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Abstract

BACKGROUND & AIMS: We aimed to compare safety and effectiveness of vedolizumab to 

tumor necrosis factor (TNF)-antagonist therapy in ulcerative colitis in routine practice.

METHODS: A multicenter, retrospective, observational cohort study (May 2014 to December 

2017) of ulcerative colitis patients were treated with vedolizumab or TNF-antagonist therapy. 

Propensity score weighted comparisons for development of serious adverse events and 

achievement of clinical remission, steroid-free clinical remission, and steroid-free deep remission. 

A priori determined subgroup comparisons in TNF-antagonist–naïve and –exposed patients, and 

for vedolizumab against infliximab and subcutaneous TNF-antagonists separately.

RESULTS: A total of 722 (454 vedolizumab, 268 TNF antagonist) patients were included. 

Vedolizumab- treated patients were more likely to achieve clinical remission (hazard ratio [HR], 

1.651; 95% confidence interval [CI], 1.229–2.217), steroid-free clinical remission (HR, 1.828; 

95% CI, 1.135–2.944), and steroid-free deep remission (HR, 2.819; 95% CI, 1.496–5.310) than 

those treated with TNF antagonists. Results were consistent across subgroup analyses in TNF-

antagonist–naïve and –exposed patients, and for vedolizumab vs infliximab and vs subcutaneous 

TNF-antagonist agents separately. Overall, there were no statistically significant differences in 

the risk of serious adverse events (HR, 0.899; 95% CI, 0.502–1.612) or serious infections (HR, 

1.235; 95% CI, 0.608–2.511) between vedolizumab-treated and TNF antagonist–treated patients. 

However, in TNF-antagonist–naïve patients, vedolizumab was less likely to be associated with 

serious adverse events than TNF antagonists (HR, 0.192; 95% CI, 0.049–0.754).

CONCLUSIONS: Treatment of ulcerative colitis with vedolizumab is associated with higher 

rates of remission than treatment with TNF-antagonist therapy in routine practice, and lower rates 

of serious adverse events in TNF-antagonist–naïve patients.
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Treatment with biologic therapy in ulcerative colitis (UC) has been shown to result in 

disease remission and to prevent hospitalization and progression to colectomy.1 Current 

guidelines allow for a choice between vedolizumab or tumor necrosis factor (TNF) 

antagonist therapy.2–5 A recent phase 3 clinical trial demonstrated that vedolizumab is 

superior to adalimumab for achievement of clinical and endoscopic remission in UC.6 The 

superiority of vedolizumab was predominately seen in patients naive to TNF antagonist 

therapy. Although informative in helping to understand the relative positioning of these 

biologics, nearly 75% of UC patients seen in routine practice do not qualify for these phase 

3 trial programs.7 Direct routine practice comparative studies are needed to fully inform 

treatment decisions.

We studied the comparative safety and effectiveness of vedolizumab and TNF antagonist 

therapy in adult patients with UC by using a multicenter propensity score weighted cohort 

study. We used patient-level data from medical records and compared the relative risk for 

developing serious infections or serious adverse events and the relative effectiveness of each 

therapy for achieving disease remission.

Methods

We performed a Hypothesis Evaluating Treatment Effectiveness study to understand the 

optimal biologic treatment for UC, with the a priori hypothesis that vedolizumab is 

associated with a lower risk of serious infections than TNF antagonist therapy in UC, and 

that vedolizumab is superior to TNF antagonist therapy for achieving clinical remission in 

UC8–12 (Supplementary Methods). All authors had access to the study data and reviewed 

and approved the final manuscript.

Protocol and Reporting

We followed Good ReseArch for Comparative Effectiveness (GRACE) principles and good 

practice recommendations from the joint International Society for Pharmacoeconomics and 

Outcomes Research and the International Society for Pharmacoepidemiology for real-world 

data comparative effectiveness studies.13,14 The study protocol was posted to the Health 

Services Research Projects in Progress website (https://wwwcf.nlm.nih.gov/hsr_project/

home_proj.cfm), and the results are reported in accordance with the Strengthening the 

Reporting of Observational Studies in Epidemiology guidelines for cohort studies and 

reporting guidelines for propensity score analyses.15,16

Ethical Approval Statement

Institutional Review Board approval was obtained from each site for ongoing data collection 

and transfer.
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Study Design and Data Source

This study presents a retrospective review of a North American–based consortium 

registry.17,18 In brief, this is a multicenter collaborative research group that pools outcomes 

for consecutive UC patients treated with biologics. The current analysis represents data 

collected between May 2014 and December 2017.

Participants

Consecutive patients from the consortium registry were included in the current analysis if 

they had (1) a confirmed diagnosis of UC based on clinical, endoscopic, and/or histologic 

data; (2) active clinical symptoms attributed to UC before biologic therapy; and (3) at least 

one clinical or endoscopic follow-up after biologic initiation, irrespective of response status 

after induction. No predefined period of follow-up or treatment was required for inclusion. 

Data on variables of interest collected are reported in Supplementary Methods.

Outcomes

The comparative safety outcomes were time to serious adverse events and serious infections. 

The comparative effectiveness outcomes were time to clinical remission, steroid-free 

clinical remission, deep remission (achieving both clinical and endoscopic remission), and 

steroid-free deep remission (achieving both steroid-free clinical remission and endoscopic 

remission) (Supplementary Methods19–25).

Statistical Analyses

Because of the nonrandomized nature of this study, inverse probability weighting (IPW) 

with propensity score was used to estimate the average treatment effect (ATE) of 

vedolizumab vs TNF antagonists in our study population.26–28 The Cox proportional cause-

specific hazards model was used, with time to surgery treated as a competing risk.28–30 

Time-to-event analyses were chosen because of routine practice variability in follow-up 

timing recommendations and access for assessment of response and known variation in 

time to response across key subgroups (ie, TNF antagonist exposed). Sensitivity analyses 

were performed by using optimal full match to assess for consistency in estimates across 

methodologies.27,31–33

Propensity score model.—Propensity scores were calculated by using R package 

“twang,” a toolkit for weighting and analysis of nonequivalent groups,34 which estimates 

propensity score by using boosted regression as the predicted probability of starting 

treatment with vedolizumab vs TNF antagonist therapy conditional on the measured 

baseline variables thought to be confounders or predictors for the outcome of interest. 

Investigators used a combination of prior published literature, clinical experience, and data 

availability within the current dataset to generate a list of potential prognostic variables for 

consideration. An investigator-driven approach for confounding evaluation was chosen on 

the basis of causal knowledge.35 In addition, care was taken not to include those variables 

that were strongly correlated with exposure but only weakly correlated with outcome.36–38

Stabilized weights were obtained and further trimmed to be within (0.1, 10), if necessary, 

before they were used for IPW approaches.15 Adequacy of the propensity score model 
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was examined by plotting propensity score distributions in the vedolizumab vs TNF 

antagonist groups and by the standardized mean difference of each covariate before and 

after weighting. The propensity score model was fit separately for all comparisons of 

effectiveness and safety between vedolizumab and TNF antagonists and for subgroup 

analyses39,40 (Supplementary Methods).

Subgroup Analyses

A priori subgroup analyses were specified for the comparison of vedolizumab with 

TNF antagonist therapy in TNF antagonist–naive and TNF antagonist–exposed patients 

and for vedolizumab vs infliximab and vedolizumab vs subcutaneous TNF antagonists 

(adalimumab or golimumab) separately. Subgroup comparisons in TNF antagonist–naive 

and TNF antagonist–exposed groups were performed because of prior evidence supporting 

an increased risk of serious infections and reduction in effectiveness with vedolizumab 

in TNF antagonist–exposed individuals.17,41,42 Subgroup comparisons to infliximab and 

subcutaneous TNF antagonists were conducted separately to assess for the potential 

influence of medical (vedolizumab or infliximab) or pharmacy (subcutaneous TNF 

antagonists) benefits and market access as a determinant of treatment choice and 

comparative estimates.43

Results

Baseline Demographics

A total of 722 UC patients with a median follow-up of 333 days (interquartile range, 167–

494 days) were included (Table 1, Supplementary Results, Supplementary Tables 1–3). The 

variables for TNF antagonist exposure and number of prior TNF antagonists used were 

the most imbalanced in distribution between the vedolizumab and TNF antagonist cohorts 

at baseline. After weighting, distributions of variables were well-balanced as assessed by 

standardized mean difference, with the exception of number of prior TNF antagonists 

(Figure 1). None of the observations were trimmed to avoid extreme weights.

Safety Events

A total of 21 vedolizumab-treated and 27 TNF antagonist–treated patients developed 

serious infections (Supplementary Table 4). The most common serious infections were 

Clostridium difficile (n = 7 vedolizumab, n = 12 TNF antagonist), respiratory infections 

(n = 6 vedolizumab, n = 4 TNF antagonist), and shingles (n = 0 vedolizumab, n = 5 

TNF antagonist). A total of 5 vedolizumab-treated patients and 19 TNF antagonist–treated 

patients developed noninfectious serious adverse events. For vedolizumab-treated patients, 

these serious adverse events were severe joint pain requiring therapy discontinuation (n 

= 3), squamous cell cancer of the hand (n = 1), and colon cancer (n = 1). For TNF 

antagonist–treated patients, these serious adverse events included severe infusion reactions 

(n = 9), drug-induced lupus (n = 4), drug-induced psoriasis (n = 2), severe liver enzyme 

abnormalities (n = 1), lung cancer (n = 1), head and neck cancer (n = 1), and metastatic 

adenocarcinoma of unknown primary source (n = 1).
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Comparative Safety

In the overall cohort, there were no statistically significant differences in the risk of serious 

adverse events (hazard ratio [HR], 0.899; 95% confidence interval [CI], 0.502–1.612) or 

serious infections (HR, 1.235; 95% CI, 0.608–2.511) between vedolizumab-treated and TNF 

antagonist treated patients (Figure 2). Among TNF antagonist–naive patients, treatment 

with vedolizumab was associated with a significantly lower risk for serious adverse events 

(HR, 0.192; 95% CI, 0.049–0.754), with nonsignificant trends toward lower risk for serious 

infection (HR, 0.320; 95% CI, 0.078–1.322) (Figure 2). Among TNF antagonist–exposed 

patients, treatment with vedolizumab was associated with a nonsignificant increased risk for 

serious adverse events (HR, 2.495; 95% CI, 0.988–6.301) and a significant increased risk for 

serious infections (HR, 4.295; 95% CI, 1.091–16.897). Subgroup analyses confirmed these 

trends (Supplementary Tables 4 and 5).

Comparative Effectiveness

Clinical remission.—Patients treated with vedolizumab were more likely to achieve 

clinical remission than those treated with TNF antagonist therapy (HR, 1.651; 95% CI, 

1.229–2.217). The comparative effectiveness for clinical remission was comparable in TNF 

antagonist–naive (HR, 1.676; 95% CI, 1.157–2.428) and TNF antagonist–exposed (HR, 

1.689; 95% CI, 1.507–2.700) groups separately (Figure 3). Subgroup analyses confirmed 

vedolizumab to be associated with a higher probability for achieving clinical remission than 

infliximab (HR, 1.810; 95% CI, 1.225–2.675) and subcutaneous TNF antagonist agents (HR, 

1.693; 95% CI, 1.091–2.627) separately (Supplementary Tables 4 and 5).

Deep remission.—Patients treated with vedolizumab were more likely to achieve deep 

remission than those treated with TNF antagonist therapy (HR, 1.653; 95% CI, 0.978–2.794; 

P = .06); however, this did not reach statistical significance using IPW ATE. Using optimal 

full match, this comparison reached significance in favor of vedolizumab (HR, 1.878; 95% 

CI, 1.082–3.259). Using optimal full match, the comparison of vedolizumab to infliximab 

(HR, 3.576) and subcutaneous TNF antagonist agents (HR, 2.127) reached significance, 

as well as the comparison of vedolizumab to TNF antagonist therapy in TNF antagonist–

naive patients (HR, 5.244; 95% CI, 1.186–23.193). The comparison of vedolizumab to 

TNF antagonist therapy in TNF antagonist–exposed patients was not significant across both 

propensity score matching approaches (Figure 3, Supplementary Tables 4 and 5).

Steroid-free clinical remission and corticosteroid-free deep remission.—
Patients treated with vedolizumab were more likely to achieve steroid-free clinical 

remission (HR, 1.828; 95% CI, 1.135–2.944) and steroid-free deep remission (HR, 2.819; 

95% CI, 1.496–5.310) than those treated with TNF antagonist therapy. Point estimates 

were comparable across propensity score approaches and subgroups; however, statistical 

significance was not reached in all subgroup analyses (Figure 4, Supplementary Tables 4 and 

5).
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Discussion

In this routine practice, propensity score weighted, multicenter cohort study of 722 patients 

with UC, we observed that treatment with vedolizumab was associated with significantly 

lower rates of serious adverse events and significantly higher rates of disease remission 

in TNF antagonist–naive UC patients. Among TNF antagonist–exposed patients, although 

vedolizumab was associated with significantly higher rates of disease remission, it was also 

associated with significantly higher rates of serious infections. Together, these data suggest 

that the optimal positioning of vedolizumab in UC is as first-line therapy before exposure to 

TNF antagonist therapy.12

Confidence in the comparative effectiveness observation can be taken from the fact that 

point estimates were consistent across propensity score methodologies and subgroups, and 

our comparative effectiveness estimates for achieving clinical remission (HR, 1.651; 95% 

CI, 1.229–2.217) are comparable to results from a head-to-head phase 3 clinical trial 

of vedolizumab vs adalimumab (odds ratio, 1.568; 95% CI, 1.137–2.164; the VARSITY 

study; NCT02497469).6 Our study extends findings from the phase 3 trial by creating 

generalizability to routine practice for patients often not eligible for phase 3 programs and 

through the observed superiority in safety depending on positioning. In addition, our study 

analyzed the comparative safety and efficacy of vedolizumab to both subcutaneous and 

intravenous TNF antagonists, a subgroup not assessed in the VARSITY study.

On the basis of our comparative safety assessment, vedolizumab-treated UC patients with 

no prior TNF antagonist exposure had a nearly 80% reduction in any serious adverse events 

and a nearly 68% reduction in risk for serious infections relative to TNF antagonist–treated 

UC patients. The GEMINI clinical trial programs had previously demonstrated that TNF 

antagonist exposure was a risk factor for development of serious infections in vedolizumab-

treated UC patients41; however, the comparative safety to TNF antagonist therapy in these 

patients had not been addressed and is now addressed in the current study. We observed 

that the comparative safety of vedolizumab to TNF antagonist therapy was substantially 

impacted by prior TNF antagonist exposure. The exact reasons for this observation are 

unknown and may be related to differences in concomitant steroid utilization, patient 

characteristics, or differences in rapidity of effectiveness of vedolizumab in TNF antagonist–

naive vs –exposed patients. The consistency in observation that prior TNF antagonist 

exposure impacts the safety of vedolizumab in both the clinical trial long-term safety studies 

and this routine practice comparative effectiveness study warrants further consideration and 

evaluation for mechanisms driving this observation.

Although our study has several strengths, including the routine practice multicenter nature 

of data extraction and the utilization of propensity score methods with consistency 

in estimates across propensity score approaches, it also has important limitations. The 

retrospective observational academic center–based nature of data review may impact 

confidence in comparative estimates or generalizability to routine community practice. 

However, it is reassuring that our point estimates for comparative effectiveness using 

measured confounders are comparable to those achieved in a phase 3 clinical trial program 

that balanced measured and unmeasured confounders through randomization.6 This would 
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therefore suggest that residual confounding for unmeasured variables is unlikely to have 

been a substantial factor in our cohort study. Although we were able to account for several 

measures of disease severity at baseline, we were not able to account for comorbidities 

that may have influenced choice of therapy or risk of adverse event, and we could not 

adequately account for practice variations when managing patients after biologic initiation, 

particularly with regard to steroid tapering protocols or disease monitoring approaches. This 

is an inherent limitation of such observational cohort studies where protocolized treatment 

and observation are not performed, but it also represents a strength by allowing for natural 

routine practice variation when comparing agents to create more generalizable estimates 

of comparative effectiveness and safety. It is also worth noting that the phase 3 trial of 

vedolizumab vs adalimumab similarly had no predefined steroid tapering protocol. We did 

not have detailed information on histology to allow for an assessment of the comparative 

effectiveness for evolving definitions of mucosal healing that incorporate both endoscopic 

and histologic remission. There were also patients with missing data for certain variables 

and a differential attrition rate for the assessment of endoscopic remission. Although we 

limited the cohort to those with documented moderate-severe endoscopic inflammation 

within 4 weeks of treatment initiation, which is in line with clinical trial recruitment 

criteria, this limited our ability to confidently estimate the comparative effectiveness for 

this important outcome. Finally, the low event rate and wide CIs for the safety comparisons, 

particularly among subgroups, limit the confidence in these comparisons. These subgroup 

analyses should therefore be considered exploratory in nature, and further population-based 

comparisons are likely needed.

In conclusion, using a well-phenotyped routine clinical practice multicenter cohort of more 

than 700 UC patients treated with biologics, we observed that treatment with vedolizumab 

was associated with lower adverse events and higher disease remission rates relative to 

TNF antagonist therapy in TNF antagonist–naive patients. It is currently estimated that 20% 

of the U.S. population requires at least one prior biologic failure before treatment with 

vedolizumab for the indication of UC, whereas infliximab and adalimumab are available for 

nearly 100% of the population without any prior biologic exposure.43 Data generated from 

this routine clinical practice comparative study may help to bridge gaps in understanding the 

appropriate positioning of biologic therapies in UC. Although cost-effectiveness will need 

to be assessed, particularly considering the emerging availability of biosimilars in the U.S. 

market, our work could be of substantial value for informing policy decisions to ensure 

equal access to safe and effective therapies for all patients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Standardized mean difference and distribution of propensity scores. Standardized mean 

difference before (red) and after (blue) weighting for (A) serious infections, serious adverse 

events, clinical remission, and deep remission; (B) deep remission limited to subset with 

moderate-severe endoscopic inflammation at baseline; and (C) steroid-free clinical remission 

and steroid-free deep remission. Distribution of propensity scores between cohorts for 

(D) serious infections, serious adverse events, clinical remission, and deep remission; (E) 

steroid-free clinical remission and steroid-free deep remission. Anti-TNF, tumor necrosis 

factor antagonist; ATE, average treatment effect; IM, immunomodulatory; SAE, serious 

adverse event.
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Figure 2. 
Comparative safety of vedolizumab to TNF antagonist therapy in UC. (A) Comparative 

safety of vedolizumab to TNF antagonist therapy for serious adverse events. (B) 

Comparative safety of vedolizumab to TNF antagonist therapy for serious infections. CI, 

confidence interval; IPW, inverse probability weighting; TNF antagonist, tumor necrosis 

factor antagonist (infliximab, adalimumab, golimumab). Serious infections or adverse 

events defined as infections or non-infection adverse events requiring antibiotics, antivirals, 

antifungals, discontinuation of therapy, hospitalization, or resulting in death.
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Figure 3. 
Comparative effectiveness of vedolizumab vs TNF antagonist therapy in UC for achieving 

clinical remission and deep remission. (A) Comparative effectiveness of vedolizumab 

vs TNF antagonist therapy for clinical remission. (B) Comparative effectiveness of 

vedolizumab vs TNF antagonist therapy for deep remission (clinical + endoscopic 

remission). CI, confidence interval; IPW, inverse probability weighting; TNF antagonist, 

tumor necrosis factor antagonist (infliximab, adalimumab, golimumab); UC, ulcerative 

colitis. Deep remission was defined as achieving clinical remission (resolution of diarrhea, 

rectal bleeding, and/or urgency) and endoscopic remission (Mayo endoscopic subscore 0 or 

1).
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Figure 4. 
Comparative effectiveness of vedolizumab vs TNF antagonist therapy in UC for 

achieving steroid-free clinical remission and steroid-free deep remission. (A) Comparative 

effectiveness of vedolizumab vs TNF antagonist therapy for steroid-free clinical remission. 

(B) Comparative effectiveness of vedolizumab vs TNF antagonist therapy for steroid-free 

deep remission (steroid-free clinical + endoscopic remission). CI, confidence interval; IPW, 

inverse probability weighting; TNF antagonist, tumor necrosis factor antagonist (infliximab, 

adalimumab, golimumab); UC, ulcerative colitis. Analyses restricted to patients on steroids 

at baseline. Steroid-free deep remission was defined as achieving clinical remission, 

endoscopic remission, tapering off steroids, and no repeat steroid prescription for at least 

4 weeks.
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