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Summary

What is already known about this subject?
 ► In the UK, there are currently five treatment options 
for patients with ulcerative colitis who have an in-
adequate response to conventional therapies: the 
parenteral biological therapies adalimumab, goli-
mumab, infliximab and vedolizumab and an orally 
administered small molecule therapy, tofacitinib. To 
date, there has been no direct comparison of tofaci-
tinib and any biological therapy for ulcerative colitis, 
and there are few head-to-head studies among the 
biological therapies.

What are the new findings?
 ► A network meta-analysis based on a comprehensive 
systematic literature review found that there were 
no statistically significant differences among bio-
logical therapies and tofacitinib, either for patients 
naïve to tumour necrosis factor inhibitor (TNFi) ther-
apy or for TNFi-exposed patients. However, in the 
TNFi-exposed group, only tofacitinib was associated 
with statistically significantly greater efficacy than 
placebo as an induction therapy, and only tofacitinib 
and vedolizumab were significantly more effica-
cious than placebo as maintenance therapies. There 
were no statistically significant differences in the 
incidence of serious infections among therapies.

 ► Cost-effectiveness modelling, from the UK National 
Health Service perspective, found that, compared 
with biological therapies, tofacitinib was likely to be 
the most cost-effective therapy at current National 
Institute for Health and Care Excellence (NICE) will-
ingness-to-pay threshold of £30 000 per quality-ad-
justed life year (QALY). Compared with vedolizumab, 
tofacitinib was associated with a similar number of 
QALYs, at a lower cost.

ABSTRACT
Background and aims In the UK, treatments for patients 
with moderately to severely active ulcerative colitis who 
have an inadequate response to conventional therapies 
comprise four biological therapies—the tumour necrosis 
factor inhibitor (TNFi) agents adalimumab, golimumab 
and infliximab and the anti-integrin vedolizumab—and 
an orally administered small molecule therapy, tofacitinib. 
However, there have been few head-to-head studies of 
these therapies. This study aimed to compare the clinical 
and cost-effectiveness of tofacitinib with biological 
therapies.
Methods A systematic literature review was conducted 
to identify all relevant randomised controlled trial (RCT) 
evidence. Clinical response, clinical remission and 
serious infection rates were synthesised using network 
meta-analysis (NMA). The results were used to compare 
the cost-effectiveness of tofacitinib and biologics with 
conventional therapy, using a Markov model, which 
incorporated lifetime costs and consequences of treatment 
from a UK National Health Service perspective. Analyses 
were conducted separately for TNFi-naïve and TNFi-
exposed populations.
Results Seventeen RCTs were used in the NMAs. There 
were no statistically significant differences among 
biological therapies and tofacitinib for either TNFi-naïve or 
TNFi-exposed patients. In TNFi-naïve patients, all therapies 
were more efficacious than placebo. In TNFi-exposed 
patients, only tofacitinib was significantly more efficacious 
than placebo as induction therapy, and only tofacitinib 
and vedolizumab were significantly more efficacious 
than placebo as maintenance therapies. There were no 
significant differences in serious infection rates among 
therapies. The incremental cost-effectiveness ratios for 
tofacitinib versus conventional therapy were £21 338 and 
£22 816 per quality-adjusted life year (QALY) in the TNFi-
naïve and TNFi-exposed populations, respectively. TNFi 
therapies were dominated or extendedly dominated in 
both populations. Compared with vedolizumab, tofacitinib 
was associated with a similar number of QALYs, at a lower 
cost.
Conclusion Tofacitinib is an efficacious treatment for 
moderately to severely active ulcerative colitis and is likely 
to be a cost-effective use of NHS resources.

IntroductIon
Ulcerative colitis is a lifelong inflammatory 
disorder of the colon characterised by inter-
mittent flares of symptoms (relapses) between 
variable periods of remission. Ulcerative 
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Summary

How might it impact on clinical practice in the foreseeable 
future?

 ► This analysis provides a comparison of biological therapies and to-
facitinib for the treatment of ulcerative colitis, with specific regard 
to TNFi-naïve and TNFi-exposed subgroups and shows that for both 
subgroups tofacitinib is likely to be a cost-effective therapy for the 
treatment of moderately to severely active ulcerative colitis.

colitis may present at any age, but most commonly affects 
adults in the second-to-fourth decades of life,1–3 resulting 
in disability in patients’ most economically productive 
years. The physical symptoms of ulcerative colitis are 
debilitating,3 4 and the disease has a high negative impact 
on patients’ quality of life, social and psychological well-
being and daily functioning.5–8

The primary goals of treatment for ulcerative colitis 
are to induce remission rapidly, maintain remission once 
achieved and prevent complications.3 9 In the UK,10 treat-
ment options for patients with an inadequate response 
to conventional therapies comprise four biological thera-
pies—the tumour necrosis factor inhibitor (TNFi) agents 
adalimumab, golimumab and infliximab4 and the anti-in-
tegrin therapy vedolizumab11—and an orally adminis-
tered small molecule therapy, tofacitinib.12

Tofacitinib has a novel mode of action for the treat-
ment of ulcerative colitis: inhibition of the Janus kinase 
family.13 Acting intracellularly, tofacitinib can modulate 
the response of multiple cytokines implicated in the 
pathogenesis of ulcerative colitis.12 As a small molecule, 
tofacitinib is likely to avoid the immunogenicity seen with 
large proteins such as biological therapies.14 To date, 
however, there has been no direct comparison of tofac-
itinib and any biological therapy for ulcerative colitis. 
The aim of this study is therefore to compare the clinical 
and cost-effectiveness of tofacitinib with licensed biolog-
ical therapies for the treatment of moderately to severely 
active ulcerative colitis from a UK perspective.

Where data exist from randomised controlled trials 
(RCTs) with the same comparators, these can be 
combined using meta-analysis, a statistical procedure that 
integrates the results of several independent studies.15 
Network meta-analysis (NMA) combines both direct 
and indirect evidence allowing for the comparison of 
multiple treatments simultaneously, including those that 
have not been compared in an RCT.16 NMAs are typically 
based on the results of comprehensive systematic liter-
ature reviews, to ensure that all relevant RCT evidence 
is captured. In addition to providing estimates of the 
comparative efficacy of interventions, NMA results often 
inform cost-effectiveness analysis, providing a comparable 
set of efficacy inputs for the comparators of interest.17

Cost-effectiveness analysis is a means of comparing 
interventions in terms of cost per unit of effectiveness.18 
In the UK, effectiveness is usually measured as quality-ad-
justed life years (QALYs).18 19 Interventions with a cost 

per QALY (incremental cost-effectiveness ratio (ICER)) 
of under £30 000 are generally considered acceptable 
value for money to the NHS by the National Institute 
of Health and Care Excellence (NICE) and the Scottish 
Medicines Consortium.18 19

Methods
systematic literature review
A systematic literature review was conducted to identify 
evidence to support the clinical effectiveness and safety 
of tofacitinib and recommended biologics used to treat 
moderately to severely active ulcerative colitis. Preferred 
Reporting Items for Systematic reviews and Meta-Anal-
yses (PRISMA) reporting guidelines were followed 
throughout.20

Information sources and search strategy
Searches of Medline, Embase, the Cochrane Library 
and supplementary sources were initially run on 16 
November 2017 as described in online supplementary file 
and updated on 10 April 2019. Search strings, designed 
to capture all relevant evidence, combined terms related 
to ulcerative colitis, specific therapies and RCTs. Search 
results were screened in a double-blinded manner by two 
reviewers according to prespecified inclusion/exclusion 
criteria (see online supplementary file).

Patient population
Adult patients with moderately to severely active ulcera-
tive colitis, with or without prior exposure to TNFi ther-
apies.

Interventions
Eligible studies were limited to RCTs of adalimumab, 
golimumab, infliximab, tofacitinib, vedolizumab and 
biosimilars of biologics at European Medicines Agency 
licensed doses. Different doses and/or dosing regimens 
were treated as unique comparators.

Comparators
Studies involving any of the above interventions, thiop-
urines, aminosalicylates, corticosteroids or placebo as 
comparators were included.

Outcomes
For RCTs to be included in the NMA, they were required 
to have information for either an induction (6–10 weeks) 
and/or a maintenance (approximately 1 year) time point 
for either efficacy outcomes (clinical response and/or 
clinical remission) or serious infections.

data extraction and critical appraisal
For studies meeting the above criteria, study design 
details, patient demographics, treatment details and 
relevant outcomes were extracted for the overall inten-
tion-to-treat (ITT) population and for TNFi-naïve and 
TNFi-exposed subgroups. The methodological quality of 
included studies was assessed using the NICE concise crit-
ical appraisal checklist (see online supplementary file).21 
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Figure 1 Schematic of cost-effectiveness model. 
*Patients transition to the postsurgery states following 
either emergency or elective colectomy. CC, colectomy 
complications; UC, ulcerative colitis.

The potential risk of bias was determined by assessing 
heterogeneity of treatment and outcome characteristics 
as well as study and patient characteristics.

network meta-analysis (nMA)
Analysis methods
Study results were combined by means of a Bayesian 
NMA.22 Analyses were conducted separately for the TNFi-
naïve and TNFi-exposed networks. NMA methods are 
described in detail in the supplementary file.

All analyses were implemented in WinBUGS (V.1.4),23 24 
using vague, non-informative priors. Clinical response 
and clinical remission (hereafter response and remis-
sion) analyses used a multinomial model with probit link, 
which treats the outcomes as ordered categorical data 
with three mutually exclusive categories: no response, 
response and remission. The serious infection analysis 
used a binomial model with logit link (ie, the serious 
infection outcome was binary, either yes or no, for each 
patient). Results were generated using both fixed and 
random effects models and compared for goodness of fit 
to the data.

NMA sensitivity analyses
Sensitivity analyses were performed to test alternatives to 
the population inclusion criteria and assumptions. First, 
response and remission rates for tofacitinib were based 
on centrally read endoscopic subscores from the OCTAVE 
trials. Second, outcomes were based on the overall ITT 
populations of the included trials. Third, data were used 
only for patients with prior TNFi failure, rather than prior 
TNFi exposure.

cost-effectiveness analysis
Target population and subgroups
Informed by the results of the NMA, an economic evalu-
ation was conducted to compare the cost-effectiveness of 
tofacitinib and biologics with conventional therapy. In line 
with the NMA, and because prior exposure to biologic treat-
ment is likely to be a significant treatment effect modifier, 
the base-case analysis considered TNFi-naïve and TNFi-ex-
posed populations separately. The hypothetical cohort of 
patients was 59% male and had a mean age of 41 years and 
a mean weight of 74 kg.25

Model structure and key features
A Markov model, designed in Excel 2016 (Microsoft, 
Redmond, Washington, USA), was used to compare life-
time costs and consequences of treatment with tofacitinib, 
biologics and conventional therapy. The analysis took a UK 
National Health Service (NHS) perspective and measured 
benefits in terms of QALYs. In accordance with the NICE 
reference case, future costs and benefits were discounted at 
3.5% per annum.18

A schematic diagram illustrating the structure of the 
economic model is shown in figure 1. The model expanded 
on previous economic evaluations26 and updated assump-
tions, where possible, with contemporary UK evidence.

Model structure
The model consisted of nine health states defined by type 
of treatment (biological or tofacitinib; non-biological; 
surgery) and level of disease control (active ulcerative 
colitis, response-without-remission and remission). Patients 
were initially treated with 8 weeks of induction therapy with 
a TNFi (adalimumab, golimumab or infliximab), vedol-
izumab or tofacitinib. Patients who responded to treatment 
were separated into remission and response-without-re-
mission groups, based on outcomes defined in the NMA. 
Patients experiencing neither response nor remission were 
still considered to have moderately to severely active ulcer-
ative colitis.

The distribution of patients between no-response, 
response-without-remission and remission groups at week 
8 was based on the NMA results. Non-responders were 
assumed to remain with active ulcerative colitis and discon-
tinue treatment with their induction therapy, transitioning 
to receive conventional therapy instead. Patients achieving 
response or remission in the induction phase entered 
the maintenance phase of the model and continued to 
receive the same treatment until loss of response, acute 
exacerbation event requiring emergency colectomy or 
death (all-cause mortality was calculated from UK life 
tables27). The maintenance phase NMA results determined 
the proportion of patients achieving remission or losing 
response. Those losing response transitioned to conven-
tional therapy. During conventional therapy, patients who 
did not respond or lost response to conventional therapy 
were assumed to remain in the active ulcerative colitis 
state. A proportion of these patients were assumed to be 
offered elective colectomy. The analysis also considered 
perioperative and long-term complications from emer-
gency and elective colectomy. For simplification, no addi-
tional or alternative treatments were offered; therefore, the 
remaining non-responders continued to receive conven-
tional therapy. The risk of serious infections in the model 
was based on the results of the safety NMA.

Health state utility values were taken from a UK study by 
Woehl et al.28 The HRQoL impact associated with serious 
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Figure 2 PRISMA flow diagram showing included and 
excluded studies. *SLRs were used for bibliography checks 
and then excluded. †UC-SUCCESS compared infliximab 
with azathioprine. This study was included in the safety NMA 
but excluded from the efficacy analysis due to differences 
in outcome definition and time point of evaluation. NMA, 
network meta-analysis; PRISMA, Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses; SLR, systematic 
literature review.

infection was modelled by applying a utility multiplier 
(0.9858), representing a reduction in the base utility.29 30 
The health state utility values were adjusted over time to 
control for patient physical and mental functions due to 
age and comorbidities.31

Cost and healthcare resource use inputs included drug 
acquisition, administration costs and costs associated with 
adverse events and conventional therapy; all costs were for 
the year 2016/2017 and are detailed in online supplemen-
tary file.

Sensitivity analysis
All model inputs were tested using appropriate determin-
istic and probabilistic sensitivity analysis. A list of all param-
eter distributions included in the probabilistic sensitivity 
analysis is presented in online supplementary file.

In addition, scenario analyses explored the impact of dose 
escalations in maintenance for tofacitinib and biologics 
for some patients, using an alternative source for utility 
weights,32 or including acute exacerbations from different 
health states. Furthermore, two scenarios were explored 
based on the NMA sensitivity analyses using centrally read 
endoscopic subscores from the tofacitinib trials or ITT 
data. Finally, the impact of using 5-year and 10-year time 
horizons was explored.

results
literature search results
PRISMA flow diagrams of the number of studies included 
and excluded at each stage are presented in figure 2. In 

total, 22 RCTs were included in the review, of which 17 
RCTs, described in 14 publications, were used in the NMA 
(see online supplementary file).11 25 33–44

Study characteristics
All studies were conducted in patients with moderately to 
severely active ulcerative colitis. Seven studies, including the 
tofacitinib and vedolizumab phase III trials, also included 
patients who had an inadequate response or intolerance to 
prior TNFi therapies.11 25 40 41 44 In 17 of 22 studies, clinical 
response was defined as a reduction in the Mayo score of ≥3 
points and a decrease of ≥30% from the baseline score, with 
a decrease of ≥1 point on the rectal bleeding subscale or an 
absolute rectal bleeding score of 0 or 1 and clinical remis-
sion was defined as a total Mayo score of ≤2 points, with no 
individual subscore exceeding 1 point. All included RCTs 
were double-blind, with the exception of Armuzzi 2004.45 
Where stated, all were phase III, except for Suzuki 201442 
and PURSUIT-SC,38 which were described as phase II/III 
and Sandborn 2012,41 which was a phase II trial. The only 
patient characteristic that was notably different across the 
evidence network was prior TNFi exposure. Study design 
and patient characteristics of studies included in the review 
are presented in online supplementary file, along with a 
rationale for its inclusion or exclusion from the NMAs. No 
RCT evidence was identified for golimumab or infliximab 
in patients with prior TNFi exposure.

Risk of bias across studies
Across the trials, baseline characteristics between treatment 
arms were broadly similar. In most of the included studies, 
approximately half of participants had extensive colitis or 
pancolitis. Baseline total Mayo scores in induction phase 
trials were largely consistent. Overall, mean disease dura-
tion across the studies was 7.4 years (range, 4.3–10.9 years).

network meta-analysis (nMA)
Evidence network
Networks of published evidence for the induction phase 
and maintenance phase NMAs for both TNFi-naïve and 
TNFi-exposed subgroups are shown in online supplemen-
tary file. The TNFi-naïve analysis included all comparators 
in the systematic review. However, for the TNFi-exposed 
analysis, evidence was only available for tofacitinib, adali-
mumab and vedolizumab. All studies were connected to 
the network through a common direct comparison with 
placebo. In addition, three studies compared different 
doses or treatment regimens for tofacitinib (5 mg or 10 
mg), vedolizumab (every 8 weeks or every 4 weeks) and 
golimumab (50 mg or 100 mg).11 25 39 For the sensitivity 
analysis using outcomes from the ITT population, only 
trials of tofacitinib and vedolizumab were deemed suffi-
ciently similar in terms of their case mix of prior TNFi-ex-
posure to synthesise. The evidence network for the analysis 
of induction phase serious infections was identical to that 
for efficacy outcomes, with the addition of a link between 
infliximab and azathioprine (see online supplementary 
file).43
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Table 1 Induction and maintenance phase NMA INF 5 mg/kg

Analysis Comparator

Comparator vs PBO

SUCRA* (%)

OR, median (95%CrI)

Clinical response Clinical remission

Induction phase TNFi-naïve subgroup

  PBO 0.8

  TOF 10 mg BID 2.66 (1.56 to 4.76) 2.99 (1.67 to 5.45) 62.1

  INF 5 mg/kg 3.78 (2.46 to 6.1) 4.28 (2.73 to 6.91) 90.7

  ADA 160/80/40 mg† 1.75 (1.07 to 2.82) 1.9 (1.09 to 3.21) 28.4

  GOL 200/100 mg‡ 2.4 (1.11 to 5.31) 2.69 (1.13 to 6) 53.7

  VED 300 mg§ 2.74 (1.4 to 5.36) 3.08 (1.48 to 6.09) 64.2

TNFi-exposed subgroup

  PBO 17.3

  TOF 10 mg BID 4.28 (1.27 to 18.59) 5.61 (1.36 to 24.53) 92.9

  ADA 160/80/40 mg† 1.43 (0.11 to 13.16) 1.57 (0.05 to 17.65) 42.4

  VED 300 mg§ 1.55 (0.27 to 7.24) 1.74 (0.17 to 10.01) 47.4

Maintenance phase TNFi-naïve subgroup

  PBO 9.2

  TOF 5 mg BID 4.58 (0.42 to 78.74) 4.71 (0.39 to 65.66) 68.2

  TOF 10 mg BID 6.03 (0.56 to 117.98) 6.14 (0.53 to 94.07) 78.0

  INF 5 mg/kg 2.27 (0.17 to 30.23) 2.34 (0.15 to 27.67) 42.0

  ADA 40 mg Q2W 1.82 (0.32 to 10.32) 1.86 (0.29 to 10.28) 32.5

  GOL 50 mg 2.31 (0.26 to 27.57) 2.38 (0.23 to 25.65) 42.4

  GOL 100 mg 3.07 (0.65 to 23.21) 3.17 (0.63 to 21.72) 55.5

  VED 300 mg Q8W 3.78 (0.63, 23.84) 3.89 (0.61 to 22.29) 62.7

  VED 300 mg Q4W 3.55 (0.35 to 44.46) 3.66 (0.32 to 38.93) 59.4

TNFi-exposed subgroup

  PBO 0.8

  TOF 5 mg BID 4.53 (2.1 to 22.23) 4.7 (2.12 to 26.64) 47.8

  TOF 10 mg BID 8.66 (3.87 to 65.79) 8.98 (3.91 to 80.19) 87.1

  ADA 40 mg Q2W 2.97 (0.86 to 17.51) 3.07 (0.86 to 20.36) 33.4

  VED 300 mg Q8W 6.51 (2.45 to 46.58) 6.78 (2.49 to 56.15) 69.6

  VED 300 mg Q4W 5.74 (1.91 to 41.39) 5.97 (1.94 to 49.09) 61.3

 Bold font indicates a significant result, shown by CrIs which exclude the null value.
*SUCRA is a numeric assessment of the overall ranking of treatments. SUCRA values for each treatment range from 0% to 100%. 
The higher the SUCRA value, the higher the likelihood that a therapy is the most efficacious or one of the most efficacious treatment; 
however, SUCRA values are not probabilities of a therapy being the most efficacious.
†160 mg at week 0, 80 mg at week 2, 40 mg at weeks 4 and 6.
‡200 mg at week 0, 100 mg at week 2.
§At weeks 0 and 2.
ADA, adalimumab;BID, twice daily; CrI, credible interval; GOL, golimumab; INF, infliximab;NMA, network meta-analysis; PBO, placebo; 
Q2W, every 2 weeks; Q4W, every 4 weeks; Q8W, every 8 weeks; SUCRA, surface under cumulative ranking curve; TNFi, tumour 
necrosis factor inhibitor; TOF, tofacitinib; VED, vedolizumab.

NMA results
Based on model fit (see online supplementary file), 
random effect models were used for all analyses, with 
the exception of the TNFi-exposed maintenance NMA, 
for which the fixed effect model showed a better fit. The 
results of the induction and maintenance phase NMAs are 
shown in table 1 as ORs of achieving a treatment effect 
(response or remission) versus placebo and as surface 
under cumulative ranking curve values. For patients naïve 

to TNFi therapy, all treatments had statistically significantly 
greater efficacy than placebo as induction therapy; none of 
the maintenance phase results were statistically significant 
due to wide credible intervals. For TNFi-exposed patients, 
tofacitinib as an induction therapy was associated with 
statistically significantly greater efficacy than placebo, and 
both tofacitinib and vedolizumab were significantly more 
efficacious than placebo as maintenance therapies. Results 
of the NMA sensitivity analyses were consistent with the 
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base case (see online supplementary file). There were no 
statistically significant differences among therapies in the 
NMA of serious infections (see online supplementary file).

cost-effectiveness analysis results
Base-case analysis
Key inputs to the economic evaluation are presented 
in table 2 and results of the base case analysis are 
presented in table 3. For TNFi-naïve patients, tofac-
itinib was predicted to provide an additional 0.544 
QALYs compared with conventional treatment, at an 
additional lifetime cost of £11 615; therefore, the ICER 
for tofacitinib compared with conventional treatment 
was £21 338 per QALY. In the incremental cost-effec-
tiveness analysis, tofacitinib dominated infliximab, that 
is, patients treated with tofacitinib are predicted to 
gain more QALYs than those receiving infliximab, at 
a reduced cost to the healthcare system. Adalimumab 
and golimumab were extendedly dominated, meaning 
that a mixed strategy of conventional therapy and tofac-
itinib would provide more QALYs overall, at a lower 
cost.46

In the TNFi-exposed subgroup, the ICER for tofacitinib 
compared with conventional treatment was £22 816 per 
QALY. Tofacitinib dominated infliximab, providing more 
QALYs at a lower cost. As in the TNFi-naïve analysis, adali-
mumab and golimumab were extendedly dominated.

Following the NMA results, the cost-effectiveness 
showed near-equivalence in the QALYs between vedoli-
zumab and tofacitinib in both subgroups. Vedolizumab 
generated higher total costs than tofacitinib: £8730 and 
£4981 higher over a patient lifetime in the TNFi-naïve 
and TNFi-exposed populations, respectively.

Sensitivity analyses
Deterministic sensitivity analysis results for tofacitinib 
versus conventional therapy showed that the model 
results were robust. In only two cases did the ICER 
exceed £30 000 per QALY: when the rates of response 
and remission for tofacitinib were set to their lower 95% 
credible interval limit from the NMA for induction in 
TNFi-exposed patients and in maintenance for TNFi-
naïve patients (see online supplementary file). Results 
were also sensitive to the costs associated with conven-
tional therapy and treating serious infections, but the 
effects on the ICERs had no impact on base-case conclu-
sions. Results similar to the base-case were seen for deter-
ministic sensitivity analyses comparing tofacitinib with 
biological therapies (not shown). Probabilistic sensitivity 
analysis showed that tofacitinib was more likely than the 
biological therapies to be the most cost-effective therapy 
at a willingness-to-pay threshold of £30 000 per QALY 
(54% probability in TNFi-naïve patients, 46% in TNFi-ex-
posed patients).

Scenario analysis
Most scenarios tested had little impact on the ICERs 
for tofacitinib versus conventional therapy (see online 

supplementary file). Using the ITT population values 
instead of modelling by TNFi-exposure subgroup showed 
tofacitinib to dominate vedolizumab and to have an 
ICER of £20 038 per QALY gained versus conventional 
therapy. The only analyses that generated ICERs above 
£30 000 per QALY were the use of alternative health state 
utility values and a scenario in which 50% of patients 
were assumed to require a higher dose of maintenance 
therapy (in both scenarios, tofacitinib still dominated 
vedolizumab in both the TNFi-naïve and TNFi-exposed 
populations).

dIscussIon
This study explored the comparative effectiveness, safety 
and cost-effectiveness of tofacitinib against conventional 
treatment and the biological therapies currently avail-
able in the NHS for the treatment of ulcerative colitis. 
A comprehensive review of the literature identified 22 
studies, of which 17 presented comparable evidence for5 
therapies, including levels of clinical response, clinical 
remission and serious infections.

The methods for the evidence review and NMA 
followed international guidelines for best practices.20 22 47 
The selection of studies and outcomes for the efficacy and 
safety comparisons was part of a systematic process that 
carefully assessed the bias introduced when combining 
evidence from different sources. Studies with TNFi-naïve 
and TNFi-exposed populations were analysed separately 
to ensure comparability. Furthermore, the reported 
data of three trials36 37 42 were adjusted to match those 
from five studies11 25 33 39 44 in which patients achieving a 
response were rerandomised after the induction phase. 
It was not possible to adjust the studies for differences 
in placebo response rates, which have been shown to 
vary over time (Jairath et al demonstrated a consistent 
increase in placebo response and remission rates from 
1987 to 2007, with constant rates from 2008 onward).48 
However, it is expected that such an adjustment would 
likely move the NMA results in favour of tofacitinib.

Most studies shared placebo as the common compar-
ator in the meta-analysis. The relatively sparse networks 
and the use of a random-effects model lead to wide cred-
ible intervals, particularly for the maintenance phase 
analyses. Overall, sensitivity analysis suggested that the 
NMA results were robust.

Results of our NMA are similar to those of other 
recently published NMAs of the same comparators, 
despite some noteworthy differences in terms of design. 
Bonovas et al49 and Trigo-Vicente et al50 focused only 
on TNFi-naïve patients, whereas Singh et al51 evaluated 
comparative induction phase efficacy in both TNFi-naïve 
and TNFi-exposed groups separately. All three NMAs 
used the stricter ‘remission’ outcome from the OCTAVE 
trials25 rather than ‘clinical remission’, an outcome more 
comparable to other RCTs. This resulted in biased esti-
mates of effect for tofacitinib, notably leading to it being 
ranked lower than golimumab as induction therapy. 
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Table 2 Model parameters

Parameter Mean value Source

Clinical outcomes—probabilities Clinical response (%) Clinical remission (%)

 
TN

Fi
-n

ai
ve

 
In

d
uc

tio
n

Placebo 36.2 10.5

NMA of RCTs

Tofacitinib 10 mg BID 60.1 26.0

Infliximab 5 mg/kg 68.2 33.5

Adalimumab 160/80/40 
mg

49.8 18.3

Golimumab 200/100 
mg

57.6 24.0

Vedolizumab 300 mg 60.8 26.5

 
M

ai
nt

en
an

ce

Placebo 31.1 20.2

Tofacitinib 5 mg two 
times a dayBID

67.1 54.1

Tofacitinib 10 mg two 
times a dayBID

72.8 60.6

Infliximab 5 mg/kg 50.4 37.1

Adalimumab 40 mg 
Q2W

45.0 32.1

Golimumab 50 mg 51.2 37.9

Golimumab 100 mg 58.4 45.0

Vedolizumab 300 mg 
Q8W

62.6 49.2

Vedolizumab 300 mg 
Q4W

61.3 47.9

TN
Fi

-e
xp

os
ed

In
d

uc
tio

n

Placebo 25.4 4.7

Tofacitinib 10 mg two 
times a dayBID

59.1 21.5

Adalimumab 160/80/40 
mg*

32.6 7.1

Vedolizumab 300 mg 34.4 7.8

 
M

ai
nt

en
an

ce

Placebo 19.8 12.0

Tofacitinib 5 mg two 
times a dayBID

47.7 35.1

Tofacitinib 10 mg two 
times a day

61.4 48.6

Adalimumab 40 mg 
Q2W*

38.6 27.0

Vedolizumab 300 mg 
Q8W

55.1 42.2

Vedolizumab 300 mg 
Q4W

52.4 39.5

Adverse events Probability (%) Cost/utility reduction

 
S

er
io

us
 in

fe
ct

io
n

Serious infection risk     

  Placebo 0.90   

NMA of RCTs

  Tofacitinib 10 mg BIDtwo times a day 3.83

  Infliximab 10 mg/kg 0.37

  Adalimumab 160/80/40 mg 0.93

  Golimumab 200/100 mg 0.11

  Vedolizumab 300 mg† 0.19

Cost of serious infection £2539 NHS reference costs59

Serious infection utility reduction multiplier 0.9858 Diamantopoulos 
201429

Continued
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Parameter Mean value Source

C
ol

ec
to

m
y

Elective colectomy rate 0.06   Misra 201652

Emergency colectomy rate 0.02   

Risk of perioperative mortality 2.84   Archer 2016,26 
Tappenden 201660 
and RCP audit 201461

Risk of perioperative elective surgery 
complications

31.67   RCP audit 201461

Risk of perioperative emergency surgery 
complications

34.70

Risk of long-term complications 1.46   Ferrante 200862

Cost of colectomy operation without 
complications

£6091 NHS reference costs59

Cost of colectomy operation with 
complications

£7295 NHS reference costs59

Postsurgery complication utility reduction 
multiplier

0.7889 Kosmas 201563

Health state inputs Utility Annual cost

  Active ulcerative colitis 0.41 £5944 Woehl 200828 cited 
in Archer 2016,26 
Tsai 200864 and NHS 
reference costs59

  Response-no-remission 0.76 £4350

  Remission 0.87 £1236

  Postcolectomy without long-term complications 0.71 £629

  Postcolectomy with long-term complications 0.56 £10 202

Drug costs, per 8 week cycle Induction Maintenance

  Conventional therapy £55 £55

SmPC; MIMS65

  Tofacitinib 5 mg BID £2760 £1380

  Tofacitinib 10 mg BID £2760 £2760

  Adalimumab 160/80/40 mg £2534 £1267

  Golimumab 200/100/50 mg £3052 £1526

  Infliximab 10 mg/kg £4742 £1581

  Vedolizumab 300 mg Q8W £6150 £2050

  Vedolizumab300 mg Q4W £6150 £4100

*In the absence of evidence for golimumab or infliximab in the TNFi-exposed population, a class-effect was assumed and adalimumab values were 
used.
BID, twice daily; MIMS, Monthly Index of Medical Specialties; NHS, National Health Service; NMA, network meta-analysis; RCP, Royal College of 
Physicians; RCT, randomised controlled trial; SmPC, summary of product characteristics.

Table 2 Continued

The biggest differences between NMAs relate to the 
handling of maintenance phase outcomes. Bonovas et 
al performed no indirect comparisons on maintenance 
phase outcomes, citing differences in study design as a 
source of bias. Singh et al evaluated maintenance phase 
efficacy, but only by combining outcomes from studies 
with the same design and disregarding prior TNFi expo-
sure. Trigo-Vicente et al synthesised all maintenance 
phase outcomes for TNFi-naïve patients regardless of 
differences in design. Across these NMAs, tofacitinib and 
vedolizumab perform among the best as maintenance 
therapies, but the relative rank of TNFi therapies differs.

We focused on the outcomes of response and remission 
because they were needed to inform the cost-effectiveness 
analysis. Mucosal healing is another important and clin-
ically relevant outcome in ulcerative colitis, which is well 
reported in the included RCTs. We performed a similar 

set of NMAs on the proportion of patients achieving 
mucosal healing and the results were similar to those for 
response and remission. The rank order of therapies in 
both TNFi-exposure subgroups in induction and main-
tenance phases is consistent across the outcomes. These 
results are available on request.

The presented NMA estimates were used in a cost-effec-
tiveness analysis. The structure of the cost-effectiveness 
model expanded on previous economic evaluations26 and 
updated the assumptions, where possible, with contem-
porary evidence. In addition to the new data on clinical 
efficacy, this analysis also considered serious infections. 
For colectomy, evidence from a large, UK, retrospective 
population-based study was used.52 Regarding the health 
state utilities, a further strength of the economic analysis 
is the use of an age-dependent and gender-dependent 
adjustment, reflecting the natural decline of patients’ 
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physical and mental functions due to age and other 
comorbidities.31

The QALYs generated in our cost-effectiveness model 
(9–10 QALYs across all comparators) were comparable 
to but lower than those in Archer et al. (11 QALYs).26 
Conversely, the total costs were higher (£130 000 to £155 
000) than in Archer et al. (£75 000 to £100 000).26 The 
difference in QALYs is attributed to the age-adjustment 
and gender-adjustment of the utility values used in this 
study. The difference in costs is caused by the higher 
resource use frequency, in particular hospitalisation, 
while in the active ulcerative colitis health state.

The conceptualisation and programming of the 
economic model followed international standards for 
best-practice research methods.47 53 54 The assumptions 
on the model structure, clinical evidence, utility, resource 
use and cost inputs were reviewed by UK clinicians and 
independent health economists. The authors have made 
the working version of the model available to the journal 
for further scrutiny.

The cost-effectiveness model showed an overall 
improvement in QALYs for patients on tofacitinib or 
biological therapy against conventional treatment. When 
synthesised with relevant costs of treatment, downstream 
complications and colectomy, the analysis showed a 
cost-effectiveness of £20 000 to £25 000 per QALY for 
tofacitinib versus conventional therapy in both TNFi-
naïve and TNFi-exposed populations. In the comparison 
with the biological therapy strategies, the combination of 
higher QALYs, lower health state costs, lower treatment 
acquisition and administration costs led to tofacitinib 
dominating or extendedly dominating its comparators.

One limitation of the economic model was the defini-
tion of transition probabilities between response, remis-
sion and active disease. Because of the way trial data were 
often reported, it was not always possible to derive transi-
tion probabilities for maintaining response or remission, 
conditional on the induction response levels. To resolve 
this, a direct association between the maintenance phase 
response levels (1 year data) and the treatment dura-
tion in the model was assumed. This approach intro-
duced a strong correlation between maintenance phase 
response and discontinuation but had the advantage of 
directly translating the trial evidence to the economic 
model structure and avoided further assumptions and 
data manipulation from model calibration techniques. 
Internal and external validation of the predicted patient 
proportions with response and remission suggested that 
the model accurately reflected the NMA results and was 
within the range of clinical experts’ expectations for 
treatment persistence in clinical practice. Nevertheless, it 
is noted that further research is required to identify the 
reasons for treatment discontinuation and in parallel to 
accurately derive estimates of long-term drug persistence 
rates.

Moreover, due to lack of data, other inputs of the 
model required assumptions to complete the analysis: 
the mix of drugs in conventional treatment, used alone 

or concomitantly with biologics or tofacitinib; the cost of 
complications and the type of events caused by serious 
infections. Several scenario analyses and one-way sensi-
tivity analyses were conducted to test the importance of 
those assumptions, and they were not found to be major 
drivers of the cost-effectiveness results.

Notwithstanding its limitations, the results of this 
study are relevant and applicable to clinical practice in 
England and Wales. The comparative effectiveness and 
safety covered all likely treatments. The cost-effective-
ness analysis used recent drug list prices for all compara-
tors, including biosimilars where appropriate. The study 
outcomes were based on Mayo scores, also used to iden-
tify treatment response and continuation in clinical prac-
tice. Furthermore, most of the evidence for unit costs, 
resource use as well as the disease utility weights were 
obtained from UK sources.

Since this research was undertaken, three RCTs have 
completed. The VISIBLE 1 study compared vedolizumab 
administered intravenously or subcutaneously with 
placebo over a 52-week maintenance period.55 Effects 
for both administration methods were similar to those 
observed in the maintenance phase of GEMINI 1.11 The 
phase III UNIFI trial compared two dosing regimens of 
ustekinumab with placebo over a 6 week induction period 
followed by a 44-week maintenance period.56 57 Prelimi-
nary effect sizes for ustekinumab compared with placebo 
in the ITT populations are similar to those for tofacitinib 
and vedolizumab in induction and lower in maintenance. 
A 52-week head-to-head comparison of vedolizumab and 
adalimumab is also anticipated but has not yet reported 
results.58 Future reviews and NMAs should build on the 
work presented here by incorporating this new evidence.

conclusIon
Tofacitinib is an efficacious treatment for moderately 
to severely active ulcerative colitis and is likely to be a 
cost-effective use of NHS resources.
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This article was previously published with incorrect information regarding 
dosing values in the main body, Tables 2 and 9, footnote of Figure 1 and supple-
mentary material.

The correct dosage, considered in the analysis, was 5 mg/kg given as an intrave-
nous infusion induction regimen at 0, 2, and 6 weeks followed by a maintenance 
regimen of 5 mg/kg IV every 8 weeks thereafter.
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