/0000-0001-7518-1131
http://orcid.org/0000-0002-6462-4280
https://doi.org/10.1007/s40744-023-00624-3
https://doi.org/10.1007/s40744-023-00624-3
https://doi.org/10.1007/s40744-023-00624-3
https://doi.org/10.1007/s40744-023-00624-3
http://crossmark.crossref.org/dialog/?doi=10.1007/s40744-023-00624-3&amp;domain=pdf
https://doi.org/10.1007/s40744-023-00624-3


patients receiving UPA 30 mg QD (3162.5 PY),
579 patients receiving ADA ? MTX (1573.2 PY),
and 314 patients receiving MTX monotherapy
(865.1 PY) were included, representing up to
6.5 years of total exposure. Decreases in mean
levels of hemoglobin, neutrophils, and lym-
phocytes, and increases in mean levels of liver
enzymes and creatinine phosphokinase were
observed with UPA, with grade 3 or 4 changes
observed in some patients. Mean low- and high-
density lipoprotein cholesterol ratios remained
stable for patients receiving UPA 15 mg QD.
EAERs of anemia and neutropenia occurred at
generally consistent rates between UPA and
active comparators (3.1–4.3 and 1.7–5.0 events
[E]/100 PY across treatment groups, respec-
tively). Rates of hepatic disorder were higher
with MTX monotherapy, UPA 15 mg and UPA
30 mg (10.8, 9.7, and 11.0 E/100 PY, respec-
tively) versus ADA ? MTX (6.4 E/100 PY). Rates
of lymphopenia were highest with MTX
monotherapy (3.2 E/100 PY). Treatment dis-
continuations due to laboratory-related events
were rare, occurring in 1.1% and 2.2% of
patients treated with UPA 15 and 30 mg QD,
respectively.
Conclusions: The results of this integrated
long-term analysis of laboratory parameters
continue to support an acceptable safety profile
of UPA 15 mg QD for moderate-to-severe RA.

Keywords: JAK inhibitor; Laboratory
parameters; Rheumatoid arthritis; Upadacitinib

Key Points

Why carry out this study?

Upadacitinib is a Janus kinase (JAK)
inhibitor that has demonstrated efficacy
for the treatment of moderate-to-severe
rheumatoid arthritis (RA) across a broad
spectrum of patients in the SELECT phase
3 program, with an acceptable safety
profile.

Consistent with the known safety profile
of JAK inhibitors, changes in laboratory
parameters have been observed in
upadacitinib clinical trials, although
further long-term data are needed.

What was learned from the study?

Long-term upadacitinib treatment was
associated with several dose-dependent
laboratory abnormalities in patients with
RA, with a comparable incidence to those
with methotrexate and a generally higher
incidence than with adalimumab.

Results continue to support an
acceptable safety profile of upadacitinib
15 mg once daily for the treatment of
moderate-to-severe RA.

INTRODUCTION

The goal of therapy for patients with rheuma-
toid arthritis (RA) is to achieve sustained
remission or low disease activity [1, 2]. For
patients who fail to achieve these goals with
first-line therapy, typically conventional syn-
thetic disease-modifying anti-rheumatic drugs
(csDMARDs), treatment options include bio-
logic DMARDs (bDMARDs) such as tumor
necrosis factor (TNF) inhibitors, or Janus kinase
(JAK) inhibitors [2]. Upadacitinib is a JAK inhi-
bitor that has demonstrated efficacy in RA with
an acceptable safety profile; after 24/26 weeks of
upadacitinib 15-mg treatment, approximately
one-quarter of patients with inadequate
response to methotrexate (MTX)/csDMARDs
achieved clinical remission (Clinical Disease
Activity Index [CDAI] B 2.8) [3–10]. While the
management of RA should include regular
monitoring of disease activity in accordance
with treat-to-target principles, consideration of
patient safety is equally important, with moni-
toring of adverse events (AEs) and commonly
tested laboratory parameters.

JAK inhibitors are orally administered small
molecule drugs that have been shown to be
effective for the treatment of moderate-to-sev-
ere RA in multiple randomized controlled trials
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and are recommended treatment options for
patients who fail to respond to csDMARDs and/
or bDMARDs [2, 11, 12]. JAK inhibitors have
been associated with changes in laboratory
parameters including decreases in lymphocytes,
neutrophils, and hemoglobin, increases in the
liver enzymes alanine aminotransferase (ALT)
and aspartate aminotransferase (AST), increases
in serum creatinine and creatine phosphokinase
(CPK), and increases in blood cholesterol
[12–14]. As a result, it is recommended that
patients receiving JAK inhibitors undergo rou-
tine laboratory monitoring [13, 15–18].

The JAK inhibitor upadacitinib has been
engineered for increased selectivity for JAK1
over JAK2, JAK3, and tyrosine kinase 2 at ther-
apeutic concentrations [18, 19]. Upadacitinib
has been evaluated across a broad spectrum of
patients in the global phase 3 SELECT program,
which included six trials with long-term open-
label extensions [18, 20, 21]. The SELECT pro-
gram included patients naı̈ve to MTX, patients
with an inadequate response to MTX/
csDMARDs, and patients with an inadequate
response to bDMARDs. It assessed upadacitinib
both as monotherapy and in combination with
MTX [3–8].

Consistent with the known safety profile of
JAK inhibitors, changes in laboratory parame-
ters have been observed in upadacitinib clinical
trials [9, 20]. In this descriptive integrated
analysis, we assessed selected long-term labora-
tory profiles associated with exposure to
upadacitinib and active controls (adalimumab
and MTX) in patients with RA treated in the
SELECT program, with up to 6.5 years of
exposure.

METHODS

Patients and Studies

Data from six randomized phase 3 trials and their
open-label extensions were included in this anal-
ysis: SELECT-EARLY (NCT02706873), SELECT-
NEXT (NCT02675426), SELECT-MONOTHERAPY
(NCT02706951), SELECT-COMPARE (NCT0262
9159), SELECT-BEYOND (NCT02706847), and
SELECT-CHOICE (NCT03086343). Full details of

the individual studies have been published previ-
ously and are summarized in Supplementary
Table S1 [3–8].

Eligible patients were C 18 years with active
RA, defined as swollen joint count C 6/66, ten-
der joint count C 6/68, and high-sensitivity
C-reactive protein C 3 mg/l (C 5 mg/l, together
with evidence of erosive joint damage and/or
autoantibody positivity, for SELECT-COMPARE
and -EARLY). Of note, patients were required to
have ALT and AST\2 9 upper limit of normal
(ULN) at screening.

Patients were MTX-naı̈ve (SELECT-EARLY) or
had an inadequate response or intolerance to
MTX (SELECT-MONOTHERAPY and -COM-
PARE), csDMARDs (SELECT-NEXT), or
bDMARDs (SELECT-BEYOND and -CHOICE;
Supplementary Table S1). All clinical studies
were conducted according to the International
Council for Harmonisation of Technical
Requirements for Pharmaceuticals for Human
Use guidelines, applicable regulations and
guidelines governing clinical study conduct,
and the Declaration of Helsinki. As this was an
integrated analysis of pooled clinical trial data,
IRB approval was not required.

Dosing

Per each study protocol, patients received
extended-release upadacitinib (15 mg or 30 mg
once daily [QD]), placebo, MTX, subcutaneous
adalimumab (40 mg every other week [EOW]) or
intravenous abatacept (weight-based dosing), as
monotherapy or in combination with back-
ground csDMARDs. Patients were not permitted
to switch between upadacitinib doses, although
following a protocol amendment due to the
approval of the upadacitinib 15-mg dose,
patients receiving upadacitinib 30 mg were
switched to the 15-mg dose (earliest switch at
week 108 [SELECT-EARLY]/168 [SELECT-NEXT]/
132 [SELECT-MONOTHERAPY]/180 [SELECT-
BEYOND]). MTX-naive patients randomized to
MTX started oral medication at 10 mg/week
(7.5 mg/week in China and Japan) and were
titrated to a maximum of 20 mg/week (15 mg/
week in Japan) through week 8, according to
tolerance (Supplementary Table S1). Of note,
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patients receiving abatacept in SELECT-CHOICE
switched to upadacitinib 15 mg QD at week 24,
per the study protocol; thus, long-term data for
abatacept are not available for this treatment
group and were not included in this analysis.

The proportions of patients experiencing
potentially clinically significant laboratory
parameters at any time point were summarized
for: pooled upadacitinib 15 mg QD, pooled
upadacitinib 30 mg QD, adalimumab 40 mg
EOW ? MTX (SELECT-COMPARE only), and
MTX monotherapy (SELECT-EARLY only).
Patients who switched from placebo, adali-
mumab, or MTX to upadacitinib were included
in the upadacitinib analysis set from the start of
upadacitinib treatment. Those who switched
from upadacitinib to adalimumab were inclu-
ded in the adalimumab analysis set from the
start of adalimumab and were censored at time
of switch. MTX monotherapy was censored at
time of rescue to combination therapy (addition
of a csDMARD). Serum samples for laboratory
testing were collected from fasting patients
where possible (minimum 8-h fast); if a patient
was unable to fast when necessary, non-fasting
status was recorded in the study source
documentation.

Safety Analyses and Statistics

AEs and laboratory assessments were measured
through August 15, 2022. AEs were defined
using standardized Medical Dictionary for Reg-
ulatory Activities (MedDRA) query or company
MedDRA query search criteria. A treatment-
emergent adverse event (TEAE) was defined as
any AE with an onset date from the first dose of
study drug, up to 30 days after the last dose of
either placebo or upadacitinib, or up to 70 days
after the last dose of adalimumab (if patients
discontinued from the study). Exposure-ad-
justed event rates (EAERs) were calculated as the
total number of events (including multiple
events in the same patient) adjusted for total
exposure, reported as events per 100 patient-
years (PY). Laboratory-related TEAEs of special
interest were defined according to investigator-
reported AEs (MedDRA query criteria as defined
above) as opposed to objective laboratory

measures. All events were attributed to treat-
ment at the time of event.

Assessment of laboratory abnormalities
included hemoglobin, neutrophils, lympho-
cytes, ALT, AST, CPK, creatinine, and lipids
(low-density lipoprotein [LDL] and high-density
lipoprotein [HDL] cholesterol, including the
LDL/HDL cholesterol ratio [LDL-C/HDL-C]).
Toxicity grading of laboratory-related AEs was
based on Outcome Measures in Rheumatology
(OMERACT) criteria [22]. For grading of CPK
and creatinine abnormalities, National Cancer
Institute standard common terminology criteria
grading methodology was used [23]. To be
included as grade 3 or 4 abnormality, the post-
baseline grade must have been higher than
baseline. Lipid data are reported as mean
change from baseline. The studies were not
designed to statistically compare the incidence
of laboratory abnormalities and so all analyses
are descriptive.

Ethical Approval

All clinical studies were conducted according to
the International Council for Harmonization of
Technical Requirements for Pharmaceuticals for
Human Use guidelines, applicable regulations
and guidelines governing clinical study con-
duct, and the Declaration of Helsinki. As this
was an integrated analysis of pooled clinical
trial data, IRB approval was not required.

RESULTS

Patient Population

This descriptive analysis included 3209 patients
receiving upadacitinib 15 mg QD (10 782.7 PY),
1204 patients receiving upadacitinib 30 mg QD
(3162.5 PY), 579 patients receiving adalimumab
40 mg EOW ? MTX (1573.2 PY), and 314
patients receiving MTX monotherapy (865.1
PY) across the phase 3 program (Table 1).

Baseline characteristics were generally simi-
lar across treatment groups; the majority of
patients were female and around half were
receiving concomitant glucocorticoids. A lower

Rheumatol Ther



Table 1 Baseline demographics and clinical characteristics

Mean (SD), unless
stated otherwise

UPA 15 mg QD pooled
(N = 3209; 10 782.7 PY)

UPA 30 mg QD pooled
(N = 1204; 3162.5 PY)

ADA 40 mg
EOW 1 MTX
(N = 579;
1573.2 PY)

MTX
monotherapy
(N = 314;
865.1 PY)

Age, years 54.3 (12.0) 55.3 (11.9) 54.2 (11.7) 53.3 (12.9)

Female, N (%) 2581 (80.4) 948 (78.7) 470 (81.2) 240 (76.4)

Time since RA diagnosis,

years

8.6 (8.4) 7.0 (8.3) 8.3 (8.0) 2.6 (5.1)

Concomitant non-

biologic DMARD,

N (%)

2548 (79.4) 561 (46.6) 579 (100) 0

Concomitant steroids,

N (%)

1757 (54.8) 571 (47.4) 350 (60.4) 164 (52.2)

Concomitant NSAIDs 2037 (63.5) 785 (65.2) 363 (62.7) 223 (71.0)

Prior bDMARD use,

N (%)

979 (30.5) 281 (23.3) 57 (9.8) 0

Seropositive (RF or

ACPA), N (%)

2707 (84.4) 948 (78.7) 497 (85.8) 255 (81.2)

CRP, mg/l 17.8 (21.6) 15.9 (19.8) 14.2 (20.5) 21.2 (22.1)

DAS28-CRPa 5.8 (1.0) 5.7 (1.0) 5.9 (1.0) 5.9 (1.0)

History of HZ 70 (2.2) 41 (3.4) 12 (2.1) 4 (1.3)

History of CV eventb,

N (%)

385 (12.0) 147 (12.2) 63 (10.9) 27 (8.6)

History of tobacco/

nicotine use

(current ? former)

1222 (38.1) 509 (42.3) 199 (34.4) 120 (38.2)

Statin use 368 (11.5) 169 (14.0) 55 (9.5) 26 (8.3)

Hemoglobinc, g/l 129.8 130.3 130.2 130.5

Neutrophilsd, 109/l 5.5 5.4 5.6 6.0

Lymphocytesd, 109/l 1.8 1.8 1.7 1.9

ALTe (U/l) 20.7 21.5 20.7 19.5

ASTe (U/l) 20.1 21.0 19.7 19.1

CPKe (U/l) 84.8 83.8 71.0 76.0

Creatininee (lmol/l) 64.4 65.3 62.9 63.9
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proportion of patients receiving MTX
monotherapy and adalimumab ? MTX had a
history of bDMARD use, compared with the
upadacitinib groups. This was due to the
exclusion criteria of SELECT-EARLY and
SELECT-COMPARE, ruling out patients with
prior exposure to bDMARDs and patients with
inadequate response to bDMARDs, respectively.
Concomitant use of csDMARDs was more
common with upadacitinib 15 mg versus
upadacitinib 30 mg (Table 1).

Grade 3 and 4 Changes in Laboratory
Parameters

Grade 3 and 4 elevations in ALT and AST were
more common with MTX monotherapy and
upadacitinib compared with adali-
mumab ? MTX (Table 2). The incidences of
grade 3 and 4 decreases in neutrophils were
consistent across the treatment groups, whereas
lymphocyte and hemoglobin decreases were
less common with adalimumab ? MTX com-
pared with upadacitinib and MTX monother-
apy. CPK elevations were more common with
upadacitinib versus the comparators, while
creatinine elevations were rare across all

treatment groups (Table 2). Grade 3 and 4
changes in hemoglobin and neutrophils were
more common with upadacitinib 30 mg versus
15 mg; rates of other events were comparable
between the two doses.

Grade 3 and 4 Events by Time Period

Overall, the incidences of grade 3 and 4 labo-
ratory abnormalities were generally low
through any 12-month period, with no tempo-
ral pattern to their occurrence (Supplementary
Fig. S1). In the first 12 weeks of treatment,
incidences of grade 3 and 4 abnormalities were
generally low and similar between groups, with
the exception of grade 3 decreases in hemoglo-
bin and neutrophils, which were numerically
higher in patients receiving upadacitinib 30 mg
(Supplementary Fig. S2). The incidence of grade
3 decreases in hemoglobin increased between
weeks 12 and 24 then decreased through
60 weeks in patients receiving upadacitinib,
whilst the incidence of grade 3 decreases in
neutrophils reduced over weeks 12–24 then was
stable through 60 weeks. Over the first
24-month period, the incidence of grade 3 and
4 hemoglobin decrease stabilized and was lower

Table 1 continued

Mean (SD), unless
stated otherwise

UPA 15 mg QD pooled
(N = 3209; 10 782.7 PY)

UPA 30 mg QD pooled
(N = 1204; 3162.5 PY)

ADA 40 mg
EOW 1 MTX
(N = 579;
1573.2 PY)

MTX
monotherapy
(N = 314;
865.1 PY)

LDL-Cf (mg/dl) 110.9 110.8 112.3 110.8

HDL-Cg (mg/dl) 59.4 58.7 59.9 58.4

aN = 3192 (UPA 15 mg); N = 1197 (UPA 30 mg); N = 574 (ADA ? MTX). bThis included CV event, hypertension,
diabetes mellitus, tobacco/nicotine use, elevated LDL-C, lowered HDL-C. cN = 3199 (UPA 15 mg); N = 1193 (UPA
30 mg); N = 166 (ADA); N = 275 (MTX). dN = 3199 (UPA 15 mg); N = 1192 (UPA 30 mg); N = 166 (ADA);
N = 275 (MTX). eN = 3197 (UPA 15 mg); N = 1195 (UPA 30 mg); N = 167 (ADA); N = 275 (MTX)
fN = 3186 (UPA 15 mg); N = 1191 (UPA 30 mg); N = 167 (ADA); N = 274 (MTX). gN = 3197 (UPA 15 mg);
N = 1194 (UPA 30 mg); N = 167 (ADA); N = 275 (MTX). ACPA anti-citrullinated protein antibody, ADA adali-
mumab, ALT alanine transaminase, AST aspartate aminotransferase, bDMARD biologic disease-modifying antirheumatic
drug, csDMARD conventional synthetic disease-modifying antirheumatic drug, CPK creatine phosphokinase, CRP C-re-
active protein, CV cardiovascular, DAS28-CRP 28-joint Disease Activity Score using C-reactive protein, EOW every other
week, HDL-C high-density lipoprotein cholesterol, HZ herpes zoster, L liter, LDL-C low-density lipoprotein cholesterol,
MACE major adverse cardiovascular event, MTX methotrexate, NSAID non-steroidal anti-inflammatory drug, QD once
daily, RF rheumatoid factor, SD standard deviation, U units, ULN upper limit of normal, UPA upadacitinib
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Table 2 Incidence of grade 3 or 4 laboratory parameters

Parameter, N (%) UPA 15 mg QD
pooled
(N = 3209; 10
782.7 PY)

UPA 30 mg
QD pooled
(N = 1204;
3162.5 PY)

ADA 40 mg EOW 1 MTX
(N = 579; 1573.2 PY)

MTX
monotherapy
(N = 314;
865.1 PY)j

Hemoglobin, g/l

Grade 3 (70 –\ 80 or

decreased 21 –\ 30)

329 (10.3)a 170 (14.2)c 36 (6.3)h 31 (9.9)

Grade 4 (\ 70 or

decreased C 30)

166 (5.2)a 78 (6.5)c 24 (4.2)h 23 (7.4)

Neutrophils, 109/l

Grade 3 (0.5 –\ 1.0) 55 (1.7)a 39 (3.3)d 5 (0.9)h 3 (1.0)

Grade 4 (\ 0.5) 13 (0.4)a 4 (0.3)d 3 (0.5) h 1 (0.3)

Lymphocytes, 109/l

Grade 3 (0.5 –\ 1.0) 1075 (33.6)a 424 (35.6)d 66 (11.5)h 86 (27.6)

Grade 4 (\ 0.5) 128 (4.0)a 50 (4.2)d 6 (1.0)h 7 (2.2)

ALT, U/l

Grade 3 (3.0 – 8.0 9 ULN) 204 (6.4)b 71 (5.9)e 17 (3.0)i 25 (8.0)

Grade 4 ([ 8.0 9 ULN) 36 (1.1)b 10 (0.8)e 4 (0.7)i 7 (2.2)

AST, U/l

Grade 3 (3.0 – 8.0 9 ULN) 139 (4.3)b 38 (3.2)e 11 (1.9)i 16 (5.1)

Grade 4 ([ 8.0 9 ULN) 25 (0.8)b 9 (0.8)e 6 (1.0)i 2 (0.6)

CPK, U/l

Grade 3 ([ 5.0 –

10.0 9 ULN)

81 (2.5)b 36 (3.0)f 6 (1.0)i 3 (1.0)

Grade 4 ([ 10.0 9 ULN) 36 (1.1)b 15 (1.3)f 3 (0.5)i 0

Creatinine, lmol/l

Grade 3 ([ 3.0 –

6.0 9 ULN)

4 (0.1)b 2 (0.2)g 2 (0.3)i 0

Grade 4 ([ 6.0 9 ULN) 6 (0.2)b 0 g 0i 0

aN = 3199. bN = 3197. cN = 1193. dN = 1192. eN = 1195. fN = 1196. gN = 1197. hN = 575. iN = 576. jN = 312
Toxicity grading scale is based on OMERACT criteria. For CPK and creatinine, NCI standard CTC grading methodology
was used. Post-baseline grade must be higher than baseline grade
ADA adalimumab, ALT alanine aminotransferase, AST aspartate aminotransferase, CPK creatine phosphokinase, CTC
common terminology criteria, EOW every other week, MTX methotrexate, NCI National Cancer Institute, PY patient-
years, QD once daily, ULN upper limit of normal, UPA upadacitinib
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MTX monotherapy ADA 40 mg EOW UPA 15 mg QD UPA 30 mg QD

n

UPA 30 mg QD
ADA 40 mg EOW + MTX
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in the upadacitinib 15 mg QD and adali-
mumab ? MTX groups compared with
upadacitinib 30 mg and MTX monotherapy. Of
note, the incidence of grade 3 and 4 CPK

elevations was slightly higher in both upadaci-
tinib treatment groups compared with adali-
mumab ? MTX and MTX monotherapy in each
12-month period.
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Fig. 1 Mean change from baseline in: a hemoglobin,
b neutrophils, c lymphocytes, d ALT, e AST, f CPK, and
g creatininea. aUPA 30 mg QD, ADA 40 mg EOW, and
MTX monotherapy group data are presented per initial
randomization and do not include patients who switched
treatments. bWeek 24 for UPA 15 mg QD, UPA 30 QD,
and MTX monotherapy; week 22 for ADA 40 mg

EOW ? MTX. cOne data point was omitted due to an
erroneous value. ADA adalimumab, ALT alanine amino-
transferase, AST aspartate aminotransferase, CPK creatine
phosphokinase, EOW every other week, MTX methotrex-
ate, QD once daily, UPA, upadacitinib
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Mean Changes Over Time in Laboratory
Parameters

Transient decreases in hemoglobin were seen
with upadacitinib, which were more pro-
nounced with the 30-mg QD dose than the
15-mg QD dose (Fig. 1a). Decreases in neu-
trophils were observed in all treatment groups
(Fig. 1b), while decreases in lymphocytes were
seen with upadacitinib and MTX monotherapy
but not adalimumab ? MTX (Fig. 1c). Consis-
tent with the frequency of grade 3 and 4 events,
greater increases in ALT and AST were seen with
upadacitinib and MTX monotherapy compared
with adalimumab ? MTX (Fig. 1d and e).
Increases in CPK were greater with upadacitinib
compared with MTX monotherapy and adali-
mumab ? MTX, while creatinine increases were
seen in all groups (Fig. 1f and g).

Changes in Circulating Lipid Levels

LDL-C levels showed a greater increase from
baseline in both the upadacitinib 15 mg and
30 mg groups compared with adali-
mumab ? MTX and MTX monotherapy, while
HDL-C levels were generally comparable
between treatment groups (Fig. 2a and b).
However, few patients remained in the
upadacitinib 30 mg treatment group by week
220 which limits comparisons at this time
point. The mean LDL-C/HDL-C ratio remained
stable for patients receiving upadacitinib 15 mg
QD and MTX and increased at later timepoints
in patients receiving adalimumab and upadaci-
tinib 30 mg QD (Fig. 2c).

Laboratory-Related AEs of Special Interest

Anemia occurred at consistent rates between
upadacitinib and active comparators (Fig. 3).
There were four serious AEs (SAEs) of anemia in
the upadacitinib 15 mg group and two in the
30 mg group; two patients from the former
group also experienced grade 4 abnormalities in
hemoglobin. Neutropenia occurred at consis-
tent rates between the upadacitinib 15-mg dose
and active comparators, and lymphopenia rates
were highest in the MTX monotherapy group.

In the upadacitinib 15 mg group, none of the
neutropenia events were serious, and there was
no evidence of grade 3 or 4 abnormalities in
neutrophils or lymphocytes being associated
with serious infection, opportunistic infection,
or herpes zoster within 30 days of the abnor-
mality. Hepatic disorders occurred more fre-
quently with upadacitinib and MTX than with
adalimumab. No trend was observed regarding
time to onset of the peak transaminase eleva-
tions in patients treated with either dose of
upadacitinib, and most hepatic TEAEs were
asymptomatic; no cases of drug-induced liver
injury were reported. CPK elevations were more
common with upadacitinib than active com-
parators; these elevations were generally
asymptomatic and transient (i.e., lasting no
more than two visits before returning to normal
or baseline values). For all laboratory-related
AEs, rates appeared higher with upadacitinib
30 mg compared with 15 mg (Fig. 3).

Two cases of rhabdomyolysis were reported.
One case of rhabdomyolysis was reported in a
66-year-old woman with a history of heavy
alcohol consumption who was hospitalized on
day 1523 of upadacitinib 15-mg treatment fol-
lowing an event of seizure due to alcohol
withdrawal. Upon examination, the patient also
had elevated troponin, aspiration pneumonia,
acute kidney injury, severe malnourishment,
and acute hypoxemic respiratory failure. The
SAEs of acute kidney injury and rhabdomyolysis
resolved within 48 h of treatment with dexam-
ethasone, ampicillin, cefepime, and levetirac-
etam, and the patient was discharged after
10 days. The additional case of rhabdomyolysis
was reported in a 63-year-old man who experi-
enced an SAE of pneumonia and was hospital-
ized on day 228 of upadacitinib 30 mg
treatment. On day 229, the patient also experi-
enced acute renal failure and influenza, with
CPK[691 U/l and creatinine 3.4 mg/dl. Treat-
ment with the study drug was interrupted and
the patient was treated with Levaquin, Tamiflu,
and vancomycin. The events resolved and
treatment with upadacitinib 30 mg was restar-
ted 10 days after initial hospitalization. Both
cases of rhabdomyolysis were identified as
unrelated to the study drug per the investigator.
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Discontinuations of study treatment because
of laboratory-related AEs were rare, occurring
in B 2.5% of patients across all treatment
groups (Table 3). Discontinuations as a result of
anemia, lymphopenia, neutropenia, creatinine
elevations, and CPK elevations were B 0.3% of
patients across all treatment groups. The most
frequent laboratory changes resulting in dis-
continuation were increases in ALT and AST,
which were most common in the upadacitinib
30 mg and MTX groups; most of these did not
result in study drug discontinuation. Overall,
rates of discontinuation due to laboratory-re-
lated AEs were 1.1% and 2.2% in the upadaci-
tinib 15 mg and 30 mg groups, respectively, and
0.9% and 2.5% in the adalimumab ? MTX and
MTX monotherapy groups, respectively
(Table 3).

DISCUSSION

This analysis assessed the impact of upadaci-
tinib treatment on laboratory parameters in
patients with RA in the context of clinical trials.
Consistent with previous safety analyses [24],
we observed decreases in hemoglobin, neu-
trophils, and lymphocytes, and increases in
liver enzymes and CPK in a proportion of
patients receiving upadacitinib. There was no
apparent association of these changes with the
rates of serious or opportunistic infection, her-
pes zoster, or drug-induced liver injury. The
incidence of laboratory abnormalities was gen-
erally higher with the upadacitinib 30-mg dose
compared with upadacitinib 15 mg, supporting
the choice of upadacitinib 15 mg as the
approved dose for RA given the similar efficacy
of the two doses [3–8]. Most patients who
experienced abnormalities remained on
upadacitinib.

Many treatments used in the management of
RA are associated with abnormalities in labora-
tory parameters and require routine monitoring
[25]. MTX and other csDMARDs may result in
liver enzyme and creatinine elevations and
decreases in neutrophils. Indeed, this analysis
reported elevations in liver enzymes in the MTX
monotherapy group, although no creatinine
elevations and few decreases in neutrophils

were observed for this treatment group. The
lack of effect on creatinine is consistent with
previous results showing that low-dose MTX
does not cause kidney-related AEs, in contrast to
the high doses of MTX used in oncologic indi-
cations [26]. In addition, this analysis reported
higher rates of lymphopenia in the MTX-
monotherapy group versus the adali-
mumab ? MTX group. While we cannot pro-
vide one clear explanation, this could be a result
of the smaller sample size (N = 314 versus
N = 579, respectively) and PYs reported (865.1
PY versus 1573.2 PY, respectively). Given that
AEs were reported at the investigator’s discre-
tion, another explanation could be variability
in how lymphopenia events were reported
between study investigators. Among bDMARDs,
interleukin-6 receptor inhibitors have been
associated with neutropenia, thrombocytope-
nia, elevated liver enzymes, and lipid abnor-
malities [27, 28]. In contrast, TNF inhibitors
appear to have minimal clinically meaningful
effects on laboratory parameters and monitor-
ing is not typically recommended, although
follow-up laboratory assessments often take
place due to the concomitant use of csDMARDs
[25]. This is consistent with results from the
current analysis, as changes in laboratory
parameters observed in the adali-
mumab ? MTX treatment group were generally
small.

Across the JAK inhibitor class and within the
upadacitinib data in the current analysis,
increased serum levels of CPK in patients with
inflammatory disorders have been observed.
Although typically indicating muscle damage,
in vitro data suggest JAK inhibition restores
differentiation of myoblasts into mature myo-
cytes and increases CPK expression [29]. While
there were two cases of rhabdomyolysis
observed in the present study, these were
resolved and were identified as not related to
the study drug, per investigator. Although high
CPK and creatine expression was reported in
one of these cases, an alternative etiology to
consider is the incidence of influenza and sub-
sequent acute renal failure. Transaminase ele-
vations have also been reported with JAK
inhibitors for the treatment of RA, including
tofacitinib and baricitinib [15, 16]. Elevations
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have similarly been reported in patients treated
with upadacitinib 15 mg and 30 mg, with most
elevations not resulting in treatment discon-
tinuation and being resolved or resolving
regardless of upadacitinib discontinuation [24];
results from our analysis are consistent with
these findings.

It has been suggested that changes in labo-
ratory parameters may vary according to JAK
selectivity. For example, inhibition of JAK2 is
thought to be related to hematologic abnor-
malities due to its involvement in erythropoi-
etin and thrombopoietin signaling, whereas
inhibition of JAK3 alters immune cell popula-
tions, due to its role in downstream signaling
from common gamma chain cytokines [30–33].
Therefore, the dose-dependent decreases in
hemoglobin across upadacitinib treatment
groups in the current analysis may be attributed
to the inhibitory effect of upadacitinib on JAK2,
consistent with results from ex vivo studies
using peripheral blood mononuclear cells [34].
Transient decreases in hemoglobin have also
been observed in patients receiving baricitinib,
which inhibits both JAK1 and JAK2 [35]. How-
ever, further research is needed to elucidate the
underlying mechanisms of the effect of
upadacitinib on hemoglobin.

In addition, changes in circulating lipid
levels have been observed with JAK inhibitors
including upadacitinib [13, 36]. The LDL-C/
HDL-C ratio is considered a reliable predictor of
cardiovascular mortality [37] and remained
consistent for upadacitinib 15 mg QD in the
current analysis. Cardiovascular events are a
relevant safety concern with JAK inhibitors,
particularly due to the results of the ORAL
Surveillance study, which found that tofacitinib

was associated with an increased risk of major
adverse cardiovascular events (MACE) com-
pared with TNF inhibitors in patients with a
history of atherosclerotic cardiovascular disease
or other cardiovascular risk factor(s) [38, 39]. In
previous analyses of patients receiving upadac-
itinib, generally increased levels of LDL-C and
HDL-C have been observed with no significant
impact on cardiovascular disease risk [36], and
no apparent association has been found
between LDL-C and occurrence of MACE [24].
In this analysis, there was no evidence to sug-
gest that elevated lipids were associated with
the occurrence of treatment-emergent MACE.
Further research may be needed to explore the
association between changes in lipid levels and
long-term cardiovascular events.

Overall, changes in laboratory parameters are
a known effect of the JAK inhibitor class, and
the results reported in this analysis are compa-
rable to those observed in studies of baricitinib,
tofacitinib, and filgotinib [40–42]. The pre-
scribing information for JAK inhibitors recom-
mends assessing the levels of lymphocytes,
neutrophils, hemoglobin, liver enzymes, and
lipids at baseline and at regular intervals during
treatment [13, 15–18]. The prescribing infor-
mation also recommends that treatment should
not be initiated, or should be interrupted, in
patients with a lymphocyte count of\500
cells/mm3, a neutrophil count of\ 1000 cells/
mm3, hemoglobin levels of\8 g/dl, or if liver
injury is suspected, and that elevated lipid levels
should be managed according to clinical
guidelines for hyperlipidemia [13, 15–18].

The main limitations of this study are the
post hoc nature of the pooled analysis and the
lack of a placebo control (although active
comparators were included). There were also
limited data available for adalimumab and MTX
groups compared with upadacitinib. Finally, the
studies included in this pooled analysis were
not designed for direct or statistical cross-trial
comparison between upadacitinib, adali-
mumab, and MTX, and differences in study
design and patient characteristics should be
considered and may limit interpretation of the
data. The main strength of this study is the large
patient population covering six phase 3 trials
and[ 10 000 PY of exposure to upadacitinib.

bFig. 2 Mean change from baseline in: a LDL-C, b HDL-
C, and c LDL/HDL ratioa. aUPA 30 mg QD, ADA
40 mg EOW, and MTX monotherapy group data are
presented per initial randomization and do not include
patients who switched treatments. bWeek 24 for UPA
15 mg QD, UPA 30 QD, and MTX monotherapy; week
22 for ADA 40 mg EOW ? MTX. ADA adalimumab,
EOW every other week, HDL-C high-density lipoprotein
cholesterol, LDL-C low-density lipoprotein cholesterol,
MTX methotrexate, QD once daily, UPA upadacitinib
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Fig. 3 Exposure-adjusted event rates for laboratory-related
treatment-emergent adverse events of special interest. UPA
15 mg: N = 3209, PY = 10782.7; UPA 30 mg:
N = 1204, PY = 3162.5; ADA ? MTX: N = 579, PY =
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patient-years, EOW every other week, MedDRA Medical
Dictionary for Regulatory Activities, MTX methotrexate,
QD once daily, UPA upadacitinib
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CONCLUSIONS

In this descriptive, pooled study of the SELECT
phase 3 program, the impact of upadacitinib on
laboratory parameters was consistent with pre-
vious safety analyses. Long-term upadacitinib
treatment in patients with RA was associated
with several dose-dependent laboratory abnor-
malities, with a comparable incidence to those
with MTX but a generally higher incidence than
with adalimumab. Treatment discontinuations
related to abnormalities in laboratory parame-
ters were uncommon. The incidence of grade 3
or 4 laboratory abnormalities was generally
uncommon over any 12-month period, with no
temporal pattern to their occurrence. These
results continue to support an acceptable safety
profile of upadacitinib 15 mg QD for the treat-
ment of moderate to severely active RA.
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