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Objective: To evaluate the cost effectiveness of vedolizumab vs. infliximab in the
treatment of anti-tumor necrosis factor-alpha (TNF-a)-naive patients with moderate-to-
severe active ulcerative colitis (UC) in China.

Methods: The costs and effectiveness of vedolizumab and infliximab in the treatment
of anti-TNF-a naive patients with moderate-to-severe active UC were compared using
a hybrid decision tree model and a Markov model. From the perspective of the Chinese
healthcare system, this study simulated the lifetime health benefits [quality-adjusted
life-years (QALYs)] and costs (USD) for patients with UC from the induction phase to
the maintenance phase, with an annual discount rate of 5%. The clinical efficacy and
transition probability data were based on a previously published network meta-analysis.
The health utility, surgical risk, biologic drug discontinuation rate, and mortality were
derived from previous literature and the Chinese statistical yearbook. The cost data were
based on China’s drug purchase and biding platform and the results of a survey sent to
clinicians in 18 tertiary hospitals. One-way and probabilistic sensitivity analyses (PSASs)
were performed to validate the robustness of the models’ assumptions and specific
parameter estimates.

Results: The results of the base-case analyses showed that compared with infliximab,
vedolizumab led to a gain of 0.25 QALYs (9.56 vs. 9.31 QALYs) and was less expensive by
$7,349 ($180,138 vs. 187,487), indicating that the use of vedolizumab was a dominant
strategy. The results of one-way sensitivity analyses suggested that the annual discount
rate and health-state costs had the greatest impact, but the results were otherwise
consistent with those of the base-case analyses. The PSAs suggested that vedolizumab
had a 98.6% probability of being effective at a threshold of 3 times the gross domestic
product (GDP) per capita in China in 2020.

Conclusion: Compared with infliximab, vedolizumab appears to be a more
cost-effective option in the treatment of anti-TNF-a naive adult patients with
moderate-to-severe, active UC in China.
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INTRODUCTION

Ulcerative colitis (UC) is an idiopathic, chronic inflammatory
bowel disease (IBD), the cause of which is attributed to the
interactions between genetic and epigenetic factors, including
microbial factors (1). UC is a disease of the colonic mucosa
caused by an inflammatory response mediated by T-helper 2
cells, presenting with typical symptoms of blood in the stool and
diarrhea (2). It’s reported that approximately 6.8 million patients
living with IBD in 2017 (3). The prevalence of IBD increased
from 79.5 per 100,000 persons in 1990 to 84.3 per 100,000 persons
in 2017 globally (3). The highest reported annual incidence and
prevalence of UC in Northern Europe were 24.3 per 100,000
person-years and 505 per 100,000 person-years, respectively (2,
4). The corresponding incidence and prevalence of UC reported
in Asia and the Middle East were 6.3 per 100,000 person-years
and 168.3 per 100,000 person-years, respectively (4). Among
Asian countries, the annual incidence of UC is relatively high in
China (5), with a mean of 1.18 per 100,000 person-years in China,
and the disease primarily affects male patients (sex ratio: 1.29)
(5). Among Chinese UC patients, 69.8% had moderate-to-severe
disease (5).

Patients with UC have been reported to have a high disease
burden, a poor quality oflife, increased healthcare utilization, and
decreased work productivity, leading to a high economic burden
(6-9). It was estimated that the mean cost of IBD was $26,255
per patient in the first year after being diagnosed in 2007-2016
in United States (10). The estimated annual economic burden of
UC between 2004 to 2016 in Canada has been reported to be risen
from C$6,364 to C$49,327 in the first year after being treated
with anti-TNF-o drugs, furthermore, it rose to C$245,260 for
UC patients in the 5 years (11). In China, the per capita medical
cost of patients with IBD in 2018-2019 has been reported to be
$11,668 (12).

Currently, UC disease management strategies focus on
the remission of clinical symptoms and endoscopic healing
in the active stages (13). Therapeutic strategies mainly
include treatment with conventional drugs and biologic
agents (1). Conventional therapy consists of aminosalicylic
acid, corticosteroids (i.e., budesonide, prednisolone), and
immunosuppressants (14), whereas biologic agents mainly
include anti-tumor necrosis factor-alpha (TNF-a) drugs,
such as infliximab in China. Compared with conventional
therapy, biologic agents can improve clinical remission and
response and mucosal healing rates during induction and
maintenance treatment in patients with moderate-to-severe
active UC (typically defined as a Mayo score of 6-12. Mayo
score is evaluated from four categories to assess the severity
of UC: stool frequency, rectal bleeding, findings of flexible
proctosigmoidoscopy or colonoscopy, and physician’s global
assessment. Each of category is scored on a scale from 0 to 3,
therefore, the maximum of total score is 12 points) (14, 15).
However, 10-30% of patients with IBD have reported no
response to the initial anti-TNF-o treatment, and an additional
23-46% of patients with IBD may lose their response to the
treatment (16). Patients with inadequate therapeutic response

may require surgical intervention, which may further increase
the economic burden (17, 18).

Another biologic agent, vedolizumab, is a gut selective
biologic therapy that binds exclusively to the 4Py integrin
and inhibits adhesion of lymphocytes to mucosal address in
cell adhesion molecule-1 (MAdCAM-1), thereby preventing
lymphocytic cells from entering the gut lamina propria and
gut-associated lymphoid tissue (19). As vedolizumab exerts its
effects gut selectively, the systemic anti-inflammatory effects
observed with anti-TNF-a drugs are not observed after treatment
with this agent (19). Previous clinical studies have reported the
efficacy and adverse events of vedolizumab in anti-TNF-a-naive
and anti-TNF-a-failure patients (20, 21). In China, infliximab
and vedolizumab have been approved by the Chinese National
Medical Products Administration (NMPA) for the treatment of
moderate-to-severe active UC. Infliximab has been used for UC
for over 10 years in China, whereas vedolizumab was approved
for use in March 2020. To be covered by China’s national health
insurance, the retail price of vedolizumab was reduced by 71%
in 2020. Up to now, there’s no biosimilar infliximab has been
approved in China and it may have some impact on the price of
infliximab in the future.

The aim of this study is to assess the cost effectiveness of
vedolizumab vs. infliximab in patients with anti-TNF-o-naive
active UC from the perspective of the Chinese healthcare system
and better inform healthcare decision-making in China.

METHODS
Model Structure

To assess the cost effectiveness of vedolizumab vs. infliximab in
patients with moderate-to-severe active UC, a hybrid simulation
model was used. The model consisted of a decision tree model
component for assessing the induction therapy and a Markov
model component with lifetime follow-up for assessing the
maintenance therapy (22). In the decision tree model, patients
with UC were treated with either infliximab or vedolizumab and
evaluated for treatment efficacy after a 6-week induction period.
subsequently, patients who responded to the biologic without
discontinuation due to intolerability of adverse events were
entered into the Markov model for assessing the maintenance
therapy. Conversely, patients who did not respond were switched
to conventional treatment (e.g., a combination of aminosalicylic
acid preparations, glucocorticoids, and immunosuppressants)
within the decision tree model. Patients with a clinical response
to conventional therapy then entered the Markov model for
assessing the maintenance treatment with conventional drugs,
whereas those who did not respond to conventional drugs
persisted in the moderate-to-severe disease health state until they
required surgery (Figure 1A).

For the assessment of maintenance therapy, several health
states were included in the Markov model to compare the
cost effectiveness of vedolizumab and infliximab (Figure 1B):
remission (Mayo score: 0-2), mild (Mayo score: 3-5), moderate-
to-severe (Mayo score: 6-12), surgery, post-surgery remission,

Frontiers in Public Health | www.frontiersin.org

August 2021 | Volume 9 | Article 704889


https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

Zhou et al.

CEA of VDZ in China

Discontinue due to

AEs Switch to CT,

Response

1 Go to CT Markov
Remain in moderate o

severe state

Response

No discontinue
due to AEs

Continue VDZ

No Response

Go to Surgery Markov

VDZ .

Go to surgery

Go to VDZ Markov

No Respons

Switch to CT

< Go to Surgery Markov

...... Same as above

L Same as above

*— Induction phase

FIGURE 1 | (A) Decision tree model structure for VDZ and IFX. AEs, adverse events; CT, conventional therapy; IFX, infliximab; VDZ, vedolizumab. Response defined
as reduction in Mayo score by >3 or a remission Mayo score < 3. (B) Markov model structure of maintenance therapy. R, remission; M, mild; MS,
moderate-to-severe; S, surgery; PSR, post-surgery remission; PSC, post-surgery complications; D, death.

Maintenance ph

post-surgery complications, and death. The cycle length was set
to 8 weeks (in accordance with the administration frequency
of infliximab and vedolizumab in the maintenance period in
clinical trials) (20, 21), and patients could transfer from one
health state to another with a certain probability that depended
on the patient’s health status and treatment. Death could occur
at any cycle, and patients can transfer to the death state from
any other state. After 1 year of treatment with vedolizumab or
infliximab, patients who were still in a moderate-to-severe health
state were switched to conventional treatment or surgery due to
aloss of response (22). Patients who transferred to surgery would
discontinue their current treatment for the remainder of their
lifetime. Following surgery, these patients could subsequently
experience postsurgical complications (i.e., staple line ulcers,
anastomotic strictures, pouchitis), require additional surgeries, or

remain in postsurgical remission (22). Patients who responded to
the biologic or were in remission but discontinued the drug due
to adverse event intolerability were assumed to have switched to
conventional therapy during the maintenance phase.

From the perspective of the Chinese healthcare system, this
model simulated the development of lifetime disease in patients
with moderate to severe active UC, and the cost was reported as
US dollars in 2020. Quality-adjusted life-years (QALYs) and costs
were discounted at an annual rate of 5% (23).

Model Inputs and Data Sources

Target Patient Population

The patient population in this study was Chinese adult patients
with moderate-to-severe active UC, defined as a Mayo score
of >6, who did not respond to conventional therapy and had
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not previously received anti-TNF-a therapy. Based on interviews
with Chinese clinical experts (Supplementary File 1) and data
from the literature (24), a hypothetical cohort of 1,000 patients
(48.6% male) with an average age of 36 years old and a weight of
60 kg was simulated in the model.

Treatment Comparators

Among biologics, only infliximab (Remicade®, intravenous
injection, 100 mg/vial, Xian Janssen) and vedolizumab
(Entyvio®, intravenous injection, 300 mg/vial, Takeda)
have been approved for the treatment of UC in China. Hence,
vedolizumab and infliximab were included for comparison in
this study. Vedolizumab was given intravenously at weeks 0, 2,
and 6 of the induction period and 300 mg once every 8 weeks in
the maintenance period without dose escalation. Infliximab was
injected 5 mg/kg at weeks 0, 2, and 6 of the induction period and
every 8 weeks in the maintenance period without dose escalation.

Clinical Efficacy and Transition Probability

The clinical efficacy at the end of the induction and maintenance
phases was measured based on the presence of a clinical
response and remission. The effect was observed at the 6th
week of the induction treatment and the 52nd week of the
maintenance treatment, and the proportion of patients with
a clinical response or remission was evaluated. The clinical
efficacy and transition probability were presented in Table 1 and
Supplementary Table 1 (25, 32-34).

Adverse Events and Discontinuation

The types and incidence of common adverse events in different
comparator regimens, and discontinuation rates were based on
published literature (Table 1) (26-31). The incidence of adverse

TABLE 1 | Model inputs for clinical efficacy, adverse events, and discontinuation.

vDZ IFX CT References
Clinical efficacy
At the end of induction phase
6-week probability of response 62.35% 68.18% 34.29% (25)
6-week probability of remission 30.25% 33.41% 8.93% (25)
During the maintenance phase
Annual probability of response 80.58% 56.71% 44.04% (25)
Annual probability of remission 57.48% 31.65% 27.16% (25)
Incidence of AEs
Serious infection 0.48% 0.50% 3.47% (26-29)
Tuberculosis 0.00% 0.00%  0.92% (26-29)
Malignancy (including lymphoma)  0.04%  0.08%  0.06% (26-29)
Acute hypersensitivity reactions 0.00% 0.00% 1.19% (26-29)
Skin site reactions 029% 4.11% 4.93% (26-29)
Probability of discontinuation
Induction phase 3.08% 3.08%* - (27, 30, 31)
Maintenance phase per cycle 519% 5.19%* - (27, 30, 31)

*Due to limited data for infliximab, similar discontinuation rates were assumed
as vedolizumab.
VDZ, Vedolizumab; IFX, Infliximab; CT, conventional therapy.

events in each cycle was assumed to remain unchanged. In
addition, infliximab and vedolizumab could be withdrawn due
to a lack of response or adverse event. Therefore, patients needed
to stop using the biologic agent and switch to traditional therapy.

Mortality

In the Markov model, age- and sex-specific all-cause mortality
rates were used to estimate the probability of death over time.
The relationship between age and mortality was fitted by an
exponential function and adjusted each cycle based on the
mortality of the Chinese general population (26, 35, 36).

Cost Estimation

In this study, the costs of biologic agents, injection management
fees, costs of conventional drugs, health state costs, and costs
related to the treatment of adverse events were included
(Table 2). The cycle prices of vedolizumab and infliximab were
based on the average price of Chinas provincial drug bidding
for medical insurance reimbursement (37, 38). Other costs were
derived from the expert interviews performed with 18 directors
and deputy directors of tertiary hospitals in China (details in
Supplementary File 1). The infusion management fee was $47.5
per cycle based on the clinical physician survey. For conventional
treatment, the combination of different drugs and daily costs
are presented in Supplementary Table 2. Among these drugs,
mesalazine accounted for the highest proportion (70%), followed
by prednisolone (42%), and the cost of each treatment cycle
was $433.8.

According to the Mayo score, UC can be divided into
three states: remission, mild disease, and moderate-to-severe
disease. Patients in the moderate-to-severe state need to be
hospitalized, and those with severe UC may require surgical
intervention. After surgery, patients may experience remission
or complications, which could increase the treatment costs.
The health state costs and costs for the treatment of a single
adverse event were based on the results of the expert interviews
(Supplementary File 1).

Health Utilities

Health utility values were derived from published literature
(Table 2) (39, 40). Utility decrements for adverse events were
identified through a targeted review of the available published
literature (41-45).

Cost-Effectiveness Analysis

The incremental cost-effectiveness ratio (ICER) was calculated
based on the lifetime costs and QALY (calculated by multiplying
the health utility and the corresponding time living with this
status and discounted at each cycle) for each intervention. Half-
cycle correction was used to balance the Markov model, which
changed only at the end of each cycle (46). To explore the
main factors affecting the results, one-way sensitivity analysis was
carried out by varying one parameter at a time while all others
were held constant. The variations in these parameter values were
based on a credible range of estimates (95% confidence interval,
or +20% when the data were not available). For instance, a lower
price (a price reduction of 20%) for infliximab was applied in
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TABLE 2 | Model inputs for costs and health utility.

TABLE 3 | Base-case analysis results.

Costs Utility References
®
Drug cost per cycle
Vedolizumab induction phase 2,309.1 - 87)
Infliximalb induction phase 2,791.5 - (38)
Vedolizumab maintenance phase 769.7 - 37)
Infliximalb maintenance phase 930.5 - (38)
Conventional therapy* 433.8 - Expert Survey
Administration cost per cycle*
Vedolizumab 47.5 - Expert Survey
Infliximab 47.5 - Expert Survey
Health-state costs per cycle* Health-state
utility
Remission 129.4 0.88 (39, 40)
Mildl 162.5 0.76 (39, 40)
Moderate-severe 913.2 0.42 (39, 40)
Surgery 5,905.1 0.42 (39, 40)
Postsurgery remission 1,040.0 0.60 (39, 40)
Postsurgery complications 4,673.9 0.42 (39, 40)
Costs of AEs per event® Decremental
AE utility
Serious infection 1,446.2 —0.47 (41)
Tuberculosis 660.7 —0.50 (42)
Malignancy (including lymphoma)  10,389.8 -0.18 (43)
Acute hypersensitivity reactions 208.8 -0.10 (44)
Skin site reactions 39.7 —0.03 (45)

*Cost information is based on a survey of 18 clinicians from 18 tertiary hospitals in China.
AE, adverse event.

the model to explore the impact on the results. A probabilistic
sensitivity analysis (PSA) with 5,000 iterations was performed
by varying all parameters at the same time according to pre-
specified distributions. The cost parameter followed a gamma
distribution, the utility and percentage parameters followed
a beta distribution, and the transition probability followed a
Dirichlet distribution (47). Utilizing 3 times the gross domestic
product (GDP) per capita of China in 2020 ($31,500) as the upper
limit of the threshold of willingness-to-pay (WTP), the economic
burden of different intervention regimens was compared (23).
The analysis was performed in Microsoft Excel 2019.

RESULTS
Base-Case Analysis

The results of the base-case analyses of vedolizumab and
infliximab are presented in Table 3. The lifetime costs associated
with vedolizumab treatment were lower than those associated
with infliximab treatment ($180,138 vs. 187,487; mean difference:
-$7,349). Similarly, the costs for biologic therapy ($4304 vs.
5,746; mean difference: -$1,442) and of the health state ($142,326
vs. 149,182; mean difference: -$6,856) were also lower for
patients treated with vedolizumab. In terms of health outcomes,
vedolizumab patients were expected to gain 0.25 QALYs (9.56

vDz IFX Difference

Costs 180,138 187,487 —7,349

quad Biologic therapy 4,304 5,746 —1,442

Conventional therapy 32,642 31,716 927

Health-state costs 142,326 149,182 —6,856

Adverse event costs 867 844 22
Outcomes

QALYs 9.56 9.31 0.25
ICER ($ per QALY gained) Dominant

ICER, incremental cost-effectiveness ratio; VDZ, vedolizumab; IFX, infliximab; QALY,
quality-adjusted life-years.

QALYs vs. 9.31 QALYs) over patients treated with infliximab,
which mainly contributed by more patients living with remission
(2.39 QALYs vs. 1.97 QALYs) and mild (1.53 QALYs vs. 1.39
QALYs) health states. Therefore, compared with infliximab,
vedolizumab appears to be a dominant strategy (more QALYs
gained and less cost incurred).

One-Way Sensitivity Analysis

The results of the one-way sensitivity analyses are presented
in Figure 2. The incremental cost per QALY gained was most
sensitive to the change in annual discount rate, followed
by health-state costs and the remission transition probability.
However, the ICRE values were not over —$20,000. In addition,
the reduction in the price of infliximab (20%) in the model
did not have much impact on the results and the maximum
value of ICER was still negative. With the variation in each
factor, the results did not exceed the WTP threshold ($31,500),
and compared with infliximab, vedolizumab remained cost-
effective. The results of one-way sensitivity analyses suggested the
robustness of the model and base-case analysis.

Probabilistic Sensitivity Analysis

After 5,000 iterations, the average lifetime costs of vedolizumab
and infiximab strategies were $166,222 and 167,805 (mean
difference: -$1,583), respectively. In addition, the average QALY's
of vedolizumab and infiximab strategies were 9.70 QALYs and
9.40 QALYs (mean difference: 0.30 QALYs), respectively. The
results of the PSA are illustrated in Figure 3. The PSA results were
consistent with those of the base-case analysis, suggesting that
compared with infliximab, vedolizumab had a 98.6% probability
of being cost effective at a threshold of 3 times the GDP per capita
in China in 2020 and that it was dominant (less costly and more
effective) in 79.1% of simulations.

DISCUSSION

To our knowledge, this is the first study in China attempting
to compare the cost effectiveness of vedolizumab and infliximab
in adult patients with moderate-to-severe active UC who have
had an inadequate response to, lost their response to, or were
intolerant to conventional therapy using a hybrid decision tree
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FIGURE 2 | One-way sensitivity analysis results. CT, conventional therapy, IFX, infliximab, VDZ, vedolizumab; Cl, confidence interval.
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FIGURE 3 | Cost-effectiveness acceptability curve for vedolizumab vs. infliximab. QALY, Quality-adjusted life-year.

and Markov model. The base-case analysis results suggested that,
compared with infliximab, vedolizumab incurred lower costs and
was expected to gain more QALYs in Chinese patients with UC.
In the one-way sensitivity analysis of vedolizumab vs. infliximab,
the annual discount rate was the most significant influential
factor, followed by health state costs. The results of the one-
way sensitivity analysis and PSA were in line with those of the
base-case analysis.

The results of this study are similar to those reported in Japan
(48) and the United Kingdom (UK) (25). Compared with that
of infliximab, the ICER of vedolizumab over a lifetime was JP¥
4,687,692 (about US$42,300 in 2018) per QALY gained for adult
anti-TNF-o-naive patients with moderate-to-severe active UC

in Japan, and the drug was considered cost effective (48). The
probability of being cost effective strategy of vedolizumab was
higher compared with infliximab at a threshold of JP¥ 5,000,000
in Japan (48). The study by Wilson et al. (25) suggested that
compared with infliximab, vedolizumab incurred lower costs and
gained more QALYs in the UK, which is in line with the base-
case analysis in our study. Furthermore, the vedolizumab was a
dominant strategy in 97.6% cases compared to infliximab in the
PSA at a threshold of £30,000 in the UK (25).

Under the drug review and approval policy in China,
vedolizumab was approved with exemption from a domestic
clinical trial by the Chinese NMPA in 2020 to accelerate access to
innovative drugs. Hence, the clinical efficacy data in this model
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were generated from multicenter clinical trials. Since there are
no head-to-head comparison studies between vedolizumab and
infliximab, data from an indirect comparison network meta-
analysis were used to calculate the probability of clinical response
and remission (25). The response and remission probabilities
for the anti-TNF-a-naive UC population were derived from
odds ratios (ORs) estimated in a mixed-treatment comparison
in the meta-analysis (25). Given the clinical efficacies were not
derive from direct comparison, some bias may be present in
that study. However, the economic evaluation model and results
were submitted to the National Institute for Health and Care
Excellence (NICE) for Single Technology Appraisal in the UK,
and the quality of the network meta-analysis was also assessed
by NICE’s Evidence Review Group (ERG) (49). In this study, the
uncertainty of the data derived from that network meta-analysis
was tested by performing sensitivity analysis.

Due to a lack of head-to-head comparative trials between
vedolizumab and infliximab, the efficacy data of each treatment
regimen were derived from a previous network meta-analysis
(23). In addition, it was assumed that patients who needed
surgery would stop using the biologic agent, while the
probabilities of transferring to postsurgical complications,
discontinuation, and death were derived from published studies
(25, 32-34). The initial annual mortality rate was 0.00104 per
100,000 persons, the first cycle mortality rate was 0.00012 per
100,000 persons, and the coefficient of variation of mortality per
cycle was 1.015 (35). As the disease progressed, the risk of death
increased. It was assumed that the relative risks (RRs) of death
in the remission and mild disease health states were the same,
whereas those in the moderate-to-severe disease and surgery
health states were 1.9 (36) and 1.3 (26), respectively.

For health state utility, utility weights as measured with the
EQ-5D were mainly estimated based on a survey of patients
with UC in Cardiff Hospital (39, 40). The study surveyed
patients who had undergone surgery at least 6 weeks prior
(39, 40), but the cycle length in the Markov model was 8
weeks. A survey response obtained at least 6 weeks later would
not accurately reflect the quality of life for a patient who had
undergone surgery during the model cycle in which the surgery
occurred. Patients were expected to have a quality of life less
than moderate to severe disease for the 2 weeks following
the surgical procedure before progressively improving for the
remainder of the cycle when they transitioned to post-surgical
remission, postsurgical complications, or subsequent surgery.
Therefore, patients undergoing surgery were assumed to have the
same utility values as those with moderate-to-severe disease in
this study.

To reduce the economic burden on patients, the coverage
of high-value but high-price drugs by the national medical
insurance has required negotiation with the National Healthcare
Security Administration to reach an agreement after 2017 in
China (50). At present, only vedolizumab and infliximab are
approved for treating patients with UC and are listed in the
National Reimbursement Drug List in China. Hence, these two
drugs were compared in this study. To be covered by Chinese
medical insurance, the retail price of vedolizumab was reduced
by 71%, which mainly contributed to the cost-effective results
(37). Vedolizumab and infliximab are reimbursed for anti-TNF-a

Naive patients with active UC and the co-payment varies across
the provinces in China. At present, biosimilar infliximab is not
available in China; the price of infliximab applied in this model
was the average price of Chinas provincial drug bidding for
medical insurance reimbursement in 2020, which is a relatively
low but stable price (38). Nevertheless, the price of infliximab was
reduced (20%) in the sensitivity analysis to explore the impact
of price on the results, and we found that the drug remained
cost effective.

This study also has some limitations. First, in the model
analysis, only the direct medical cost of the treatment regimen
was considered. Indirect costs and non-medical costs for the
treatment of UC were not included. Therefore, the economic
differences among patients receiving different treatments may
have affected the results of the cost-effectiveness analysis. Second,
as there are no head-to-head comparison studies for vedolizumab
and infliximab, the data used in this study were derived from
an indirect network meta-analysis, which may have led to
bias in the economic evaluation. Third, although biologic drug
discontinuation due to adverse event intolerability or loss of
response was considered in this study, the data were mainly
derived from randomized controlled trials, whose results may be
different from those in real-world clinical practice. Fourth, due
to the lack of data on the health utility value of the Chinese UC
population, this study used data from published literature that
reported utility values of patients in other countries. However,
the sensitivity analysis results suggest that the variation in the
utility values applied in the model had little impact on the
cost-effectiveness analysis.

CONCLUSION

This study suggests that compared with infliximab, vedolizumab
appears to be a more cost-effective first-line treatment option for
anti-TNF-a-naive adult patients with moderate-to-severe active
UC in China.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/Supplementary Material, further inquiries can be
directed to the corresponding author/s.

ETHICS STATEMENT

All the data included in this analysis were derived from published
literature, public data and expert survey results. No patient-
identifiable data were applied or used. Therefore, institutional
review board approval was not required.

AUTHOR CONTRIBUTIONS

TZ and HG contributed to the design of this study. TZ, YS,
HG, RM, and ZW collected the data. TZ and YS performed the
analysis. TZ, HG, and YS prepared the manuscript. RM and ZW
helped to revise the manuscript. All authors approved the final
version of this study.

Frontiers in Public Health | www.frontiersin.org

August 2021 | Volume 9 | Article 704889


https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

Zhou et al.

CEA of VDZ in China

FUNDING

This study received funding from Takeda (China) International
Trading Co., Ltd.

REFERENCES

10.

11.

12.

13.

14.

15.

. Yamabe

. Allocati E,

. Walter

. Knights D, Lassen KG, Xavier RJ. Advances in inflammatory bowel disease

pathogenesis: linking host genetics and the microbiome. Gut. (2013) 62:1505-
10. doi: 10.1136/gutjnl-2012-303954

. Ungaro R, Mehandru S, Allen PB, Peyrin-Biroulet L, Colombel JF. Ulcerative

colitis. Lancet. (2017) 389:1756-70. doi: 10.1016/S0140-6736(16)32126-2

. GBD 2017 Inflammatory Bowel Disease Collaborators. The global, regional,

and national burden of inflammatory bowel disease in 195 countries
and territories, 1990-2017: a systematic analysis for the Global Burden
of Disease Study 2017. Lancet Gastroenterol Hepatol. (2020) 5:17-
30. doi: 10.1016/S2468-1253(19)30333-4

. Molodecky NA, Soon IS, Rabi DM, Ghali WA, Ferris M, Chernoff G, et al.

Increasing incidence and prevalence of the inflammatory bowel diseases
with time, based on systematic review. Gastroenterology. (2012) 142:46-
54. doi: 10.1053/j.gastro.2011.10.001

. LiX, Song P, LiJ, Tao Y, Li G, Li X, et al. The disease burden and clinical

characteristics of inflammatory bowel disease in the Chinese population: a
Systematic review and meta-analysis. Int ] Environ Res Public Health. (2017)
14:238. doi: 10.3390/ijerph14030238

K, Kuwabara H, Umareddy, Flores
inflammatory bowel disease (IBD) in Japan.
19:A514. doi: 10.1016/j.jval.2016.09.970

N. The burden of
Value Health. (2016)

. Rankala R, Mattila K, Voutilainen M, Mustonen A. Inflammatory bowel

disease-related economic costs due to presenteeism and absenteeism. Scand
J Gastroenterol. (2021) 56:687-92. doi: 10.1080/00365521.2021.1908416
Godman B. Key patient related factors in the
management of inflammatory bowel disease. J Med Econ. (2020)
23:1606-9. doi: 10.1080/13696998.2020.1838913

E, Hausberger SC, Grofl E, Siebert
quality of life, work productivity and costs
with inflammatory bowel disease in Austria. ] Med Econ.
23:1061-71. doi: 10.1080/13696998.2020.1801187

Park KT, Ehrlich OG, Allen JI, Meadows P, Szigethy EM, Henrichsen
K, et al. The cost of inflammatory bowel disease: an initiative from
the Crohn’s & Colitis Foundation. Inflamm Bowel Dis. (2020) 26:1-
10. doi: 10.1093/ibd/izz104

Targownik LE, Benchimol EI, Witt J, Bernstein CN, Singh H, Lix L, et al.
The effect of initiation of anti-TNF therapy on the subsequent direct health
care costs of inflammatory bowel disease. Inflamm Bowel Dis. (2019) 25:1718-
28. doi: 10.1093/ibd/izz063

Yu Q, Zhu C, Feng S, Xu L, Hu S, Chen H, et al. Economic burden and
health care access for patients with inflammatory bowel diseases in china:
web-based survey study. ] Med Internet Res. (2021) 23:€20629. doi: 10.2196/
20629

Peyrin-Biroulet L, Sandborn W, Sands BE, Reinisch W, Bemelman W,
Bryant RV, et al. Selecting therapeutic targets in inflammatory bowel
disease (STRIDE): determining therapeutic goals for treat-to-target. Am J
Gastroenterol. (2015) 110:1324-38. doi: 10.1038/2jg.2015.233

Inflammatory Bowel Disease Group. Chinese consensus on diagnosis and
treatment of inflammatory bowel disease (Beijing, 2018). Chin J Pract Intern
Med. (2018) 38:796-813.

Cholapranee A, Hazlewood GS, Kaplan GG, Peyrin-Biroulet L,
Ananthakrishnan AN. Systematic review with meta-analysis: comparative
efficacy of biologics for induction and maintenance of mucosal healing in
Crohn’s disease and ulcerative colitis controlled trials. Aliment Pharmacol
Ther. (2017) 45:1291-302. doi: 10.1111/apt.14030

U. Health-related
related to patients
(2020)

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fpubh.
2021.704889/full#supplementary-material

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

. Roda G, Jharap B, Neeraj N, Colombel JF. Loss of response to anti-TNFs:

definition, epidemiology, and management. Clin Transl Gastroenterol. (2016)
7:¢135. doi: 10.1038/ctg.2015.63

. Nakase H, Uchino M, Shinzaki S, Matsuura M, Matsuoka K, Kobayashi T, et al.

Evidence-based clinical practice guidelines for inflammatory bowel disease
2020. ] Gastroenterol. (2021) 56:489-526. doi: 10.1007/s00535-021-01784-1

. Mehta F. Report: economic implications of inflammatory bowel disease and

its management. Am ] Manag Care. (2016) 22 (3 Suppl.):s51-60.

. Wyant T, Fedyk E, Abhyankar B. An overview of the mechanism of action

of the monoclonal antibody vedolizumab. J Crohns Colitis. (2016) 10:1437-
44. doi: 10.1093/ecco-jcc/jjw092

Feagan BG, Rutgeerts P, Sands BE, Hanauer S, Colombel JE Sandborn WJ,
etal. Vedolizumab as induction and maintenance therapy for ulcerative colitis.
N Engl ] Med. (2013) 369:699-710. doi: 10.1056/NEJMoal215734

Favale A, Onali S, Caprioli F, Pugliese D, Armuzzi A, Macaluso FS, et al.
Comparative efficacy of vedolizumab and adalimumab in ulcerative colitis
patients previously treated with infliximab. Inflamm Bowel Dis. (2019)
25:1805-12. doi: 10.1093/ibd/izz057

Wilson MR, Azzabi Zouraq I, Chevrou-Severac H, Selby R, Kerrigan MC.
Cost-effectiveness of vedolizumab compared with conventional therapy for
ulcerative colitis patients in the UK. Clin Outcomes Res CEOR. (2017) 9:641-
52. doi: 10.2147/CEOR.S135609

Liu GN, Hu SL, Wu JH, Wu J, Dong ZH, Li HC. China Guidelines
for Pharmacoeconomic Evaluation (Chinese-English Version). Beijing: China
Market Press (2020).

National Health Commission of the People’s Republic of China. 2015
Report on Chinese Nutrition and Chronic Disease. Beijing: People’s Medical
Publishing House Press (2015).

Wilson MR, Bergman A, Chevrou-Severac H, Selby R, Smyth M,
Kerrigan MC. Cost-effectiveness of vedolizumab compared with infliximab,
adalimumab, and golimumab in patients with ulcerative colitis in the
United Kingdom. Eur ] Health Econ HEPAC Health Econ Prev Care. (2018)
19:229-40. doi: 10.1007/s10198-017-0879-5

Sandborn W, Sands B, Rutgeerts P, et al. P323 sustained therapeutic
benefit of vedolizumab throughout 1 year in ulcerative colitis
in GEMINI 1, a randomized, placebo-controlled, double-blind,
multicenter trial. ] Crohns Colitis. (2013) 7 (Supplement_1):S138-
9. doi: 10.1016/S1873-9946(13)60344-X

Rutgeerts P, Sandborn WJ, Feagan BG, et al. Infliximab for induction and
maintenance therapy for ulcerative colitis. N Engl ] Med. (2005) 353:2462-
76. doi: 10.1056/NEJM0a050516

Reinisch W, Sandborn WJ, Hommes DW, D’Haens G, Hanauer S, Schreiber S,
etal. Adalimumab for induction of clinical remission in moderately to severely
active ulcerative colitis: results of a randomised controlled trial. Gut. (2011)
60:780-7. doi: 10.1136/gut.2010.221127

Sandborn WJ, van Assche G, Reinisch W, Colombel JE, D’Haens G, Wolf
DG, et al. Adalimumab induces and maintains clinical remission in patients
with moderate-to-severe ulcerative colitis. Gastroenterology. (2012) 142:257-
65. doi: 10.1053/j.gastro.2011.10.032

Sandborn WJ, Wolf DC, Van Assche G, Rapid onset of
adalimumab and long-term efficacy among week-8 responders in
adults with moderate to severe active Ulcerative Colitis: O-7. Inflamm
Bowel Dis. (2011) 17 (Suppl_2):S4. doi: 10.1097/00054725-201112002-
00009

Sandborn WJ, Feagan BG, Rutgeerts P, Hanauer S, Colombel JE Sands BE,
et al. Vedolizumab as induction and maintenance therapy for Crohn’s Disease.
N Engl ] Med. (2013) 369:711-21. doi: 10.1056/NEJMoal215739

et al

Frontiers in Public Health | www.frontiersin.org

August 2021 | Volume 9 | Article 704889


https://www.frontiersin.org/articles/10.3389/fpubh.2021.704889/full#supplementary-material
https://doi.org/10.1136/gutjnl-2012-303954
https://doi.org/10.1016/S0140-6736(16)32126-2
https://doi.org/10.1016/S2468-1253(19)30333-4
https://doi.org/10.1053/j.gastro.2011.10.001
https://doi.org/10.3390/ijerph14030238
https://doi.org/10.1016/j.jval.2016.09.970
https://doi.org/10.1080/00365521.2021.1908416
https://doi.org/10.1080/13696998.2020.1838913
https://doi.org/10.1080/13696998.2020.1801187
https://doi.org/10.1093/ibd/izz104
https://doi.org/10.1093/ibd/izz063
https://doi.org/10.2196/20629
https://doi.org/10.1038/ajg.2015.233
https://doi.org/10.1111/apt.14030
https://doi.org/10.1038/ctg.2015.63
https://doi.org/10.1007/s00535-021-01784-1
https://doi.org/10.1093/ecco-jcc/jjw092
https://doi.org/10.1056/NEJMoa1215734
https://doi.org/10.1093/ibd/izz057
https://doi.org/10.2147/CEOR.S135609
https://doi.org/10.1007/s10198-017-0879-5
https://doi.org/10.1016/S1873-9946(13)60344-X
https://doi.org/10.1056/NEJMoa050516
https://doi.org/10.1136/gut.2010.221127
https://doi.org/10.1053/j.gastro.2011.10.032
https://doi.org/10.1097/00054725-201112002-00009
https://doi.org/10.1056/NEJMoa1215739
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

Zhou et al.

CEA of VDZ in China

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Mahadevan U, Loftus EV Jr, Tremaine WJ, Pemberton JH, Harmsen WS,
Schleck CD, et al. Azathioprine or 6-mercaptopurine before colectomy for
ulcerative colitis is not associated with increased postoperative complications.
Inflamm Bowel Dis. (2002) 8:311-6. doi: 10.1097/00054725-200209000-00001
Loftus EV Jr, Delgado DJ, Friedman HS, Sandborn WJ. Colectomy and the
incidence of postsurgical complications among ulcerative colitis patients with
private health insurance in the United States. Am ] Gastroenterol. (2008)
103:1737-45. doi: 10.1111/j.1572-0241.2008.01867.x

Xie F, Blackhouse G, Assasi N, Gaebel K, Robertson D, Goeree R. Cost-utility
analysis of infliximab and adalimumab for refractory ulcerative colitis. Cost Eff
Resour Alloc. (2009) 7:20. doi: 10.1186/1478-7547-7-20

National Center for Health and Family Planning Commission statistics.
Research Report on Life Expectancy and Risk Factors of Chinese Residents
(Chinese). 1st ed. Beijing: Peking Union Medical College Press (2017).

Button LA, Roberts SE, Goldacre MJ, Akbari A, Rodgers SE, Williams JG.
Hospitalized prevalence and 5-year mortality for IBD: record linkage study.
World ] Gastroenterol W]G. (2010) 16:431-8. doi: 10.3748/wjg.v16.i4.431
Vedolizumab Price in China. Available online at: https://db.yaozh.com/
yaopinzhongbiao?comprehensivesearchcontent=%E7%BB%B4%E5%BE%97
%E5%88%A9%E7%8F%A0%E5%8D%95%E6%8A%97&  (accessed January
20, 2021).

Infliximab Price in China. Available online at: https://db.yaozh.com/
yaopinzhongbiao?comprehensivesearchcontent=%E8%8B%B1%E5%A4%AB
%E5%88%A9%E6%98%94%E5%8D%95%E6%8A%97& (accessed January 20,
2021).

Woehl A, Hawthorne AB, Morgan CL, Punekar Y, McEwan P. PG114
the epidemiology and healthmcare resource use in patients with ulcerative
colitis: a population based UK study. Value Health. (2007) 10:A355-
6. doi: 10.1016/S1098-3015(10)65263-1

Tsai HH, Punekar YS, Morris ], Fortun P. A model of the long-term
cost effectiveness of scheduled maintenance treatment with infliximab
for moderate-to-severe ulcerative colitis. Aliment Pharmacol Ther. (2008)
28:1230-9. doi: 10.1111/j.1365-2036.2008.03839.x

Brown RE, Hutton ], Burrell A. Cost effectiveness of treatment options in
advanced breast cancer in the UK. PharmacoEconomics. (2001) 19:1091—
102. doi: 10.2165/00019053-200119110-00003

Porco TC, Lewis B, Marseille E, Grinsdale J, Flood JM, Royce SE. Cost-
effectiveness of tuberculosis evaluation and treatment of newly-arrived
immigrants. BMC Public Health. (2006) 6:157. doi: 10.1186/1471-2458-6-157
Hornberger ], Reyes C, Lubeck D, Valente N. Economic evaluation
of rituximab plus cyclophosphamide, vincristine and prednisolone
for advanced follicular lymphoma. Leuk  Lymphoma. (2008)
49:227-36. doi: 10.1080/10428190701769665

Beusterien KM, Davies J, Leach M, Meiklejohn D, Grinspan JL, O’Toole
A, et al. Population preference values for treatment outcomes in chronic

lymphocytic leukaemia: a cross-sectional utility study. Health Qual Life
Outcomes. (2010) 8:50. doi: 10.1186/1477-7525-8-50

45. Beusterien KM, Szabo SM, Kotapati S, Mukherjee ], Hoos A, Hersey
P, et al. Societal preference values for advanced melanoma health states
in the United Kingdom and Australia. Br ] Cancer. (2009) 101:387-
9. doi: 10.1038/sj.bjc.6605187

46. Sonnenberg FA, Beck JR. Markov models
making: a practical guide. Med Decis
38. doi: 10.1177/0272989X9301300409

47. Drummond MF. Methods for the Economic Evaluation of Health Care
Programmes. 4th ed. Oxford: Oxford University Press (2005).

48. Hernandez L, Kuwabara H, Shah A, Yamabe K, Burnett H, Fahrbach K, et al.
Cost-effectiveness analysis of vedolizumab compared with other biologics in
anti-TNF-naive patients with moderate-to-severe ulcerative colitis in Japan.
PharmacoEconomics. (2020) 38:69-84. doi: 10.1007/s40273-019-00841-1

49. Essat M, Tappenden P, Ren S, Bessey A, Archer R, Wong R, et al. Vedolizumab
for the treatment of adults with moderate-to-severe active ulcerative colitis:

decision
13:322-

in  medical
Mak.  (1993)

an evidence review group perspective of a NICE single technology appraisal.
Pharmacoeconomics. (2016) 34:245-57. doi: 10.1007/s40273-015-0334-3

50. Yue X, Li Y, Wu J, Guo JJ. Current development and practice of
pharmacoeconomic evaluation guidelines for universal health coverage in
China. Value Health Reg Issues. (2021) 24:1-5. doi: 10.1016/j.vhri.2020.
07.580

Conflict of Interest: YS is an employee of Takeda (China) International Trading
Co., Ltd.

The remaining authors declare that the research was conducted in the absence of
any commercial or financial relationships that could be construed as a potential
conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Zhou, Sheng, Guan, Meng and Wang. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (CC
BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.

Frontiers in Public Health | www.frontiersin.org

August 2021 | Volume 9 | Article 704889


https://doi.org/10.1097/00054725-200209000-00001
https://doi.org/10.1111/j.1572-0241.2008.01867.x
https://doi.org/10.1186/1478-7547-7-20
https://doi.org/10.3748/wjg.v16.i4.431
https://db.yaozh.com/yaopinzhongbiao?comprehensivesearchcontent=%E7%BB%B4%E5%BE%97%E5%88%A9%E7%8F%A0%E5%8D%95%E6%8A%97&
https://db.yaozh.com/yaopinzhongbiao?comprehensivesearchcontent=%E7%BB%B4%E5%BE%97%E5%88%A9%E7%8F%A0%E5%8D%95%E6%8A%97&
https://db.yaozh.com/yaopinzhongbiao?comprehensivesearchcontent=%E7%BB%B4%E5%BE%97%E5%88%A9%E7%8F%A0%E5%8D%95%E6%8A%97&
https://db.yaozh.com/yaopinzhongbiao?comprehensivesearchcontent=%E8%8B%B1%E5%A4%AB%E5%88%A9%E6%98%94%E5%8D%95%E6%8A%97&
https://db.yaozh.com/yaopinzhongbiao?comprehensivesearchcontent=%E8%8B%B1%E5%A4%AB%E5%88%A9%E6%98%94%E5%8D%95%E6%8A%97&
https://db.yaozh.com/yaopinzhongbiao?comprehensivesearchcontent=%E8%8B%B1%E5%A4%AB%E5%88%A9%E6%98%94%E5%8D%95%E6%8A%97&
https://doi.org/10.1016/S1098-3015(10)65263-1
https://doi.org/10.1111/j.1365-2036.2008.03839.x
https://doi.org/10.2165/00019053-200119110-00003
https://doi.org/10.1186/1471-2458-6-157
https://doi.org/10.1080/10428190701769665
https://doi.org/10.1186/1477-7525-8-50
https://doi.org/10.1038/sj.bjc.6605187
https://doi.org/10.1177/0272989X9301300409
https://doi.org/10.1007/s40273-019-00841-1
https://doi.org/10.1007/s40273-015-0334-3
https://doi.org/10.1016/j.vhri.2020.07.580
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

	Cost-Effectiveness Analysis of Vedolizumab Compared With Infliximab in Anti-TNF-α-Naïve Patients With Moderate-to-Severe Ulcerative Colitis in China
	Introduction
	Methods
	Model Structure
	Model Inputs and Data Sources
	Target Patient Population
	Treatment Comparators
	Clinical Efficacy and Transition Probability
	Adverse Events and Discontinuation
	Mortality

	Cost Estimation
	Health Utilities
	Cost-Effectiveness Analysis

	Results
	Base-Case Analysis
	One-Way Sensitivity Analysis
	Probabilistic Sensitivity Analysis

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References


