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Objectives. To investigate adverse events (AEs) associated with upadacitinib in the real world using data mining from the FDAAdverse
Event Reporting System (FAERS). Methods. Disproportionality analysis, including the reporting odds ratio (ROR), the proportional
reporting ratio (PRR), the Bayesian confdence propagation neural network (BCPNN), and the multiitem gamma Poisson shrinker
(MGPS) algorithms, was used to quantify the signals of upadacitinib-associated AEs. Results. Te study found 23683 reports of AEs
associated with upadacitinib. A total of 149 substantial disproportionality preferred terms (PTs) that complied with all algorithms were
identifed. Te infections discovered matched those mentioned in the specifcation and clinical trials, including pneumonia, upper
respiratory tract infection, herpes zoster, and acne.Malignant and thrombotic AEs were also noted. Diverticulitis, myocardial infarction,
transient ischaemic attack, and dysstasia were among the newAEs found. Upadacitinib-related AEs had amedian onset time of 237days
and an interquartile range (IQR) of 78–509days. Conclusions. Te fndings of our study were in line with clinical observations, and we
also identifed potential novel and unexpected AEs signals for upadacitinib, indicating the necessity for prospective clinical trials to
corroborate these fndings and demonstrate their link. Our results ofered signifcant support for additional upadacitinib safety research.

1. Introduction

Te Janus kinase/signal transduction and activator of tran-
scription (JAK-STAT) pathway is a target in infammation,
which has a role in the pathogenesis of a number of auto-
immune disorders, including rheumatoid arthritis (RA),
atopic dermatitis, and psoriasis [1]. JAK inhibitors (JAKinibs)
are small molecules that inhibit JAK kinase and disrupt the
JAK-STAT pathway, thereby halting the progression of in-
fammatory disorders. Upadacitinib is a reversible JAKinibs
that was initially approved by the United States Food and
Drug Administration (FDA) on August 16, 2019 for the
treatment of RA and subsequently approved for the treatment
of psoriatic arthritis, atopic dermatitis, ulcerative colitis, and
ankylosing spondylitis based on clinical trials [2–6].

Upadacitinib has been shown to be efective, but
according to clinical trials and patients receiving JAKinibs,
it is linked to three FDA “black box” warnings: serious

infections, malignancy, and thrombosis [7]. Te most
frequent adverse reactions of upadacitinib were upper
respiratory tract infections, nausea, cough, and pyrexia.
Other adverse reactions, which were reported in less than
1% of patients, included pneumonia, herpes zoster, herpes
simplex (including oral herpes), and oral candidiasis.
Systematic research on upadacitinib-related ADRs based on
the real world is lacking.

In this study, adverse events (AEs) related to upadaci-
tinib were retrospectively analyzed from the FDA Adverse
Event Reporting System (FAERS). FAERS is a database that
is accessible to the general public and contains reports of
AEs associated with drugs, biologics, and certain other
medicinal products. We can obtain adverse events of target
drug through datamining of FAERS and can conduct follow-
up analysis [8]. In this study, we conducted a retrospective
analysis of the AEs associated with upadacitinib from the
third quarter of 2019 to the fourth quarter of 2022.
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2. Methods

2.1. Data Source. We extracted all reports of AEs for upa-
dacitinib using the generic name of “upadacitinib” and the
brand name of “RINVOQ” from the FAERS database
through the third quarter of 2019 to the fourth quarter of
2022. FAERS quarterly fles contain drug information
(DRUG), demographic and administrative information
(DEMO), preferred terms (PTs) coded for the adverse event
(REAC), report sources (RPSR), patient outcomes (OUTC),
therapy start and end dates for reported drugs (THER), and
indication for use (INDI). AEs in the quarterly fles were
coded by Medical Dictionary for Regulatory Activities 25.1
(MedDRA). Te highest level of MedDRA is the system
organ class (SOC), and we analyzed AEs for upadacitinib at
both the SOC and PT levels. As a report may involve
multiple drugs and multiple ADRs, drugs are assigned the
role_codes of primary suspect (PS), secondary suspect (SS),
concomitant (C), and interacting (I). In this study, reports of
AEs were only taken into account if upadacitinib was listed
as the PS role_code.

As an open availability database, FAERS data includes
incomplete and duplicate reports. We remove all of dupli-
cate reports following the FDA’s recommendations by
choosing the latest FDA_DT when the CASEIDs were the
same and selecting the higher PRIMARYID when the
CASEID and FDA_DT were the same.

We also evaluated the onset time of adverse events
caused by upadacitinib. Te onset time was the period be-
tween EVENT DT (adverse event onset date) and START
DT (the date of upadacitinib initiation); incorrect date
entries and missing particular data were removed. Te
fowchart of our study is shown in Figure 1.

2.2. Statistical Analysis. Te statistical analysis of this study
was conducted using MYSQL software version 8.0. De-
scriptive analysis was used to summarize the clinical char-
acteristics of all AEs regarding to upadacitinib.

Disproportionality analysis was performed to identify
positive signals between upadacitinib and all AEs. Calculations
of measures of disproportionality are primarily based upon
a two-by-two contingency table (Supplementary Table S1). In
quantitative signal detection, a combination of upadacitinib
and an AE that are disproportionately highly represented in
the FAERS database presents an important signal based on
a diference from the background frequency [9]. Both Fre-
quentist and Bayesian methods in the disproportionality
analysis were applied to investigate the correlation between an
AE and upadacitinib, using the reporting odds ratio (ROR),
the proportional reporting ratio (PRR), the Bayesian conf-
dence propagation neural network (BCPNN), and the mul-
tiitem gamma Poisson shrinker (MGPS). To improve the
accuracy of signals and eliminate false positive PTs, the adverse
reaction was judged to be valid when the results of all four
algorithms were positive in our study. Te formulas for the
four algorithms are shown in Supplementary Table S2.

3. Results

3.1.DescriptiveResults. From the third quarter of 2019 to the
fourth quarter of 2022, a total of 6317606 AEs were sub-
mitted to the FAERS database, among which 23683 AEs of
upadacitinib were reported. Te characteristics of AEs with
upadacitinib are presented in Table 1. Females (72.63%)
made up a substantial proportion of the AEs, and the ratio of
females to males was approximately 3∼5 :1, which is con-
sistent with the epidemiological data of RA [10]. Patients
older than 40 years accounted for the majority of AEs. RA
was the most reported indication (63.45%), followed by
COVID-19 immunisation (21.58%). Te most often re-
ported severe result was other serious medical events
(36.76%), followed by hospitalization (20.57%) and death
(3.26%). Most of the AEs were reported from the US
(74.42%). A substantial proportion of AEs were submitted
by the consumer (76.41%).Te number of AEs had gradually
increased from 2019 to 2022, with the proportion of 66.98%
reported in 2022, possibly due to the COVID-19 pandemic.

3.2. Signal Detection. Signal reports of upadacitinib at the
SOC level are shown in Table 2. Te signifcant SOCs were
“Musculoskeletal and connective tissue disorders (SOC:
10028395),” “Infections and infestations (SOC: 10021881),”
“Surgical and medical procedures (SOC: 10042613),” and
“Social circumstances (SOC: 10041244).”

A total of 149 signifcant PTs are shown in Table 3. Te
appearance of “Upper respiratory tract infection (PT:
10046306),” “Nasopharyngitis (PT: 10028810),” “Herpes
zoster (PT: 10019974)” are in line with the instructions.
Signals related to the FDA “black box” warnings were
presented as “Pneumonia (PT: 10035664),” “Malignant
melanoma (PT: 10025650),” “Trombosis (PT: 10043607),”
“Pulmonary thrombosis (PT: 10037437)” and “Myocardial
infarction (PT: 10028596).” Notable unexpected AEs dis-
covered included “Diverticulitis (PT: 10013538),” “Chronic
obstructive pulmonary disease (PT: 10009033),” “Pulmonary
fbrosis (PT: 10037383),” “Dysstasia (PT: 10050256),” and
“Hypophagia (PT: 10063743).” In addition, COVID-19-re-
lated AEs, including “COVID-19 (PT: 10084268),”
“COVID-19 pneumonia (PT: 10084380),” and “SARS-CoV-
2 test positive (PT: 10084271),” are noteworthy. However,
both “Anaemia (PT: 10002034)” and “Hepatitis B reac-
tivation (PT: 10058827),” which are listed in the drug label,
failed to meet the criteria for signifcant signals.

3.3. Onset Time Events. Te onset times of upadacitinib-
associated AEs are shown in Figure 2. A total of 8185
upadacitinib-associated AEs reported an onset time, with the
median onset time of 237 days and the interquartile range
(IQR) of 78–509 days. Te fndings revealed that the in-
cidence of AEs was high in the frst month of administration
(n� 1137, 4.80%) and then slowly decreased over time, but
still a sizable number of AEs continued to occur after one
year of upadacitinib treatment (n� 2835, 11.97%).
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4. Discussion

JAKinibs, a class of targeted synthetic pharmacological
drugs, are the newest therapeutic approach to RA approved
by the FDA. Compared with conventional synthetic and
biologic agents, JAKinibs have the advantage of oral ad-
ministration [11]. Upadacitinib, as the second-generation
JAKinibs, has the ability to specifcally block JAK1 signaling.
Te real-world safety studies of JAKinibs are mostly con-
cerned with the AEs of thrombosis, and upadacitinib’s AEs
reports are insufcient because of its short time to market
[12, 13]. Tis study comprehensively investigated the real-
world safety of upadacitinib based on extensive reports of
the FAERS database.

Te sex ratio of upadacitinib-related AEs corresponds to
the incidence of RA, with females having a three- to fve-fold
higher prevalence than males [10]. Genes and hormonal
changes may be responsible for this phenomenon.
According to studies, RA activity in pregnant women
spontaneously improves and then relapses after delivery,
proving that estrogens have a preventative efect on the
development of RA [14]. In addition, the highest incidence
of RA occurs between the ages of 45 and 55, during the
perimenopausal years, which further supports a link be-
tween the beginning of RA and an estrogen defciency [15].

According to our fndings, the majority of cases across all
cases with known ages were above 40 years old, which is
consistent with the peak onset age for RA.

Te disproportionality analysis revealed that “Muscu-
loskeletal and connective tissue disorders,” “Surgical and
medical procedures,” and “Infections and infestations” were
the most frequent and signifcant AEs of upadacitinib at the
SOC level. Te frst two AEs were most likely brought on by
the progression of RA, which weakens bones and damages
cartilage [16]. Infection is primarily an adverse reaction to
upadacitinib, we found 26 PTs of “infections and in-
festations,” almost all of which had been pointed out on
labels and in clinical trials, including upper respiratory tract
infection, infuenza, pneumonia, kidney infection, eye in-
fection, gastroenteritis viral, and herpes zoster. Tis high-
lighted how accurate and signifcant our results were.

In 26 PTs, “COVID-19” was the most frequent medical
conditions, and “COVID-19 pneumonia” was one of its
major associated infections. Due to the immunosuppression
caused by upadacitinib and in line with the fndings of
a clinical study for upadacitinib in PsA that was undertaken
during the COVID-19 pandemic [17], it is possible to predict
that this discovery will occur during the breakout of a new
coronavirus. In addition, due to their impaired immune
systems, RA patients are more likely to get the COVID-19
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Figure 1: Te fow diagram of selecting upadacitinib-associated AEs from FAERS database.
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infection [18]. Intriguingly, “COVID-19 immunisation” was
the second upadacitinib indication in our results, as shown
in Table 1. We believe this was due to the suggestion of
vaccination prior to the start of upadacitinib treatment
[19, 20]. In addition, a number of drugs commonly used to
treat RA have been proposed as potential treatments for
COVID-19 since it has been revealed that both RA and
COVID-19 infection share the same molecular pathway of
an abnormal immune response [19]. For instance, baricitinib
has demonstrated the ability to signifcantly reduce the host
infammatory response of CRS caused by COVID-19 in-
fection [21]. However, the JAK/STAT inhibition caused by
baricitinib impairs the antiviral response, potentially has-
tening the spread of the COVID-19 infection. Our fndings
precisely validate this in the absence of information on
upadacitinib’s potential impact on coronavirus infection.

Among the opportunity infections, herpes zoster is the
most recognized infection complication with JAK inhibitors.
Clinical trials for upadacitinib have shown that herpes zoster
infections are more frequent with upadacitinib compared
with placebo, csDMARDs, and biologics. Also, most of the
cases were nonserious, very few serious cases occurred in the
high-dose group of upadacitinib [22–24]. In our fndings,
herpes zoster also played an essential part in infections
associated with upadacitinib. In addition, we kept an eye out
for postherpetic neuralgia, a serious herpes zoster sequela
that was validated by three of our four algorithms, with PRR
being the exception. Gastrointestinal perforation has been
listed as a warning in the label of upadacitinib. PTs such as
“gastric perforation,” “intestinal perforation,” and “gastro-
intestinal perforation” did not appear in our results, because
they did not confrm with the algorithm of PRR. However,
we just discovered related PTas “diverticulitis.” Diverticular
disease is one of the most common diseases related to the
gastrointestinal tract in Western countries and has been
previously identifed as a risk factor for gastrointestinal
perforation in RA patients treated with tocilizumab therapy
[25]. Diverticulitis was thus a notable AE associated with
upadacitinib.

In the clinical trials with upadacitinib, malignancies,
particularly cutaneous malignancies, are frequently observed.
Our fndings amply supported this since we only found skin
cancer, basal cell carcinoma, squamous cell carcinoma of the
skin, and malignant melanoma. Te medicine label also lists
lymphoma, but it was not identifed in our fndings. Un-
surprisingly, in clinical trials for upadacitinib in psoriatic
arthritis and ulcerative colitis, no cases of lymphoma have
been reported [17, 24]. In addition, in the clinical trial for
upadacitinib in RA, the exposure-adjusted event rate (EAER)
of lymphoma was <0.1/100 PY (per 100 patient years) in both
the 15mg and 30mg upadacitinib groups, which is lower than
that of basal cell carcinoma (0.2E/100 PY) and squamous cell
carcinoma of the skin (0.1E/100 PY) [23]. Tese fndings
might suggest that upadacitinib has a stronger association
with malignancies of the skin than lymphoma.

Trombosis is a nonnegligible AE associated with JAKi-
nibs, previous research studies based on FAERS have identifed
pulmonary embolism, thrombosis, and deep vein thrombosis
(DVT) associated with upadacitinib [12, 13]. In clinical trial in
RA, there was no evidence of a dose relationship in DVTrates
with upadacitinib or a pattern of time-to-DVT-onset [23]. In
this study, myocardial infarction and transient ischaemic at-
tack, major adverse cardiovascular events (MACEs), were
newly identifed. Tis discovery expanded the evidence on the
“black box” warning.

Te eczema herpeticum and acne that have been seen in
upadacitinib trials for ADwere also included in our fndings.
Eczema herpeticum has been found as the only type of
opportunistic infection in the upadacitinib clinical trial for
AD. In addition, acne is seen more frequently in AD studies
for upadacitinib compared to earlier trials with JAKinibs in
RA [2, 3]. Tese observations might indicate the association
of eczema herpeticum and acne with the underlying AD
condition.

Table 1: Clinical characteristics of reports with upadacitinib from
the FAERS database.

Number of events 23683
Gender
Female 17202 (72.63%)
Male 5260 (22.21%)
Unknown 1221 (5.16%)

Age (years)
<20 112 (0.47%)
20≤ and<40 733 (3.10%)
≥40 9478 (40.02)
Unknown 13360 (56.41%)

Indications (top four)
Rheumatoid arthritis 21085 (63.45%)
COVID-19 immunisation 7172 (21.58%)
Psoriatic arthropathy 1154 (3.47%)
Dermatitis atopic 1012 (3.05%)

Serious outcome
Other serious medical events 8707 (36.76%)
Hospitalization 4872 (20.57%)
Death 773 (3.26%)
Disability 226 (0.95%)
Life-threatening 140 (0.59%)
Required intervention to prevent
permanent impairment/damage 13 (0.05%)

Congenital anomaly 4 (0.02%)
Reported countries (top fve)
US (America) 17626 (74.42%)
CA (Canada) 1681 (7.10%)
BR (Brazil) 650 (2.74%)
DE (Germany) 626 (2.64%)
JP (Japan) 412 (1.74%)
FR (France) 144 (0.61%)

Reported person
Consumer 18097 (76.41%)
Physician 2398 (10.13%)
Pharmacist 2039 (8.61%)
Other health-professional 11 (0.05%)
Lawyer 1 (<0.01%)

Reporting year
2022 15864 (66.98%)
2021 5351 (22.59%)
2020 2302 (9.72%)
2019 164 (0.69%)
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We also discovered the AE of systemic lupus eryth-
ematosus (SLE) related with upadacitinib, which has been
shown to be signifcantly alleviated by baricitinib through
downregulating key cytokines [26, 27]. Te connection
between JAKinibs and SLE requires more research because
both RA and SLE are immune-mediated diseases and may
share some underlying immunologic processes, such as
dysregulated neutrophil activation and overproduction of
infammatory cytokines [28]. AEs of pulmonary fbrosis and
chronic obstructive pulmonary disease were also detected;
we considered them as comorbidities of RA. Lung diseases
are the most common extra-articular manifestation of RA
and can afect up to 60% of patients with RA during the
disease course [29, 30]. Now that it is unclear whether the
lung manifestations of RA are present at the outset or indeed
precede the articular manifestations of the disease, more
research studies are needed in the future study.

According to our fndings, dysstasia, a new adverse event
(AE) with upadacitinib, was found in nervous system
conditions. Previous investigations have noted loss of
consciousness, depression, and suicidality [13]. In addition,
we just discovered hypophagia related to upadacitinib,
which may be connected to neurological problems and calls
for additional investigation.

We frstly analyzed the onset time of AEs with upada-
citinib and found that most of the cases occurred within the
frst month (n� 1137, 4.80%) and a year later (n� 2835,
11.97%) after upadacitinib initiation. And in the frst year,
the occurrence of AEs had a downtrend as the duration of
upadacitinib continues.Terefore, a longer follow-up period
is required to monitor the ADRs of upadacitinib in clinical
studies.

5. Limitations

Although the current study showed a potentially insightful
relationship between the use of upadacitinib and the odds of
reporting AEs in the FAERS, there are some limitations.
First, the FAERS case report is voluntary and the case quality
might be variable. In this study, reports of upadacitinib from
consumers occupied 76.41%, this showed that consumers are
very concerned about upadacitinib, but it is undeniable that
the description of AEs may not be ample from consumers
lacking medical education background, which results in
inevitable bias. Second, some elements which might afect
AEs with upadacitinib were not analyzed, like potential
drug-drug interactions, drug combinations, and comor-
bidities. Tus, we were unable to infer an exact causal re-
lationship between AEs and upadacitinib. Tird, the
disproportionality analysis only provides an estimation of
the signal strength and can only yield statistical diferences.
Prospective clinical studies are still needed to confrm the
causal relationship between them.

6. Conclusion

In conclusion, the present study scientifcally and systemat-
ically assessed the safety signals of upadacitinib using the
FAERS pharmacovigilance database. Most of the results were
consistent with the across trials, especially for important AEs
such as serious infections, thrombotic events, and malignant.
New signifcant AEs were detected such as diverticulitis,
myocardial infarction, and dysstasia. Time to AE onset of
upadacitinib was also analyzed. Our research provided
valuable evidence for further safety studies of upadacitinib.
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