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Abstract Background Upadacitinib, a selective Janus kinase (JAK) inhibitor, is a recently approved therapy 
for moderate-to-severe ulcerative colitis (UC). Limited data are available on its efficacy in patients 
previously exposed to tofacitinib, a non-selective JAK inhibitor. Therefore, we conducted a 
systematic review and meta-analysis to evaluate the efficacy of upadacitinib in UC patients with 
prior tofacitinib treatment.

Methods PubMed, Embase, Web of Science, and Cochrane Library were queried for studies 
evaluating the effectiveness of upadacitinib in UC patients with prior tofacitinib treatment. 
Primary outcomes included clinical remission, steroid-free clinical remission (SFCR), and clinical 
response. Secondary outcomes were the mean decrease in fecal calprotectin, and adverse events. 
Statistical analyses were performed using R, calculating pooled proportions with 95% confidence 
intervals (CI) for dichotomous outcomes and mean differences with 95%CI for continuous 
outcomes using a random-effects model.

Results Five studies, with 127  patients, were included in the final analysis. Upadacitinib 
increased pooled clinical remission rates by 57% (95%CI 0.32-0.80), SFCR rates by 52% 
(95%CI 0.26-0.78), and clinical response rates by 75% (95%CI 0.44-0.96). Upadacitinib reduced 
mean fecal calprotectin levels by 597.59% (95%CI 350.94-844.324). Adverse events, such as 
headache, acne vulgaris, rash, nasopharyngitis and infections, were reported in 34% of patients 
(95%CI 0.11-0.62).

Conclusions Our meta-analysis indicates that upadacitinib may be an effective treatment for 
patients with prior tofacitinib exposure, demonstrating significant clinical remission, SFCR, and 
clinical response. Larger clinical trials are needed to establish long-term outcomes.
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Introduction

Ulcerative colitis (UC) is a chronic inflammatory bowel 
disease (IBD) of the large intestine characterized by diarrhea, 
abdominal pain, rectal bleeding, and weight loss [1]. 
Conventional therapies for UC, including aminosalicylates, 
corticosteroids, azathioprine, vedolizumab and anti-tumor 
necrosis factor agents, are often ineffective in providing 
sustained remission [2,3]. Over the past 2 decades, small-
molecule therapies, such as Janus kinase (JAK) inhibitors, have 
proven revolutionary in managing UC, exhibiting significantly 
improved disease outcomes.
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JAK/STAT is an intracellular tyrosine kinase signaling 
pathway that modulates and induces proinflammatory 
cytokines, such as interleukin (IL)-6, IL-12, IL-13, IL-17, 
IL-21, IL-23 and IL-33, implicated in the pathogenesis of UC. 
JAK inhibitors disrupt this signaling pathway by blocking the 
phosphorylation of JAK, resulting in the anti-inflammatory 
therapeutic effects seen in UC patients [4,5]. Tofacitinib, a 
first-generation, non-selective oral pan-JAK inhibitor, was 
approved by the United States Food and Drug Administration 
(FDA) for the treatment of UC in 2018. It has induced and 
maintained remission in patients who had failed treatment 
with conventional therapies and biologics [6-9]. However, 
it has been associated with primary and secondary non-
response in a subset of patients, as well as adverse effects 
including hypercholesterolemia, malignancy, cardiovascular 
events and infections, with particular safety concerns 
regarding venous thromboembolism (VTE) and herpes zoster 
reactivation, prompting exploration of alternate options with 
increased selectivity, greater response rate, and fewer adverse 
events [10,11].

One such medication, upadacitinib, an oral selective 
JAK inhibitor associated with better disease-specific 
outcomes than tofacitinib [12-14], was approved by the 
FDA in March 2022 [15]. However, initial trials evaluating 
the effectiveness of upadacitinib in UC patients excluded 
patients with prior exposure to tofacitinib, leading to a 
significant knowledge gap and a lack of real-world data 
on upadacitinib efficacy in tofacitinib-refractory patients. 
To address this, we conducted a systematic review and 
meta-analysis to assess disease outcomes with upadacitinib 
use in patients who had previously failed treatment with 
tofacitinib, thereby providing evidence-based therapy 
options to patients who do not respond to non-selective 
JAK inhibitors.

Materials and methods

This meta-analysis was conducted in accordance 
with the Cochrane Handbook for Systematic Reviews of 
Interventions and adhered to the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) guidelines 
(Supplementary  Table  1) [16,17]. Ethical approval was not 
required for this analysis.

Data sources and search strategy

A comprehensive electronic search was conducted across 
multiple databases, including the Cochrane Central Register 
of Controlled Trials (CENTRAL), PubMed, Embase (Elsevier) 
and Web of Science, covering all records from inception until 
December 2024. We also manually screened the reference lists 
of included studies and relevant systematic reviews. The search 
strategy utilized a combination of keywords and Medical Subject 
Headings (MeSH) terms, specifically targeting “Upadacitinib,” 
“Tofacitinib,” and “Ulcerative colitis” (Supplementary Table 2).

Eligibility criteria

Eligible studies included randomized controlled trials, 
observational studies (case–control, retrospective, or 
prospective cohort), and case series that assessed disease 
outcomes with upadacitinib use in UC patients with prior 
exposure to tofacitinib. No restrictions were applied regarding 
geographical location or patient age. Studies were excluded 
if they were literature reviews, editorials, case series with 
fewer than 10  patients, duplicate studies or animal studies. 
Additionally, studies that lacked relevant data, addressed 
different endpoints, or did not have a single-arm study design 
were excluded. The population consisted of UC patients who 
had previously been exposed to tofacitinib. The intervention 
was treatment with upadacitinib. The primary outcomes 
included clinical remission, steroid-free clinical remission 
(SFCR) and clinical response, while the secondary outcomes 
were the mean decrease in fecal calprotectin and the incidence 
of adverse events.

Study selection and data extraction

Two independent reviewers (LA and FF) selected studies 
and extracted data; any discrepancies were resolved by a third 
reviewer (HF). Duplicate records were removed using Mendeley 
Desktop 1.19.8. Data were extracted using a standardized 
form that captured information on study characteristics 
(e.g., authors, study design), patient demographics (e.g., age, 
sex), and primary and secondary outcomes.

Study definitions

Clinical remission and response were defined based on the 
simple clinical colitis activity index (SCCAI), Patient-Reported 
Outcome (PRO-2), and the Mayo score.

Statistical analysis and publication bias

We conducted the statistical analysis in R version 4.4.1 using 
the package “meta.” We pooled proportions for single-arm 
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studies along with their corresponding 95% confidence 
intervals (CI), risk ratios (RR) with 95%CIs for dichotomous 
outcomes, and mean differences with 95%CIs for continuous 
outcomes. Freeman-Tukey double arcsine transformed 
proportions were used [18]. RRs were calculated using the 
Mantel-Haenszel method [19], and mean differences using 
the inverse variance method in a random-effects model. We 
used the restricted maximum likelihood estimator to calculate 
the heterogeneity variance τ2 [20]. The pooled results were 
represented graphically as forest plots. The chi-square test and 
the Higgins I2 statistic were calculated to evaluate the statistical 
heterogeneity, and an I2 value of 25-50% was considered mild, 
50-75% as moderate, and >75% as severe heterogeneity [21]. Per 
the Cochrane guidelines, a publication bias assessment could 
not be conducted, as fewer than 10 studies were included in 
the meta-analysis (funnel plots are not sufficiently powered to 
detect publication bias when the number of studies is <10) [22]. 
A sensitivity analysis was conducted by sequentially omitting 
each study from the pooled analysis to assess the robustness 
of the results. A  P-value <0.05 was considered statistically 
significant in all cases.

Risk-of-bias and quality assessment

The risk of bias in the included cohort studies with available 
full texts was assessed using the Newcastle-Ottawa Scale 
(Supplementary Table  3). This scale evaluates studies based 
on 8 criteria across 3 domains: selection of study groups, 
comparability, and ascertainment of exposure or outcome. 
The quality assessment of the included case series was 
conducted using the Joanna Briggs Institute critical appraisal 
tool, which comprises 10 questions addressing the internal 
validity and risk of bias associated with case series designs 
(Supplementary Table 4).

Results

A total of 804 studies were screened for inclusion in the 
meta-analysis. After a thorough screening process, 10 studies 
were shortlisted for full-text review. Five studies did not fulfill 
the eligibility criteria and were excluded [14,23-26], leaving 4 
retrospective studies [12,27-29] and 1 prospective study that 
were ultimately selected [30]. The PRISMA flow diagram 
details the study selection process (Fig. 1). All of the included 
studies observed the impact of upadacitinib in patients with 
UC after prior treatment with tofacitinib. The study and 
baseline characteristics of the 127  patients and the outcome 
data are summarized in Table 1.

Clinical remission

The analysis, including 4 studies, indicated that the 
administration of upadacitinib increased the pooled clinical 

remission by 57% (95%CI 0.32-0.80; I2=84%; P<0.01; 
Fig.  2). In a sensitivity analysis excluding Gilmore 2024, the 
clinical remission rate was 47% (95%CI 0.34-0.60; I2=0%; 
Supplementary Fig. 1).

Steroid-free clinical remission

The analysis, including 3 studies, revealed that the 
administration of upadacitinib resulted in a pooled steroid-
free clinical remission rate of 52% (95%CI 0.26-0.78; I2=74%; 
P=0.02; Fig. 3). In a sensitivity analysis excluding Odah 2024, the 
steroid-free clinical remission rate was 40% (95%CI 0.26-0.54; 
I2=0%; Supplementary Fig. 2).

Clinical response

The analysis, including 3 studies, indicated that the 
administration of upadacitinib resulted in a pooled clinical 
response rate of 75% (95%CI 0.44-0.96; I2=86%; P<0.01; 
Fig.  4). In a sensitivity analysis excluding Odah 2024, the 
clinical response rate was 60% (95%CI 0.46-0.74; I2=0%; 
Supplementary Fig. 3).

Change in the fecal calprotectin

The analysis, including 2 studies, indicated that the 
administration of upadacitinib decreased the pooled mean 
fecal calprotectin by 597.59% (95%CI 350.94-844.324; I2=32%; 
P=0.23; Supplementary Fig. 4).

Adverse events

The analysis, including 3 studies, indicated that the 
administration of upadacitinib resulted in a pooled adverse 
event rate of 34% (95%CI 0.11-0.62; I2=80%; P<0.01), 
encompassing headache, acne vulgaris, rash, nasopharyngitis, 
and infections such as COVID-19 and herpes zoster, etc. 
(Fig. 5). In a sensitivity analysis excluding Levine 2024, the rate 
of adverse events decreased by 23% (95%CI 0.10-0.38; I2=39%; 
Supplementary Fig. 5).

Discussion

Our systematic review and meta-analysis evaluated the 
safety and efficacy of upadacitinib in patients with UC who 
had previously used tofacitinib. The analysis revealed a 
marked increase in clinical remission and steroid-free clinical 
remission. The clinical response also demonstrated a notable 
increase. Additionally, a substantial decline was observed in 
fecal calprotectin levels.

Our findings reveal a clinical remission rate of 57% and 
a clinical response rate of 75% with upadacitinib in patients 
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who had previously received and failed tofacitinib therapy. 
A  proportional analysis by Zheng et al reported a clinical 
remission rate of 38% and a clinical response rate of 61%, 
regardless of the prior line of therapy [31]. The specific patient 

population in our study can explain the higher clinical remission 
and clinical response observed with low heterogeneity. Our 
findings are consistent with the existing literature. For instance, 
a network meta-analysis by Zhang et al comparing various 
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Figure 1 PRISMA flow diagram for included and excluded studies

Table 1 Study and baseline characteristics

Author, year [ref.] Type of 
study

Region Full‑text or 
abstract

Sample 
size

Intervention Males (%) Mean age, years 
(mean SD)

Gilmore, 2024 [27] Retrospective Australia Abstract 42 UPA NR NR

Odah, 2024 [28] Retrospective USA Full‑text 31 UPA 51.6 35.6 (12.1)

Levine, 2024 [29] Retrospective USA Full‑text 16 UPA 56 37.5 (15.8)

Boneschansker, 2023 [12] Retrospective USA Full‑text 12 UPA NR NR

Cleveland, 2023 [30] Prospective USA Abstract 26 UPA 65.4 40.2
SD, standard deviation; UPA, upadacitinib; NR, not reported
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drugs used for moderate to severe IBD revealed upadacitinib to 
be the most effective in achieving the highest clinical remission 
and clinical response, with cumulative probabilities of 99.3% 
and 96%, respectively [32]. Another similar study by Shehab 
et al also reported upadacitinib as the highest-ranking drug in 
achieving PRO-2 clinical remission [33]. These studies and our 
findings strengthen the evidence supporting upadacitinib as a 
superior treatment option for IBD, including UC.

Our study included patients who had previously been 
treated with tofacitinib. A  subgroup analysis by Burr et  al 
demonstrated that upadacitinib not only showed the highest 
efficacy among other drugs for IBD, but also showed 
the highest efficacy in previously treated patients—even 
higher than in the treatment-naive subgroup that received 
upadacitinib as first-line treatment [34]. Gilmore et al also 
demonstrated a higher clinical remission rate of 23% with 
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Figure 2 Forest plot showing clinical remission in patients on upadacitinib after tofacitinib exposure
CI, confidence interval
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Figure 3 Forest plot showing steroid-free clinical remission in patients on upadacitinib after tofacitinib exposure
CI, confidence interval
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Figure 4 Forest plot showing clinical response in patients on upadacitinib after tofacitinib exposure
CI, confidence interval
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Figure 5 Forest plot showing adverse events in patients on upadacitinib after tofacitinib exposure
CI, confidence interval
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upadacitinib in patients with prior tofacitinib exposure than in 
tofacitinib-naive patients [27]. A case series by Radcliffe et al, 
which included patients previously treated with tofacitinib, 
showed improved clinical remission, steroid-free remission 
and clinical response  [35]. Another case series with patients 
whose previous JAK inhibitor therapy, specifically filgotinib 
and tofacitinib, had failed, showed improved outcomes with 
upadacitinib [25], suggesting a role for a rotation strategy 
among JAK inhibitors. A study on switching between different 
JAK inhibitors in rheumatoid arthritis patients showed that 
it improved outcomes, further strengthening the benefit 
of JAK inhibitors and suggesting that rotation therapy in 
inflammatory diseases could be beneficial [36]. Upadacitinib 
has already shown greater benefits over the other commonly 
used IBD drugs [32-34]; although the mechanisms of treatment 
failure may differ between JAK inhibitors and tumor necrosis 
factor inhibitors (anti-TNF), a study by Wang et al found that 
upadacitinib effectively modulates inflammatory pathways 
in anti-TNF non-responders, further supporting its role in 
refractory IBD [37].

Upadacitinib is a selective JAK1 inhibitor, with over 
60 times more selectivity than JAK2 and over 100 times more 
than JAK3  [38]. This greater selectivity allows upadacitinib 
to precisely and strongly inhibit proinflammatory cytokines, 
particularly those implicated in the pathogenesis of IBD [39]. 
The higher selectivity and potency of upadacitinib can explain 
its greater efficacy in treating inflammatory diseases compared 
to other JAK inhibitors. Upadacitinib also more potently 
inhibits IL-2, IL-3, IL-4, IL-15, IL-21, granulocyte colony-
stimulating factor, granulocyte-macrophage colony-stimulating 
factor, interferon-gamma and interferon-alpha, compared 
to tofacitinib [40]. This greater potency of upadacitinib 
contributes to its superior efficacy compared to tofacitinib in 
treating IBD. Tofacitinib, on the other hand, effectively inhibits 
JAK1 and JAK3, with some activity against JAK2 [41]. This 
broader inhibition by tofacitinib is implicated as a higher risk 
of adverse events [40,41]. In comparison, upadacitinib’s precise 
inhibition of JAK1 could be associated with a reduced risk 
of adverse events [39-41]. These precise and potent effects of 
upadacitinib make it a valuable second-line treatment option 
when tofacitinib has failed as the first-line treatment.

The steroid-free clinical remission rate in our analysis was 
52%, highlighting the steroid-sparing effect of upadacitinib. 
A study by Runde et al, assessing the efficacy of upadacitinib 
in children and adolescents with IBD who had previously been 
treated with tofacitinib, showed an 86% steroid-free remission 
rate and clinical response [42]. Wu et al also found steroid-
free remission in 64% of patients receiving upadacitinib for 
UC after the failure of prior therapies, including tofacitinib, 
glucocorticoids and biologics [43]. Similar findings were 
reported by Raine et al in a post hoc analysis, which 
demonstrated a higher reinitiation of corticosteroids in the 
placebo group compared to the upadacitinib group [44]. They 
also demonstrated that patients receiving corticosteroids 
sustained a higher rate of treatment-emergent adverse 
events compared to those who did not. Clinical trials have 
shown that upadacitinib is more effective than tofacitinib in 
achieving steroid-free clinical remission [13,14]. The efficacy 

of upadacitinib can be attributed to its precise and targeted 
action, which effectively suppresses proinflammatory pathways 
with sustained efficacy.

Our pooled analysis revealed a substantial reduction 
in fecal calprotectin by 597.59%. This finding is consistent 
with the existing literature, which supports the role of 
upadacitinib in resolving inflammation and significantly 
reducing inflammatory biomarkers [25,42,43]. This is 
further evidenced by the analysis of Zheng et al, which 
demonstrated an endoscopic remission rate of 20% in IBD 
patients with upadacitinib [31]. Zhang et al also found a 99% 
cumulative probability of achieving endoscopic remission with 
upadacitinib [32]. This is further supported by the endoscopic 
findings, which demonstrate an improvement and resolution 
of inflammation in the intestinal mucosa [25,31,32,43]. The 
reason lies in the targeted and potent inhibition of the JAK1 
pathway by upadacitinib [38]. This reduces inflammation 
and promotes mucosal healing, significantly decreasing 
inflammatory cytokines and biomarkers, such as fecal 
calprotectin and C-reactive protein [39,40,43].

The safety profile exhibited an increase in adverse events, 
with a proportion of 34%. Levine et al also reported a 31% 
incidence of adverse events, all of which were infections [29]. 
Most adverse events encountered are generally mild and 
manageable, such as headache, acne, nausea, abdominal 
pain and arthralgia; however, an increased risk of infections, 
particularly herpes zoster, has been observed with JAK 
inhibitor therapy [31]. Some studies have reported liver enzyme 
elevation, leukopenia, neutropenia and anemia [31,43]. The 
selective inhibition of JAK1 by upadacitinib reduces adverse 
effects, particularly hematologic side-effects, compared to 
other JAK inhibitors, by preventing the inhibition of off-target 
pathways, such as JAK2 and JAK3 [38,39,41].

We acknowledge several limitations in our meta-analysis. 
First, the absence of a control group limits direct comparison 
with other therapeutic options. Second, the relatively small 
sample size of 127  patients may have limited the statistical 
power of the analysis for certain outcomes. Third, the short 
follow-up period may not be sufficient to capture long-term 
outcomes and rare adverse events. It is also important to note 
that 2 of the 5 included studies were available only in abstract 
form, which limited access to full methodological details and 
may have introduced bias. Additionally, there is heterogeneity in 
the reasons for tofacitinib discontinuation. While most patients 
discontinued because of non-response (whether primary, 
secondary, or partial), information about other reasons, such as 
adverse events or insurance issues, is limited. For instance, in 
the study by Odah et al adverse events and insurance problems 
were also cited as reasons for discontinuation.

Despite these limitations, we conducted sensitivity analyses 
to eliminate heterogeneity and confirm the robustness and 
reliability of our findings. Therefore, we consider the results of 
our analysis to be informative within the context of the available 
data. Moreover, our study focuses on a specific population, i.e., 
patients who had previously failed treatment with tofacitinib, 
providing valuable insights for this subgroup.

In conclusion, our systematic review and meta-analysis 
provide promising evidence that upadacitinib may be 



Upadacitinib after tofacitinib in ulcerative colitis  7

Annals of Gastroenterology  38

an effective treatment option for UC patients who have 
previously been treated with tofacitinib. While our findings 
indicate significant improvements in clinical remission and 
steroid-free remission rates, and a notable reduction in fecal 
calprotectin, future research should focus on conducting large-
scale randomized controlled trials with longer follow-ups and 
diverse patient populations, comparing the safety and efficacy 
of upadacitinib with other therapeutic options to establish its 
long-term outcomes.
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Summary Box

What is already known:

•	 Tofacitinib, an FDA-approved non-selective oral 
pan-Janus kinase (JAK) inhibitor for ulcerative 
colitis (UC), has shown efficacy in inducing and 
maintaining remission in patients who failed 
conventional therapies and biologics

•	 Limitations include primary and secondary 
non-response, as well as adverse events such as 
hypercholesterolemia, malignancy, cardiovascular 
events, venous thromboembolism, and herpes 
zoster reactivation

•	 Upadacitinib is a recently approved JAK1 inhibitor 
for moderate-to-severe UC

•	 Its efficacy in patients previously treated with 
tofacitinib remains unclear, as they were excluded 
from major clinical trials

What the new findings are:

•	 This is the first meta-analysis evaluating the 
efficacy of upadacitinib in patients with prior 
tofacitinib exposure

•	 Upadacitinib shows promising clinical remission 
(57%), steroid-free remission (52%) and clinical 
response (75%) rates

•	 Treatment with upadacitinib led to a significant 
reduction in inflammatory markers

•	 The study provides initial evidence of upadacitinib’s 
efficacy in a real-world setting following tofacitinib 
failure
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Supplementary material

Supplementary Table 1 PRISMA checklist 

Section and Topic Item 
#

Checklist item Location where 
item is reported 

TITLE 

Title 1 Identify the report as a systematic review Pg. 1

ABSTRACT 

Abstract 2 See the PRISMA 2020 for Abstracts checklist Pg. 1

INTRODUCTION 

Rationale 3 Describe the rationale for the review in the context of existing knowledge Pg. 1

Objectives 4 Provide an explicit statement of the objective (s) or question (s) the review addresses Pg. 1

METHODS 

Eligibility criteria 5 Specify the inclusion and exclusion criteria for the review and how studies were 
grouped for the syntheses

Pg. 2

Information sources 6 Specify all databases, registers, websites, organisations, reference lists and other sources 
searched or consulted to identify studies. Specify the date when each source was last 
searched or consulted

Pg. 2

Search strategy 7 Present the full search strategies for all databases, registers and websites, including any 
filters and limits used

Pg. 2

Selection process 8 Specify the methods used to decide whether a study met the inclusion criteria of the 
review, including how many reviewers screened each record and each report retrieved, 
whether they worked independently, and if applicable, details of automation tools used 
in the process

Pg. 2

Data collection process 9 Specify the methods used to collect data from reports, including how many reviewers 
collected data from each report, whether they worked independently, any processes 
for obtaining or confirming data from study investigators, and if applicable, details of 
automation tools used in the process

Pg. 2

Data items 10a List and define all outcomes for which data were sought. Specify whether all results 
that were compatible with each outcome domain in each study were sought (e.g., for all 
measures, time points, analyses), and if not, the methods used to decide which results 
to collect

Pg. 2

10b List and define all other variables for which data were sought (e.g., participant and 
intervention characteristics, funding sources). Describe any assumptions made about 
any missing or unclear information

Pg. 2

Study risk of bias 
assessment

11 Specify the methods used to assess risk of bias in the included studies, including details 
of the tool (s) used, how many reviewers assessed each study and whether they worked 
independently, and if applicable, details of automation tools used in the process

Pg. 2

Effect measures 12 Specify for each outcome the effect measure (s) (e.g., risk ratio, mean difference) used in 
the synthesis or presentation of results

Pg. 2

Synthesis methods 13a Describe the processes used to decide which studies were eligible for each synthesis 
(e.g., tabulating the study intervention characteristics and comparing against the 
planned groups for each synthesis (item #5)) 

Pg. 2

13b Describe any methods required to prepare the data for presentation or synthesis, such 
as handling of missing summary statistics, or data conversions

Pg. 2

13c Describe any methods used to tabulate or visually display results of individual studies 
and syntheses

Pg. 2

13d Describe any methods used to synthesize results and provide a rationale for the choice 
(s). If meta‑analysis was performed, describe the model(s), method(s) to identify the 
presence and extent of statistical heterogeneity, and software package(s) used

Pg. 2

13e Describe any methods used to explore possible causes of heterogeneity among study 
results (e.g., subgroup analysis, meta‑regression)

Pg. 2

(Contd...)



Supplementary Table 1 (Continued)

Section and Topic Item 
#

Checklist item Location where 
item is reported 

13f Describe any sensitivity analyses conducted to assess robustness of the synthesized 
results

Pg. 2

Reporting bias 
assessment

14 Describe any methods used to assess risk of bias due to missing results in a synthesis 
(arising from reporting biases)

Pg. 2

Certainty assessment 15 Describe any methods used to assess certainty (or confidence) in the body of evidence 
for an outcome

Pg. 2

RESULTS 

Study selection 16a Describe the results of the search and selection process, from the number of records 
identified in the search to the number of studies included in the review, ideally using a 
flow diagram

Pg. 3

16b Cite studies that might appear to meet the inclusion criteria, but which were excluded, 
and explain why they were excluded

Pg. 3

Study characteristics 17 Cite each included study and present its characteristics Pg. 3

Risk of bias in studies 18 Present assessments of risk of bias for each included study Pg. 3

Results of individual 
studies 

19 For all outcomes, present, for each study: (a) summary statistics for each group (where 
appropriate) and (b) an effect estimate and its precision (e.g., confidence/credible 
interval), ideally using structured tables or plots

Pg. 3

Results of syntheses 20a For each synthesis, briefly summarise the characteristics and risk of bias among 
contributing studies

Pg. 3

20b Present results of all statistical syntheses conducted. If meta‑analysis was done, 
present for each the summary estimate and its precision (e.g., confidence/credible 
interval) and measures of statistical heterogeneity. If comparing groups, describe the 
direction of the effect

Pg. 3

20c Present results of all investigations of possible causes of heterogeneity among study 
results

Pg. 3

20d Present results of all sensitivity analyses conducted to assess the robustness of the 
synthesized results

Pg. 3

Reporting biases 21 Present assessments of risk of bias due to missing results (arising from reporting biases) 
for each synthesis assessed

Pg. 3

Certainty of evidence 22 Present assessments of certainty (or confidence) in the body of evidence for each 
outcome assessed

Pg. 3

DISCUSSION 

Discussion 23a Provide a general interpretation of the results in the context of other evidence Pg. 3

23b Discuss any limitations of the evidence included in the review Pg. 4

23c Discuss any limitations of the review processes used Pg. 4

23d Discuss implications of the results for practice, policy, and future research Pg. 4

OTHER INFORMATION

Registration and 
protocol

24a Provide registration information for the review, including register name and 
registration number, or state that the review was not registered

NA

24b Indicate where the review protocol can be accessed, or state that a protocol was not 
prepared

Pg. 2

24c Describe and explain any amendments to information provided at registration or in the 
protocol

N/A

Support 25 Describe sources of financial or non‑financial support for the review, and the role of the 
funders or sponsors in the review

Pg. 4

Competing interests 26 Declare any competing interests of review authors Pg. 4

(Contd...)



Supplementary Table 1 (Continued)

Section and Topic Item 
#

Checklist item Location where 
item is reported 

Availability of data, 
code and other 
materials

27 Report which of the following are publicly available and where they can be found: 
template data collection forms; data extracted from included studies; data used for all 
analyses; analytic code; any other materials used in the review

N/A

From: Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting 
systematic reviews. BMJ 2021;372:n71. doi: 10.1136/bmj.n71. This work is licensed under CC BY 4.0. To view a copy of this license, visit https://creativecommons.
org/licenses/by/4.0/

Supplementary Table 2 Search strategy

Database Search strategy/Keywords Articles Retrieved

PubMed (upadacitinib OR Rinvoq OR ABT‑494 OR UPA) AND (tofacitinib OR Xeljanz OR CP 690550 
OR tofacitinib citrate OR TOFA) AND (ulcerative colitis OR UC OR inflammatory bowel 
disease OR IBD)

105

Embase (upadacitinib OR Rinvoq OR ABT‑494 OR UPA) AND (tofacitinib OR Xeljanz OR CP 690550 
OR tofacitinib citrate OR TOFA) AND (ulcerative colitis OR UC OR inflammatory bowel 
disease OR IBD)

543

Web of Science (upadacitinib OR Rinvoq OR ABT‑494 OR UPA) AND (tofacitinib OR Xeljanz OR CP 690550 
OR tofacitinib citrate OR TOFA) AND (ulcerative colitis OR UC OR inflammatory bowel 
disease OR IBD)

142

Cochrane CENTRAL (upadacitinib OR Rinvoq OR ABT‑494 OR UPA) AND (tofacitinib OR Xeljanz OR CP 690550 
OR tofacitinib citrate OR TOFA) AND (ulcerative colitis OR UC OR inflammatory bowel 
disease OR IBD)

14
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Supplementary Table 4 Results of Joanna Briggs Institute critical appraisal tool for the quality assessment of the included case series

Study, year [ref.] 1 2 3 4 5 6 7 8 9 10 Total Score (9/10)

Levine, 2024 [29] Yes Yes Yes Unclear Yes Yes Yes Yes Yes Yes 9/10

Questions

1)	   Were there clear criteria for the inclusion of case series?
2)	   Was the condition measured in a standard, reliable way for all participants included in the case series?
3)	   Were valid methods used for the identification of the condition for all participants included in the case series?
4)	   Did the case series have consecutive inclusion of participants?
5)	   Did the case series have a complete inclusion of participants?
6)	   Was there clear reporting of the demographics of the participants in the study?
7)	   Was there clear reporting of clinical information of the participants?
8)	   Were the outcomes or follow-up results of cases clearly reported?
9)	   Was there clear reporting of the presenting sites’/clinics’ demographic information?
10)  Was statistical analysis appropriate?

Study I2 95% CI95% CI

Total (95% CI)

Random Random, ,,,IV IVTau

0.50-0.5

Tau2P-value

Omitting Gilmore 2024 [27]

Omitting Cleveland 2023 [30]

Omitting Boneschansker 2023 [12]

Omitting Levine 2024 [29]

0.47
88%
88%
86%0.2242

0.2480
0.2750

0.0503
0.0615
0.0756

%0 0 0.
.
.
.

.

[0.34; 0.60]
[0.23; 0.89]
[0.30; 0.88]
[0.34; 0.88]0.63

0.61
0.58

0.0478 0.2187  84% 0.57 [0.32; 0.80]

Supplementary Figure 1 Forest plot of clinical remission after sensitivity analysis
CI, confidence interval

Study P-value Tau2 Tau   I2  IV, Random,  95% CI

Omitting Odah 2024 [28]

Omitting Cleveland 2023 [30]

Omitting Levine 2024 [29]

.

.

.

.

.

0 0 0% 0.40  [0.26; 0.54]
0.59  [0.16; 0.95]
0.60  [0.23; 0.92]

0.0779  0.2791  82%
0.0612  0.2473  84%

0.0390  0.1974  74% 0.52  [0.26; 0.78]Total (95% CI)

  IV, Random,  95% CI

-0.5          0          0.5

Supplementary Figure 2 Forest plot of steroid-free clinical remission after sensitivity analysis
CI, confidence interval

Study P-value Tau2 Tau   I2  IV, Random,  95% CI   IV, Random,  95% CI

Omitting Odah 2024 [28]

Omitting Cleveland 2023 [30]

Omitting Levine 2024 [29]

Total (95% CI) .

.

.

.

86%

0%00

[0.39; 1.00]

[0.44; 0.96]

[0.34; 1.00]
[0.46; 0.74]

0.81
0.81
0.60

0.0617 0.2483 0.75

10.50-0.5-1

92%
89%

0.2990
0.3220

0.0894
0.1037

Supplementary Figure 3 Forest plot of clinical response after sensitivity analysis
CI, confidence interval



Study Mean
Mean Mean

WeightTotalSD IV, Random,  95% CI IV, Random,  95% CI

1000800600400

Total (95% CI)
,1.47Chi210823.7489;= = = =Tau2Heterogeneity: df 1 (P = 0.23); I2 32%

Levine 2024 [29]

Odah 2024 [28] 608.60
717.50

501.50 501.50
762.40 762.40

63.2%
36.8%

26
16

42 100.0% 597.59 [350.94; 844.24]

[267.57; 735.43]
[410.83; 1113.97]

Supplementary Figure 4 Forest plot of decrease in fecal calprotectin
CI, confidence interval

Study P-value Tau2 Tau I2 IV IV, , , ,Random Random95% CI 95% CI

Omitting Levine 2024 [29]

Omitting Odah 2024 [28]

Omitting Cleveland 2023 [30]

Total (95% CI)

0.5-0.5 0

0.0445

0.0354
0.1005
0.0052.

.

.

.

74%
90%
39% 0.23

0.37
0.45

[0.10; 0.38]
[0.02; 0.83]
[0.16; 0.76]

[0.11; 0.62]0.3480%0.2109

0.1881
0.3170
0.0721

Supplementary Figure 5 Forest plot of adverse events after sensitivity analysis
CI, confidence interval


