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Abstract

Objective To examine the clinical and economic impact of
vedolizumab compared with infliximab, adalimumab, and
golimumab in the treatment of moderately to severely active
ulcerative colitis (UC) in the United Kingdom (UK).
Methods A decision analytic model in Microsoft Excel
was used to compare vedolizumab with other biologic
treatments (infliximab, adalimumab, and golimumab) for
the treatment of biologic-naive patients with UC in the UK.
Efficacy data were obtained from a network meta-analysis
using placebo as the common comparator. Other inputs
(e.g., unit costs, adverse-event disutilities, probability of
surgery, mortality) were obtained from published literature.
Costs were presented in 2012/2013 British pounds. Out-
comes included quality-adjusted life-years (QALYs). Costs
and outcomes were discounted by 3.5% per year. Incre-
mental cost-effectiveness ratios were presented for vedo-
lizumab compared with other biologics. Univariate and
multivariate probabilistic sensitivity analyses were con-
ducted to assess model robustness to parameter uncertainty.
Results The model predicted that anti-tumour necrosis
factor-naive patients on vedolizumab would accrue more
QALY than patients on other biologics. The incremental
results suggest that vedolizumab is a cost-effective
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treatment compared with adalimumab (incremental cost-
effectiveness ratio of £22,735/QALY) and dominant com-
pared with infliximab and golimumab. Sensitivity analyses
suggest that results are most sensitive to treatment response
and transition probabilities. However, vedolizumab is cost-
effective irrespective of variation in any of the input
parameters.

Conclusions Our model predicted that treatment with
vedolizumab improves QALY, increases time in remission
and response, and is a cost-effective treatment option
compared with all other biologics for biologic-naive
patients with moderately to severely active UC.

Keywords Ulcerative colitis - Vedolizumab - Cost-
effectiveness - Economics - Inflammatory bowel disease

JEL Classification I (Health, Education, and Welfare)

Introduction

Ulcerative colitis (UC) is a chronic inflammatory bowel
disorder that affects approximately 240 per 100,000 people
in the United Kingdom (UK) [1, 2]. Patients with UC have
significant reductions in quality of life [3] and incur sub-
stantial economic burden [4].

Current management strategies are used to treat acute,
active disease and to maintain response and prevent
relapses among patients in remission [5]. Conventional
therapies (e.g., aminosalicylates, steroids, immunosup-
pressants) are the first-line treatment option for mild-to-
moderate UC and can be administered in various forms,
depending on the disease severity [6]. For patients in whom
conventional therapy is no longer effective, biologic ther-
apy may be an effective alternative. Three tumor necrosis
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factor-alpha inhibitors (anti-TNFs) have been approved for
the treatment of UC in the US and Europe: infliximab,
adalimumab, and golimumab. Anti-TNFs have been shown
to be more effective than conventional therapy in various
clinical trials [7-10]. In February 2015, following an
assessment of three anti-TNFs (infliximab, adalimumab,
and golimumab), NICE approved anti-TNFs as “possible
treatments for adults with moderate-to-severe UC if con-
ventional therapy has not worked or is not suitable.” If
biologic treatment fails, the only alternative left is surgery,
which is extremely costly and has significant risks [11, 12].

Vedolizumab, a novel biologic therapy intended for use in
the treatment of UC, is a selective antagonist that binds
exclusively to the 0437 integrin heterodimer engineered to
target lymphocyte trafficking localized in the gut. It is the first
gut-selective treatment for inflammatory bowel disease. As a
result, its anti-inflammatory profile differs from the systemic
anti-TNF treatments in that it has not demonstrated systemic
immunosuppressive effects. Vedolizumab has shown positive
results in a recent, multinational, blinded, placebo-controlled,
randomized clinical trial (the GEMINI I trial) [13, 14]. In
England and Wales, vedolizumab was the first and only bio-
logic getting a positive reimbursement appraisal in a Single
Technology Assessment (STA) process of the National
Institute for Health and Care Excellence (NICE). Since then,
the anti-TNFalpha have been also approved by the NICE in
moderate-to-severe UC patients following a multiple tech-
nology assessment, as a drug class.

The objective of this study was to develop an economic
model to estimate the cost-effectiveness of vedolizumab
compared with the other biologic therapies for patients
with moderately to severely active UC in the UK in order
to submit it in the NICE STA of vedolizumab.

Methods
Model structure

We developed a hybrid decision tree/Markov model (Fig. 1)
to estimate the costs and outcomes associated with biologic
therapy. The model design is similar to that presented by Tsai
and colleagues [15]. In this design, the induction phase is
modeled via a decision tree (Fig. 1a), and the maintenance
phase is modeled via a Markov structure (Fig. 1b). The
health states in the model were remission (Mayo score 0-2),
mild disease (Mayo score 3-5), moderate-to-severe disease
(Mayo score 6-12), surgery, postsurgical remission, and
postsurgical complications.

Patients enter the model with moderate-to-severe disease.
These patients are assigned to a biologic and monitored for
induction response. Patients who respond during the induction
period and do not discontinue due to adverse events remain on
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treatment in the maintenance phase (Markov model). These
patients enter the Markov model in remission, mild disease, or
moderate-to-severe disease, depending upon their level of
response in induction (Fig. 1b). These patients remain on
treatment and transition among these three health states, or
they may eventually lose response. Patients who do not
respond during the induction phase, who lose response in the
maintenance phase, or who discontinue due to adverse events
switch to induction with conventional therapy.

Patients initiating induction with conventional therapy
follow a similar treatment pattern as patients on biologic
treatment. However, patients who do not respond to con-
ventional therapy either switch to another conventional
therapy combination and remain in moderate-to-severe
disease or transition to surgery.

Once patients transition to surgery, they discontinue
pharmacotherapy and enter the surgery portion of the
Markov model (Fig. 1b). These patients may remain
complication-free (postsurgery remission), experience
complications (postsurgery complications), or require a
subsequent surgery (surgery). Patients may transition to
death from any health state in the model.

The perspective of the analysis was that of the National
Health Service (NHS) and Personal Social Services. The
time horizon of the model was set to a patient’s lifetime.
Costs and benefits were discounted annually at 3.5%
annually, as specified by NICE [2].

Patient population

Patients in this analysis are individuals with a diagnosis of
moderately to severely active UC (i.e., Mayo score of 6 or
greater) who have had an inadequate response with, lost
response to, or are intolerant to a conventional therapy such
that they have switched to a treatment with a biologic (anti-
TNF). The patient population (1) was anti-TNF-naive, (2)
had an average age of 40.36 years, (3) was 58% male, and
(4) had an average weight of 76.29 kg. These data were
estimated based on the pooled patient populations of trials
included in a mixed-treatment comparison [16].

Treatments

In this analysis, patients may be treated with one of the
following:

e Vedolizumab: 300 mg intravenous infusions at weeks
0, 2, and 6, and every 8 weeks thereafter.

e Infliximab: 5 mg/kg intravenous infusions at weeks O,
2, and 6, and every 8 weeks thereafter.

e Adalimumab: 160 mg subcutaneous injection at week
0, 80 mg injection at week 2, and 40 mg injection
every 2 weeks thereafter.
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Fig. 1 a Decision-tree schematics for ulcerative colitis induction phase. b Markov model schematics for ulcerative colitis maintenance phase

and beyond

e Golimumab: 100 mg subcutaneous injection at week O,
50 mg injection at week 2 and 6, and 50 mg injection
every 4 weeks thereafter.

Patients could also receive conventional therapy, as
consistent with the clinical trials. Patients responding to
biologics were treated for up to 3 years. After 3 years,
these patients were assumed to be treated with conven-
tional therapy alone.

Model inputs
Clinical efficacy
Treatment efficacy is presented as the probability of

response and remission during the induction phase and the
probability of remaining in remission or mild disease at the

end of the maintenance phase (at 1 year). Response was
defined as a decrease in Mayo score of 3 or more (30% or
more) from baseline. A Mayo score of 2 or less and no
individual subscore of more than 1 was used to identify
patients in remission.

Due to the lack of head-to-head clinical trial data, we
used the results of a network meta-analysis based on each
drug’s  pivotal  placebo-controlled clinical trials
[7-10, 13, 17]. The estimates for response and remission
for each treatment from the meta-analysis are presented in
Table 1. Because it was possible to achieve response
without reaching the mild or remission health states, we
assumed that 10.1% of responders on any treatment
remained in the moderate-to-severe health state based on
data observed in the pooled patient population of the
GEMINI [ trial.
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To estimate disease progression following induction, we
derived transition probabilities to minimize the sum of
squared errors of the modeled percentage of patients in
remission and mild disease at 1 year relative to that estimated
based on the observed trial data. We assumed that the transi-
tion probabilities beyond the first year on treatment were the
same as those estimated for the first year on treatment. These
transition probabilities are presented in Appendix 1.

For patients who experienced surgery, we derived the
postsurgery transition probabilities from a targeted review
of the available published literature. These transition
probabilities are presented in Appendix 1.

Clinical safety

Patients on biologic therapy may discontinue due to lack of
efficacy at the end of the induction phase or at the end of
the maintenance phase. Additionally, these patients may
discontinue due to adverse events. The data for discontin-
uations in the induction and maintenance phases were
obtained from the clinical trial data [7-10, 13] (Table 2).
Patients who switched to conventional therapy were
assumed to continue receiving conventional therapy until
the end of the model’s time horizon or until the patient
transitions to surgery.

Mortality

Patients with UC have not shown to have an increased
mortality rate over patients without UC, and as such UC-
specific mortality has not been included in previously
published models [15, 18]. As a result, mortality was
assumed similar to the general population, where mortality
increases over time as patients age [19].

Utility

Utility weights range from 0.0 to 1.0, where a utility value
of 1.0 represents perfect health and a value of 0.0

Table 1 Probability of response and remission for each treatment

represents death. These utility values are used to estimate
quality-adjusted life-years (QALYs) by multiplying the
number of life-years within a particular health state by that
health state’s utility weight.

Utility weights are presented by health state and were
obtained from an analysis of the GEMINI I trial. Health
state utilities are further decremented due to adverse
events. Utility values used in the model are presented in
Table 2.

Costs

Costs considered in this analysis include acquisition and
administration of drugs, direct health care costs associated
with each health state, and the cost of managing adverse
events (Table 2). The daily cost of conventional therapy
was estimated as a mix of treatments that compose con-
ventional therapy based on interviews with clinician
experts [20]. For patients still on biologic therapy, the cost
of concomitant conventional therapy was assumed half that
of conventional therapy alone.

Nonsurgical health state costs were estimated by
applying NHS reference costs to resource use reported
by health state by Tsai et al. [15] (Table 2). All costs
were converted to 8-week costs and reported in
2012/2013 British pounds. Costs for surgery were
estimated from Buchanan et al. [12]. Adverse-event
costs were estimated as weighted averages using the
relevant health care resource group codes in the NHS
reference cost schedule [21] and the assumption that all
patients are hospitalized with these adverse events
(Table 2).

Model calculations

The main outcome measure was the incremental cost per
QALY gained. For each comparison examined, we derived
the incremental cost per QALY by calculating the differ-
ence between the cost of vedolizumab and the cost of the

Induction phase among patients who enter the model in

moderate-to-severe disease

End-of-maintenance phase among patients who
responded in induction phase

Response (%)

Remission (%)

Response (%) Remission (%)

Conventional therapy 34.29 8.93
Vedolizumab 62.35 30.25
Infliximab 68.18 33.41
Adalimumab 49.60 15.14
Golimumab 57.05 25.78

44.04 27.16
80.58 57.48
56.71 31.65
51.14 42.39
60.44 38.96

Response/remission probabilities were obtained from the mixed-treatment comparison [16]. Trials represented in the meta-analysis included

pivotal placebo-controlled trials for each biologic [7-10, 13, 17]
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Table 2 Model inputs

Adverse-event probability

Adverse event Vedolizumab?® (%) Infliximab® (%) Adalimumab® (%) Golimumab® (%) Conventional therapy® (%)
Serious infection 1.15 2.48 0.83 1.37 1.98
Tuberculosis 0.00 0.00 0.00 0.00 0.08
Acute hypersensitivity reactions 0.00 1.65 0.00 0.30 0.29
Skin site reactions 0.29 11.57 0.00 5.03 3.20

Discontinuations due to adverse events

Phase Vedolizumab? (%) Infliximab® (%) Adalimumab® (%) Golimumab® (%)
Induction 0.00 0.00 5.00 0.30
Maintenance 4.17 8.26 12.43 5.19

Adverse-events costs and disutility

Adverse event Cost Source Disutility Source

Serious infection ~ £1470.00 NHS reference costs 2011/12. Average of five different types of serious —0.520  Brown et al. [22]

infections: sepsis, pneumonia, urinary tract infection, respiratory (=1-0.48)
infection, and bronchitis
Tuberculosis £2272.00 NHS reference costs 2011/12. Average of nonelective short-stay and —0.550 Porco et al. [23],
long-stay tuberculosis Appendix Table 7
(=1-0.45)
Acute £3188.00 NHS reference costs 2011/12. Average of nonelective short-stay and —0.110  Beusterien et al. [24]
hypersensitivity long-stay pyrexia

reactions

Skin site reactions £1363.28 NHS reference costs 2011/12 as average of procedures associated with —0.030  Beusterien et al. [25]
skin disorders

Health state utility weights

Parameter Remission’ Mild" Moderate—severe Surgery® Postsurgery remission® Postsurgery complications®
Utility weights 0.86 0.80 0.68 0.42 0.60 0.42

Parameter Vedolizumab (300 mg) infliximab (100 mg) Adalimumab (40 mg) Golimumab (50 mg) Conventional therapy
Acquisition cost” £1678.48 £419.62 £352.14 £762.97 £102.40

Intravenous infusion’  £308.00 £308.00 - - -

Health state resource use and costs

Health state Unit cost’ Remission Mild Moderate—severe  Surgery  Postsurgery remission  Postsurgery complications
Consultant visit £105.73 0.31 0.69 1 - 0.23 0.27

Hospitalization £3399.36 0.05 0.05 0.05 - - 0.50

Surgery £13,577.27 - - - 1 - -

Blood tests £3.35 0.50 0.6 1 - 0.23 0.50

Elective endoscopy ~ £1497.12 0.03 0.08 0.13 - 0.18 0.10
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Table 2 continued

Health state resource use and costs

Health state Unit cost ~ Remission  Mild Moderate—severe  Surgery Postsurgery ~ Postsurgery complications
remission

Emergency endoscopy ~ £2026.09  — 0.04 0.12 - 0.08 0.02

Per-cycle cost £236.52 £424.02  £957.77 £13,577.27%  £467.65 £1913.24

NHS National Health Service

? Feagan et al. [13]

b Rutgeerts et al. [7]

¢ Reinisch et al. [8]; Sandborn et al. [10]

4 Sandborn et al. [9]

¢ Pooled data from Final clinical study report C13006 [26]; Rutgeerts et al. [7]; Reinisch et al. [8]; Sandborn et al. [10]; Sandborn et al. [14]
! GEMINI I trial

¢ Punekar and et al. [27]

" British National Formulary [28]

! Unit costs for all resource use other than for surgery were obtained from NHS reference costs (NHS 2011/12). Cost of surgery was obtained
from Buchanan et al. [12], and inflated to 2012 using pay and price index (Curtis) [29]

J Tsai et al. [15] present their data on an annual basis even though they consider 8-week cycles. We present 8-week cycle resource use in the
table above and in the model. These are derived by dividing by the annual estimates from Tsai et al. [15] by 6.5

X Buchanan and et al. [12]. The cost of surgery is based on the following assumptions, as reported in the online supplement to Buchanan et al.
[12]: (1) Patient undergoes surgery (40% of patients undergo proctocolectomy with ileostomy, 60% undergo subtotal proctocolectomy with
pouch formation =+ loop ileostomy) with a weighted average cost calculated to be £5714.80. (2) Surgeon appointment (1 x 10 min — £13.62).
(3) Inpatient day: average stay of 10 days. The unit cost includes staff and resource-use costs (estimated to be £2776.88), closure of ileostomy

(required by 95% of patients with a pouch), and an additional inpatient stay of 7 days (average cost calculated to be £3114.42)

other biologics, which was then divided by the difference
in QALY between each treatment.

Sensitivity analyses

To test the robustness of the model assumptions and param-
eters, we examined the effects of changing parameters in one-
way sensitivity analyses. Analyzed parameters included per-
centage of patients responding to therapy or in remission
during induction and maintenance periods, percentage of
patients at end of induction who remain in moderate-to-severe
disease, percentage of patients experiencing surgery, transi-
tion probabilities, adverse-event incidence, percentage of
patients discontinuing due to adverse events, relative risk of
mortality, health state utilities and adverse-event disutilities,
and health state and adverse-event costs. Effects of varying
individual parameters were examined using plausible ranges
of values from the literature, 95% confidence intervals, or by
varying estimates by +20%. Sensitivity analysis results for
each input were ranked from most sensitive to least sensitive
and plotted on a tornado diagram.

In addition to the one-way sensitivity analysis, a sce-
nario analysis was also conducted in which we varied the
maximum duration of time on biologic therapy from 1 to
5 years. This assumption was tested to account for
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uncertainty of the long-term effectiveness of the drug and
the impact of applying a discontinuation rule in the
model.

Finally, we also performed a probabilistic sensitivity
analysis examining the impact of varying all parameters at
the same time according to prespecified distributions. A
second-order Monte Carlo simulation was conducted in
which variability was examined over 3000 iterations.

Model results
Base-case analyses

Table 3 presents the base-case results. Patients on vedoli-
zumab were expected to gain more QALYs than patients
treated with any other therapy. Patients on vedolizumab
spent more time in remission, had a slight improvement in
overall survival, and experienced fewer surgeries. At a
willingness-to-pay threshold of £30,000 per QALY, treat-
ment with vedolizumab appears to be a cost-effective and
potentially dominant strategy (i.e., more effective and less
costly) compared with the other biologics. Over a lifetime
horizon, vedolizumab was dominant compared with each
anti-TNF.
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Table 3 Base-case results

Parameter Vedolizumab Infliximab Adalimumab Golimumab
Total costs £199,431.15 £206,065.90 £194,764.73 £200,018.31
Biologic costs £20,693.28 £19,285.37 £10,289.40 £13,875.24
Conventional therapy costs £17,239.38 £16,596.46 £16,946.70 £16,695.75

Other medical costs £161,498.48 £170,184.07 £167,528.62 £169,447.32
Outcomes
Years in remission 2.151 1.412 1.666 1.508
Surgeries required 3.042 3.271 3.210 3.259
Life-years 21.607 21.607 21.607 21.607
QALYs 14.077 13.788 13.872 13.809
Incremental (vedolizumab vs.)
£/QALY Vedolizumab dominates £22,775 Vedolizumab dominates

QALY quality-adjusted life-year, AEs adverse events, CT conventional therapy

One-way sensitivity analysis

Figure 2a—c illustrates one-way sensitivity analyses on the
incremental cost per QALY gained for vedolizumab com-
pared with infliximab, adalimumab, and golimumab,
respectively, to variations in model parameters. Results
were most sensitive to changes in the percentage of patients
responding during induction period and the probability of
transitioning to remission and health state costs. However,
vedolizumab remained cost-effective in all individual
parameter variations, as the incremental cost-effectiveness
ratio did not exceed £30,000 per QALY in any case. In the
scenario analysis for discontinuation, vedolizumab
remained more effective than all other treatments with a
5-year discontinuation rule. Vedolizumab was dominant
compared with infliximab, highly cost-effective
(ICER = £10,618) compared with golimumab. Vedolizu-
mab was not cost-effective compared with adalimumab
(ICER = £59,466). With a 1-year discontinuation rule,
vedolizumab was dominant regardless of comparator.

Multiway probabilistic sensitivity analysis

Assuming a £30,000 per QALY threshold, vedolizumab
was dominant (more effective and less costly) compared to
infliximab in 97.6 of cases, cost-effective compared to
golimumab in 92.2 of cases (with dominance occurring in
61.7 of cases), and cost-effective in 59.6% of cases in
comparison with adalimumab.

Vedolizumab was the more effective treatment in 99.6,
95.0, and 98.0% of cases compared with infliximab, adal-
imumab, and golimumab, respectively. The results of these
probabilistic sensitivity analyses are presented in Fig. 3.

Discussion

In this study, we compared vedolizumab with anti-TNF treat-
ments infliximab, adalimumab, and golimumab in anti-TNF-
naive patients with moderately to severely active UC to deter-
mine the cost-effectiveness of vedolizumab in this population.
Compared with the other biologics, vedolizumab was the more
effective treatment. When considering costs and a lifetime time
horizon, vedolizumab was dominant (more effective and less
costly) when compared with all other biologics.

Our findings are consistent with previously published
analyses [15]. Tsai and colleagues [15] found that anti-
TNF-naive patients on infliximab incurred 4.591 QALYs
over a 10-year period. When our model is set to 10 years,
uses the utility weights presented in by Tsai and colleagues
[15], and sets mortality to be independent of UC health
state, we estimate 4.650 QALY for patients on infliximab.
These similarities provide validity to the estimates from
our analysis.

Two recent publications of economic models have
considered vedolizumab in UC. Essat and colleagues [32]
published a CEA model and a critical analysis of the
Takeda initial CEA model of vedolizumab in moderate-to-
severe UC patients, submitted during the NICE process.
The co-authors were part of the Evidence Review Group
selected by the National Institute of Clinical and health
Excellence (NICE) who did the single technology assess-
ment of vedolizumab in UC. Our model integrated the
feedback from the NICE appraisal. It is worth noting that
NICE accepted the final Takeda’s model and required
modifications in Essat’s model as well, which drastically
changed the ICER in favor of vedolizumab. Based on
Essat’s modified model, the Takeda’s model presented
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(a) VDZ induction response/remission (95% Cl)
Health state costs (-/+ 20%)

IFX transition probabilities from remission (95% Cl)
Surgery transition probabilities (95% Cl)

IFX induction response/remission (95% Cl)

VDZ transition probabilities from remission (95% Cl)
Health state utilities (+/- 20%)

IFX transition probabilities from mild (95% ClI)

IFX discontinuation rates (95% Cl)

Parameter

VDZ discontinuation rates (95% Cl)

VDZ transition probabilities from moderate-severe (95% Cl)
IFX transition probabilities from moderate-severe (95% Cl)
CT transition probabilities from moderate-severe (95% Cl)
AE incidence - IFX (95% Cl)

VDZ transition probabilities from mild (95% Cl)

B Lower Bound 0O Upper Bound

-£36,421

-£31,421 -£26,421 -£21,421 -£16,421

Incremental Cost per QALY Gained

AE = adverse event; Cl = confidence interval; CT = conventional therapy; IFX = infliximab; QALY = quality-adjusted life-year;

VDZ = vedolizumab.
(b) VDZ transition probabilities from remission (95% Cl)
VDZ induction response/remission (95% Cl)

ADA induction response/remission (95% Cl)

ADA transition probabilities from remission (95% Cl)
Health state costs (-/+20%)

Surgery transition probabilities (95% Cl)

CT transition probabilities from remission (95% Cl)

VDZ transition probabilities from moderate-severe (95% Cl)

Parameter

CT transition probabilities from moderate-severe (95% Cl)
CT induction response/remission (95% Cl)

ADA transition probabilities from moderate-severe (95% Cl)
CT transition probabilities from mild (95% Cl)

Health state utilities (+/- 20%)

VDZ discontinuation rates (95% Cl)

ADA discontinuation rates (95% Cl)

B Lower Bound [ Upper Bound

£4,878

£24,878 £44,878 £64,878 £84,878 £104,878

Incremental Cost per QALY Gained

ADA = adalimumab; CI = confidence interval; CT = conventional therapy; QALY = quality-adjusted life-year; VDZ =

vedolizumab.

Fig. 2 a One-way sensitivity analysis results: vedolizumab vs.
infliximab. AE adverse event, CI confidence interval, CT conventional
therapy, IFX infliximab, QALY quality-adjusted life-year, VDZ
vedolizumab. b One-way sensitivity analysis results: vedolizumab
vs. adalimumab. ADA adalimumab, CI confidence interval, CT
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conventional therapy, QALY quality-adjusted life-year, VDZ vedoli-
zumab. ¢ One-way sensitivity analysis results: vedolizumab vs.
golimumab. AE adverse event, CI confidence interval, CT conven-
tional therapy, GOL golimumab, QALY quality-adjusted life-year,
VDZ vedolizumab
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(c) VDZ transition probabilities from remission (95% Cl)
GOL transition probabilities from remission (95% Cl)
Health state costs (-/+ 20%)

Surgery transition probabilities (95% Cl)

CT transition probabilities from remission (95% Cl)

CT transition probabilities from moderate-severe (95% Cl)
CT induction response/remission (95% Cl)

CT transition probabilities from mild (95% Cl)

VDZ discontinuation rates (95% Cl)

Parameter

GOL discontinuation rates (95% Cl)

VDZ transition probabilities from moderate-severe (95% Cl)
GOL induction response/remission (95% Cl)

Starting age of population (+/- 5%)

GOL transition probabilities from moderate-severe (95% Cl)

AE incidence - GOL (95% Cl)

r

B Lower Bound [ Upper Bound

-£9,207

T T T T

-£4,207 £793 £5,793 £10,793
Incremental Cost per QALY Gained

AE = adverse event; Cl = confidence interval; CT = conventional therapy; GOL = golimumab; QALY = quality-adjusted life-year;

VDZ = vedolizumab.

Fig. 2 continued

here, the clinical evidence submitted, as well as the level of
unmet need, NICE concluded that vedolizumab was a cost-
effective treatment option compared to CT, to other bio-
logics, and to surgery.

Yokomizo and colleagues [33] developed a cost conse-
quence model for vedolizumab in UC based on mucosal
healing (MH). Our model is instead a cost-utility model,
integrating the Mayo score clinical efficacy with quality of
life. Our model also differs in that it takes a long-term
perspective whereas the Yokomizo model was a 1-year
analysis. Yokomizo’s did not use an indirect treatment
comparison to account for differences in study design or
population characteristics between trials. Thus the efficacy
measures used in their model might not be accurate.
Finally, this publication used US cost, and therefore any
firm conclusions cannot be done for the British healthcare
setting, given that costs of care in the USA are much higher
than in the UK. As such, our model is not comparable to
the Yokomizo model.

This analysis was for the anti-TNF-naive population. It
is worth noting that many patients fail anti-TNF therapy
and, as such, additional lines of pharmacotherapy are
administered. As a result, it would be valuable to compare
the economic value of biologic therapies in an anti-TNF—
failure population as well. However, since limited data
exist for the anti-TNF treatments (golimumab and inflix-
imab trials included only anti-TNF-naive patients), such a

comparison is not feasible at this time. It will be important
to study these drugs in different populations once such data
are available to better understand each drug’s economic
value in all relevant populations.

The model does not consider infliximab biosimilars for
two reasons: at the time of the model design, biosimilars
were not yet available in the UK; and because biosimilars
are not required to conduct randomized clinical trials, the
assumption of equivalent efficacy may be tenuous. How-
ever, the model does allow for a simple scenario consid-
eration. If we were to assume equivalent efficacy and a
price 70% of branded infliximab price for the biosimilars,
vedolizumab would remain dominant. For vedolizumab to
not be cost-effective, the biosimilar price would have to be
less than 25% of that of branded infliximab.

This analysis is subject to a few limitations with regard
to the published clinical trial data. Most notably, the lack
of head-to-head clinical data makes comparisons of effi-
cacy among the biologic treatments difficult. Thus, a
commonly used and accepted approach to indirect com-
parisons was used to estimate efficacy relative to a
common comparator. With regard to the available clinical
data, we have relied on published clinical data from
multinational clinical trials. Additionally, due to the lack
of data on anti-TNF-failure patients, we did not consider
treatment switching in the model. It is unclear what effect
this would have on results, as it is unclear what the
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Fig. 3 Probabilistic sensitivity
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efficacy of subsequent biologic treatment would be (and
whether or not such treatment would be cost-effective
compared with conventional therapy). It will be important
to consider collecting real-world data in patients who
have failed one (or more) biologic treatments to gain a
better understanding of the economic implications of
biologic pathways.

Finally, we note the limitation of the difference in the
trial designs for the placebo-controlled trials for adali-
mumab from those for vedolizumab. Most notably, the
adalimumab maintenance trials only included those
patients who achieved remission during the induction
phase, whereas the GEMINI I trial allowed all responders
to continue. As such, one would expect patients in the
adalimumab maintenance trials to better maintain their
response than patients in the GEMINI I trial because only
those who showed the highest level of response continued
in the adalimumab maintenance trials. We conservatively
make no attempt to address this design issue in the model
and assume that the maintenance transition probabilities for
adalimumab (which are based on induction remitters only)
apply to both induction remitters and nonremitting
responders. As such, the results vs. adalimumab likely
underestimate vedolizumab’s cost-effectiveness. In addi-
tion, we attribute the change in cost-effectiveness results in
the discontinuation stopping rule scenario analysis to
overestimating adalimumab’s maintenance efficacy.

While the one-way sensitivity analyses uniformly found
vedolizumab to be cost-effective, this was not quite the
case for the probabilistic sensitivity analyses. For example,
vedolizumab was cost-effective compared with adali-
mumab in 59.6% of simulations. When vedolizumab was

@ Springer

not cost-effective, it was typically due to drug costs, but
vedolizumab was still more effective. In over 98% of cases
compared with infliximab and golimumab, and in more
than 95% of cases compared with adalimumab, vedolizu-
mab was more effective. So while we cannot say so with
100% certainty, the results strongly suggest that vedoli-
zumab is the cost-effective strategy.

Conclusions

In summary, vedolizumab appears to be more efficacious
than infliximab, adalimumab, and golimumab in an anti-
TNF-naive UC population. Based on the results of this
analysis, vedolizumab is likely to be cost-effective and
very possibly dominant when compared with these biologic
treatments. As such, vedolizumab provides a valuable
treatment alternative for biologic-naive UK patients with
moderately to severely active UC who have previously
failed or are intolerant to conventional therapy.
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Appendix 1: Transition probabilities

To ensure that the Mayo-based health state transition
matrices for the maintenance phase generate patient flows
that closely depict outcomes based on response and
remission data, we performed a calibration of the Markov
transition probabilities. Specifically, we used the efficacy
data for the induction and maintenance phases for each
treatment from a network meta-analysis of placebo-con-
trolled trials to derive transition probabilities. We then
calibrated these transition probabilities such that the per-
centages of patients in remission and mild disease at
54 weeks most closely mirrored the expected percentages
based on the efficacy data from the meta-analyses. The
transition probabilities estimated for each treatment are
presented in Table 4.

Transition probabilities for the surgery and postsurgical
health states were derived from the published literature, as
given in Table 5.

Table 4 Transition probabilities

From/to Remission Mild Moderate— Surgery
severe
Vedolizumab
Remission 0.927 0.073  0.000 0.000
Mild 0.200 0.619 0.181 0.000
Moderate— 0.000 0.281 0.711 0.008
severe
Infliximab
Remission 0.920 0.080 0.000 0.000
Mild 0.027 0.678 0.295 0.000
Moderate— 0.000 0.159 0.834 0.008
severe
Adalimumab
Remission 0.980 0.020 0.000 0.000
Mild 0.152 0.559 0.289 0.000
Moderate— 0.000 0.077 0915 0.008
severe
Golimumab
Remission 0.947 0.053 0.000 0.000
Mild 0.055 0.622 0.385 0.000
Moderate— 0.000 0.179 0.813 0.008
severe

Estimated based on response and remission data from the mixed-
treatment comparison [16]. Probability of surgery based on Frolkis
et al. [30]

Table 5 Transition probabilities for surgery and postsurgery

Health state Surgery® Postsurgery Postsurgery
remission®  complications®
Surgery 0.050°  0.450° 0.500°
Postsurgery remission 0.050° 0.777¢ 0.173"
Postsurgery complications  0.050° 0.245* 0.705¢

# Probabilities presented above do not include the mortality risk. As
such, each of these probabilities is multiplied by [1—p (morty )],
where p (morty ) represents the probability of mortality for health
state hs in year y

® Loftus et al. [11] presents a 6-month probability of 0.153. We
converted this probability to an 8-week probability using the for-
mula 1— (1-0.153)A(56/180) and assumed this probability for the
duration of the model

¢ Values are the result of subtracting the other two transition prob-
abilities from 1

4 Xie etal. [31] presents an annual probability of 0.84. We converted
this to an 8-week probability using the formula 1— (1-0.84)(56/365)

¢ Loftus et al. [11] (citing Mahadevan et al.) presents a monthly
probability of 0.31. We converted this to an 8-week probability using
the formula 1— (1-0.31)(8/(30/7))

T Source: Loftus et al. [11]. The value is the sum of the 6-month
probabilities of late complications in the total column of Table 4,
which gives a value of 0.457. We converted this to an 8-week
probability using the formula 1— (1-0.457)*(56/180)
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