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Objective: To examine the clinical and economic impact of vedolizumab compared with 

conventional therapy in the treatment of moderately-to-severely active ulcerative colitis (UC) 

in the UK based on results of the GEMINI I trial.

Methods: A decision-analytic model in Microsoft Excel was used to compare vedolizumab 

with conventional therapy (aminosalicylates, corticosteroids, immunomodulators) for the 

treatment of patients with UC in the UK. We considered the following three populations: the 

overall intent-to-treat population from the GEMINI I trial, patients naïve to anti-TNF therapy, 

and those who had failed anti-TNF-therapy. Population characteristics and efficacy data were 

obtained from the GEMINI I trial. Other inputs (eg, unit costs, probability of surgery, mortality) 

were obtained from published literature. Time horizon was a lifetime horizon, with costs and 

outcomes discounted by 3.5% per year. One-way and probabilistic sensitivity analyses were 

conducted to measure the impact of parameter uncertainty.

Results: Vedolizumab had incremental cost-effectiveness ratios of £4,095/quality-adjusted 

life-year (QALY), £4,423/QALY, and £5,972/QALY compared with conventional therapy in 

the intent-to-treat, anti-TNF-naïve, and anti-TNF-failure populations, respectively. Patients on 

vedolizumab accrued more QALYs while incurring more costs than patients on conventional 

therapy. The sensitivity analyses showed that the results were most sensitive to induction response 

and transition probabilities for each treatment.

Conclusion: The results suggest that vedolizumab results in more QALYs and may be a cost-

effective treatment option compared with conventional therapy for both anti-TNF-naïve and 

anti-TNF-failure patients with moderately-to-severely active UC.
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Introduction
Ulcerative colitis (UC) is an idiopathic inflammatory bowel disorder characterized 

as a chronic condition in which the colon mucosa becomes inflamed and ulcerated.1,2 

UC affects about 0.24% of the UK population per a 2011 report by the National Insti-

tute for Health and Care Excellence.3 The symptoms of UC can lead to a substantial 

negative impact on patient quality of life, even when compared with other chronic 

conditions, such as rheumatoid arthritis.4 Patients with UC also incur a significant 

economic burden, including direct medical costs and indirect costs associated with 

absenteeism and productivity loss.5

Current pharmacologic treatments for UC are not curative. Current treatments man-

age acute disease symptoms and prevent relapses.6 UC is first managed by conventional 

therapies, such as aminosalicylates, steroids, and immunosuppressants.2 In patients for 
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whom conventional therapy fails (either due to lack of effi-

cacy or intolerability), another mix of conventional therapies 

or biologic treatments may be used to manage the disease. All 

current biologic therapies work by inhibiting TNF-alpha (ie,  

anti-TNF therapies). For patients for whom pharmacotherapy 

is ineffective, surgery may be an alternative.

Vedolizumab is a novel biologic treatment with a novel 

mechanism of action: unlike systemic anti-TNF therapies, 

vedolizumab is gut-specific. In the Phase III GEMINI I trial, 

vedolizumab patients had higher response and remission 

compared with those on conventional therapy.7,8 The results 

of the GEMINI I trial demonstrated that vedolizumab 

may provide a greater health benefit than conventional  

therapy.

The study objective was to estimate the cost-effectiveness 

of vedolizumab compared with conventional therapy in 

patients with moderately-to-severely active UC in the UK, 

as seen in the GEMINI I trial. The abstract of this paper was 

presented at the 23rd United European Gastroenterology Week 

Conference in 2015 as a poster presentation with interim 

findings. The poster’s abstract was published in “Poster 

Abstracts” in UEG Journal.9

Methods
Model structure
To examine the costs and outcomes associated with vedoli-

zumab and conventional therapy in a moderately-to-severely 

active UC population, we developed a decision-analytic 

model based on a model developed by Tsai et al.10,11 Spe-

cifically, we created a model including a decision-tree and 

long-term Markov framework (Figure 1). The model consid-

ers three on-treatment health states based on Mayo scores: 

remission (Mayo <3); mild UC (Mayo 3–5), and moderate-

severe UC (Mayo ≥6). In addition, we included three health 

states related to surgery: surgery; post-surgery remission; 

and post-surgery complications. The basic model structure 

is consistent with an indirect comparison of vedolizumab 

with other biologics.12

The induction phase of the model represents the GEMINI 

I trial’s 6-week induction period. During this phase, patients 

with moderate-severe disease initiate treatment with either 

vedolizumab or conventional therapy and are monitored for 

response at the end of 6 weeks, as seen in the GEMINI I trial. 

Patients responding to vedolizumab in induction and who 

do not experience discontinuation resulting from adverse 

event intolerability then enter a long-term Markov model 

for maintenance therapy in one of the three Mayo-score 

health states (Figure 1B). Patients who respond to treatment 

may remain on therapy moving through these health states. 

Patients who fail to respond in induction, who subsequently 

lose response, or who experience intolerability to adverse 

events are assumed to discontinue vedolizumab and switch 

to conventional therapy.

Patients in the conventional therapy arm (whether at the 

onset of the model or after switching from vedolizumab) face 

a similar decision-tree for induction as vedolizumab patients. 

However, those who fail to respond to conventional therapy 

are assumed to remain in the moderate-severe health state 

until they require surgery.

Patients in either arm of the model in moderate-severe 

disease incur a risk of surgery. Those who require surgery 

move to the surgery health state and are assumed to dis-

continue pharmacotherapy (Figure 1B). Following surgery, 

these patients may transition among the surgery-related 

health states in each subsequent cycle: post-surgery remis-

sion (free of complications); post-surgery complications 

(experiencing complications); or surgery (requiring another 

surgery). 

All patients incur a risk of death in any cycle in the model, 

regardless of their current health state or pharmacotherapy.

The model was populated with data from the GEMINI 

I trial and the published literature, and estimated costs and 

outcomes from the National Institutes of Health and Personal 

Social Services perspective over a patient’s lifetime. Costs and 

outcomes were presented in 2013/2014 British pounds, and we 

assumed an annual discount rate of 3.5% for both as specified 

by the National Institute for Health and Care Excellence.3

Patient population
The patients in this analysis were from the GEMINI I trial. 

Specifically, we included patients with moderately-to-

severely active UC (ie, Mayo score ≥6) “who have had an 

inadequate response with, lost response to, or are intolerant 

to either a conventional therapy or an anti-TNF”.7 Patients 

in the trial were a mix of anti-TNF-naïve and anti-TNF-

failure, with 51.8% of patients being anti-TNF-naïve. 

The modeled population averaged 40.25 years of age and 

73.43 kg in weight, with 58% being male as seen in the 

GEMINI I trial.7

We examined costs and outcomes in the following three 

populations:

•	 mixed population: patients in this population represent 

the entire GEMINI I trial population (includes both anti-

TNF-naïve and anti-TNF-failure patients, representing the 

intent-to-treat [ITT] population of the GEMINI I trial);
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Figure 1 Model structure for the induction and long-term treatment of ulcerative colitis.
Notes: (A) Decision-tree schematics for ulcerative colitis induction phase. (B) Markov model schematics for ulcerative colitis health state transitions in the maintenance 
phase and beyond.
Abbreviations: AEs, adverse events; CT, conventional therapy; VDZ, vedolizumab.
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•	 anti-TNF-naïve subgroup: patients who have never 

received a biologic treatment;

•	 anti-TNF-failure subgroup: patients who have previously 

failed an anti-TNF treatment.

Treatments
Treatment with vedolizumab (300 mg) at baseline, week 2, 

week 6, and every 8 weeks thereafter in combination with con-

ventional therapy (a combination of treatments such as azathi-

oprine, 6-mercaptoprurine, methotrexate, 5-aminosalicylate, 

sulfasalazine, oral mesalamine, prednisolone or budesonide, 

and antibiotics) was compared with conventional therapy 

alone. Though patients receiving vedolizumab could also 

receive conventional therapy, we assumed vedolizumab 

patients took lower doses of conventional therapy than those 

taking only conventional therapy. Details on the proportion 

of patients receiving each treatment comprising conventional 

therapy can be seen in the Supplementary materials.

Patients responding to vedolizumab were then treated for 

1 year, as in the GEMINI I trial. However, we do not have 

long-term efficacy data for vedolizumab. As such, there is 

great uncertainty regarding treatment efficacy over a patient’s 

lifetime. Due to the lack of data beyond 1 year, for the base 

case we assumed that after 1 year any patients still on vedoli-

zumab would then switch to conventional therapy alone, and 

incur the costs and transition probabilities associated with 

conventional therapy.

Inputs
Treatment efficacy
We used treatment response (defined as a decrease in Mayo 

score ≥3) and remission (Mayo ≤2) at 6 weeks (end of induc-

tion) and at the 52 weeks (maintenance), as seen in the GEMINI 

I trial (Final Clinical Study Report C13006, unpublished data, 

2012).7 The estimated response and remission probabilities 

for each of the three subpopulations are presented in Table 1.

For responding patients, the health state that a patient 

transitions to is based on response or remission and what his 

or her Mayo score was prior to response or remission. We 

obtained the percentage of responders remaining in moderate-

severe disease state from the trial data (13.2%, 10.1%, and 

20.9% of responders for the mixed [ITT] population, anti-

TNF-naïve population, and anti-TNF-failure population, 

respectively).

To estimate disease progression in the maintenance phase 

and beyond, we optimized transition probabilities such that 

the modeled proportion of patients in remission and mild UC 

at the end of the maintenance phase most closely approxi-

mated what we would expect given the GEMINI I trial data. 

Due to lack of long-term (>1 year) trial data at the time of 

model development, we assumed the derived transition prob-

abilities would be similar over time. The probabilities of each 

health state transition for each treatment can be seen in the 

Supplementary materials.

Patients requiring surgery were assumed to permanently 

discontinue pharmacotherapy. These patients then transi-

tioned among the three surgery and post-surgery health 

states. We estimated the health state transition probabilities 

for the surgery and post-surgery health states from previ-

ously published studies. These probabilities can be seen in 

the Supplementary materials.

Clinical safety and discontinuation
Patients on vedolizumab may discontinue due to lack of effi-

cacy or due to adverse events. We assumed all patients who 

did not respond in induction discontinued after the induction 

phase. The data for discontinuations in the maintenance phase 

for patients on vedolizumab were obtained from the clini-

cal trial data (36.89%, 26.39%, and 48.84% for the mixed, 

naïve, and failure populations, respectively). After 1 year, any 

patient who lost response was assumed to discontinue. We did 

not assume any adverse event-related discontinuation after 

Table 1 Probability of response and remission for each treatment

Induction phase (at 6 weeks) End-of-maintenance phase (at 1 year)a

Response Remission Response Remission

Mixed (ITT) population
Conventional therapy 25.5% 5.4% 23.8% 15.9%
Vedolizumab 47.1% 16.9% 56.6% 41.8%

Naïve population
Conventional therapy 26.3% 6.6% 26.6% 19.0%
Vedolizumab 53.1% 23.1% 65.3% 45.8%

Failure population
Conventional therapy 20.6% 3.2% 15.8% 5.3%
Vedolizumab 39.0% 9.8% 46.5% 37.2%

Notes: Data from Feagan et al.7 a Probability of response and remission is among those who responded at 6 weeks.
Abbreviation: ITT, intent-to-treat.
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1 year. Patients remained on conventional therapy for their 

remaining lifetime unless they required surgery.

Mortality
Because UC has not been shown to increase the risk of mor-

tality, patients in the analysis are assumed to have mortality 

similar to the general population. Age- and sex-specific 

all-cause mortality data were obtained from the Office for 

National Statistics.13 Mortality risk was assumed to increase 

as patients aged over time in the model.

Utility
Quality-adjusted life-years (QALYs) were estimated by 

applying utility weights (ranging from 0 for death to 1 for per-

fect health) to each modeled health state. Health state utilities 

for remission, mild disease, and moderate-to-severe disease 

were obtained from a pair of studies by Tsai et al and Punekar 

and Hawkins,10,11 which presented utility weights based on 

EuroQol five dimensions data from a UK population. 

Treatment-specific adverse event rates, along with util-

ity decrements for selected events (eg,  serious infection, 

tuberculosis, lymphoma, hypersensitivity reactions, and 

skin reactions), were obtained from the published literature. 

Unfortunately the previous economic models in UC did not 

include adverse events, so utility data were obtained where 

available from the published literature (Table 2).

Costs
We considered only direct medical costs in this study. These 

included drug acquisition and administration costs, medical 

costs specific to each health state, and adverse event-related 

medical costs (Table 2). Vedolizumab’s cost was assumed 

to be £1,500 per 300 mg vial and £328 per intravenous 

administration. Conventional therapy was assumed to have 

an average cost of £102 per day based on expert clinical 

opinion.14 Dosing and unit costs were obtained from the 

British National Formulary.15 We assumed that the con-

ventional therapy costs for patients taking vedolizumab 

were half that of the cost incurred by patients taking only 

conventional therapy.

To estimate the per-cycle cost for each health state, health 

state-specific resource use was obtained from Tsai et al,10 who 

reported annual resource use for each health state as estimated 

by a panel of UK gastroenterologists. Unit costs from the 

National Institutes of Health Reference Cost database16 and 

Buchanan et al17 were multiplied by per-cycle resource use 

and updated to 2013/14 British pounds (Table 2). Adverse 

event costs were assumed to be the weighted average costs 

Table 2 Model inputs

Resource used Unit costb Units used by health statea

Remission Mild Moderate-
severe

Surgery Post-surgery 
remission

Post-surgery 
complications

Consultant visit £107.50 0.31 0.69 1 0 0.23 0.27
Hospitalization £3,456.47 0.05 0.05 0.05 0 0 0.50
Surgery £13,880.32 0 0 0 1 0 0
Blood tests £3.41 0.50 0.6 1 0 0.23 0.50
Elective endoscopy £1,522.28 0.03 0.08 0.13 0 0.18 0.10
Emergency endoscopy £2,060.13 0 0.04 0.12 0 0.08 0.02

Health state costs and utility weights Cost/utility by health state

Parameter Remission Mild Moderate-
severe

Surgery Post-surgery 
remission

Post-surgery 
complications

Per-cycle cost £240.49 £431.05 £973.86 £13,880.32d £475.50 £1,945.38
Per-cycle utility weight 0.88 0.76 0.42 0.42 0.60 0.42

Adverse events Probability of adverse eventc Impact of adverse event

Adverse event Vedolizumab Conventional therapy Costd Disutilitye

Serious infection 0.48% 1.16% £1,451.73 -0.473
Tuberculosis 0.00% 0.01% £2,915.04 -0.501
Malignancy (including 
lymphoma)

0.04% 0.27% £14,974.67 -0.177

Acute hypersensitivity 
reactions

0.00% 0.04% £442.11 -0.100

Skin site reactions 0.29% 3.05% £1,859.76 -0.027

Notes: aData from Tsai et al.10 bUnit costs for all resource use other than for surgery were obtained from National Health Service (NHS) reference costs.16 Cost of surgery 
was obtained from Buchanan et al17 and inflated to 2013/2014 using pay and price index.19 cProbabilities of adverse events were obtained from Feagan et al.7 dAdverse event 
costs are based on NHS reference costs for each condition.16 eData sources for adverse event disutilities are as follows: serious infection,20 tuberculosis,21 lymphoma,22 acute 
hypersensitivity reactions,23 and skin site reactions.24 All were adjusted by a mean age-related utility adjustment factor of 0.91.
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for codes from the National Health Service Reference Cost 

schedule16 (Table 2).

Calculations
The model estimated costs (drug, other medical, and total) 

as well as life-years and QALYs. In addition, the incremental 

cost-effectiveness ratios (ICERs) were calculated as the dif-

ference in costs of care divided by the difference in QALYs 

between the two strategies. We generated these results for 

each of the three patient populations.

Parameter uncertainty was examined through one-way 

and multivariate probabilistic sensitivity. Uncertainty around 

model parameter estimates was based on the 95% CI using 

calculated or reported patient counts, standard errors, or 

ranges, where available. When such data were not available, 

we assumed the 95% CI to be ±20% of the base-case esti-

mate. Costs and risk multipliers were varied ±20% assuming 

a gamma distribution; utility weights, adverse event risks, 

and discontinuations were varied assuming a 95% CI with a 

beta distribution; transition probabilities followed a Dirichlet 

distribution. For the probabilistic sensitivity analysis, we 

performed a second-order Monte-Carlo simulation with 

3,000 simulations. 

Results
Base-case results
In the base-case analysis, treatment with vedolizumab 

resulted in more QALYs than conventional therapy regardless 

of patient population (Table 3). Overall costs were higher 

for patients on vedolizumab than patients on conventional 

therapy (Table 3). Vedolizumab was cost-effective (ICER 

<£30,000/QALY gained) in all patient populations, with 

ICER values of £4,095/QALY and £4,423/QALY, and £5,972/

QALY, in the mixed, anti-TNF-naïve, and anti-TNF-failure 

populations, respectively.

One-way sensitivity analysis
Figures 2A–C illustrate one-way sensitivity analyses com-

paring vedolizumab with conventional therapy in each sub-

population. Results were most sensitive to induction response 

during induction and the health state transition probabilities 

from remission and from surgery.

Multivariate probabilistic sensitivity 
analysis
In the probabilistic sensitivity analysis, vedolizumab was 

cost-effective compared with conventional therapy in over 

99% of cases in both the mixed population and anti-TNF-

naïve populations, as shown in the cost-effectiveness accept-

ability curve (Figure 3). Vedolizumab was cost-effective 

in 89.9% of simulations in the anti-TNF-failure subgroup.  

In all simulations, vedolizumab was more effective than 

conventional therapy. Vedolizumab was also cost-saving in 

approximately 19%–20% of simulations.

Discussion
We developed a model to compare vedolizumab plus con-

ventional therapy with conventional therapy in patients with 

moderately-to-severely active UC in a UK population. We 

considered the full GEMINI ITT population (which includes 

anti-TNF-naïve and anti-TNF-failure patients) and the anti-

TNF-naïve and anti-TNF-failure populations individually. In 

all analyses, vedolizumab was the most cost-effective treatment. 

Our model results are aligned with the results of previ-

ous UC models.10,18 In the anti-TNF-naïve population, Tsai 

et al10 estimated 3.838 QALYs over 10 years for patients 

on conventional therapy. Similarly, the National Institute 

for Health and Care Excellence health technology assess-

ment submission for infliximab estimated 3.828 QALYs for 

patients treated with conventional therapy.18 When using 

utility weights from Tsai et al,10 assuming no health state 

Table 3 Deterministic results

Mixed (ITT) population Anti-TNF-naïve population Anti-TNF-failure population

Parameter Vedolizumab Conventional 
therapy

Vedolizumab Conventional 
therapy

Vedolizumab Conventional 
therapy

Costs £205,361.83 £203,991.36 £205,520.82 £203,917.05 £206,133.38 £204,546.71
Biologic costs £8,009.09 £0.00 £8,765.02 £0.00 £7,093.62 £0.00
Conventional therapy costs £7,751.25 £7,570.30 £7,757.37 £7,573.36 £7,705.30 £7,543.80
Other medical costs £189,601.50 £196,421.06 £188,998.44 £196,343.68 £191,334.46 £197,002.90

Outcomes
Life-years 21.606 21.606 21.606 21.606 21.606 21.606
QALYs 10.516 10.181 10.549 10.186 10.416 10.150

ICER £4,095 £4,423 £5,972

Abbreviations: ICER, incremental cost-effectiveness ratio (incremental costs/incremental QALYs); ITT, intent-to-treat; QALY, quality-adjusted life-year.
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Figure 2 One-way sensitivity analysis results: vedolizumab vs conventional therapy.
Notes: (A) Mixed (intent-to-treat) population one-way sensitivity analysis. (B) anti-TNF-naïve population one-way sensitivity analysis. (C) anti-TNF-failure population one-
way sensitivity analysis.
Abbreviations: CT, conventional therapy; QALY, quality-adjusted life-year; VDZ , vedolizumab.

CT transition probabilities: moderate-severe (95% CI)A

B

C

CT transition probabilities: remission (95% CI)

Surgery transition probabilities (95% CI)

Health state costs (± 20%)

CT efficacy-initial response period (95% CI)

VDZ efficacy-initial response period (95% CI)

VDZ transition probabilities: remission (95% CI)

CT transition probabilities: mild (95% CI)

VDZ transition probabilities: moderate-severe (95% CI)

VDZ transition probabilities: mild (95% CI)

Percentage of responders in moderate-severe (95% CI)

Starting age of population (± 5%)

Health state utilities (± 20%)

Probability of surgery (95% CI)

Relative risk of all-cause mortality (± 20%)

Lower bound Upper bound

Lower bound Upper bound

Lower bound Upper bound

–£3,660 –£1,660 £340 £2,340 £4,340

Incremental cost per QALY gained

Pa
ra

m
et

er
Pa

ra
m

et
er

Pa
ra

m
et

er

Incremental cost per QALY gained

Incremental cost per QALY gained

£6,340 £8,340 £10,340

–£5,256 –£3,256 –£1,256 £744 £2,744 £4,744 £6,744 £8,744 £10,744

–£8,948 –£3,948 £1,052 £6,052 £11,052 £16,052 £21,052 £26,052 £31,052

CT transition probabilities: moderate-severe (95% CI)

CT transition probabilities: remission (95% CI)

Surgery transition probabilities (95% CI)

Health state costs (± 20%)

CT efficacy-initial response period (95% CI)

VDZ efficacy-initial response period (95% CI)

VDZ transition probabilities: remission (95% CI)

CT transition probabilities: mild (95% CI)

VDZ transition probabilities: moderate-severe (95% CI)

VDZ transition probabilities: mild (95% CI)

Percentage of responders in moderate-severe (95% CI)

Starting age of population (± 5%)

Health state utilities (± 20%)

Probability of surgery (95% CI)

VDZ discontinuation rate (95% CI)

CT transition probabilities: moderate-severe (95% CI)

CT transition probabilities: remission (95% CI)

Surgery transition probabilities (95% CI)

Health state costs (± 20%)

CT efficacy-initial response period (95% CI)

VDZ efficacy-initial response period (95% CI)

VDZ transition probabilities: remission (95% CI)

CT transition probabilities: mild (95% CI)

VDZ transition probabilities: moderate-severe (95% CI)

VDZ transition probabilities: mild (95% CI)

Percentage of responders in moderate-severe (95% CI)

Starting age of population (± 5%)

Health state utilities (± 20%)

Probability of surgery (95% CI)

VDZ discontinuation rate (95% CI)

www.dovepress.com
www.dovepress.com
www.dovepress.com


ClinicoEconomics and Outcomes Research 2017:9submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

648

Wilson et al

effect on mortality, and using a 10-year time horizon, our 

model estimated 3.830 QALYs for patients on conventional 

therapy. No previous models considered a mixed population 

or an anti-TNF-failure population, so a comparison could not 

be drawn for these analyses.

A recently-presented meta-analysis of real-world cohort 

studies of vedolizumab in UC found that 43% of patients 

achieved response by week 6 and 24% achieved remission.25 

Our model assumed 47% response and 17% remission at 6 

weeks for vedolizumab for the mixed population. Similarly, 

at 1 year, the meta-analysis found that 64% of vedolizumab 

patients achieved response at 12 months with 51% in remis-

sion, whereas our study assumed 56% response at 12 months 

and 42% remission. As such, our model assumptions and 

results align quite well with the real-world evidence for 

vedolizumab in UC.

This analysis has several limitations. First, we used 

response and remission data from the GEMINI I trial, which 

was a clinical trial conducted in multiple countries. It is 

important to note that clinical trial efficacy may be higher 

than what we would expect in a real-world setting where 

treatment compliance may be lower. However, it is unclear 

whether this would bias the results in any particular direc-

tion. Additionally, because the trial is a multinational trial, 

there may be differences in efficacy among patients in the 

UK as compared with other countries. The impact of this 

limitation is uncertain.

An additional clinical data limitation is the lack of long-

term efficacy data. This data limitation makes it challenging 

to project costs and outcomes beyond 1 year. We took the 

Figure 3 Probabilistic sensitivity analysis results: vedolizumab versus conventional therapy.
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approach of setting the maximum duration of therapy to 1 

year in estimating our results. To test this assumption, we 

allowed responders to continue vedolizumab indefinitely 

assuming efficacy consistent with the maintenance phase. In 

this scenario analysis, we found that the ICER did not exceed 

£20,000/QALY in any population. However, one would 

expect that patients who have responded to vedolizumab for 

1 year would exhibit better continued response than those 

over the course of the maintenance phase following induction 

(which included some induction responders who ultimately 

lost response). As such, by assuming similar efficacy to that 

observed in the maintenance phase, we may actually be 

underestimating the longer-term efficacy of vedolizumab for 

those who achieved and maintained response for 1 year. But 

even in this conservative assumption, vedolizumab remained 

cost-effective.

Limited data are available regarding parameter estimates 

for the post-surgical health states and adverse events.  Tran-

sition probabilities for the post-surgical health states were 

estimated based on available data, however the transition 

among these health states is unclear. The results were not 

sensitive to these transition probabilities: eliminating the 

probability of surgery from the model (and thus eliminating 

entry to the post-surgical health states) resulted in an ICER 

of below £10,000/QALY for vedolizumab in all popula-

tions. Additionally, previous economic analyses of UC did 

not include adverse events, which made obtaining data for 

the costs and disutilities difficult. Furthermore, some of the 

adverse events were extremely rare, making it difficult to 

accurately estimate their probability based on short-term 
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trials with relatively small patient counts. However, assuming 

an extreme scenario of 5% annual probability of lymphoma 

and tuberculosis for vedolizumab did not result in an ICER 

above £20,000/QALY. Conversely, zeroing out the risk of 

adverse events had minimal impact on the results. As such, 

the concerns regarding these data limitations are minimal. 

Finally, we assumed patients are 100% adherent to their 

treatment. However, in the real world, patients on vedoli-

zumab may skip a scheduled infusion (ie, drug holiday). The 

assumption of 100% treatment compliance may overstate 

the benefits of the more effective treatment. However, the 

assumption of full compliance may also be conservative 

with respect to vedolizumab, as we may be overestimating 

the costs of drug acquisition/administration.

Conclusion
Vedolizumab has shown better clinical response than con-

ventional therapy in UC, as seen in the GEMINI I trial. The 

results of this analysis echo these results from an economic 

perspective: treatment with vedolizumab improves clinical 

outcomes (ie, greater QALYs, more time spent in remission 

and response, fewer surgeries) compared with conventional 

therapy for patients with moderately-to-severely active UC. 

When considering both costs and efficacy over a patient’s life-

time, vedolizumab was found to be a cost-effective treatment.

The results of this study also illustrate a potential benefit 

of vedolizumab as another alternative to surgery. Previously, 

failure of biologic therapy would leave patients without 

alternatives other than surgery for treatment of their disease. 

Surgery can be quite costly and result in substantial reduc-

tion in quality of life.5 As such, the introduction of a novel, 

effective biologic treatment with an alternative mechanism 

of action than anti-TNF treatments provides patients with UC 

with another alternative to delay or avoid unwanted surgery. 
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Supplementary materials
Conventional therapy
Conventional therapy in the model includes a combination 

of aminosalicylates, corticosteroids, and immunomodulators. 

The proportion of treatments defining conventional therapy 

was based on expert clinical opinion.1 The estimated treat-

ment cost of conventional therapy is based on the doses and 

unit costs reported in the British National Formulary.2

The treatment options, dosing assumptions, and esti-

mated treatment mix for patients receiving the conventional 

therapy strategy are summarized in Table S1. The percent-

ages sum to greater than 100% because patients may be on 

multiple therapies. We assume that the resource-use cost 

of conventional therapy for patients taking biologics is 

half that of the costs of the conventional therapy strategy 

alone. We tested this assumption in a scenario analysis in 

which we assumed conventional therapy costs for the bio-

logic regimens are equivalent to those for the conventional 

therapy regimen.

Health state transitions
We derived the health state transition probabilities for the 

Mayo-score-based health states using response and remis-

sion data from the induction and maintenance phases of the 

GEMINI I trial. The transition probabilities were calibrated 

to align as closely as possible to the modeled proportion of 

patients in remission and mild disease at 54 weeks, with 

the expected proportion of patients in these states given 

the GEMINI I trial data. Table S2 presents the Mayo-score 

health state transition probabilities for each treatment and 

for each health state. 

We estimated the health state transition probabilities for 

the three surgery-related health states using published data 

(Table S5).

Table S1 Doses and unit costs of conventional therapy

Treatment Dose and frequency % Use

Aminosalicylates
Balsalazide 1.5 g twice daily, adjusted according to response (maximum: 6 g daily) 13%
Mesalazine 1.2–2.4 g daily in divided doses 13%
Olsalazine 500 mg twice daily 13%
Sulfasalazine 500 mg 4 times daily 13%

Corticosteroids
Budesonide 3 mg 3 times daily for up to 8 weeks 1%
Prednisolone 20 mg prednisolone once or twice daily for 2 weeks 36%

Immunomodulators
Azathioprine 1–3 mg/kg daily 39%
Mercaptopurine Initially 2.5 mg/kg, adjusted according to response 15%
Methotrexate 10–25 mg once weekly 9%

Notes: Data from British National Formulary2 for unit costs; UK IBD Audit Steering Group1 for percentage use.

Table S2 Probabilities of transition among health states: mixed population

From/To Remission Mild UC Moderate-severe UC Surgery

Vedolizumab
Remission 0.927 0.073 0.000 0.000
Mild UC 0.262 0.574 0.164 0.000
Moderate-severe UC 0.000 0.212 0.780 0.008

Conventional therapy
Remission 0.916 0.084 0.000 0.000
Mild UC 0.020 0.542 0.438 0.000
Moderate-severe UC 0.000 0.013 0.979 0.008

Notes: Calibrated to clinical data from Feagan et al.3 Risk of surgery from the moderate-severe health state estimated from Frolkis et al.4

Abbreviation: UC, ulcerative colitis.
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Table S3 Probabilities of transition among health states: naïve population

From/To Remission Mild UC Moderate-severe UC Surgery

Vedolizumab
Remission 0.899 0.101 0.000 0.000
Mild UC 0.259 0.572 0.170 0.000
Moderate-severe UC 0.000 0.277 0.716 0.008

Conventional therapy
Remission 0.921 0.079 0.000 0.000
Mild UC 0.022 0.541 0.438 0.000
Moderate-severe UC 0.000 0.009 0.983 0.008

Notes: Calibrated to clinical data from Feagan et al.3 Risk of surgery from the moderate-severe health state estimated from Frolkis et al.4

Abbreviation: UC, ulcerative colitis.

Table S4 Probabilities of transition among health states: failure population

From/To Remission Mild UC Moderate-severe UC Surgery

Vedolizumab
Remission 0.947 0.053 0.000 0.000
Mild 0.330 0.505 0.164 0.000
Moderate-severe 0.000 0.160 0.832 0.008

Conventional therapy
Remission 0.809 0.191 0.000 0.000
Mild 0.000 0.545 0.455 0.000
Moderate-severe 0.000 0.028 0.964 0.008

Notes: Calibrated to clinical data from the Feagan et al.3 Risk of surgery from the moderate-severe health state estimated from Frolkis et al.4

Abbreviation: UC, ulcerative colitis.

Table S5 Surgery and post-surgery health state transition probabilities

Health state Surgerya Post-surgery remissiona Post-surgery complicationsa

Surgery 0.050b 0.450c 0.500e

Post-surgery remission 0.050b 0.777c 0.173f

Post-surgery complications 0.050b 0.245d 0.705c

Notes: aThe probability of mortality is not included in the above transition probabilities. Mortality-adjusted probabilities are derived by the formula (1 – p(morths,y)), where 
p(morths,y) is the mortality risk for health state (hs) in time period (y). bConverted from a 6-month risk of 0.153 from Loftus et al.5 cAssumed to be the remainder of 100% 
minus all other possible transitions. dEstimated based on an annual probability of 0.84 from Xie et al.6 eConverted from a monthly risk of 0.31 from Loftus et al.5 f Converted 
from the proportions of patients with late complications (0.457) from Loftus et al.5
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