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Abstract

Objective Tofacitinib is an oral Janus kinase inhibitor approved for the treatment of ulcerative colitis (UC). The objective of
this study was to evaluate the long-term cost-effectiveness of tofacitinib versus current biologics, considering combinations
of first-line (1L) and second-line (2L) therapies, from a Japanese payer’s perspective in patients with moderate-to-severe
active UC following an inadequate response to conventional therapy and in those who were naive to biologics.

Methods A cost-effectiveness analysis was conducted during the time horizon specified in the Markov model, which consid-
ers a patient’s lifetime as 60 years and an annual discount rate of 2% on costs and effects. The model compared tofacitinib
with vedolizumab, infliximab, adalimumab, golimumab, and ustekinumab. The time of active treatment was divided into
induction and maintenance phases. Patients not responding to their biologic treatment after induction or during the main-
tenance phase were switched to a subsequent line of therapy. Treatment response and remission probabilities (for induction
and maintenance phases) were obtained through a systematic literature review and a network meta-analysis that employed a
multinomial analysis with fixed effects. Patient characteristics were sourced from the OCTAVE Induction trials. Mean utili-
ties associated with UC health states and adverse events (AEs) were obtained from published sources. Direct medical costs
related to drug acquisition, administration, surgery, patient management, and AEs were derived from the JMDC database
analysis, which corresponded with the medical procedure fees from 2021. The drug prices were adjusted to April 2021.
Further validation through all processes by clinical experts in Japan was conducted to fit the costs to real-world practices.
Scenario and sensitivity analyses were also performed to confirm the accuracy and robustness of the base-case results.
Results In the base-case, the treatment pattern including 1L tofacitinib was more cost-effective than vedolizumab, infliximab,
golimumab, and ustekinumab for 1L therapies in terms of cost per quality-adjusted life year (QALY) gained (based on the
Japanese threshold of 5,000,000 yen/QALY [38,023 United States dollars {USD}/QALY]). The base-case results demon-
strated that the incremental costs would be reduced for all biologics, and decreases in incremental QALYs were observed
for all biologics other than adalimumab. The incremental cost-effectiveness ratio (ICER) was found to be dominant for
adalimumab; for the other biologics, it was found to be less costly and less efficacious. The efficiency frontier on the cost-
effectiveness plane indicated that tofacitinib—infliximab and infliximab—tofacitinib were more cost-effective than the other
treatment patterns. When infliximab—tofacitinib was compared with tofacitinib—infliximab, the ICER was 282,609,856 yen/
QALY (2,149,157 USD/QALY) and the net monetary benefit (NMB) was —12,741,342 yen (—96,894 USD) with a thresh-
old of 5,000,000 yen (38,023 USD) in Japan. Therefore, infliximab—tofacitinib was not acceptable by this threshold, and
tofacitinib—infliximab was the cost-effective treatment pattern.

Conclusion The current analysis suggests that the treatment pattern including 1L tofacitinib is a cost-effective alternative to
the biologics for patients with moderate-to-severe UC from a Japanese payer’s perspective.

Extended author information available on the last page of the article
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Key Points for Decision-Makers

This study may help make clinical decisions from a
cost-effectiveness perspective; it compared the clinical
effectiveness and cost-effectiveness of tofacitinib as an
alternative treatment option versus currently recom-
mended biologics in Japan (vedolizumab, infliximab,
adalimumab, golimumab, and ustekinumab) among
moderate-to-severe ulcerative colitis (UC) patients.

From the Japanese payer's perspective, the analysis of
our study suggested that the treatment pattern includ-
ing first-line tofacitinib is a cost-effective treatment for
biologic-naive patients with moderate-to-severe active
UC.

This study also investigated the relationship between
total costs and quality-adjusted life years for all 18
potential treatments, as recommended by clinical guide-
lines, which may make this study more informative than
a simple cost-effective analysis.

1 Introduction

Ulcerative colitis (UC) is a chronic inflammatory bowel dis-
ease (IBD) characterized by inflammation of the mucosal
lining of the colon and rectum [1, 2]. In Japan and other
Asian countries, the incidence of UC is rapidly increasing,
although it is still lower than in Western countries [3]. A
nationwide survey reported that the estimated number of UC
patients in Japan was 219,685 in 2014 [4].

The current treatment strategy for UC focuses on clinical
response and remission, endoscopic response, and normali-
zation of C-reactive protein/erythrocyte sedimentation rate
and calprotectin [5]. The treatments include 5-aminosal-
icylates, immunomodulators (azathioprine [AZA] or 6-mer-
captopurine [6-MP]), and corticosteroids [5, 6]. However,
some of the major drawbacks of these drugs include lifelong
dependency for mild UC management and ineffectiveness
in controlling moderate-to-severe UC [7-9], with frequent
inconsistent remission and relapse. Moreover, cytapheresis
therapy is recommended in Japan and recognized as a safer
treatment with minimal side effects [2]. However, cytapher-
esis is typically only used for patients with disease of moder-
ate severity who can visit medical facilities very often (more
than once a week).

The advent of biologics has revolutionized the treatment
of UC by targeting key immune system signal modulators
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involved in inducing and maintaining the state of inflam-
mation and disease severity [10—13]. Currently, three types
of biologics have been approved for the treatment of UC:
(1) anti-tumor necrosis factor-a (anti-TNFa) agents (inf-
liximab, adalimumab, and golimumab), (2) anti-integrin
agents (vedolizumab), and (3) anti-interleukin-12/23 (anti-
IL-12/23) agents (ustekinumab) [10-13]. These agents
have been approved for use either as monotherapy or in
combination with certain immunomodulators or conven-
tional/synthetic drugs [13—15]. However, the immuno-
genicity associated with these biologics can lead to sec-
ondary non-efficacy, one of the major drawbacks of their
use [15-20]. In addition, lack of long-term efficacy data
(with the exception of infliximab) and relatively high cost
are some of the other limitations of biologics for use as
treatment of UC [16].

Therefore, to overcome these challenges, a therapy with
a novel mechanism of action is being explored for the treat-
ment of UC patients [18, 20-23]. Tofacitinib is the first oral
Janus Kinase inhibitor to be approved in Japan for moderate-
to-severe UC [24]. As a small molecule, tofacitinib has many
advantages, such as its non-immunogenicity and its suitable
and quick absorption, distribution, metabolism, and excre-
tion (ADME) properties, making it an ideal oral formulation
[18, 20, 21, 23, 25-27]. Double-blinded phase III clinical
studies (OCTAVE Induction 1/2 and OCTAVE Sustain)
demonstrated that a significantly greater number of patients
who received tofacitinib 10 mg twice daily (BID) achieved
the primary endpoint of remission at week 8 and week 52
compared to those who received placebo [2, 28-30]. In addi-
tion, a phase IV clinical trial was completed to establish the
effect of tofacitinib in patients with UC in stable remission
(NCT03281304) [31].

There are no reports that discuss the efficacy of tofaci-
tinib for UC from a medical-economic point of view in the
Japanese environment. Although there is a cost-effectiveness
analysis (CEA) model, it is difficult to accurately compare
it because it was developed and adopted in countries with
different medical insurance and treatment behaviors [32—-34].
In this study, we modified the existing model to suit Japanese
clinical practice and performed a medical-economic analysis
of advanced therapies including tofacitinib in UC. The find-
ings from this study may lead to a new treatment decision
for patients with moderate-to-severe UC.

2 Methods
2.1 Modeling Approach

An Excel-based CEA model was developed to assess
the long-term projections of clinical and cost outcomes
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from the Japanese payer’s perspective between tofaci-
tinib and all currently recommended biologics to date
(vedolizumab, infliximab, adalimumab, golimumab, and
ustekinumab) indicated for moderate-to-severe active UC
when this study was conducted. Projected outcomes of
interest included total costs and quality-adjusted life years
(QALYSs) gained over a lifelong time horizon (60 years).
The average age of Japanese patients was derived from the
results of the OCTAVE Induction trials (42.43 years) [28,
30], which indicates the lifetime horizon assumption of 60
years to adequately capture the lifespan of most patients.
Cost-effectiveness was described as the incremental cost-
effectiveness ratio (ICER), which is the cost per additional
unit of QALY gained for the intervention (tofacitinib) ver-
sus comparators. In the current analysis, 5,000,000 Japa-
nese yen (JPY) (38,023 United States dollars [USD]) per
QALY gained was assumed as a threshold, which is used
in Japan for health technology assessments (HTAs) [35].
Both costs and effects were discounted by 2.0% annually
for cost-effectiveness evaluation, according to the Japanese
cost-effectiveness evaluation guidelines [36], and JPY was
adjusted to USD using the annual exchange rate in 2022
(Organization for Economic Co-operation and Develop-
ment, USD 1 =JPY 131.498) [37].

2.2 Model Structure

The clinical course and disease progression of UC were
described by the Markov model, which is designed to
reflect the clinical practices and disease progression of UC
in Japan. Each treatment starts with an 8-week induction
phase (that is, the 8-week per model cycle length of treat-
ment), the same duration as the OCTAVE Induction trials
and consistent with general clinical practices in Japan [28,
30]. Patients who are treatment naive enter the active UC
state in the model and move to a remission or response
state according to the efficacy of the treatment (Fig. 1).
Patients that do not respond to the treatment at the end
of the induction phase will switch to another treatment,
while responders continue to stay in the maintenance
phase. Patients in the maintenance phase keep the treat-
ment until loss of response (LOR), at which point, they
switch to another treatment. Though cytapheresis is occa-
sionally used in Japan, it was not considered as a treatment
option in this model, in order to simplify the model. Cyta-
pheresis usually requires frequent visits to medical facili-
ties and sometimes is used in combination with biologics,
which may complicate the model. Thus, by not including
cytapheresis, we have simplified our model to enable easy
interpretation of the results since our study objective was
to compare tofacitinib versus biologics for the treatment
of moderate-to-severe UC.

2.3 Model Validation

The Japanese model was developed based on models vali-
dated and published in previous studies [32-34]. To adapt to
Japanese-specific conditions, the model was based on several
assumptions and input parameters that were further vali-
dated by three clinical experts (TK, MH, and TH) in Japan
(referred to herein as clinical experts). Two of the clinical
experts (TK and TH) are Japanese physicians specializing
in UC treatment who work in the IBD centers at Japanese
core hospitals. The other is a surgeon (MH) belonging to a
pharmaceutical company.

2.4 Model Inputs
2.4.1 Patients

Adult patients with moderate-to-severe active UC with an
inadequate response, LOR, or intolerance to conventional
therapies, such as corticosteroids, AZA, or 6-MP were
selected as biologic-naive patients. The patient character-
istics in this model were aligned with the Japanese popula-
tion being prescribed tofacitinib or placebo (mean age 42.43
years, percentage male 62.90%, weight 59.67 kg, disease
duration 8.74 years) in the OCTAVE Induction clinical trial
[28, 30].

2.4.2 Treatment Comparators

The model compares tofacitinib to all currently recom-
mended biologics indicated for UC in Japan (Table 1). The
doses of treatment were in accordance with the respective
drug labels in Japan.

2.4.3 Clinical Efficacy

A systematic literature review (SLR) was conducted to
evaluate the efficacy of tofacitinib, biologics, and other
treatments for moderate-to-severe UC, based on evidence
available from randomized controlled trials (RCTs). A net-
work meta-analysis (NMA) was then conducted to derive
estimates of the relative treatment effects between different
interventions for patients with moderate-to-severe active
UC. The reporting guidelines for Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) were
followed throughout the study [38]. The NMA was con-
ducted using the Bayesian framework of OpenBUGS v3.2
(OpenBUGS Foundation) and the R studio version 1.3.1073
software package. A feasibility assessment was conducted
for the network and for similarity of patient characteristics in
the studies. A fixed effects model was used for each outcome
of interest by using the deviance information criterion. The
induction and maintenance trials that were analyzed via the
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Fig.1 Model diagram. Patients who are treatment naive enter the
active UC state in the model and, depending on the efficacy of the
treatment, can move to a remission or response state. Patients who
do not respond to treatment at the end of induction switch to another
treatment, while responders continue to the maintenance phase.
Patients in the maintenance phase maintain treatment until loss of
response; at that point, they switch to another treatment. At the last

Table 1 Biological comparators

Patient condition

health state prior to surgery, the second treatment is continued even
if patients were unresponsive to the treatment until their colectomy.
Active state UC patients and those who were unresponsive to treat-
ment at any point in the model are at risk of colectomy; patients move
to the surgery and post-surgery state. AE adverse event, /PAA ileal
pouch-anal anastomosis, UC ulcerative colitis

Drug Strength Dosing

Tofacitinib 5-mg tablet 10 mg twice daily for 8 weeks, then 5 mg twice daily thereafter
Vedolizumab 300-mg injection 300 mg IV at weeks 0, 2, and 6, and Q8W thereafter.

Infliximab 100-mg/10-mL vial 5 mg/kg IV at weeks 0, 2, and 6, and Q8W thereafter

Adalimumab 40 mg 160 mg at 0 weeks, 80 mg at 2 weeks, and 40 mg every other week thereafter
Golimumab 100 mg 200 mg at week 0, 100 mg at week 2, and 50 mg Q4 W thereafter
Ustekinumab 90 mg SC; 130 mg IV; 6 mg/kg IV Maintenance dose of 90 mg SC at week 8 and Q8W thereafter. Induction

dose of 130 mg/26 mL (5 mg/mL) solution in a single-dose vial

1V intravenous, SC subcutaneous, Q4 W every 4 weeks, Q8W every 8 weeks

NMA are presented in Table 2. The NMA generated transi-
tion probabilities between different health states (clinical
remission and response) for the induction and maintenance
phases in tofacitinib or biologic-naive patients and tofaci-
tinib or biologic-exposed patients (Table 3). Transition prob-
abilities for the induction phase (8-week per model cycle of
treatment) were obtained directly from the NMA results of

A\ Adis

the induction trials. For vedolizumab, the responses were
measured at 6 weeks, obtained from the GEMINI trial [39],
and at 10 weeks, obtained from Motoya et al. [40]. It was
assumed that the response measurements were compara-
ble. The PRISMA flow diagram of the SLR, details of the
NMA, and survival curves based on model simulation are
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Table 2 Trial data used in the network meta-analysis

Dataset Subpopulations included Data sources

Induction Biologic-naive ULTRA 1 [62]; ULTRA 2 [63]; Suzuki 2014 [64]; ACT 1, 2 [65]; Jiang 2015 [66]; Eberhardson 2017
[67]; PURSUIT-SC induction study [68]; UNIFI [69]; GEMINI 1 [70]; Motoya 2019 [71]; VAR-

SITY [72]; OCTAVE 1, 2 [73]; Study A3921063 [74]

ULTRA 2 [63]; UNIFI [69]; OCTAVE 1, 2 [73]; Study A3921063 [74]; GEMINI 1 [70]; Motoya 2019
[71]; VARSITY [72]

Suzuki 2014 [64]; PURSUIT-J study; ACT 1, 2 [65]; Jiang 2015 [66]; PURSUIT-M; ULTRA 2 [63];
UNIFI [69]; OCTAVE Sustain [73]; VISIBLE 1 [75]; GEMINI 1 [70]; Motoya 2019 [71]; VARSITY
[72]

ULTRA 2 [63]; UNIFI [69]; OCTAVE Sustain [73]; VISIBLE 1; GEMINI 1 [70]; Motoya 2019 [71];
VARSITY [72]

Biologic-exposed

Maintenance Biologic-naive

Biologic-exposed

ACT Active Ulcerative Colitis Trials, GEMINI Study of Vedolizumab (MLN(0002) in Patients With Moderate to Severe Ulcerative Colitis,
OCTAVE 1 A Study Evaluating The Efficacy And Safety Of CP-690,550 In Patients With Moderate To Severe Ulcerative Colitis, OCTAVE 2
A Study To Evaluate Both The Efficacy and Safety Profile of CP-690,550 In Patients With Moderately to Severely Active Ulcerative Colitis,
OCTAVE Sustain A Study Of Oral CP-690,550 As A Maintenance Therapy For Ulcerative Colitis, PURSUIT-J Program of Ulcerative Coli-
tis Research Studies Utilizing an Investigational Treatment—Japan, PURSUIT-M Program of Ulcerative Colitis Research Studies Utilizing an
Investigational Treatment—Maintenance, PURSUIT-SC Program of Ulcerative Colitis Research Studies Utilizing an Investigational Treatment—
Subcutaneous, ULTRA Ulcerative Colitis Long-Term Remission and Maintenance with Adalimumab, UNIFI A Study to Evaluate the Safety and
Efficacy of Ustekinumab Induction and Maintenance Therapy in Participants With Moderately to Severely Active Ulcerative Colitis, VARSITY
An Efficacy and Safety Study of Vedolizumab Intravenous (IV) Compared to Adalimumab Subcutaneous (SC) in Participants With Ulcerative

Colitis, VISIBLE 1 Efficacy and Safety of Vedolizumab Subcutaneously (SC) as Maintenance Therapy in Ulcerative Colitis

described in the Electronic Supplementary Material (ESM,
Figure S1-S10).

Natural mortality can occur at any point in patients during
the disease course. We utilized the life tables published by
the Ministry of Health, Labour and Welfare in 2018 to take
into account the natural mortality [41].

2.4.4 Adverse Events

Risk inputs for adverse events (AEs) in the current model
are reported in the ESM Table S1. AEs for analysis included
serious infections, upper respiratory tract infections, tuber-
culosis, malignancies, acute infusion reactions, injection-site
reactions, and herpes zoster. As the hazard ratio (HR) for
herpes zoster is numerically higher in the Asian population,
including Japanese, a higher probability was accounted for
by multiplying with the HR reported previously in an RCT
[42]. Tt was further assumed that AEs from tofacitinib or
biologics were applied only once at the start of treatment in
the induction phase due to the uncertainty of the trial data
being used beyond the trial duration. Also, for some treat-
ments, there were no data reported for the stated AE (labeled
as “not reported” [NR]).

2.4.5 Treatment Discontinuation

Discontinuation was not explicitly modeled because the
comparators’ trials used a non-responder imputation
approach to calculate response and remission. There-
fore, patients that discontinued trials were counted as

non-responders in this study, while the remaining patients
continued to receive tofacitinib or biologics as long as they
were responding to the treatment. At the last health state
prior to surgery, the second treatment was assumed to con-
tinue even if patients were unresponsive to the treatment
until receiving colectomy.

2.4.6 Colectomy

Patients with active UC who were not responding to the
treatments at any point in the model were assumed to be
at risk of colectomy. Patients who entered into colectomy
were assumed to have received ileal pouch-anal anastomo-
sis, which was identified by the JIMDC database as a com-
mon surgical procedure in Japan. The JIMDC database con-
sists of inpatient, outpatient, dispensing claims, and annual
health check-ups from 13 million accumulated patients (as
of December 2020) [43]. The database is characterized by its
high traceability of insurance enrollees who received treat-
ments in different healthcare institutions [43]. The results
of the database analysis were later reviewed and approved
by clinical experts. Based on the type of colectomy, early
and long-term complications were modeled. The colectomy
model inputs and the colectomy complication risks are sum-
marized in the ESM Table S2 and S3.

2.4.7 Utilities
The model estimated health-related quality of life by assign-

ing utilities to health states and disutilities to AEs [44, 45].
A lower utility was applied for the post-colectomy health
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Table 3 Transition probabilities

o Naive Exposed
of response and remission
% SE (%) PSA % SE (%) PSA

Induction phase

No response — response (including remission)
Tofacitinib 57.83 0.63 Beta 54.06 0.60 Beta
Vedolizumab 64.93 0.52 Beta 41.99 0.82 Beta
Infliximab 69.33 0.72 Beta 40.96 1.22 Beta
Adalimumab 48.05 0.54 Beta 28.39 0.84 Beta
Golimumab 56.24 0.79 Beta 33.23 0.99 Beta
Ustekinumab 57.12 1.08 Beta 43.84 1.01 Beta

No response — clinical remission
Tofacitinib 21.43 1.40 Beta 19.12 1.26 Beta
Vedolizumab 26.15 1.36 Beta 12.95 1.47 Beta
Infliximab 29.62 1.94 Beta 14.04 2.54 Beta
Adalimumab 15.80 1.84 Beta 7.49 1.36 Beta
Golimumab 20.38 1.74 Beta 9.66 1.75 Beta
Ustekinumab 21.00 2.36 Beta 13.81 1.86 Beta

Maintenance phase

Response — response (including remission)
Tofacitinib 60.68 0.90 Beta 36.41 1.46 Beta
Vedolizumab 59.61 1.47 Beta 35.59 2.50 Beta
Infliximab 57.31 1.21 Beta 37.75 2.65 Beta
Adalimumab 43.32 1.07 Beta 28.53 2.01 Beta
Golimumab 51.14 0.63 Beta 33.69 2.37 Beta
Ustekinumab 55.37 0.75 Beta 32.69 1.20 Beta

Response — clinical remission
Tofacitinib 37.36 1.88 Beta 1091 1.30 Beta
Vedolizumab 35.46 1.94 Beta 10.24 1.92 Beta
Infliximab 36.13 2.32 Beta 7.83 1.47 Beta
Adalimumab 29.72 1.62 Beta 6.44 1.21 Beta
Golimumab 33.70 1.42 Beta 7.31 1.37 Beta
Ustekinumab 35.48 2.21 Beta 8.19 0.78 Beta

Source: Network meta-analysis results based on literature review in Japan

PSA probabilistic sensitivity analysis, SE standard error

state. Disutilities associated with AEs from colectomies
were not considered as the lower utility assigned to the post-
colectomy health state may already account for the disutili-
ties from AEs [46, 47]. Furthermore, the utilities assigned
with UC health states (remission, response, and no response)
were stratified by the induction and maintenance phases and
obtained from the global OCTAVE study involving Japa-
nese patients [28, 30]. Specifically, they were obtained using
the EuroQoL 5-dimensions (EQ-5D) questionnaire, and the
scores were converted to utilities [48, 49]. In addition, utili-
ties associated with AEs and colectomy were characterized
by data derived from non-Japanese patients, as Japanese data
for UC patients are limited. The mean utilities for the induc-
tion and maintenance phases are reported in Table 4.
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2.4.8 Costs

The model captured only direct medical costs (i.e., costs
associated with drug acquisition, administration, medical
resource use by health/disease status, colectomy, routine
resource use, management of AEs, colectomy, and its asso-
ciated complications); the details are described in ESM
Table S4-S11. The dosing regimens for tofacitinib and
its comparators were determined based on instructions
from their drug labels in Japan. The unit cost of each drug
was taken from the list price according to the Japanese
National Health Insurance (NHI) (revised in 2021) [50].
Medical resource use and costs regarding drug acquisition
and administration, and colectomy were derived from a
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Table 4 Utilities

Utility by UC states Mean SE PSA Note/source
Induction
Remission 0.888 0.010 Beta Pfizer Adhoc Analysis of OCTAVE Induction 1 and 2 (1094, 1095 DB Induction);
Data on file: Study Report Output for PRIA392 Submission (ibd_pub) Protocol
(SCSA3920202a) [49]
Response 0.841 0.009 Beta Pfizer Adhoc Analysis of OCTAVE Induction 1 and 2 (1094, 1095 DB Induction);
Data on file: Study Report Output for PRJA392 Submission (ibd_pub) Protocol
(SCSA3920202a) [49]
No response 0.687 0.011 Beta Pfizer Adhoc Analysis of OCTAVE Induction 1 and 2 (1094, 1095 DB Induction);
Data on file: Study Report Output for PRJIA392 Submission (ibd_pub) Protocol
(SCSA3920202a) [49]
Maintenance
Remission 0.926 0.0092 Beta Pfizer Adhoc Analysis of OCTAVE Sustain (1096 DB Maintenance); Data
on file: Study Report Output for PRIA392 Submission (ibd_pub) Protocol
(SCSA3920202a) Adhoc Reports [48]
Response 0.872 0.021 Beta Pfizer Adhoc Analysis of OCTAVE Sustain (1096 DB Maintenance); Data
on file: Study Report Output for PRJA392 Submission (ibd_pub) Protocol
(SCSA3920202a) Adhoc Reports [48]
No response 0.783 0.011 Beta Pfizer Adhoc Analysis of OCTAVE Induction 1 and 2 (1094, 1095 DB Induction);

Data on file: Study Report Output for PRJA392 Submission (ibd_pub) Protocol
(SCSA3920202a) [49]

Disutility from tofacitinib or biologic treatment AE episode when AE occurs in the induction phase

Disutility applied for the length of the cycle, based on the approach applied in the
NICE submission model for Vedolizumab (Entyvi0®); Source: NICE, July 2014
[44]. Assume SE is 20% of the mean

Assume same as tuberculosis

Disutility applied for the length of the cycle, based on the approach applied in the
NICE submission model for Vedolizumab (Entyvio®); Source: NICE, July 2014
[44]. Assume SE is 20% of the mean

Disutility applied for the length of the cycle, based on the approach applied in the
NICE submission model for Vedolizumab (Entyvio®); Source: NICE, July 2014
[44]. Assume SE is 20% of the mean

Disutility applied for the length of the cycle, based on the approach applied in the
NICE submission model for Vedolizumab (Entyvio®); Source: NICE, July 2014
[44]. Assume SE is 20% of the mean

Disutility applied for the length of the cycle, based on the approach applied in the
NICE submission model for Vedolizumab (Entyvio®); Source: NICE, July 2014
[44]. Assume SE is 20% of the mean

Note: The utility reported for O days since onset of rash for age group 50-60 years
is 0.62 (0.55-0.69). Disutility is calculated as the inverse of utility. Source: Drolet
et al. [45]. Assume SE is 20% of mean

Serious infection —0.520 0.104 Normal
URTI —0.550 0.110  Normal
Tuberculosis —0.550 0.110 Normal
Lymphoma —0.195 0.039 Normal
Acute hypersensitivity —0.110 0.022 Normal
Skin reactions —0.030 0.006 Normal
Herpes zoster —0.380 0.076  Normal
Colectomy
Post-colectomy remission  0.671 0.050 Beta

CADTH and Park et al. [46, 47]

AE adverse event, CADTH Canadian Agency for Drugs and Technologies in Health, NICE National Institute for Health and Care Excellence,
PSA probabilistic sensitivity analysis, SE standard error, UC ulcerative colitis, URTI upper respiratory tract infection

previous database analysis (hereinafter JMDC database)
using NHI costs of April 2020. These medical procedure
prices were confirmed as the most recent price from 2021
because there were no price revisions for medical proce-
dures in 2021 [43]. Initially, the list of medical procedures
used for UC patients in the JIMDC database was developed.
A clinical expert then estimated the number of medical

resource uses for individual medical procedures associated
with UC from their clinical perspective. Moreover, other
clinical experts validated their estimated medical resource
uses. Finally, all medical resource uses and costs were
further reviewed and approved by clinical experts.
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2.5 Base-Case Analysis

Tofacitinib is prescribed to moderate-to-severe UC patients
who exhibit biologic treatment failure in Japanese clinical
practices. Patients receiving tofacitinib as first-line (1L)
were transferred to infliximab in second-line (2L) therapy
if they experienced primary treatment failure; similarly,
patients not on tofacitinib as 1L were transferred to tofaci-
tinib at 2L (Table 5). The assumption to model two lines of
treatment was based on claims data in Japan, which indi-
cated patients with UC on biologics or any treatment prior
to biologics to be either on a 1L biologic or 2L continuous
biologic (53.65% on 1L, 16.04% on 2L) [51]. This assump-
tion was further validated by clinical experts.

2.6 Sensitivity and Scenario Analyses
2.6.1 Multi-way Deterministic Sensitivity Analysis (DSA)

Multi-way DSA is a technique to investigate whether the
output of the model is sensitive to the choice of values for
each parameter (commonly the key parameters in the model)
where more than one parameter in a model is uncertain. Dur-
ing the multi-way DSA, the values of the parameters were
changed both individually and as groups in order to assess
the impact of each parameter on the model. When standard
errors (SEs) were available, input values were individually
tested with their respective 95% confidence intervals (CIs),
while if SEs were not available, a 20% increase and decrease
in the input values were tested. The details can be found in
ESM Table S12.

2.6.2 Probabilistic Sensitivity Analysis (PSA)

The parameter uncertainty revolving around cost-effective-
ness outcomes was determined by a PSA. In the PSA, the
1000 replications, or repeated simulations, that drew from
the distributions of parametric functions, costs, and utility
values were conducted. The model predicted the probability

Table 5 Treatment options of intervention or comparators in base-
case analysis

Number of First-line biologic Second-line biologic therapy
options therapy if first-line therapy is failure
1 Tofacitinib Infliximab
2 Vedolizumab Tofacitinib
3 Infliximab Tofacitinib
4 Adalimumab Tofacitinib
5 Golimumab Tofacitinib
6 Ustekinumab Tofacitinib
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of tofacitinib being cost-effective at different thresholds in
Japan.

2.6.3 Scenario Analyses

There are multiple treatment patterns for patients with mod-
erate-to-severe UC that are recommended in the guidelines
(refer to the American Gastroenterological Association [52],
American College of Gastroenterology [53, 54], American
Society of Colon and Rectal Surgeons [55], and European
Crohn's and Colitis Organization [56]). Therefore, treat-
ments are dependent on the preferences of physicians and the
drugs available in their hospitals. As a scenario analysis, we
compared 18 treatment patterns recommended in the above
guidelines that were validated by clinical experts (ESM
Table S13). Infliximab biosimilar is included in the treat-
ment patterns as a representative drug for TNFa biosimilars.
Strictly speaking, the efficacy of a biosimilar is different
from original drugs; however, the efficacy and transition
probability in the model were set as equivalent to the origi-
nal infliximab values, while the drug cost of infliximab was
changed (36,980 yen/vial [281 USD/vial]) (ESM Table S4).

For the exploratory scenario analysis, in order to account
for the LOR and increasing dose, a scenario with exposed
patients in the maintenance period receiving tofacitinib at 10
mg BID (up from 5 mg BID in the base-case analysis) was
conducted. It was assumed that the total cost of tofacitinib
would be higher because of the higher dose; moreover, the
change in response and remission was taken into account
from the regular dosage of 5 mg BID (transition probabili-
ties: 36.41% and 15.65%, respectively).

3 Results
3.1 Base-Case Analysis

The base-case results demonstrated that the incremen-
tal costs would be reduced for all biologics: vedoli-
zumab—tofacitinib, —13,861,346 yen (—105,411 USD);
infliximab-tofacitinib, —12,970,825 yen (—98,639 USD);
adalimumab—tofacitinib, —13,729,437 yen (—104,408 USD);
golimumab-tofacitinib, —13,663,320 yen (—103,905 USD);
ustekinumab—tofacitinib, —15,726,316 yen (—119,594
USD); see Table 6. In addition, decreases in incremental
QALYs were observed for all biologics other than adali-
mumab, which showed an increase of 0.023 QALY. Finally,
while the ICER was found to be dominant for adalimumab,
for the other biologics, it was found to be less costly but also
had lower QALYs.

The efficiency frontier on the cost-effectiveness
plane indicated that tofacitinib—infliximab and inflixi-
mab-—tofacitinib were more cost-effective than the other
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Table 6 Base-case analysis results
Tofacitinib Adalimumab Golimumab Ustekinumab Vedolizumab Infliximab
QALYs 22.325 22.302 22.332 22.345 22.366 22.371
LYs 28.358 28.358 28.358 28.358 28.358 28.358
Total costs ¥ 66,455,527 ¥ 80,184,964 ($ ¥ 80,118,847 ($ ¥ 82,181,843 ($ ¥ 380,316,873 ($ ¥79,426,351 ($
($505,373)  609,781) 609,278) 624,966) 610,784) 604,012)
Incremental results (tofacitinib vs comparators)
Incremental Reference 0.023 —0.007 —0.020 —0.041 —0.046
QALYs
Incremental costs Reference ¥ —13,729,437 ($ ¥ —13,663,320 ($ ¥ —15,726,316 ($ ¥ —13,861,346 ($ ¥ —12,970,825 ($
—104,408) —103,905) —119,594) —105,411) —98,639)
ICER (JPY/QALY) Reference Dominant Less costly and less Less costly and less Less costly and less Less costly and less
efficacious efficacious efficacious efficacious
Treatment pattern Incremental cost Incremental QALY ICER per QALY NMB
gained
Tofacitinib—infliximab Reference Reference Reference Reference
Infliximab—tofacitinib ¥ 12,970,825 ($ 98,639) 0.046 ¥ 282,609,856 ¥ —12,741,342
($2,149,157) ($ —96,894)

Dollar values are in US dollars

ICER incremental cost-effectiveness ratio, ¥ JPY Japanese yen, LY life year, NMB net monetary benefit, QALY quality-adjusted life year

treatment patterns (Fig. 2). When infliximab—tofacitinib
was compared with tofacitinib—infliximab, the ICER was
282,609,856 yen/QALY (2,149,157 USD/QALY) and
the net monetary benefit (NMB) was —12,741,342 yen
(—96,894 USD) with a threshold of 5,000,000 yen (38,023
USD). Therefore, infliximab—tofacitinib was not accept-
able by this threshold, and tofacitinib—infliximab was the
cost-effective treatment pattern.

Millions yen
oo} [o2]
w (4]

(o]
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Adalimumab-Tofacitinib
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69

Tofacitinib-Infliximab
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3.2 Multi-way DSA

A multi-way DSA was conducted by changing the param-
eters (either through adjusting the 95% CI or by a 20%
increase and decrease of the input value) to test for multiple
scenarios (ESM Table S12). The 5- and 10-year time horizon
scenarios were consistent with the base-case results. Moreo-
ver, almost none of the scenarios differed significantly from
the base-case results.

Ustekinumab-Tofacitinib

Vedolizumab-Tofacitinib
® Infliximab-Tofacitinib

22.29 223

QALYs

Fig. 2 Efficiency frontier plot base-case analysis. QALY quality-adjusted life year
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3.3 PSA

The incremental costs and QALY results between tofacitinib
and each biologic by replication, as presented in the scatter-
plot, suggest a wide range in expected incremental QALY's
(Fig. 3). The cost-effectiveness acceptability curve (CEAC)
shows the probability of tofacitinib—infliximab being cost-
effective at different thresholds in Japan when compared
across all comparators (Fig. 4). These results indicate that
tofacitinib—infliximab is acceptable in terms of cost-effec-
tiveness with any threshold between 0 and 10,000,000 yen/
QALY (0-76047 USD/QALY).

3.4 Scenario Analyses

Figure 5 shows the relationship between total costs and
QALYs for all 18 potential treatments, as recommended by
clinical guidelines. From the efficiency frontier plot, which
illustrates the QALY that can be accomplished for the cost,
the combinations that lie along this efficiency frontier are

cost-effective in this plot. Tofacitinib—infliximab biosimilar,
vedolizumab—infliximab biosimilar, and infliximab biosimi-
lar—tofacitinib are on the frontier line indicating their relative
efficiency over the other treatment patterns. The ICER and
NMB values for these three treatment patterns are as follows
(ESM Table S14):

e Tofacitinib—infliximab biosimilar versus vedolizumab—
infliximab biosimilar had an ICER of 13,370,825 yen
(101,681 USD) and an NMB of —90,524 yen (—688
USD).

o Tofacitinib—infliximab biosimilar versus infliximab
biosimilar—tofacitinib had an ICER of 640,693,617 yen
(4,872,269 USD) and an NMB of —29,176,160 yen
(—221,875 USD).

These results indicate that the tofacitinib—infliximab bio-
similar treatment pattern is cost-effective.

Increasing the dosage of tofacitinib from 5 to
10 mg during the maintenance period resulted in

O

Fig.3 Incremental cost-effec-
tiveness scatterplot of base-case
analysis. QALY quality-adjusted
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Fig.5 Efficiency frontier plot scenario analysis. BS biosimilar, QALY quality-adjusted life year

vedolizumab—infliximab biosimilar, infliximab biosimi-
lar—vedolizumab, and infliximab biosimilar—facitinib being
on the efficiency frontier indicating that these treatment pat-
terns were cost-effective over the other treatment patterns.
The ICER and NMB numbers for these three treatment pat-
terns are as follows (ESM Table S15):

Vedolizumab—infliximab biosimilar versus infliximab
biosimilar—vedolizumab had an ICER of 1,985,924,503
yen (15,102,317 USD) and an NMB 0f—26,706,243 yen
(—=203,092 USD).

Vedolizumab-infliximab biosimilar versus infliximab
biosimilar—tofacitinib had an ICER 2,168,945,631 yen
(16,494,134 USD) and an NMB 0f—80,448,924 yen
(—611,788 USD).

These results indicate that the vedolizumab—infliximab
biosimilar treatment pattern is cost-effective.

4 Discussion

To the best of our knowledge, this is the first study that
focuses on a Japanese clinical setting and lifetime horizon
to compare tofacitinib to biologics (vedolizumab, inflixi-
mab, adalimumab, golimumab, and ustekinumab) among
moderate-to-severe UC patients.

As there are no prior studies comparing CEA of tofaci-
tinib for UC in Japan, a Japanese-specific Markov simulation
model was built to predict where, in the current Japanese
treatment paradigm, tofacitinib might provide the optimal

clinical benefit (in terms of QALYSs) for patients with mod-
erate-to-severe active UC. The current model demonstrated
that the treatment pattern including 1L tofacitinib seems to
be the cost-effective therapy over biologic comparators at a
threshold of 5,000,000 yen (38,023 USD).

A study from Wu et al. [33], like our study, compared
treatment patterns on a cost-effectiveness plane. In the
Wu et al. study, clinical remission and response were not
calculated separately for the treatment-naive and exposed
populations. The study thus assumed that the effect of the
2L treatment was the same as that in the treatment-naive
population even in patients who had failed 1L treatments.
On the other hand, in our study, clinical remission and
response are calculated for both the naive and exposed
populations, which allowed us to conduct a more detailed
analysis on cost-effectiveness. Furthermore, in the Wu et al.
study, with the exception of tofacitinib, the clinical remis-
sion and response of the maintenance phase of vedolizumab
are higher than other treatments, contributing to the higher
QALYs of treatment patterns including vedolizumab and
tofacitinib. In 18 treatment patterns of the scenario analysis
in our study, the QALYSs of the treatment patterns includ-
ing tofacitinib (which have a high success rate of treatment-
exposed patients entering clinical remission) are high, so
that the structure of the model allows for a longer period for
the 2L treatment.

In another study, Taxonera et al. [57] analyzed treatment
patterns of tofacitinib—infliximab and vedolizumab-inflixi-
mab in a biologic-naive population [57]. Like our study,
patients were modeled to continue the 2L treatment until
either surgical intervention or death. In the base case of
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Taxonera et al., tofacitinib—infliximab is less costly than
vedolizumab—infliximab by €23,815.58, and there was only
a small positive difference in total QALY's (0.00014). On the
other hand, in their scenario analysis, the ICER results were
not robust, as demonstrated by ICER decreasing in cost and
efficiency when the time horizon and annual surgery risks
were changed. Our scenario analysis comparing 18 treatment
patterns reports similar results in that our model found the
QALY of tofacitinib—infliximab biosimilar was lower than
that of vedolizumab—infliximab biosimilar. In the base-case
analysis of our study, life years (LYs) did not differ between
treatment patterns, and Taxonera et al. indeed reported an
LY difference of just —0.0000046. Since tofacitinib and
TNFa are not drugs that directly affect mortality, there may
be very little difference in LY and therefore very little dif-
ference in QALYs. Therefore, the study from Taxonera et al.
used a similar model and population to our study, and our
results were generally in agreement, indicating the robust-
ness of our results.

Increasing the dose of tofacitinib from 5 to 10 mg during
the maintenance period resulted in vedolizumab—infliximab
biosimilar, infliximab biosimilar—vedolizumab, and inflixi-
mab biosimilar—tofacitinib on the efficiency frontier, which
differed from the frontier from a dose of 5 mg. However,
vedolizumab—infliximab biosimilar and infliximab biosimi-
lar—tofacitinib were on the frontier in both analyses. There-
fore, both treatment patterns were more cost-effective than
the other treatment patterns.

As with any modeling analysis, this study also has limi-
tations that need to be considered for proper interpretation
of the results. First, several assumptions such as the mode-
ling approach for 2L therapy continuation, transition prob-
ability of vedolizumab, and the medical resource usage for
cost parameters had to be made to account for missing data
to perform the analysis. These assumptions were, how-
ever, validated by clinical experts and health economists in
Japan and were not shown to be the major drivers of cost-
effective results in our study. Second, our model structure
utilized a fixed 8-week induction length for all treatments
and did not account for variable induction lengths among
treatments. While this approach is aligned with other
published models [33] and health technology appraisals
[58, 59], we recognize it as a potential limitation to the
model structure, and there may be a difference between
this approach and clinical practice. Third, our model did
not capture dose optimization for the biologic compara-
tors due to limited information to define changes in dose
and/or administration, although dose escalation has not yet
been approved in Japan, except for adalimumab. However,
we compared two patterns of scenario analyses: the first
compared 18 treatment patterns by tofacitinib 5 mg and
the second compared 18 treatment patterns by dose varia-
tion of tofacitinib from the regular 5—-10 mg BID. In both
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scenario analyses, vedolizumab-infliximab biosimilar and
infliximab biosimilar—tofacitinib were on the frontier and
seemed to be more cost-effective than the other treatment
patterns. Fourth, we did not consider cytapheresis therapy
as a potential treatment in the model. Fifth, we did not
conduct comprehensive scenario analysis with all combi-
nation patterns for 1L and 2L therapy due to prioritization
of the patterns based on the guideline recommendations
[52, 53, 55, 56]. Sixth, because of the absence of suitable
quality-of-life studies in Japan, Japanese-specific utility
data for AEs and colectomy were not available, and con-
sequently, non-Japanese data had to be inputted. Seventh,
our objective was to observe biologic-naive patients, and
therefore, we did not use a mixed population, to avoid the
complexities from analyses, for simple interpretation of
the results. Eighth, we targeted biologics recommended by
the UC treatment guidelines in Japan for 2021. Recently,
filgotinib and upadacitinib were launched for UC treat-
ment in Japan, though they have not been recommended
by the Japanese guidelines yet. However, CEA includ-
ing filgotinib and upadacitinib will be needed in the near
future once they have been recognized in Japan as stand-
ards for UC treatment. Ninth, it is known that tofacitinib
is associated with serious heart-related events like stroke
and heart attack. However, we considered AEs frequently
observed during clinical trials in the model, as well as in
the previous studies [32—-34]. Tenth, we did not consider
discontinuation due to AEs, but the rate of no response to
treatments was considered in the model. If patients do not
respond to the treatment (including those who discontinue
due to AEs), they receive the next treatment in the model.
Therefore, the discontinuation of treatments due to AEs is
indirectly considered.

Most importantly, given the absence of efficacy data
in direct comparison between the two alternatives, it was
imperative to perform indirect comparisons using an NMA.
However, there is a current data gap in estimating the clini-
cal efficacy of some biologics through these indirect com-
parisons [34]. As in our analysis, indirect comparisons could
not be made for infliximab and golimumab in patients that
were exposed to biologics due to the limited data available
from RCTs. Missing efficacy was estimated by calculating
the relative risk in efficacy between the two subpopulations
(naive to and exposed to biologics) for other biologics with
data. The relative risk was then applied to the efficacy of
infliximab and golimumab in patients naive to biologics to
calculate the efficacy in patients exposed to biologics. Addi-
tionally, the GEMINI trial [39] (vedolizumab) employed
re-randomization in the maintenance phase, which made
evaluation of efficacy in the same network as other biolog-
ics (treat-through design) difficult. Therefore, we utilized
the NMA for the studies with a re-randomized assignment
design and calculated the relative risk for vedolizumab



Cost-Effectiveness Analysis of Tofacitinib in Patients with Ulcerative Colitis in Japan 601

compared to placebo from a re-randomized NMA. Relative
risks were then applied to the treat-through probabilities of
placebo to estimate the probabilities of vedolizumab.
Notwithstanding these limitations, our model could fol-
low patients over a lifetime horizon and until their death,
as opposed to prior models with shorter time horizons
(5—-10years) [60, 61]. This was a better reflection of treat-
ment patterns in UC. Finally, our economic model was based
on the latest and best available evidence, resulting in reliable
results, the robustness of which were demonstrated by the
sensitivity analysis conducted as part of our study.

5 Conclusion

Health economic evaluations for rational drug use should
be encouraged, as they provide meaningful information on
the cost-effectiveness of alternative treatment patterns over
canonical treatments. Our study suggested that the treatment
pattern including 1L tofacitinib is a cost-effective treatment
for biologic-naive patients with moderate-to-severe active
UC and is likely to be cost-effective compared with biologics
from the Japanese payer’s perspective.
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