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Abstract: Upadacitinib is a selective small molecule that inhibits Janus kinase (JAK) type 1. This molecule is administrated orally and is
currently approved for the treatment of rheumatoid arthritis, atopic dermatitis, and psoriatic arthritis. Upadacitinib has been approved by
the United States Food and Drug Administration for the induction and maintenance therapy of moderate-to-severe ulcerative colitis (UC)
and is under investigation by the European Medicines Agency. Data from two induction and two maintenance Phase III randomized
controlled trials (RCTs) proved the efficacy of upadacitinib in achieving clinical and endoscopic remission in patients with moderate-to-
severe UC, regardless of previous inadequate response to other biologic therapies. The most frequently reported adverse events in the
induction trials were acne, creatine phosphokinase increase, nasopharyngitis, headache, and anemia, while in the maintenance studies
nasopharyngitis, elevation of creatine phosphokinase, UC exacerbation, upper respiratory tract infection, arthralgia, and anemia were
reported. A limited proportion of upadacitinib-treated patients experienced adverse events of special interest, like herpes zoster infections
or thromboembolic events, indicating a reliable safety profile. The aim of this review is to summarize the available evidence on
upadacitinib in UC providing useful insights about the positioning of this drug in the therapeutic algorithm.
Keywords: upadacitinib, small molecule, JAK1 inhibitor, ulcerative colitis, inflammatory bowel disease

Introduction
Ulcerative colitis (UC) is a chronic inflammatory bowel disease (IBD) characterized by continuous inflammation of the
colon that usually requires lifelong therapy due to a remitting and relapsing course.1 To date, several options are available
besides the traditional steroid or immunosuppressive therapies including tumor necrosis factor α (TNFα) inhibitors,
integrin inhibitor, interleukin (IL) 12–23 inhibitor, and tofacitinib.2 Despite the expansion of therapeutic armamentarium
for UC, primary or secondary failures occur in up to 46%, emphasizing the need for new drugs.3 Among the new
molecules under investigation for IBD, Janus Kinase inhibitors (JAKi) are of great interest. These molecules belong to
the family of small molecule drugs (SMDs) and they are already in use for several autoimmune conditions.4 JAKi are
orally administrated and target an entire molecular pathway, the JAK/Signal Transducer and Activator of Transcription
(STAT) pathway, differently from the selective blockage of a single molecule mechanism of monoclonal antibodies.4 The
activation of these pathways is involved in many cellular functions including hematopoiesis, lymphocytes differentiation,
and viral immunity.5
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Tofacitinib, a pan-JAKi, was the first small molecule approved in 2018 by United States Food and Drug
Administration (FDA) and European Medicines Agency (EMA) for treatment of moderate-to-severe UC.6,7 This drug
proved to be rapidly effective for the induction of remission in patients with moderate-to-severe UC.8 However, concerns
still remain about its safety profile, since cases of thrombosis, dyslipidemic disorders, and Herpes zoster reactivation
were recorded.9 Actually, the most involved pathway in IBD immune response is mediated by JAK1 isoform, justifying
the development of selective JAK1 inhibitors in order to have an improved safety profile.10 Upadacitinib (UPA) is a new
selective JAK1 inhibitor currently approved for the treatment of rheumatoid arthritis (RA), atopic dermatitis (AD), and
psoriatic arthritis, and is under evaluation for the management of UC and Crohn’s disease (CD).11 The aim of this review
is to summarize the available literature about UPA and position this new molecule among the therapeutic options for
moderate-to-severe UC.

Methods
For this review, we searched in PubMed, Embase, clinicaltrials.gov, and Scopus databases to find all studies about the use
of UPA in UC up to March 2022. We used the following search terms: “UC”, “ulcerative, colitis”, “inflammatory bowel
disease”, “IBD” in combination with “upadacitinib”, “JAK inhibitors”, “anti-JAK”, “selective drug”, “small molecule”.
We also considered abstracts from the main international congresses (United European Gastroenterology week, European
Crohn’s and Colitis Organisation, and Digestive Disease Week). Three authors (MN, FD, and ER) independently selected
and examined all the suitable articles, including the references for any additional work.

Mechanism of Action
UPA is a selective JAK1 inhibitor.12 The JAK/STAT family includes four types of tyrosine kinases (JAK1, JAK2, JAK3,
and tyrosine kinase 2, TYK2), associated with intracellular domains. The cytokine binding with the extracellular receptor
of JAKs causes dimerization of the intracellular domain and its subsequent activation.13 Once activated, JAKs phosphor-
ylate themselves and reach the nucleus, where they bind DNA sequences and regulate gene expression.14,15 The
activation of the JAK/STAT pathway is mediated by different cytokines and each cytokine receptor is associated with
a JAK monomer.13 The main cytokines leading to the activation of JAK/STAT pathway are IL-6, IL-12, IL-23, IL-13, IL-
10, and interferon γ (IFNγ). All these cytokines have different roles in the immune response and are involved in the
pathogenesis of IBD.16 JAKs are composed of seven homologous domains (JH1–7). The JH5–7 domains are significant
for the receptor binding, while the JH1 kinase region is a catalytic domain and is critical for the pathway activation, with
a high grade of homology in the different isoforms.17

The selectivity of JAKi decreases at higher doses, because the isoform selectivity depends on the difference between
concentration needed to inhibit 50% of activation (IC50) for different JAK isoforms.18 For this reason, UPA is selective
for JAK1 but at higher doses it can inhibit JAK2 and, to a minor extent, JAK3 and TYK2.18 Differently from monoclonal
antibodies, UPA has a low molecular weight, usually <1 kDa and passes easily through cell membranes to the
intracellular space. In addition, in contrast to monoclonal antibodies, it is non-immunogenic and has a more stable
structure.19 A Phase 1 trial by Mohamed et al investigated the pharmacokinetic profile of UPA. It has a 4-hour half-life
and 80% hepatic metabolism, mediated mostly by cytochrome P450 34A (CYP3A4) and to a lesser extent by CYP2D6.20

According to an open-label, multiple-dose, two-period study on the effect of repeated doses of UPA 45 mg on the
pharmacokinetics of CYP enzymes in healthy adults, the impact of daily UPA administration on midazolam (CYP3A)
and dextromethorphan (CYP2D6) exposures was limited, while no relevant effects on the sensitive probe substrates for
CYP1A2, CYP2C9 and CYP2C19 were recorded.21

UPA is eliminated unchanged for 24% in urines and 38% in feces, while approximately 34% of dose is excreted as
metabolites. To date, no UPA active metabolites are known.20 Dose adjustment is not necessary in patients with renal and
hepatic impairment, but effects on end stage renal failure have not been investigated, while UPA is not recommended in
patients with severe hepatic impairment. No differences in clinical effect were observed in patients depending on body
weight and age, even if there was a higher rate of overall adverse events (AEs), like serious infections, in the elderly
population (>75 years).22 Limited data are available on the use of UPA in pregnant women and during lactation, but
studies in rabbits and rats showed reproductive toxicity and excretion of UPA in milk; therefore, UPA is not

https://doi.org/10.2147/DDDT.S340459

DovePress

Drug Design, Development and Therapy 2022:161898

Napolitano et al Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


recommended during pregnancy and breastfeeding.22 Pharmacokinetics and pharmacodynamics characteristics of UPA
are summarized in Table 1.

Efficacy Data in UC
Firstly, a Phase 2 double blind randomized trial tested the efficacy of UPA in patients with moderate-to-severe UC
refractory to conventional therapies, the U-ACHIEVE study.23 In this dose-ranging, placebo-controlled trial, 250 patients
were randomized in five arms receiving placebo, UPA 7.5 mg, 15 mg, 30 mg, or 45 mg once a day (QD) for 8 weeks. The
primary endpoint was clinical remission at week 8 defined according to the adapted Mayo score as stool frequency
subscore of ≤1, rectal bleeding subscore (RBS) of 0, and endoscopic subscore of ≤1. Main secondary endpoints were
endoscopic improvement (endoscopic Mayo subscore ≤1 at week 8) and clinical response according to the adapted Mayo
score at week 8, defined as decrease from baseline in the adapted Mayo score of ≥2 points and ≥30% and decrease in
rectal bleeding subscore (RBS) of ≤1 or RBS ≤1). Other secondary endpoints were clinical response at week 2 (decrease
from baseline in the partial Mayo score of ≥2 points and ≥30% from baseline, decrease in RBS of ≥1 or RBS ≤1),
endoscopic remission (endoscopic subscore of 0), and histologic improvement (any grade of reduction of Geboes Score
from baseline) at week 8.

Concerning the primary endpoint, a general dose-response relationship was observed. In particular, clinical remission
was achieved in a greater proportion of patients treated with UPA, respectively, those receiving UPA 45 mg (19.6%, P =
0.002), 30 mg (13.5%; P = 0.011), 15 mg (14.3%; P = 0.013) and 7.5 mg (8.5%; P = 0.052), compared to the placebo
group (0% of patients). Among secondary endpoints, endoscopic improvement, clinical response and endoscopic
remission and histologic improvement at week 8 were reported in more patients receiving any dose of UPA compared
to placebo. [Table 2]

Changes from baseline in C-reactive protein (CRP) concentrations at week 8 were greater for all UPA treated groups
compared with placebo, with median decrease ranging from –0.340 to –4.355. Also, median fecal calprotectin reduction
at week 8 was higher for UPA groups, from –338.0 to –720.0.23

Two Phase 3 multicenter, randomized, double-blind, placebo-controlled trial, U-ACHIEVE and U-ACCOMPLISH
induction studies, randomized patients 2:1 to UPA 45 mg QD or placebo for 8 weeks.9 Results from these trials

Table 1 Pharmacokinetic and Pharmacodynamic of UPA

Administration Route Oral

JAK selectivity JAK1

Half-life 4-hours

Metabolization Hepatic, 80%
CYP3A4, CYP2D6

Urinary elimination 24%

Fecal elimination 38%

Renal impairment
- CrCl >15 mL/min: No dose adjustment

- CrCl <15 mL/min: Not known

Liver impairment
- Child-Pugh A-B No dose adjustment
- Child-Pugh C Not known

Administration during
pregnancy and lactation

Not recommended

Abbreviations: UPA, upadacitinib; CrCl, creatinine clearance.

Drug Design, Development and Therapy 2022:16 https://doi.org/10.2147/DDDT.S340459

DovePress
1899

Dovepress Napolitano et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


confirmed significant greater proportion of patients achieving the primary endpoint of clinical remission at week 8 with
UPA 45 mg QD compared to placebo (26.1% vs 4.8% and 33.5% vs 4.1%, respectively, p < 0.001).9

Histologic endoscopic mucosal improvement (HEMI) and mucosal healing (endoscopic score = 0 and Geboes score
<2.0) were also achieved at week 8 in a significant greater number of patients treated with UPA in both U-ACHIEVE
induction study (respectively, 30% and 10.7% versus 6.6% and 1.3% in placebo group) and U-ACCOMPLISH induction
study (36.7% and 13.3% versus 5.8% and 1.7%).24 Rates of clinical response at week 2 and week 8 and endoscopic
improvement and endoscopic remission at week 8 were achieved in a significant higher number of subjects receiving
UPA 45 mg QD versus placebo (p < 0.001 for all endpoints).9 Concerning mucosal healing (MH), patients who achieved
the histology threshold for MH (Geboes score <2.0) at the end of U-ACHIEVE induction study had a significant greater
probability to reach clinical remission (OR 1.8, p < 0.03) and endoscopic improvement (OR = 1.8, p < 0.015) at week 52.
Similarly, clinically meaningful improvements in Ulcerative Colitis Symptoms Questionnaire (UC-SQ), Inflammatory
Bowel Disease Questionnaire (IBDQ), physical component summaries of Short Form 36 (SF-36), and European Quality
of Life-5 Dimensions and 5 Levels (EQ-5D-5L) index scores (p < 0.001, p = 0.01, p = 0.018, p = 0.009, respectively)
were found, suggesting an association between MH and long-term clinical and patient-reported outcomes.25 Moreover, in
a subset of patients from the U-ACHIEVE study, modulation of genes associated with UC disease activity, B-cell
responses barrier function, and wound repair were observed in colonic mucosa at week 8 in UPA treated patients versus
placebo. These changes were associated with clinical response, clinical remission, histologic and endoscopic
improvement.26

For those patients who failed the 8-week induction phase, prolonged exposure to UPA for 16 weeks led to
achievement of clinical response in 48.3% of cases. Patients were re-randomized in the U-ACHIEVE maintenance
study, receiving 15 mg QD, 30 mg QD or placebo.27 The primary endpoint of clinical remission at week 52 was reported
with higher rates in patients receiving UPA 30 mg QD and UPA 15 mg QD versus placebo (52%, 42% and 12%,
respectively, p < 0.001), while secondary endpoints are reported in Table 3, showing significant differences between both
UPA 15 mg and UPA 30 mg QD arms and placebo.27

Patients who failed to achieve clinical response at week 8 in U-ACHIEVE induction study were treated with UPA
45 mg for further 8 weeks in an open-label extension and responders were randomized 1:1 to UPA 15 mg and UPA
30 mg in the U-ACHIEVE maintenance study.28 Among these patients, rates of clinical remission, maintenance of
clinical response, and endoscopic improvement at week 52 were superior to placebo (respectively, 33.3% vs 19.0%,
66.7% vs 35.7%, and 37.5% vs 23.8% of those who received UPA 30 versus UPA 15 mg QD as maintenance
treatment).28

Table 2 Efficacy of UPA in U-ACHIEVE Phase 2 Trial

Primary and Secondary Endpoints at Week 8,
N (%), p-value

UPA 7.5 mg,
N = 47

UPA 15 mg,
N = 49

UPA 30 mg,
N = 52

UPA 45 mg,
N = 56

PBO,
N = 46

Clinical remission 4 (8.5),

p = 0.052

7 (14.3),

p = 0.013

7 (13.5),

p = 0.011

11 (19.6),

p = 0.002

0 (0)

Endoscopic improvement 7 (14.9),

p = 0.033

15 (30.6),

p < 0.001

14 (26.9),

p < 0.001

20 (35.7),

p < 0.001

1 (2.2)

Clinical response 14 (29.8),

p = 0.046

22 (44.9),

p < 0.001

23 (44.2),

p < 0.001

28 (50),

p < 0.001

6 (13)

Endoscopic remission 3 (6.4),

p = 0.101

2 (4.1),

p = 0.212

5 (9.6),

p = 0.015

10 (17.9),

p = 0.004

0

Histologic improvement 15 (31.9),

p = 0.003

25 (51),

p < 0.001

23 (44.2),

p < 0.001

27 (48.2),

p < 0.001

3 (6.5)

Abbreviations: UPA, upadacitinib; PBO, placebo.
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According to the results of U-ACHIEVE maintenance study, UPA 30 mg QD showed higher maintenance remission
rate compared to UPA 15 mg QD, especially in patients with severe disease (full Mayo score >9) rather than in those with
moderately active disease (31.2–50.4% vs 53.1–54.2% respectively).29 Interestingly, a significantly higher number of
patients experienced no abdominal pain in UPA 15 mg group at week 8 (60.8% vs 48.3%, p < 0.05) and in UPA 30 mg
group at week 12 (59.7% vs 43.6%, p < 0.01) compared to placebo.30 These differences were maintained at week 52 both
in 15 mg QD (45.9%) and 30 mg QD (55.3%) arms versus placebo (20.8%, p < 0.001) and similar results were observed
for no bowel urgency reported with UPA 30 mg at week 4 (68.8% vs 54.4%, p < 0.05) and with UPA 15 mg at Week 8
(64.9% vs 49.7%, p < 0.01), maintaining significant difference at week 52 (15 mg: 56.1%; 30 mg: 63.6% vs placebo:
17.4%, p < 0.001).30

Stratifying the results based on baseline corticosteroid (CS) use, no benefits emerged with CS, with significantly
higher achievement of CS-free clinical remission at week 52 (CS free for ≥90 days immediately prior to week 52) with
UPA 30 and 15 mg than placebo (p < 0.001).31

Additionally, UPA 45 mg QD was effective versus placebo in the induction of clinical remission in patients with
moderate-to-severe UC regardless of previous treatment failure of biologic therapies, with higher difference in remission
percentage for the non-biologic inadequate response group versus the biologic inadequate response group (26% versus
17.5% in U-ACHIEVE and 31.6% versus 27.1% in U-ACCOMPLISH).32

UPA proved also to be effective for the management of extraintestinal manifestations (EIMs) in a post-hoc analysis
from the UPA Phase 3 program. The most common EIMs at baseline were anemia (14%), peripheral (10.7%) and axial
(2.1%) arthropathy. The proportion of patients with resolution of any EIM (40% vs 33.3%), arthropathy (54.7% vs
42.1%) or anemia (38.2% vs 32.6%) at week 8 was higher in UPA 45 mg QD group than placebo in the induction studies.
The resolution at week 52 of any EIM in patients presenting ≥1 EIM at baseline was significantly higher in UPA 30 mg
QD (p < 0.001) versus placebo.33

Safety Data in UC
A recent systematic review and meta-analysis including 43 studies (74.4% randomized clinical trials and 25.6%
observational cohort studies) investigated safety of JAK inhibitors in IBD, rheumatoid arthritis (RA), psoriasis (PSO),

Table 3 Efficacy of UPA in U-ACHIEVE Maintenance Study

Secondary Endpoints at Week 52*, N (%) UPA 15 mg,
N=47

UPA 30 mg,
N=58

PBO,
N=54

Maintenance of clinical remission 28 (59) 40 (70) 12 (22)

CS-free clinical remission 27 (57) 39 (68) 12 (22)

Secondary endpoints at week 52*, N (%) UPA 15 mg,
N=148

UPA 30 mg,
N=154

PBO,
N=149

Endoscopic improvement 72 (49) 95 (62) 22 (15)

Endoscopic remission 35 (24) 40 (26) 8 (5.6)

HEMI 52 (35) 75 (49) 18 (12)

Secondary endpoints at week 52*, N (%) UPA 15 mg,
N=63

UPA 30 mg,
N=69

PBO,
N=74

Maintenance of endoscopic improvement 39 (62) 48 (70) 14 (19)

Secondary endpoints at week 52*, N (%) UPA 15 mg,
N=135

UPA 30 mg,
N=144

PBO,
N=134

Maintenance of clinical response 85 (63) 111 (77) 24 (18)

Note: *P-value <0.001 PBO vs UPA15 mg or UPA30 mg.
Abbreviations: UPA, upadacitinib; PBO, placebo; HE, histologic endoscopic; MI, mucosal improvement.
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and ankylosing spondylitis (AS). The overall incidence rate of AEs in JAKi-treated patients was 42.65 per 100 person-
years, while serious adverse events (SAEs) were detected in 9.98 cases per 100 person-years. Incidence rates of AEs and
SAEs in patients undergoing UPA therapy were, respectively, 133.52 and 12.66 per 100 person-years. Serious infections
occurred in 2.16 cases per 100 person-years.34

According to the results from U-ACHIEVE induction study, overall AEs and SAEs throughout 8 weeks were
reported more frequently in patients receiving placebo (60% and 5.8%) compared to patients receiving UPA 45 mg
QD (56.4% and 2.5%).9 Most common AEs in UPA treated patients were acne (4.7%), creatine phosphokinase
increase (4.7%), nasopharyngitis (4.7%), headache (4.1%), and anemia (2.2%). Serious infections occurred in 5
cases (1.6%) in UPA group and in 2 cases in placebo group (1.3%). Of note, one case of herpes zoster infection
was observed with UPA (0.3%). In the U-ACCOMPLISH induction study, a higher rate of any AEs was detected in
the UPA 45 mg QD arm compared with placebo (52.9% versus 39.5%). The U-ACHIEVE maintenance study
confirmed that overall AEs were more frequent in the placebo group compared to both UPA 15 mg and UPA
30 mg arms (505.1 cases per 100 person-years versus 327.8 and 318 cases per 100 person-years respectively).
Likewise, onset of SAEs was higher in the placebo group (21.9 cases per person-years) than the UPA 15 mg (12.6
cases per person-years) and UPA 30 mg (10.6 cases per person-years) groups.35 AEs leading to treatment discontinua-
tion were reported in 6 cases per 100 person-years in both UPA 15 mg and UPA 30 mg arms, compared to 20.3 cases
per 100 person-years of the placebo group. Most frequently reported AEs were nasopharyngitis, elevation of creatine
phosphokinase, UC exacerbation, upper respiratory tract infection, arthralgia, and anemia, as reported in Table 4.
Higher rates of herpes zoster (6 cases per 100 person-years vs no cases), creatine phosphokinase increase (7.7–11.1
cases per 100 person-years vs 3.9), hepatic disorder (17.5–9.1 cases per 100 person-years vs 5.5), and venous
thromboembolism (VTE) (1.0–1.1 cases per 100 person-years vs no cases) were found in the UPA arms than in
placebo arm. Conversely, lower rates of anemia were observed in the UPA groups compared to placebo (6 and 3.5
cases per 100 person-years vs 14.8). Non-melanoma skin cancer (NMSC) was reported with UPA 30 mg (1.0 cases per
100 person-years) but not in the UPA 15 mg arm, while 2 major cardiovascular events (MACEs) were observed (one
in the placebo group and one in the UPA 30 mg arm). VTE was reported only with UPA treatment (1.0–1.1 cases per
100 person-years).35 No deaths occurred in the induction and maintenance studies. Safety events were stratified based
on plasma exposure to UPA. No new safety events were identified (eg, >2 g/dL decrease in hemoglobin, hemoglobin
<8 g/dL, lymphopenia ≥ grade, 3, neutropenia ≥ grade, 3, Herpes Zoster infection, serious infections, and
pneumonia).36

Efficacy and Safety in Other Immunomediated Inflammatory Diseases
UPAwas evaluated as induction and maintenance therapy in mild-to-moderate CD patients in a randomized Phase II trial,
the CELEST study, including 180 patients with mild-to-moderate CD.37 Patients were randomized to placebo or UPA
3-mg, 6-mg, 12-mg, or 24-mg twice daily or 24-mg once-daily oral doses.37 The primary endpoint of clinical remission

Table 4 Most Frequently Reported AEs with UPA in U-ACHIEVE Maintenance Study

AEs N (%) UPA 15 mg,
N=148

UPA 30 mg,
N=154

PBO,
N=149

Nasopharyngitis 18 (12.2) 22 (14.3) 15 (10.1)

Elevation of creatine phosphokinase 9 (6.1) 13 (8.4) 3 (2.0)

UC exacerbation 19 (12.8) 11 (7.1) 45 (30.2)

Upper respiratory tract infections 7 (4.7) 9 (5.8) 6 (4.0)

Arthralgia 9 (6.1) 5 (3.2) 15 (10.1)

Anemia 7 (4.7) 1 (0.6) 6 (4.0)

Abbreviations: AEs, adverse events; UPA, upadacitinib; PBO, placebo; UC, ulcerative colitis.
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(defined as average daily stool frequency of 1.5 and abdominal pain score of 1.0, with neither worse than the baseline
value) at week 16 was achieved more with UPA compared to placebo, with no clear dose response between the different
UPA arms, but with numerically higher rate in UPA 6 gm twice a day (BID) (27%, p < 0.10). Moreover, CS-free
remission rate was significantly higher in patients receiving UPA 24 mg BID compared to placebo (33% vs 0%, p <
0.05). The co-primary endpoint of endoscopic remission (defined as Simple Endoscopic Score for Crohn’s Disease, SES-
CD of ≤4 and a ≥2-point reduction from baseline, with no subscore >1) at week 16 was achieved in 14% of patients
receiving UPA 24 mg QD and 22% of patients receiving UPA 24 mg BID (p < 0.05 and p < 0.01, respectively), compared
to none of patients receiving placebo. Among patients who achieved clinical response (defined as a ≥30% reduction from
baseline in stool frequency and/or abdominal pain score) at week 16, clinical remission and endoscopic remission at
week 52 were not significantly different among UPA groups but with highest rate among patients receiving 12 mg BID
(63% vs 41% for clinical remission and 38% vs 24% for endoscopic remission, p < 0.1).

Incidence of any AEs in the induction study was higher in the UPA 12 mg BID arm (27.8%) compared to other UPA
arms (from 5.4% to 20%) and placebo (5.4%). Serious infections occurred more frequently in patients treated with any
dosage of UPA (from 0% to 8.3%) than placebo (no cases) during the induction phase, and only one case of herpes zoster
was reported in the 24 mg BID arm (2.8%). No deaths occurred.

UPA, as mentioned before, has been studied in other immunomediated diseases.38 UPA demonstrated to be effective
in monotherapy compared to continuing methotrexate in RA patients for the achievement of American College of
Rheumatology criteria 20 (ACR20) response, defined as 20% improvement in the ACR criteria (68% with UPA 15 mg
and 71% with UPA 30 mg versus 41% in the continued methotrexate group, p < 0.0001) and a score of less than or equal
to 3.2 in the 28-joint disease activity score using C-reactive protein (DAS28[CRP]) (45% with UPA 15 mg and 53% with
UPA 30 mg vs 19% in the continued methotrexate group, p < 0.0001) at week 14.38,39 Importantly, UPAwas compared to
adalimumab, while continuing to take a stable dose of methotrexate (MTX), in a Phase III, double-blind, randomized
controlled trial in RA patients.40 In this study, the primary endpoints of ACR20 improvement (71% in the UPA group
compared to 36% in the placebo group) and a DAS28-CRP score of <2.6 (29% with UPA vs 6% with placebo) were
significantly achieved at week 12 (p ≤ 0.001). UPA was also superior to adalimumab to reach the ACR 50% (ACR50)
improvement response criteria (45% with UPA, 29% with adalimumab, 15% with placebo, p < 0.001), a DAS28-CRP
score of ≤3.2 (29% with UPA, 18% with adalimumab and 6% with placebo, p < 0.001) and obtaining low disease activity
or remission at week 26 (p ≤ 0.001).40 Concerning safety data in RA studies, the most reported AEs were nausea,
nasopharyngitis, upper respiratory tract infections, headache, urinary tract infections, and worsening of RA. Low
incidence of SAEs was reported, but with higher rates in UPA groups versus placebo groups. Few cases of herpes
zoster infections, MACEs, and VTE occurred in UPA treated patients.39–42

UPA demonstrated significant efficacy against placebo in the treatment of moderate-to-severe atopic dermatitis (AD)
in patients with inadequate control by topical treatment. In a phase II study, higher rates of improvement were found in
Eczema Area and Severity Index (EASI) from baseline at week 16 (39% with UPA 7.5 mg, 62% with UPA 15 mg and
74% with UPA 30 mg versus 23% for the placebo group, p < 0.001).43 Most frequently observed AEs were acne, upper
respiratory tract infection, nasopharyngitis, headache, elevation in plasma creatine phosphokinase levels, and worsening
of AD. Serious infections and herpes zoster infection rates were higher in patients treated with UPA compared to placebo
or comparators.44–47

Recently, EMA approved UPA for the treatment of active psoriatic arthritis (PsA) and ankylosing spondylitis (AS) not
responsive to conventional therapies.48 Efficacy data from two randomized trials (SELECTPsA 1 and SELECTPsA 2)
showed ACR20 response in higher proportion of PsA patients receiving UPA compared to placebo or adalimumab (70.6–
78.5% versus 36.2% and 65.0%, respectively, p < 0.001).49,50 In a randomized controlled trial (SELECT-AXIS 1)
significantly more AS patients met the primary endpoint (Assessment of SpondyloArthritis international Society 40%
improvement [ASAS40] response) at week 14 in the UPA group versus the placebo group (52% vs 26%; p = 0.0003).
Safety data in these studies were similar to previously reported data in RA and AD, with no new safety issues in the UPA
treated patients.49–51, More detailed safety data from studies testing UPA in RA, AD, PsA and AS are reported in Table 5.
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Table 5 Safety of UPA in Other Immunomediated Diseases

N of Patients,
(M/F)

Duration,
(Weeks)

Randomization AEs, N (%) SAEs, N (%) Infections,
N (%)

HZ Infection,
N (%)

Malignancy,
N (%)

MACEs,
N (%)

VTE, N (%)

RA

Genovese71 300 (63/237) 12 50 PBO, 50 UPA 3mg,

50 UPA 6mg, 50 UPA
12mg, 50 UPA 18mg,

50 UPA 24mg (twice

daily)

17–29 (35–59)

UPA
13 (26) PBO

0–3 (2–6) UPA

0 PBO

7–12 (14–24)

UPA
7 (14) PBO

0–2 (0–4) UPA

0 PBO

0–1 (0–2) UPA

0 PBO

NA NA

Kremer72 276 (60/216) 12 56 PBO, 55 UPA 3mg,

55 UPA 6mg, 55 UPA
12mg, 55 UPA 18m,

55 UPA 24mg (twice

daily)

26–39 (47–71)

UPA
25 (45) PBO

0–2 (2–4) UPA

1 (2) PBO

11–22 (20–40)

UPA
13 (23) PBO

0–1 (0–2) UPA

2 (4) PBO

0–1 (2) UPA

0 PBO

NA NA

Mohamed20 114 (93/21) 2 − 56 healthy subjects

randomized to UPA
1mg, 3mg, 6mg,

12mg, 24mg, 36mg,

48mg (study 1)
− 44 healthy subjects

randomized to UPA

3mg, 6mg, 12mg,
24mg

− 14 RA patients

(study 2)

Study 1

1–2 (16.7–
33.3) UPA

3 (21.4) PBO

Study 2
2–4 (25–50)

UPA

7 (58.3) PBO

NA Study 2

0–1 (12.5) UPA
2 (16.7) PBO

NA NA NA NA

Brumester42 661 (141/520) 12 221 UPA 15mg QD
219 UPA 30mg QD

221 PBO

125 (57) UPA
15mg

118 (54) UPA

30mg
108 (49) PBO

9 (4) UPA
15mg

6 (3) UPA

30mg
5 (2) PBO

64 (29) UPA
15mg

69 (32) UPA

30mg
47 (21) PBO

1 (<1) UPA
15mg

2 (1) UPA

30mg
1 (<1) * PBO

0 UPA 15mg
2 (1) UPA

30mg

0 PBO

0 UPA 15mg
1 (<1) UPA

30mg

0 PBO

0 UPA 15mg
0 UPA 30mg

0 PBO
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Genovese41 498 (80/418) 24 − 164 UPA 15 mg QD

− 165 UPA 30 mg QD
− 85 PBO for 12

weeks, then UPA

15 mg QD for 12
weeks

− 84 PBO for 12

weeks, then UPA
30 mg QD for 12

weeks

0–12 wk:

91 (55) UPA
15mg

111 (67) UPA

30mg
95 (56) PBO

12–24 wk:

82 (53) UPA
15mg

83 (56) UPA

30mg
30 (42) PBO to

UPA 15mg

50 (67) PBO to
UPA 30mg

0–12 wk:

8 (5) UPA
15mg

12 (7) UPA

30mg
0 PBO

12–24 wk:

5 (3) UPA
15mg

5 (3) UPA

30mg
5 (7) PBO to

UPA 15mg

5 (7) PBO to
UPA 30mg

0–12 wk:

54 (33) UPA
15mg

55 (33) UPA

30mg
51 (30) PBO

12–24 wk:

43 (28) UPA
15mg

47 (32) UPA

30mg
16 (22) PBO to

UPA 15mg

31 (41) PBO to
UPA 30mg

0–12 wk:

1 (1) UPA
15mg

4 (2) UPA

30mg
1 (1) PBO

12–24 wk:

2 (1) UPA
15mg

2 (1) UPA

30mg
1 (1) PBO to

UPA 15mg

0 PBO to UPA
30mg

0–12 wk:

2 (1%) UPA
15mg

1 (1%) UPA

30mg
0 PBO

12–24 wk:

1 (1) UPA
15mg

0 UPA 30mg

0 PBO to UPA
15mg

0 PBO to UPA

30mg

0–12 wk:

1 (1%) UPA
15mg

0 UPA 30mg

0 PBO
12–24 wk:

0 UPA 15mg

0 UPA 30mg
0 PBO to UPA

15mg

1 (1) PBO to
UPA 30mg

NA

Smolen39 648 (125/523) 14 217 UPA 15mg
215 UPA30mg

216 MTX

103 (47) UPA
15mg

105 (49) UPA

30mg
102 (47) MTX

11 (5) UPA
15mg

6 (3) UPA

30mg
6 (3) MTX

42 (19) UPA
15mg

54 (25) UPA

30mg
57 (26) MTX

3 (1) UPA
15mg

6 (3) UPA

30mg
1 (<1) MTX

2 (1) UPA
15mg

0 UPA 30mg

1 (<1) MTX

1 (<1) UPA
15mg

2 (1) UPA

30mg
0 MTX

1 (<1) UPA
15mg

0 UPA 30mg

0 MTX

Fleishman73 1629 NA 48 651 UPA 15mg+
background MTX

327 ADA +

background MTX
651 PBO +

background MTX

266.6/100 PYs
UPA 15mg

294.8/100 PYs

ADA

12.9/100 PYs
UPA 15mg

15.6/100 PYs

ADA

86.8/100 PYs
UPA 15mg

79.1/100 PYs

ADA

3.1/100 PYs
UPA 15mg

1.3/100 PYs

ADA

0.4/100 PYs
UPA 15mg

0.6/100 PYs

ADA

0.4/100 PYs
UPA 15mg

0.4/100 PYs

ADA

0.3/100 PYs
UPA 15mg

1.1/100 PYs

ADA

AD

Guttmann-

Yassky43
167 131/63) 16 42 UPA 7.5mg

42 UPA 15mg

42 UPA 30mg
41 PBO

31 (74) UPA

7.5

32 (76) UPA
15mg

33 (79) UPA

30mg
25 (63) PBO

2 (4.8) UPA 7.5

1 (2.4) UPA

15mg
0 UPA 30mg

1 (2.5) PBO

31 (74) UPA

7.5

32 (76) UPA
15mg

33 (79) UPA

30mg
25 (63) PBO

22 (52) UPA

7.5mg

18 (63) UPA
15mg

17 (41) UPA

30mg
8 (20) PBO

NA NA NA
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Table 5 (Continued).

N of Patients,
(M/F)

Duration,
(Weeks)

Randomization AEs, N (%) SAEs, N (%) Infections,
N (%)

HZ Infection,
N (%)

Malignancy,
N (%)

MACEs,
N (%)

VTE, N (%)

Reich44 901 (547/354) 16 300 UPA 15mg

397 UPA 30mg
304 PBO

215 (72) UPA

15mg
190 (63) UPA

30mg

200 (67) PBO

4 (1) UPA

15mg
9 (3) UPA

30mg

7 (2) PBO

NA 5 (2) UPA

15mg
3 (1) UPA

30mg

3 (1) PBO

0 UPA 15mg

1 (<1%) UPA
30mg

0 PBO

0 UPA 15mg

0 UPA 30mg
0 PBO

0 UPA 15mg

0 UPA 30mg
0 PBO

Guttmann-

Yassky45
847 (456/391) 16 281 UPA 15mg

285 UPA 30mg
281 PBO

176 (63) UPA

15mg
209 (73) UPA

30mg

166 (59) PBO

6 (2) UPA

15mg
8 (3) UPA

30mg

8 (3) PBO

NA 5 (2) UPA

15mg
6 (2) UPA

30mg

0 PBO

1 (<1) UPA

15mg
2 (2) UPA

30mg

0 PBO

0 UPA 15mg

0 UPA 30mg
0 PBO

0 UPA 15mg

0 UPA 30mg
0 PBO

Guttmann-

Yassky45
836 (471/365) 16 276 UPA 15mg

282 UPA 30mg
278 PBO

166 (60) UPA

15mg
173 (61) UPA

30mg

146 (53) PBO

5 (2) UPA

15mg
7 (3) UPA

30mg

8 (3) PBO

NA 6 (2) UPA

15mg
3 (1) UPA

30mg

2 (1) PBO

2 (1) UPA

15mg
1 (<1) UPA

30mg

0 PBO

0 UPA 15mg

0 UPA 30mg
0 PBO

0 UPA 15mg

0 UPA 30mg
1 (<1) PBO

Katoh47 272 (211/61) 14 91 UPA 15mg

91 UPA 30mg
90 PBO

51 (56) UPA

15mg
58 (63) UPA

30mg

38 (42.2) PBO

1 (1.1) UPA

15mg
1 (1.1) UPA

30mg

1 (1.1) PBO

NA 0 UPA 15mg

4 (4.4) UPA
30mg

0 PBO

0 UPA 15mg

0 UPA 30mg
0 PBO

NA 0 UPA 15mg

0 UPA 30mg
0 PBO

Blauvelt46 692 (375/315) 16 348 UPA 30mg

344 DUPI 300mg

249 (71.6) UPA

216 (62.8)
DUPI

10 (2.9) UPA

4 (1.2) DUPI

NA 7 (2) UPA

3 (0.9) DUPI

0 UPA

1 (0.3) DUPI

0 UPA

0 DUPI

0 UPA

0 DUPI
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PsA

McInnes50 1704 (1007/

697)

24 429 UPA 15mg

423 UPA 30mg
429 ADA

423 PBO

287 (66.9) UPA

15mg
306 (72.3) UPA

30mg

278 (64.8)
ADA

252 (59.6)

PBO

14 (3.3) UPA

15mg
26 (6.1) UPA

30mg

16 (3.7) ADA
13 (3.1) PBO

169 (39.4) UPA

15mg
183 (43.3) UPA

30mg

146 (34.0)
ADA

140 (33.1)

PBO

4 (0.9) UPA

15mg
5 (1.2) UPA

30mg

0 ADA
3 (0.7) PBO

1 (0.2) UPA

15mg
3 (0.7) UPA

30mg

3 (0.7) ADA
1 (0.2) PBO

0 UPA 15mg

0 UPA 30mg
2 (0.5) ADA

1 (0.2) PBO

0 UPA 15mg

1 (0.2) UPA
30mg

2 (0.5) ADA

1 (0.2) PBO

Mease49 641 (293/348) 24 211 UPA 125mg

218 UPA 30mg
212 PBO

135 (64) UPA

15mg
170 (78) UPA

30mg

139 (65.6)
PBO

12 (5.7) UPA

15mg
18 (8.3) UPA

30mg

4 (1.9) PBO

71 (33.6) UPA

15mg
108 (49.5) UPA

30mg

73 (34.4) PBO

3 (1.4) UPA

15mg
8 (3.7) UPA

30mg

2 (0.9) PBO

3 (1.4) UPA

15mg
3 (1.4)) UPA

30mg

0 PBO

0 1 (0.5) UPA

15mg
0 UPA 30mg

0 PBO

0 1 (0.5) UPA

15mg
0 UPA 30mg

0 PBO

AS

van der

Heijde51
187 (132/75) 14 93 UPA 15mg

94 PBO

58 (62) UPA

52 (55) PBO

1 (1) UPA

1 (1) PBO

19 (20) UPA

26 (28) PBO

0 UPA

0 PBO

0 UPA

0 PBO

0 UPA

0 PBO

0 UPA

0 PBO

Note: *One case of primary varicella zoster virus infection.
Abbreviations: M, males; F, females; AEs, adverse events; SAEs, serious adverse events; HZ, herpes zoster; MACEs, major adverse cardiovascular event; VTE, venous thromboembolism; RA, rheumatoid arthrithis; AD, atopic dermatitis;
PsA, psoriatic arthritis; AS, ankylosing spondylitis; PBO, placebo; UPA, upadacitinib; MTX, methotrexate; ADA, adalimumab; DUPI, dupilumab; PYs, patient-years; NA, not available.
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Discussion
Several new drugs have been tested during the last decades for the management of UC. This effort is driven by the
increasing necessity of more effective and rapid molecules, a better safety profile, and an easier administration route, in
order to provide a better quality of life for patients. Efficacy data from U-ACHIEVE and U-ACCOMPLISH induction
and maintenance trials provided promising results about UPA. [Figure 1] UPAwas recently approved by the FDA for the
treatment of moderate to severe UC and is being evaluated by the EMA.52 UPA has a rapid mechanism of action owing
to its pharmacokinetics and fast half-life. Indeed, a significant improvement of symptoms was observed as early as day 1
after UPA therapy and a higher likelihood of achieving clinical remission or clinical response at week 8 were reported in
patients treated with UPA.53 Moreover, the oral administration route can improve patients’ quality of life, reducing the
number of accesses to the hospital and lost workdays.54,55 In fact, a significantly greater proportion of patients who
responded to UPA induction phase maintained improvements in health-related quality of life (HRQOL) compared to
placebo after 52 weeks of maintenance treatment.

UPA is a small molecule with a selective mechanism of action, differently from tofacitinib, a pan-JAK inhibitor. One
of the major concerns about JAK inhibitors is the risk of VTE and herpes zoster infections. Most safety data about JAKi
come from studies on RA, showing higher rates of MACE (hazard ratio (HR) = 1.33, 95% confidence interval [CI], 0.91
to 1.94) and cancer (HR = 1.48 95% CI, 1.04 to 2.09) in patients treated with tofacitinib compared to anti-TNF
inhibitor.56 Also, adjudicated opportunistic infections, nonserious and serious herpes zoster infections, and adjudicated
nonmelanoma skin cancer occurred more often with tofacitinib than with a TNF inhibitor.56 However, it should be
considered that UPA is a selective drug with a better safety profile than tofacitinib and that long-term data of tofacitinib
in UC did not show an increased risk of thromboembolic or cardiovascular events.57 In addition, it is not reliable to
extrapolate the data from rheumatological conditions as UC and RA are different diseases as demonstrated by the
different etiopathogenesis, the age of onset of disease and the available therapies. According to a meta-analysis
evaluating the thrombotic risk with JAKi in immuno-mediate disorders, no increased risk of VTE, pulmonary embolism
(PE), and deep vein thrombosis (DVT) events was found in patients receiving JAK inhibitors.58 Interestingly, another
meta analysis including patients with immune-mediated disorders showed a higher relative risk (RR) of herpes zoster
among patients exposed to tofacitinib or baricitinib (1.50 95% CI 0.76–2.96, and RR 2.05, 95% CI 0.99–4.24) versus
filgotinib or upadacitinib (1.28, 95% CI 0.32–5.07, and 1.09 95% CI 0.41–2.86).34 A further meta analysis confirmed that
there was no increased risk for herpes zoster infection in patients treated with UPA.59 The occurrence of thromboembolic
AEs could be prevented by carefully evaluating risk factors and by preferring the administration of these molecules in
patients of young age and at low risk of thromboembolic events. Regarding herpes zoster infection, patients should get

Figure 1 Pros and cons of upadacitinib in patients with moderate-to-severe ulcerative colitis.
Note: The figure shows the benefits and limitations of using upadacitinib in patients with ulcerative colitis.
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vaccination against the virus before starting therapy.60 To date, a recombinant herpes zoster vaccine is available and it is
recommended for patients with IBD receiving immunosuppressive therapy.61–63

UPA should not be administrated during pregnancy, because of potential teratogenic risk and should be avoided
during breastfeeding due to lack of human studies reporting outcomes of small molecules during lactation.64

Besides UPA, another selective JAK1 inhibitor is under evaluation for the treatment of UC. Filgotinib is a JAK1
inhibitor that proved to be effective and safe for the management of UC patients.65 However, the use of high-dose
filgotinib in animal models has been associated with potential testicular toxicity raising doubts about its safety profile.
A study is ongoing in UC to evaluate testicular safety and to resolve any concerns (NCT03201445).66 Further studies will
be needed to compare UPA and filgotinib and to define whether one drug is superior to the other.

A recent systematic review and network meta-analysis including 29 phase 3 RCTs (4 head to head RCTs) compared
the efficacy and safety of biologics and small molecules (infliximab, adalimumab, golimumab, vedolizumab, tofacitinib,
ustekinumab, ozanimod, filgotinib, etrolizumab, and upadacitinib) in moderate-to-severe UC.67 UPA was significantly
superior to other treatments and ranked highest for the induction of clinical remission (SUCRA 0.996), followed by
infliximab. UPA also ranked highest when considering AEs (SUCRA 0.843) but concerning SAEs, ozanimod (SUCRA
0.831) and placebo (0.784) ranked highest, followed by etrolizumab (0.766) and filgotinib.67 Likewise, another network
meta-analysis including 28 RCTs compared biologics and small molecules (infliximab, adalimumab, golimumab,
vedolizumab, etrolizumab, ustekinumab, tofacitinib, filgotinib, upadacitinib and ozanimod). UPA 45 mg QD ranked
first in terms of clinical remission and clinical response at 6–14 weeks in anti-TNF exposed patients and in anti-TNF
naïve patients (risk of failure to achieve clinical remission = 0.73; 95% CI 0.68 to 0.80, p value = 0.98).68 Of note,
although UPA ranked last for total number of AEs, no significant difference in the rate of serious AEs was detected
between UPA and placebo, and UPA was less likely to lead to drug-related withdrawal compared with the other drugs.68

Based on the available data, UPA is a safe and effective drug for the management of moderate to severe UC.
However, only a limited proportion of UPA treated patients (19–33%) achieved the efficacy outcome, supporting the
need for further and more effective therapeutic options. It remains to define when to choose UPA and how to position it
into the therapeutic algorithm. It is plausible to use it both in the first and second line for the treatment of naïve or
biologic treated patients, and also in case of further failure. Indirect studies show that UPA is associated with greater
efficacy than the remaining available drugs, but this evidence is not sufficient to demonstrate its superiority and head-to-
head studies are needed to confirm this hypothesis.

To date, the European Crohn’s and Colitis Organization (ECCO) recommends anti-TNFs, vedolizumab, ustekinumab,
and tofacitinib for the induction and maintenance of UC patients who fail conventional therapies.2 Although there is no
specific algorithm, anti-TNFs are generally the most commonly used drugs as first-line due to the existence of biosimilars
and their low price which makes them cost-effective.69 However, there is a growing trend towards personalized medicine
and the therapy is tailored according to the specific patient’s need (eg, need for clinical response in a short time or
preference regarding the administration route) and the patient’s medical history (eg, personal cancer or thrombosis
history, elderly age, pregnancy, or presence of extraintestinal manifestations).70 The efficacy of UPA in other immuno-
mediated disease makes it a reliable option in patients with rheumatological manifestations.41,43,49,51 Furthermore, given
its rapid effect, UPA could be a valid alternative when the disease is clinically active and our target is a rapid
improvement.

Conclusions
UPA is a selective JAK1 inhibitor with rapid mechanism of action and oral route of administration. Results from phase 3
studies showed efficacy and safety of UPA in moderate-to-severe UC patients leading to its approval by the FDA. UPA
can be used in both biologic-naive patients and patients who have already failed other therapies. Its efficacy in other
immune-mediated diseases makes it an attractive option in individuals with extraintestinal manifestations.
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