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2. LIST OF ABBREVIATIONS 

Abbreviation Definition 

AE Adverse event 

ASUC Acute severe ulcerative colitis 

CrI Credible interval 

DIC Deviance information criterion 

EC Ethics committee 

EMA European Medicines Agency 

ENCePP European Network of Centres for 
Pharmacoepidemiology and Pharmacovigilance  

EQ-5D EuroQol- 5 Dimension questionnaire 

GPP Good Pharmacoepidemiology Practices 

HZV Herpes zoster virus 

IBDQ Inflammatory Bowel Disease Questionnaire 

ICMJE International Committee of Medical Journal Editors 

IRB Institutional review board 

IQR Interquartile range 

ISPE International Society for Pharmacoepidemiology  

JAK Janus Kinase 

LOE Loss of efficacy 

MACE Major adverse cardiovascular events 

MCMC Markov chain Monte Carlo 

MH Mucosal healing 

NMSC Non-melanoma skin cancer 
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OR Odds ratio 

PD Pharmacodynamics 

PGA Physician Global Assessment 

PK Pharmacokinetics 

PRISMA Preferred Reporting Items for Systematic Reviews and 
Meta-Analysis 

PROMIS Patient-Reported Outcomes Measurement Information 
System 

SAP Statistical analysis plan 

SD Standard deviation 

SF-36 36-Item Short Form Survey 

SLR Systematic literature review 

TNF Tissue necrosis factor 

UC Ulcerative colitis 

VTE Venous thromboembolism 
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4. ABSTRACT 
Stand Alone document, see ANNEX 1. 
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5. AMENDMENTS AND UPDATES 
None. 

6. MILESTONES 
Milestone Planned Date 

Start of data collection  17 January 2024 
End of data collection  31 March 2024 
Registration in the EU PAS register 02 January 2024 
Final study report 30 April 2024 
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7. RATIONALE AND BACKGROUND 
Ulcerative colitis (UC) is a chronic idiopathic inflammatory bowel disease of the colon that causes 
continuous mucosal inflammation starting in the rectum and extending to the more proximal colon, 
with variable extents. Typical symptoms include bloody diarrhea, abdominal pain, urgency, 
and tenesmus.1 Moderate-to-severe UC is clinically defined as 4 to 6 bowel movements daily with 
moderate to severe rectal bleeding in the absence of constitutional signs or symptoms. 
Endoscopically, it is defined as marked mucosal erythema, absent vascularization, friability, 
granularity, spontaneous bleeding, and ulcerations.2 Patients with moderate-to-severe UC experience 
remarkable disease burden with frequent flares and hospitalizations, which are associated with a 
significant economic burden.3 

The primary therapeutic goal in UC is to induce and maintain long-term disease remission.4 
However, there is no single treatment pathway for patients. Several advanced therapies have become 
available for the induction and maintenance of remission in moderate-severe UC, including tissue 
necrosis factor (TNF)-α inhibitors (i.e., infliximab, adalimumab, and golimumab), interleukin 
inhibitor (i.e., ustekinumab), integrin receptor inhibitor (i.e., vedolizumab), and small-molecule 
Janus Kinase (JAK) inhibitor (i.e., tofacitinib).2 Sphingosine 1-phosphate receptor modulator 
ozanimod, JAK inhibitors filgotinib and upadacitinib are recently approved drug for the treatment of 
moderate-to-severe UC.5-7 

Tofacitinib (Xeljanz®) is an oral JAK inhibitor for the treatment of moderate-to-severely active UC. 
Evidence from clinical trial indicates that treatment with tofacitinib was more efficacious compared 
to placebo for induction of remission and mucosal healing (MH). Also, the maintenance therapy with 
tofacitinib was more effective than placebo in sustaining remission and MH.8 A meta-analysis of 
real-world studies demonstrated the effectiveness of tofacitinib in a highly refractory population of 
patients with moderate-to-severe UC. Tofacitinib was also shown to have an acceptable safety 
profile.9  
Several network meta-analyses (NMA) have been published comparing efficacy and safety of 
biologics and small molecules for the treatment of moderate-to-severe UC.10-12 However, all these 
NMAs were conducted using data from the randomized trials. Previous meta-analyses examining the 
efficacy and safety of vedolizumab13 based on randomized trials and of ustekinumab14,15 based on 
real-world evidence have been published. Despite the compelling evidence on efficacy and safety of 
tofacitinib from clinical and real-world studies, there is lack of evidence about the comparative 
effectiveness and safety of tofacitinib with other therapies approved for the treatment of moderate-
to-severely active UC from real-world studies.  
The purpose of the study is to assess the feasibility and conduct a NMA to compare the real-world 
effectiveness and safety of tofacitinib with other advanced therapies in the treatment of moderate-to-
severe UC. This noninterventional study is designated as a PASS and is conducted voluntarily by 
Pfizer. 
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8. RESEARCH QUESTION AND OBJECTIVES 
8.1. Research Question 
Research questions to be addressed by this study are as follows: 

1. What is the real-world effectiveness of tofacitinib, compared to alternative advanced 
therapies, for the treatment of moderate-to-severe UC? 

2. How does the safety profile of tofacitinib compare to these alternative advanced therapies? 

8.2. Study Objectives 
8.2.1. 8.2.1 Primary Objectives 
The primary objectives for this study are: 

1. To estimate the difference in the likelihood of achieving a clinically meaningful response, in 
terms of effectiveness outcomes, between patients treated with tofacitinib compared to other 
advanced therapies. 

2. To estimate the relative risk of serious adverse events (AEs) between patients treated with 
tofacitinib versus other advanced therapies. 

 

8.2.2. 8.2.2 Secondary Objectives 
The secondary objectives for this study are: 

1. To estimate the incidence rate (IR) of various AEs, and of mortality, on each therapy. 
 

9. RESEARCH METHODS  
9.1. Study Design  
The study is designed as a NMA with the primary objective to compare the effectiveness of 
tofacitinib with other advanced therapies in real-world studies for the treatment of patients with 
moderate-to-severe UC. The secondary objective of the study is to compare the safety outcomes as 
IR assessed through a meta-analysis of tofacitinib and other advanced therapies in real-world studies 
of patients with moderate-to-severe UC. These analyses will be performed on data collected from 
studies published in literature in the form of a systematic literature review (SLR) and no patient 
enrollment will be done.   

9.2. Setting 
A SLR was conducted as per the standards published by the Cochrane Collaboration16 and in 
accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analysis 
(PRISMA) guidelines17 to identify the real-world studies reporting effectiveness and/or safety 
outcomes of advanced therapies for moderate-to-severe UC.18,19 A comprehensive literature search 
was performed using the Embase® and MEDLINE® databases through the Embase.com platform 
from 01 January 2005 to 30 April 2023. The MEDLINE® Epub ahead of print, in-process, and other 
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nonindexed citations were searched on PubMed (01 May 2023). The selection of the time frame for 
searches starting January 2005 was based on the earliest approval of infliximab for ulcerative colitis 
in September 2005. Only products that were approved at the time of search were included. 

9.2.1. 9.2.1 Inclusion Criteria 
Publications must meet all of the following inclusion criteria to be eligible for inclusion in the SLR:    

Table 1. Inclusion and exclusion criteria for SLR 

Inclusion criteria Exclusion criteria 

Patient population 
• Adult patients (≥18 years) with moderate-to-severe ulcerative 

colitis 

• Patients with disease other than UC 
• UC studies with pediatric population 
• Studies of patients with ASUC 

Intervention 
• Tofacitinib 

• Any pharmacological intervention other than 
reported in the included list 

Comparators 
• Adalimumab 
• Filgotinib 
• Golimumab 
• Infliximab 
• Ozanimod 
• Upadacitinib 
• Ustekinumab 
• Vedolizumab 

• Any pharmacological/non-pharmacological 
treatment other than reported in the included 
list of comparators 

Outcomes 
Efficacy/effectiveness: 
• Response (all definitions, including sustained response) 
• Remission (all definitions, i.e., sustained remission, steroid-

free remission) 
• MH/endoscopic improvement (all definitions, including 

sustained MH) 
• Histological changes/remission 
• Relapse or loss of response/remission 
• Treatment duration 
• Mayo score / Disease activity index (including changes in 

Mayo score from baseline) 
• Fecal Calprotectin  
• C-reactive protein 

Safety: 
• Rates of surgical intervention 
• Time to surgical intervention  
• Hospitalization 
• Mortality 
• Serious infection 
• Herpes zoster 
• Venous thromboembolism 
• Malignancies (including NMSC) 
• AEs 
• Serious AEs 

• Other outcomes 
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Inclusion criteria Exclusion criteria 
• Anemia 
• Fatigue 
• Headache 
• Nausea 
• Nasopharyngitis 
• Pyrexia 
• Worsening ulcerative colitis 
• Discontinuation (any reason, AE, LOE) 
• Opportunistic infections 
• Major adverse cardiovascular events 
• UC-related surgery/colectomy 
• UC-related hospitalization  

Patient-reported outcomes: 
• EQ-5D 
• SF-36 
• IBDQ 
• PROMIS 
• PGA 

Study designs 
• Real-world studies, including observational studies such as 

cohort study/follow-up study, longitudinal study, cross-
sectional study, prospective study, retrospective study, case-
control study, population-based study, registry, survey 

• Randomized controlled trials 
• Interventional clinical studies 
• Systematic / narrative reviews 
• Case reports 
• Editorial / Opinions / Commentary / Letters 

Species 
• Humans 

• Animal studies 
• In-vitro / In-vivo studies 
• PK/PD studies 

Language 
• English 

• Studied published in language other than 
English 

Country 
• No restriction 

• Not applicable 

Sample size 
• Studies with 30 or more patients 

• Studies with <30 patients 

Publication type 
• Peer reviewed full-text journal articles 
• Conference abstracts 

• Not applicable 

Search timeframe 
• January 01, 2005, to till April 30, 2023 

• Full-text studies published before 2005 
• Conference abstracts published before 2019 

(of last 4 years) 
AE, adverse event; EQ-5D, EuroQol- 5 Dimension questionnaire; IBDQ, Inflammatory Bowel Disease Questionnaire; NMSC, non-
melanoma skin cancer; PD, Pharmacodynamics; PGA, Physician Global Assessment; PK, Pharmacokinetics; PROMIS, Patient-
Reported Outcomes Measurement Information System; SF-36, 36-Item Short Form Survey; UC, ulcerative colitis. 

9.2.2. Exclusion Criteria 
Publications meeting any of the criteria listed in Table 1 in Section 9.2.1 will not be included in the 
SLR. 
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9.3. Variables 
Data on the following baseline characteristics will be used to perform the covariate adjustment, and 
to measure the similarity of single-arm studies for matching. 

• Age (mean, SD) 
• Male (n, %) 
• Smoking status (current, former, never; n, %) 
• Disease duration (median, IQR) 
• Extent of disease (E1, E2, E3; n, %) 
• Disease severity (moderate-to-severe; n, %) 
• C-reactive protein (mg/L; median, IQR) 
• Extraintestinal manifestations (n, %) 
• Previous steroid use (n, %) 
• Previous immunosuppressive agent use (n, %) 
• Previous biologic exposure (n, %) 
• Previous anti-TNF exposure (n, %) 
• Concomitant steroid use (n, %) 
• Concomitant immunosuppressive agent use (n, %) 

 
Given that data are not available from each arm in every study, multiple imputation via predictive 
mean matching will be used to address the missing data in covariates as outlined in Section 9.8.1. 
Owing to the availability of aggregate data, the adjustment of the covariates will be restricted at the 
study-level. 

9.3.1. 9.3.1 Outcomes 
The clinical effectiveness outcomes for NMA in this study are: 

• Clinical remission 
• Clinical response 
• Steroids-free remission 

 
The clinical safety outcomes for NMA in this study are: 

• Serious AE 
 
The safety AEs for IR assessment in this study are: 

• Serious infection 
• Herpes zoster virus (HZV) infection 
• Venous thromboembolism (VTE) 
• Major adverse cardiovascular events (MACE) 
• Malignancies 
• Mortality 
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9.4. Data Sources  
For the SLR, the key electronic biomedical literature databases (Medical Literature Analysis and 
Retrieval System Online [MEDLINE®] and Excerpta Medica Database [Embase®]) were searched to 
identify the published evidence on the effectiveness and/or safety of advanced therapies in moderate-
to-severe UC. MEDLINE In-Process was searched to ensure that non-indexed citations were 
retrieved. The time frame of searches was from 01 January 2005 30 April 2023 for full publications, 
and from 01 January 2019 to 30 April 2023 for the conference abstracts. Embase® was searched 
using the embase.com interface, whereas MEDLINE® In-Process and other non-indexed citations 
was searched using the Pubmed.com interface.  

Following the standard process of SLR as described in Cochrane Collaboration, a total of 246 
distinct studies have been included that will provide the data to conduct NMA for effectiveness 
outcomes and meta-analysis for safety events. 

9.5. Study Size 
In this retrospective assessment, as the data for the present study have been collected in the form of a 
SLR, there are no priori hypotheses to test and sample size calculations are not applicable. 

The primary data source for this study are 246 individual studies that have been included in the SLR. 
Of these, 48 are comparative treatment studies and 198 are single-treatment studies. In terms of 
population in the included studies, 26 studies have patients previously treated with biologics, 52 
studies with biologics-naïve patients, 167 studies with mixed populations, and one study with 
biologics exposure unclear. Only aggregated study-level data is available. The individual participant-
level data is not available for any of the included studies. 

The distribution of these studies by study design and treatments is provided below. 

Table 2. Distribution of studies by treatments  
Study type Details No. of studies 

Comparative Tofacitinib and vedolizumab 5 

Tofacitinib and ustekinumab 4 

Tofacitinib and upadacitinib 1 

Tofacitinib and anti-TNF agents 1 

Vedolizumab and anti-TNF agents 20 

Vedolizumab and ustekinumab 1 

Vedolizumab, ustekinumab and anti-TNF agents 1 

Comparing anti-TNF agents 15 
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Single treatment Tofacitinib 38 

Vedolizumab 60 

Ustekinumab 14 

Upadacitinib 1 

Anti-TNF agents 85 

9.6. Data Management  
All study data exist as structured data by the time of study. Analyses will be conducted using R 
statistical software. Versions of packages will be documented to assure reproducibility. 

9.7. Data Analysis  
An overview of the planned analyses is provided below. As the planned analysis is described with 
sufficient details, no separate statistical analysis plan (SAP) will be developed for this study.  
In the following, two approaches have been planned to performing the NMA, (i) contrast-based 
models which perform the synthesis of data on relative treatment effects between study arms, and (ii) 
arm-based models which perform the synthesis of data on absolute effects across study arms. Both 
approaches can be applied to estimate an overall pooled relative effect. There has been much 
discussion in the literature on which approach makes more efficient use of data,20,21 thus both 
approaches will be implemented to identify any sensitivity in the results, especially in the context of 
incorporating single-arm studies into the synthesis. 
9.7.1. 9.7.1 Primary Analysis 
The following models assume a binomial likelihood for the number of responders, 𝑟𝑟𝑖𝑖𝑖𝑖, on treatment 
k in study i, 

𝑟𝑟𝑖𝑖𝑖𝑖~𝐵𝐵𝐵𝐵𝐵𝐵�𝑝𝑝𝑖𝑖𝑖𝑖,𝑛𝑛𝑖𝑖𝑖𝑖� 
with number of participants, 𝑛𝑛𝑖𝑖𝑖𝑖, and response probability 𝑝𝑝𝑖𝑖𝑖𝑖. 
 
The pooled relative treatment effects will be estimated on the odds ratio (OR) scale. 
9.7.1.1. Comparative Studies Only 
The following models will be used for comparative studies. 

• Model 1: the standard contrast-based NMA22,23 
𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙(𝑝𝑝𝑖𝑖𝑖𝑖) = 𝜇𝜇𝑖𝑖 + 𝛿𝛿𝑖𝑖,𝑏𝑏𝑏𝑏𝐼𝐼𝑘𝑘≠𝑏𝑏 

𝛿𝛿𝑖𝑖,𝑏𝑏𝑏𝑏~𝑁𝑁(𝑑𝑑𝑏𝑏𝑏𝑏,𝜎𝜎2) 
𝑑𝑑𝑏𝑏𝑏𝑏 =  𝑑𝑑1𝑘𝑘 − 𝑑𝑑1𝑏𝑏 
𝑑𝑑1𝑘𝑘~𝑁𝑁(0, 1002) 

𝜎𝜎~𝑈𝑈(0,2) 
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𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙(. ) – link function to perform synthesis on the log OR scale 
𝜇𝜇𝑖𝑖 – response on the baseline treatment in study i 
𝛿𝛿𝑖𝑖,𝑏𝑏𝑏𝑏 – log OR comparing treatment k with the baseline treatment in study i 
𝐼𝐼𝑘𝑘≠1 – indicator variable that is equal to 1 if 𝑘𝑘 ≠ 1, and is equal to 0 if 𝑘𝑘 = 1 
𝑑𝑑𝑏𝑏𝑏𝑏 – pooled relative effect comparing treatment k with the baseline treatment 
𝜎𝜎2 – common between-studies heterogeneity parameter across all treatment contrasts 
𝑑𝑑1𝑘𝑘 – pooled relative effect comparing treatment k with the reference treatment 
𝑑𝑑1𝑏𝑏 – pooled relative effect comparing the baseline treatment with the reference treatment 
 
A random-effects model will be implemented as a base case (due to expectation of between-
studies heterogeneity). A fixed-effects (i.e., 𝜎𝜎2 = 0) model will be implemented as a sensitivity 
analysis. The fit of both models will be reported in terms of the deviance information criterion 
(DIC), and residual deviance, values. 

 
• Model 2: Model 1 + covariate adjustment on baseline response24 

𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙(𝑝𝑝𝑖𝑖𝑖𝑖) = 𝜇𝜇𝑖𝑖 + � 𝛼𝛼𝑖𝑖𝑚𝑚. 𝑥𝑥𝑖𝑖𝑖𝑖𝑚𝑚
𝑀𝑀

𝑚𝑚=1

+ 𝛿𝛿𝑖𝑖,𝑏𝑏𝑏𝑏𝐼𝐼𝑘𝑘≠𝑏𝑏 

𝛼𝛼𝑖𝑖𝑚𝑚~𝑁𝑁(𝑎𝑎𝑚𝑚,𝜎𝜎𝑎𝑎2) 
𝑎𝑎𝑚𝑚~𝑁𝑁(0, 1002) 
𝜎𝜎𝑎𝑎2~𝑈𝑈(0,2) 

𝑥𝑥𝑖𝑖𝑖𝑖𝑚𝑚 – mean value of covariate m, in treatment arm k of study i 
𝛼𝛼𝑖𝑖𝑚𝑚 – association between the baseline response and the mean value of covariate m  
 
• Model 3: Model 2 + covariate adjustment on treatment effects24 

𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙(𝑝𝑝𝑖𝑖𝑖𝑖) = 𝜇𝜇𝑖𝑖 + � 𝛼𝛼𝑖𝑖𝑚𝑚. 𝑥𝑥𝑖𝑖𝑖𝑖𝑚𝑚
𝑀𝑀

𝑚𝑚=1

+ (𝛿𝛿𝑖𝑖,𝑏𝑏𝑏𝑏 +  � 𝛽𝛽𝑖𝑖,𝑏𝑏𝑏𝑏𝑚𝑚 . 𝑥𝑥𝑖𝑖𝑖𝑖𝑚𝑚
𝑀𝑀

𝑚𝑚=1

)𝐼𝐼𝑘𝑘≠𝑏𝑏 

𝛽𝛽𝑖𝑖,𝑏𝑏𝑏𝑏𝑚𝑚 ~𝑁𝑁(𝐵𝐵𝑏𝑏𝑏𝑏𝑚𝑚 ,𝜎𝜎𝐵𝐵2) 
𝐵𝐵𝑏𝑏𝑏𝑏𝑚𝑚 =  𝐵𝐵1𝑘𝑘𝑚𝑚 − 𝐵𝐵1𝑏𝑏𝑚𝑚  
𝐵𝐵1𝑘𝑘𝑚𝑚~𝑁𝑁(0, 1002) 

 
𝛽𝛽𝑖𝑖,𝑏𝑏𝑏𝑏𝑚𝑚  – treatment-covariate interaction, quantifying the association between covariate m and the 
relative effect comparing treatment k with the baseline treatment in study i 
 
A fixed covariate effects model (i.e., setting 𝜎𝜎𝐵𝐵2 = 0) will also be implemented as a sensitivity 
analysis. 

9.7.1.2. Comparative and single-arm studies 
Base case 
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• Matching of single-arm studies using similarity measure25 

∆𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡[𝑖𝑖1, 𝑖𝑖2] =
∑ 𝑤𝑤𝑚𝑚∆𝑚𝑚[𝑖𝑖1, 𝑖𝑖2]𝑀𝑀
𝑚𝑚=1

∑ 𝑤𝑤𝑚𝑚𝑀𝑀
𝑚𝑚=1

 

 
∆𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡[𝑖𝑖1, 𝑖𝑖2] – the total distance between single-arm studies 𝑖𝑖1 and 𝑖𝑖2 in terms of mean covariate 
values (i.e., baseline characteristics) 
𝑤𝑤𝑚𝑚 – the weight associated with covariate m 

 

∆𝑚𝑚[𝑖𝑖1, 𝑖𝑖2] – the difference between single-arm studies 𝑖𝑖1 and 𝑖𝑖2 in covariate m 
𝑀𝑀 – total number of covariates 

• Models 1, 2, and 3 

Sensitivity analysis 

• Model 4: Arm-based NMA26,27 
𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙(𝑝𝑝𝑖𝑖𝑖𝑖) = 𝜇𝜇𝑘𝑘 + 𝑣𝑣𝑖𝑖𝑖𝑖 

(𝑣𝑣𝑖𝑖1, 𝑣𝑣𝑖𝑖2, … , 𝑣𝑣𝑖𝑖𝑖𝑖)𝑇𝑇~𝑀𝑀𝑀𝑀𝑀𝑀(𝟎𝟎,𝚺𝚺𝐾𝐾) 

𝐸𝐸(𝑝𝑝𝑘𝑘) ≈ 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 �𝜇𝜇𝑘𝑘/�1 + 𝐶𝐶2𝜎𝜎𝑘𝑘2� 

𝐶𝐶 = 16√3/(15𝜋𝜋) 

𝑂𝑂𝑂𝑂𝑘𝑘𝑘𝑘 =
𝑝𝑝𝑘𝑘/(1 − 𝑝𝑝𝑘𝑘)
𝑝𝑝𝑙𝑙/(1 − 𝑝𝑝𝑙𝑙)

 

 
𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙(. ) – link function to perform synthesis on log odds scale 
𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒(. ) – back transformation from the log odds scale to the probability scale 
𝜇𝜇𝑘𝑘 – mean absolute effect on treatment k 
𝑣𝑣𝑖𝑖𝑖𝑖 – random effect for treatment k in study i 
(𝑣𝑣𝑖𝑖1, 𝑣𝑣𝑖𝑖2, … , 𝑣𝑣𝑖𝑖𝑖𝑖)𝑇𝑇 – vector of random effects for treatments in study i 
𝚺𝚺𝐾𝐾 – variance-covariance matrix quantifying between-studies heterogeneity, and within-study 
correlation, for all K treatments 
𝑝𝑝𝑘𝑘 – population-averaged absolute probability of an event on treatment k 
𝜎𝜎𝑘𝑘2 – kth diagonal element of Σ𝐾𝐾, representing between-studies heterogeneity associated with 
treatment k 
𝑂𝑂𝑂𝑂𝑘𝑘𝑘𝑘 – odds ratio comparing treatments k and l 
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• Model 5: Model 4 + covariate adjustment28 

𝑔𝑔(𝑝𝑝𝑖𝑖𝑖𝑖) = 𝜇𝜇𝑘𝑘 + 𝑣𝑣𝑖𝑖𝑖𝑖 + � 𝛽𝛽𝑖𝑖𝑖𝑖𝑚𝑚. 𝑥𝑥𝑖𝑖𝑖𝑖𝑚𝑚
𝑀𝑀

𝑚𝑚=1

 

(𝛽𝛽𝑖𝑖1𝑚𝑚, … ,𝛽𝛽𝑖𝑖𝑖𝑖𝑚𝑚)𝑇𝑇~𝑁𝑁(𝑩𝑩𝒎𝒎,𝚺𝚺𝑥𝑥) 

𝛽𝛽𝑖𝑖𝑖𝑖𝑚𝑚 – interaction between the absolute treatment effect and the covariate m 
𝑥𝑥𝑖𝑖𝑖𝑖𝑚𝑚 – mean value for covariate m, on treatment k in study i 
𝑩𝑩𝒎𝒎 = (𝐵𝐵1𝑚𝑚, … ,𝐵𝐵𝐾𝐾𝑚𝑚)𝑇𝑇 – vector of mean interaction effects 
𝚺𝚺𝒙𝒙 – variance-covariance matrix quantifying between-studies heterogeneity, and correlation, across 
interaction effects 
 
9.7.1.3. Comparative and single-arm studies with weighting 
In the following analysis, a contrast-based NMA is performed as a base case (Model 7), whilst an 
arm-based approach is implemented as a sensitivity analysis (Model 7). The models will be fit to the 
full data set consisting of comparative studies and matched single-arm studies (i.e., after applying 
the study matching approach described in 9.7.1.2). 

Base case 

• Model 6: Model 3 + power prior29 
𝐿𝐿𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆(𝑝𝑝𝑖𝑖𝑖𝑖) = �𝑝𝑝𝑖𝑖𝑖𝑖

𝑟𝑟𝑖𝑖𝑖𝑖(1 − 𝑝𝑝𝑖𝑖𝑖𝑖)𝑛𝑛𝑖𝑖𝑖𝑖−𝑟𝑟𝑖𝑖𝑖𝑖�𝛾𝛾 
 
𝐿𝐿𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆(𝑝𝑝𝑖𝑖𝑖𝑖) – the likelihood (data) corresponding to matched single-arm studies 
𝛾𝛾 – power parameter, taking values between 0 and 1 
 
The power parameter values will be varied in increments of 0.2 between 0 and 1 to illustrate the 
change in results as the data from the single-arm studies are down-weighted relative to the 
comparative studies, where 0.2 represents a large down-weighting and 1 gives no down-
weighting (both sets of evidence contribute equally to the overall pooled estimates). 

Sensitivity analysis 

• Model 7: Model 5 + power prior28 
𝐿𝐿𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆(𝑝𝑝𝑖𝑖𝑖𝑖) = �𝑝𝑝𝑖𝑖𝑖𝑖

𝑟𝑟𝑖𝑖𝑖𝑖(1 − 𝑝𝑝𝑖𝑖𝑖𝑖)𝑛𝑛𝑖𝑖𝑖𝑖−𝑟𝑟𝑖𝑖𝑖𝑖�𝛾𝛾 
 

9.7.1.3.1. Assessment of model fit 
Within each data set (i.e., comparative studies only, comparative and single-arm studies, and 
comparative and single-arm studies with weighting), models will be compared based on the residual 
deviance and DIC values. Smaller DIC values suggest better model fit, with a difference in DIC of 
two, or more, units considered meaningful.30 
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NMA results will be reported as basic parameters (i.e., quantifying the effect of each comparator 
therapy versus one another), on the OR scale, in terms of mean and 95% credible interval (CrI) 
estimates. A forest plot will be used to illustrate the treatment effect estimates (mean and 95% CrIs) 
of tofacitinib vs. comparator therapies. Treatment rankings will also be reported based on the 
probability of each therapy being the most effective treatment. 

9.7.2. 9.7.2 Secondary analysis 
The IRs will be estimated for each of the safety events as described above. A meta-analysis will be 
performed to pool IR estimates (calculated using data on the numbers of events and person-years per 
study) across studies for each outcome, in terms of mean and 95% CI estimates for each therapy. 
This meta-analysis will be implemented using the metarate function in the meta R package.31  

The likelihood model22 assumes data are available on the number of events, 𝑟𝑟𝑖𝑖𝑖𝑖, in arm k of study i 
during the follow-up period, and on the exposure time in person-months at risk, 𝐸𝐸𝑖𝑖𝑖𝑖. Then, the 
number of events is assumed to follow a Poisson distribution, 

𝑟𝑟𝑖𝑖𝑖𝑖~𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃(𝜆𝜆𝑖𝑖𝑖𝑖𝐸𝐸𝑖𝑖𝑖𝑖) 
where 𝜆𝜆𝑖𝑖𝑖𝑖 represents the rate at which events occur in arm k of study i. 

The synthesis model22 is then given by, 

𝑙𝑙𝑙𝑙𝑙𝑙(𝜆𝜆𝑖𝑖𝑖𝑖) = 𝜇𝜇𝑖𝑖 + 𝛿𝛿𝑖𝑖,𝑏𝑏𝑏𝑏𝐼𝐼𝑘𝑘≠𝑏𝑏 
𝛿𝛿𝑖𝑖,𝑏𝑏𝑏𝑏~𝑁𝑁(𝑑𝑑𝑏𝑏𝑏𝑏,𝜎𝜎2) 
𝑑𝑑𝑏𝑏𝑏𝑏 =  𝑑𝑑1𝑘𝑘 − 𝑑𝑑1𝑏𝑏 
𝑑𝑑1𝑘𝑘~𝑁𝑁(0, 1002) 

𝜎𝜎~𝑈𝑈(0,2) 
 

9.7.3. 9.7.3 Software implementation 
All models will be implemented under a Bayesian framework, using Markov chain Monte Carlo 
(MCMC) simulation to estimate posterior distributions for model parameters. Each implementation 
will consist of three MCMC chains, for which the effective sample size and 𝑅𝑅� statistics will be used 
to assess non-convergence, and posterior estimates will be checked for sensitivity to initial values. 
Contrast-based models (Models 1-3, 6) will be fit using the R2OpenBUGS package in the R 
software.32 The arm-based models (Models 4-5, 7) will be fit using the pcnetmeta package in the R 
software.26 

9.8. Quality Control 
Analyses are programmed according to the specifications in the protocol, and if applicable, the SAP, 
and documented in a programming plan. Final deliverables will be reviewed and verified by a 
second, independent programmer who may also perform double programming. All quality checks 
will be documented in the programming plan. 
9.8.1. 9.8.1 Methods to Address Missing Data 
The missing values in the covariates listed above will be accounted for by multiple imputation using 
predictive mean matching, implemented via the mice package33 in the R software. 
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9.9. Limitations of the Research Methods 
The potential confounding caused by single-arm studies in the traditional arm-based method could 
be one of the limitations of the present analysis. However, the current analysis plan appears to have 
already incorporated measures to overcome this, such as the use of covariate adjustment and power 
priors from single-arm studies. Nevertheless, there is the possibility of residual bias due to 
unmeasured confounders. 
 
In terms of data, certain outcomes might have a relatively small number of studies, while other 
outcomes might have more studies. In the former case, the parameter estimation might be unstable. 
A potential plan is to use multivariate models to jointly analyze multiple outcomes (in addition to the 
joint analysis of multiple treatments). Of note, the data are available as aggregate study-level data 
(not individual participant data) which are not necessarily free of bias despite the covariate 
adjustment. In addition, publication bias might be another problem; the comparison-adjusted funnel 
plots to be used to assess publication bias and validate the results. 
 
Regarding the analytic methods, a potential problem is the lack of convergence of the MCMC 
algorithm for the Bayesian analyses. This is likely associated with limited data, improper initial 
values for the MCMC, and inappropriate prior distributions. However, this problem can be overcome 
by using initial values that are clinically sensible and various choices of priors, including informative 
priors based on external data. 
9.10. Other Aspects 
Not applicable. 
10. PROTECTION OF HUMAN PARTICIPANTS 
10.1. Patient Information  
This study involves data that exist in deidentified/anonymized structured format and contain no 
patient personal information. 
10.2. Patient Consent 
As this study involves deidentified/anonymized structured data, which according to applicable legal 
requirements do not contain data subject to privacy laws, obtaining informed consent from patients 
by Pfizer is not required. 
10.3. Institutional Review Board (IRB)/ Ethics Committee (EC) 
As this study involves only the use of de-identified data, and is conducted internal to Pfizer, no 
IRB/IEC approval is necessary. 

10.4. Ethical Conduct of the Study 
The study will be conducted in accordance with legal and regulatory requirements, as well as with 
scientific purpose, value and rigor and follow generally accepted research practices described in 
Guidelines for Good Pharmacoepidemiology Practices (GPP) issued by the International Society for 
Pharmacoepidemiology (ISPE),34 European Medicines Agency (EMA) European Network of 
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Centres for Pharmacoepidemiology and Pharmacovigilance (ENCePP) Guide on Methodological 
Standards in Pharmacoepidemiology.35 

11. MANAGEMENT AND REPORTING OF ADVERSE EVENTS/ADVERSE REACTIONS  
This study involves data that exist as structured data by the time of study start. 

In these data sources, individual patient data are not retrieved or validated, and it is not possible to 
link (i.e., identify a potential association between) a particular product and medical event for any 
individual. Thus, the minimum criteria for reporting an adverse event (i.e., identifiable patient, 
identifiable reporter, a suspect product, and event) cannot be met. 
12. PLANS FOR DISSEMINATING AND COMMUNICATING STUDY RESULTS 
One or more abstracts may be developed and submitted to relevant scientific conference(s) and one 
manuscript will be developed and submitted to relevant peer-reviewed medical journals. Authorship 
will follow the guidelines proposed by the International Committee of Medical Journal Editors 
(ICMJE; www.icmje.org). All authors should meet the criteria for authorship, and all people who 
meet the criteria should be authors. Any potential conflicts of interest will be disclosed.  

In the event of any prohibition or restriction imposed (e.g., clinical hold) by an applicable competent 
authority in any area of the world, or if the party responsible for collecting data from the participant 
is aware of any new information which might influence the evaluation of the benefits and risks of a 
Pfizer product, Pfizer should be informed immediately. 
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