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ABSTRACT

Introduction: A clinical trial (RACAT) reported
the noninferiority of triple therapy compared to
biologic agents (etanercept ? methotrexate),
and previous studies confirmed that biologic
disease-modifying antirheumatic drugs
(bDMARDs) are more expensive but less bene-
ficial than triple therapy for patients with
rheumatoid arthritis (RA) in whom methotrex-
ate (MTX) fails. However, from the perspective
of the Chinese healthcare system, the cost-ef-
fectiveness of triple therapy versus bDMARD
treatment sequences as a first-line therapy for
patients with RA is still unclear.
Methods: An individual patient simulation
model was used to extrapolate the lifetime cost

and health outcomes by tracing patients from
initial treatment through switches to further
treatment lines in a sequence. Therapeutic effi-
cacy and physical function were evaluated using
the American College of Rheumatology (ACR)
response, 28-Joint Disease Activity Score (DAS28),
and Health Assessment Questionnaire score. All
input parameters in the model were derived from
published studies, national databases, local hos-
pitals, andexperts’ opinions. Bothdirect costs and
indirect costs were taken into consideration.
Probabilistic and one-way sensitivity analyses
were performed to test the uncertainty of the
model, as were multiple scenario analyses.
Results: The lifetime analysis demonstrated
that triple therapy was associated with lower
costs and quality-adjusted life years (QALYs)
than bDMARD sequences. These resulted in
incremental cost-effectiveness ratios (ICERs)
ranging from $87,090/QALY to $104,032/
QALY, higher than the willingness-to-pay
(WTP) threshold in China ($30,950/QALY). The
baseline DAS28 impacted the model outcomes
the most. Scenario analyses indicated that add-
ing triple therapy to bDMARD sequences as a
first-, second-, third-, or fourth-line therapy is
very cost-effective, at a WTP of $10,316/QALY.
Conclusions: From a Chinese payer perspec-
tive, triple therapy as first-line treatment in
treatment sequence could be regarded as cost-
effectiveness option for patients who failed
MTX, compared to bDMARDs as first-line
treatment, and instead of prescribing triple
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therapy as a substitute for bDMARDs as a first-
line treatment, adding triple therapy to the
bDMARD treatment sequence is likely to be very
cost-effective for patients with active RA com-
pared to bDMARD sequences.

Keywords: Biologic treatment sequence; Cost-
effectiveness analysis; Rheumatoid arthritis;
Triple therapy

Key Summary Points

Why carry out this study?

Rheumatoid arthritis (RA) as a chronic
autoimmune disease that can occur at any
age not only causes a decline in patients’
physical function, quality of life, and
social participation, but also places a
major economic burden on patients’
families and society.

From the perspective of the Chinese
healthcare system, the cost-effectiveness
of triple therapy versus biologic disease-
modifying antirheumatic drugs
(bDMARD) treatment sequences as a first-
line therapy for patients with RA is still
unclear.

We hypothesize that triple therapy could
likely be cost-effective compared to
bDMARD sequences as a first-line
treatment for patients with RA
unresponsive to MTX.

What was learned from the study?

From a Chinese payer perspective, triple
therapy as first-line treatment in
treatment sequences is likely to be a cost-
effective option comparing bDMARDs as
first-line treatment for RA patients who
failed MTX.

Instead of prescribing triple therapy as a
substitute for bDMARDs as a first-line
treatment, adding triple therapy to the
bDMARDs treatment sequence is likely to
be very cost-effective for patients with
active RA compared to bDMARDs
sequences.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14186810.

INTRODUCTION

Rheumatoid arthritis (RA) is a chronic autoim-
mune disease that can occur at any age, with a
high incidence in patients ranging from 30 to
50 years old [1, 2]. The incidence of RA is
0.5–1% worldwide, while the prevalence is
0.28% in China, indicating that the total
number of Chinese patients is approximately 4
million; additionally, the ratio of affected males
and females is approximately 1:4 [2–4]. In
China, the disability rates of RA patients with
disease durations of 1–5 years, 5–10 years, 10–-
15 years, and C 15 years are 18.6, 43.5, 48.1,
and 61.3%, respectively [5]. With increasing
disease duration, the incidence of disability and
functional limitation increases [5]. The average
direct cost per RA patient is
$1917.21 ± $2559.06/year, with drug costs
accounting for more than 50% of the total cost
($1283.89 ± $1898.15) [6]. Therefore, RA not
only causes a decline in patients’ physical
function, quality of life (QoL), and social par-
ticipation, but also places a major economic
burden on patients’ families and society [7, 8].

For patients with active RA, although
methotrexate (MTX) as the conventional dis-
ease-modifying antirheumatic drug (cDMARD)
prescribed most commonly, the use of MTX is
limited because of poor tolerability and inade-
quate efficacy [9, 10]. Then, a combination of
cDMARDs, such as triple therapy with MTX,
sulfasalazine, and hydroxychloroquine, was
considered for use in RA patients who have a
suboptimal response to MTX [11]. After the
failure of monotherapy or a combination of
cDMARDs, biologic disease-modifying anti-
rheumatic drugs (bDMARDs), including tumor
necrosis factor (TNF) and non-TNF inhibitors,
are recommended for patients with active RA on
the basis of the guidelines of the American
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College of Rheumatology (ACR), European
League Against Rheumatism, and Chinese
Rheumatology Association [9, 12, 13]. Conse-
quently, TNF inhibitors (etanercept, adali-
mumab, infliximab, certolizumab, and
golimumab) and non-TNF inhibitors (abatacept,
rituximab, and tocilizumab) have been
approved by the Chinese National Medical
Products Administration and have become
widely used [14]. Although the use of biologic
agents has contributed significantly to the
effective control and early treatment of active
RA to prevent permanent disability, the use of
biologics in early RA remains limited due to cost
considerations [15–19].

According to previous studies, triple therapy
is not only noninferior to but also as safe as
adding a biologic to MTX [19, 20]. A systematic
review and network meta-analysis demon-
strated that triple therapy and the combination
of most bDMARDs with MTX had clinical effi-
cacy in controlling disease progression [21].
Moreover, a multicenter, phase III, randomized
controlled trial (RCT) (RACAT) compared triple
therapy with biologic treatment (etaner-
cept ? MTX) as a first-line treatment for
patients with active RA in whom MTX
monotherapy failed [22]. The results of this
study confirmed the noninferiority of triple
therapy and suggested that patients with active
RA achieved neither significant clinical
improvement nor favorable responses after
24 weeks of treatment with etanercept ? MTX
compared to triple therapy [22]. According to
the evidence of triple therapy noted above, the
objective of this study was to consider the cost-
effectiveness of implementing triple therapy
compared to bDMARD sequences as a first-line
treatment for patients with RA unresponsive to
MTX.

METHODS

Model Structure Overview

To best simulate the heterogeneity of RA
patients and reflect clinical practice, an indi-
vidual patient-level iviRA model in which
20,000 patients transitioned through a

predefined treatment sequence was performed
using R software (version 4.0.3, https://www.r-
project.org/) (Fig. 1). The iviRA model (version
2.0) is an open-source project for value assess-
ments in RA; the model was developed by the
Innovation and Value Initiative (IVI) and sim-
ulates the health outcomes and costs related to
all DMARDs [23]. Based on this model, we
evaluated the cost-effectiveness of strategy ini-
tiation with triple therapy compared to strategy
initiation with bDMARDs over lifetime horizons
(50 years). In the treatment sequence, patients
were evaluated in every model cycle (6 months).
Patients were able to remain on the current
treatment if they achieved a favorable response
to the current treatment and did not experience
adverse events (AEs); otherwise, the patients
were switched to the next-line therapy. The
main outcomes of this cost-effectiveness analy-
sis were the total cost, life year (LY), quality-
adjusted life year (QALY), and the incremental
cost-effectiveness ratio (ICER). According to the
economic evaluation guidelines in China, both
costs and outcomes were discounted at 3% per
year.

Model Inputs

All information about model input parameters,
including patient characteristics and distribu-
tions of variables, is listed in Table 1. The
characteristics of the patients, including age,
sex, baseline Health Assessment Questionnaire
(HAQ) score, and baseline 28-Joint Disease
Activity Score (DAS28), were obtained from a
phase III RCT (ORAL Sync) that recruited Chi-
nese patients with RA [24, 25]. On the basis of
the report on Chinese nutrition and chronic
disease in 2015, the sex-specific weights for the
Chinese population were also taken into con-
sideration [26]. This is a model-based economic
evaluation for which the patient data were all
obtained from previous published studies. It
does not contain any studies with animals or
human participants.
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Treatment Sequence

The model simulates up to four lines of treat-
ment, which were obtained based on the 2018
RA treatment guidelines in China and current
clinical practice. In the comparator group, TNF
inhibitor bDMARDs (e.g., etanercept) were used
as a first-line strategy when patients were inad-
equately responsive to MTX [27]. After failure of
the first-line treatment, patients who had
experienced unresponsiveness or intolerance to
one TNF inhibitor would not use another
brand-named TNF inhibitor due to unfavorable
Chinese reimbursement policies [27]. Then,
patients were switched to a non-TNF inhibitor
bDMARD (e.g., abatacept, rituximab, or tocili-
zumab) as second-line treatment; non-TNF
inhibitor bDMARDs are another class of bio-
logic agents with different mechanisms of
action [28, 29]. After second-line treatment
failure, patients were treated with a Janus kinase
(JAK) or signal transducer and activator of
transcription (STAT) inhibitor (e.g., tofacitinib)
as a third-line treatment. Finally, after third-line
treatment failure, patients were eventually
switched to the nonbiologic therapy (NBT)
phase, which mainly comprised cDMARDs,
such as MTX, hydroxychloroquine,

cyclosporine, and leflunomide, until death [27].
In the study group, aside from the administra-
tion of triple therapy instead of TNF inhibitors
as a first-line treatment, the treatment sequence
was the same as that in the comparator group.
Three baseline analyses were simulated; the
difference among them was that three non-TNF
inhibitors (abatacept, rituximab, and tocilizu-
mab), which have been approved for the market
in China, were used as the second-line treat-
ment. All target DMARDs (tDMARDs, including
bDMARDs and JAK and STAT inhibitors) in the
treatment sequences were administered in
combination with MTX.

Therapeutic Efficacy and Treatment
Switching

One crucial index of the model was the
response level (therapeutic efficacy) measured
using the ACR criteria, stratified as ACR 70 (ACR
70% improvement criteria), ACR 50 (ACR 50%
improvement criteria), ACR 20 (ACR 20%
improvement criteria), or nonresponsive (not
achieving ACR 20% improvement criteria) [17].
The response level was estimated after the first
6 months of every treatment in the sequence
except for in the NBT phase because the NBT

Fig. 1 Model structure. RA rheumatoid arthritis, ACR American College of Rheumatology, HAQ Health Assessment
Questionnaire, DAS 28 28-Joint Disease Activity Score
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Table 1 Key model parameters

Variable Value (95% CI or range) Distribution Source

Population baseline characteristics

Age (year) 48.1 Truncated normal 24–25

Sex: female, % 85.2 – 24–25

Body weight (kg)

Female 57.3 – 26

Male 66.2 –

HAQ score 1.24 Truncated normal

DAS28 6.3 24–25

Response, percent of patients achieving ACR20, ACR50, ACR70

cDMARDs 0.291 (0.277, 0.306), 0.120 (0.111,

0.130), 0.040 (0.036, 0.044)

Multivariate normal

(NMA parameters)

23

Etanercept 0.584 (0.466, 0.690), 0.343 (0.240,

0.453), 0.165 (0.100, 0.242)

Adalimumab 0.588 (0.495, 0.669), 0.346 (0.263,

0.426), 0.166 (0.113, 0.222)

Certolizumab pegol 0.737 (0.639, 0.821), 0.507 (0.394,

0.616), 0.289 (0.198, 0.390)

Golimumab 0.615 (0.482, 0.744), 0.375 (0.252,

0.513), 0.187 (0.106, 0.292)

Infliximab 0.585 (0.481, 0.701), 0.344 (0.253,

0.460), 0.165 (0.107, 0.253)

Tofacitinib 0.586 (0.453, 0.704), 0.346 (0.229,

0.466), 0.167 (0.093, 0.253)

Baricitinib 0.554 (0.345, 0.760), 0.321 (0.154,

0.535), 0.153 (0.055, 0.308)

Abatacept SC 0.632 (0.486, 0.760), 0.392 (0.258,

0.537), 0.200 (0.109, 0.311)

Rituximab 0.560 (0.422, 0.704), 0.323 (0.205,

0.466), 0.152 (0.080, 0.252)

Tocilizumab 0.667 (0.562, 0.761), 0.427 (0.321,

0.535), 0.224 (0.148, 0.313)

Responses for bDMARDs- and tofacitinib-experienced patients

Treatment effect factor 0.84 (0.75, 0.92) Uniform 32

Rheumatol Ther (2021) 8:775–791 779



Table 1 continued

Variable Value (95% CI or range) Distribution Source

DAS28 changed by ACR response at 6 months

ACR\ 20 0 Uniform 30–31

ACR 20–50 - 1.550

ACR 50–70 - 1.543

ACR[ 70 - 3.310

Parameters of generalized gamma distribution

l 2.7165009 Multivariate normal 34

R 0.3839689

Q - 0.8940388

Serious infection rate

bDMARDs 0.035 (0.027, 0.046) Normal 37

cDMARDs 0.026 (0.018, 0.034)

HAQ-DI score change by ACR response at 6 months

Nonresponder - 0.11 (- 0.25, 0.03) Normal 32

ACR20 - 0.44 (- 0.55, - 0.32)

ACR50 - 0.76 (- 0.93, - 0.58)

ACR70 - 1.07 (- 1.21, - 0.92)

Annual rate of HAQ progression

cDMARDs 0.031 (0.026, 0.036) Normal 40–41

Etanercept - 0.005 (- 0.0115, 0.0115)

Adalimumab - 0.003 (- 0.0175, 0.0115)

Certolizumab pegol - 0.001 (- 0.004, 0.002)

Golimumab - 0.001 (- 0.004, 0.002)

Infliximab - 0.001 (- 0.004, 0.002)

Tofacitinib - 0.001 (- 0.004, 0.002)

Baricitinib - 0.001 (- 0.004, 0.002)

Abatacept SC - 0.001 (- 0.004, 0.002)

Rituximab - 0.001 (- 0.004, 0.002)

Tocilizumab - 0.001 (- 0.004, 0.002)

NBT 0.031 (0.026, 0.036)
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Table 1 continued

Variable Value (95% CI or range) Distribution Source

Age-specific annual progression rates of HAQ progression, mean (s)

Age\ 40 - 0.020 (- 0.028, - 0.011) Normal 41

40\Age\ 64 - 0.008 (- 0.01, - 0.005)

Age[ = 65 0.017 (0.012, 0.021)

Impact of baseline HAQ on mortality

Odds ratio 2.22(0.24) Normal 44

Impact of 0.25-unit change in HAQ from baseline on mortality

Log HR 0–6 months 0.13 (0.07, 0.157) Normal 45

Log HR 6–12 months 0.148 (0.104, 0.191)

Log HR 12–24 months 0.148 (0.095, 0.91)

Log HR 24–36 months 0.191 (0.131, 0.247)

Log HR[ 36 months 0.174 (0.104, 0.239)

Unit costs ($)

MTX (15 mg QW) 0.4026/2.5 mg tablet Fixed 14

Sulfasalazine (2 g daily) 0.097/500 mg

Hydroxychloroquine sulfate (400 mg daily) 0.66/200 mg

Etanercept (50 mg QW) 67.1976/25 mg

Adalimumab (40 mg EOW) 188.856/40 mg

Certolizumab pegol (400 mg at weeks 0, 2, 4

then 200 mg Q2W)

359.7048/200 mg

Golimumab (50 mg QM) 717.36/50 mg

Infliximab (3 mg/kg at 0, 2, and 6 weeks,

3 mg/kg Q8W)

293.79552/100 mg

Tofacitinib (5 mg BID) 5.124/5 mg tablet

Baricitinib (2 mg daily) 20.9038704/2 mg

Abatacept SC (125 mg SC QW) 231.312/125 mg

Rituximab (1000 mg at weeks 0, 2; repeated

every 9 months)

1151.62/500 mg

Tocilizumab (8 mg/kg every 4 weeks, for

patients with weight[ 100 kg, 800 mg)

121.512/80 mg

Administration, $

Subcutaneous injection 0.586 Fixed Local

charge
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would not have an associated initial ACR
response level [23]. The therapeutic efficacy of
DMARDs was obtained from a network meta-
analysis that included 96 unique RCTs of RA
treatment performed by IVI [23]. Another core
parameter in the model was the RA activity
measured by the DAS28, which was associated
with treatment switching after the first
6 months for every treatment line. The DAS28
could be classified as severe ([5.1), moderate
(3.3–5.1), mild (2.6–3.2), or absent (\2.6) [12].
All patients commenced with severe activity,
and the relationship between the ACR response
level and change in RA activity is listed in
Table 1, as evaluated by Aletaha et al. [30, 31].
We supposed that the ACR response rates in
patients who had received bDMARDs before
dropped to 84% of that in bDMARD-naı̈ve
patients (treatment effect factor), consistent
with a study by Carlson et al. [32]. According to
the DAS28, discontinuation probability and
AEs, patients passed through the treatment
sequence and finally progressed to the NBT
phase. During every model cycle, patients con-
tinued the current treatment or switched to the
next-line treatment according to a previous
study and international recommendations:

treatment failure was diagnosed if the DAS28
was[ 3.2 or less than 1.2 [9, 12, 33]. As we
mentioned above, there was a certain probabil-
ity of treatment discontinuation among
patients who continued the current treatment,
including all-cause discontinuation and the
time to discontinuation. The discontinuation
probability was evaluated on the basis of the
survival curve obtained from the CORRONA
database using a generalized gamma distribu-
tion model [34] (Supplementary Material
Table 1). According to a study conducted by
Zhang et al., patients with mild or no disease
activity had approximately 0.52 times the odds
of treatment discontinuation as patients with
moderate RA activity [35]. We adjusted the
curve from the CORRONA database using an
odds ratio (OR = 0.52) and estimated the treat-
ment duration for patients with mild or no
disease activity since patients in the CORRONA
database have nearly moderate RA activity [35].
Apart from the lack of response to the current
treatment and the discontinuation of treat-
ment, AEs may also result in treatment switch-
ing. Based on a study by Stevenson et al., we
only considered serious infection (i.e., pneu-
monia) in the model since only severe infection

Table 1 continued

Variable Value (95% CI or range) Distribution Source

Intravenous injection 9.004 Fixed Local

charge

General management cost 120.34 Gamma 47

Hospital days per year by HAQ

0–0.5 0.26 (0, 1.725) Gamma 32

0.5–1 0.13 (0, 1.409)

1–1.5 0.51 (0.015, 1.85)

1.5–2 0.72 (0.092, 1.979)

2–2.5 1.86 (1.013, 2.96)

2.5–3 4.16 (3.238, 5.196)

Hospitalization, $ 226.20 (180.96, 271.44) Gamma 47

AE cost, $ 1761.40 (1409.1, 2113.6) Uniform 48

Disutility due to serious infection 0.156 (0.125, 0.187) Uniform 36
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significantly impacted the cost and QoL
[36, 37].

Disease Progression and HAQ Score
Change

The HAQ score, an instrument for measuring
the physical function and disease progression of
patients, ranges from 0 to 3 in multiples of
0.125 (a higher score indicates greater disease
progression). The HAQ score depends on the
disease activity, and both of these factors
impact the utility value, mortality risk, and
hospitalization cost in the model. The HAQ
score changed over time in the model; however,
the change was not related to treatment but was
associated with the ACR response and the time
spent in the NBT phase. The relationship
between the ACR response level and the change
in the HAQ score after the first 6 months was
reported by Carlson et al. and is displayed in
Table 1 [32]. After the first 6 months of each
treatment line, the HAQ score decreased by
subtracting the baseline HAQ score of patients
to simulate improvement with treatment. After
the initial 6 months, apart from the NBT phase,
a constant annual rate (no disease progression
according to the HAQ score) was applied for
long-term treatment if patients continued the
current therapy [38, 39]. In the NBT phase, an
annual rate and an age-specific rate were used to
model HAQ score progression, which was
obtained from an observational study con-
ducted by Wolfe et al. and a longitudinal study
performed by Michaud et al., respectively
[40, 41]. At the time patients switched to the
next-line treatment, they the HAQ score
rebounded, which means that any improve-
ment in the HAQ score obtained from the last
treatment line was lost at the time of initiation
of a new treatment [42]. It was assumed that the
HAQ score of patients would increase back to
their baseline score at the beginning of the
initial 6 months for each treatment line. All
parameters are listed in Table 1.

Mortality

Death could occur at any point in time in the
model. Based on the probability of death from
the Chinese life table and HAQ score, a function
of age- and sex-specific mortality was simulated
[43]. We applied an OR (2.22) for the effect of
the HAQ score on the mortality rate from the
life table, which was estimated by Wolfe et al.
[44]. Moreover, we also considered the impact
of the change in the HAQ score on mortality;
with every 0.25-unit HAQ score increase, the
mortality rate of the subsequent 6 months
increased to a certain degree, according to the
hazard ratio reported by Michaud et al. [45]
(Table 1).

Cost and Utility Estimates

In this study, both direct medical costs (in-
cluding the costs of drug acquisition, AE man-
agement, administration, monitoring, and
hospitalization), and indirect costs (such as the
costs of productive loss), were considered in the
model. All unit costs were derived from national
databases, local hospitals, previously published
studies, and the consensus of experts. Drug
acquisition costs were obtained from the web-
site of China Medical Bidding [46]. General
management costs, including those of routine
clinical tests, X-ray examinations, and outpa-
tient follow-up visits, were based on a cost-ef-
fectiveness analysis performed by Wu et al. [47].
The annual days of hospitalization were associ-
ated with the HAQ score, so we estimated the
cost of hospitalization according to a study by
Carlson et al. due to the paucity of relevant
information about this relationship in China
[32]. The average expense of patients in the
hospital per day was derived from a study by
Wu et al. [47]. We assumed that the cost of AE
management was the same across different
tDMARDs and equal to the cost of treating
pneumonia ($1761.4), according to Tian et al.
[48]. All costs in this study were converted into
2019 US dollars (1 USD = 6.83 RMB), and the
Chinese consumer price index was also used to
adjust the costs from past sources to 2019 USD
[49].
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Based on the following algorithm, which was
obtained from a previous cost-effectiveness
study for Chinese RA patients conducted by
Tian et al., the health-related QoL was estimated
by mapping HAD-DI scores to EuroQol five-di-
mensional three-level (EQ-5D-3L) utility values
[48].

Utility ¼ 0:74� 0:17� HAQ:

In this study, we only included serious
infection (i.e., pneumonia) as an AE in the
model because the safety profiles among
tDMARDs are similar and would not impact
the results significantly [23]. The impact of
pneumonia on QoL was measured by the health
disutility weight, which dropped by 0.156 units
of utility during the month of infection [36, 50].

Sensitivity and Scenario Analyses

We performed multiple analyses, including one-
way sensitivity analyses, probability sensitivity
analyses (PSAs), and a series of scenario analy-
ses, to explore the uncertainty and robustness of
the model. We changed the variables over a
reasonable range and plausible distribution to
determine crucial drivers in the model; for
example, we varied the upper and lower limits
of the drug price by 20%. PSAs were conducted
for 2000 sets of 5000 patients by Monte Carlo
simulation. The willingness-to-pay (WTP)
threshold was set at $30,950/QALY or $10,316/
QALY in China by using three times or one time
the per-capita gross domestic product, as rec-
ommended by WHO guidelines as a ‘‘cost-ef-
fective’’ threshold or ‘‘very cost-effective’’
threshold, respectively [51, 52].

To understand the comprehensive cost-ef-
fectiveness of setting triple therapy as a first-line
treatment for patients with RA who are unre-
sponsive to MTX in China, six scenario analyses
were performed: (1) Based on the original
baseline treatment sequence, we replaced
DMARDs (ETN) as the first-line treatment in the
comparator group with TNF inhibitors of other
brands, such as adalimumab, infliximab, cer-
tolizumab, and golimumab (Supplementary
Material Table 3). (2) We varied the price of all
tDMARDs to 75, 50, and 25% of their price,

considering the potential implication of drug
tapering and biosimilars (Supplementary Mate-
rial Table 4). (3) On the basis of the rule of
clinical practice we mentioned in the treatment
sequence section, 36 possible strategies were
formulated (Supplementary Material Table 5).
All bDMARD sequences were compared to triple
therapy followed by NBT. (4) According to the
results of scenario 3, we selected the treatment
sequence (TT-IFX-RTX-TOF-NBT) that had the
lowest ICER, and in addition to the first-line
triple therapy, the location of other drugs in the
sequence was adjusted for comparison with the
sequence without triple therapy (IFX-RTX-TOF-
NBT) (Supplementary Material Table 6). (5)
Based on scenario 4, another treatment
sequence was chosen (RTX-TOF-IFX-NBT)
(Supplementary Material Table 7). In this sce-
nario, triple therapy was inserted at different
positions in the treatment sequence as a first-,
second-, third-, and fourth-line therapy to assess
its impact on the cost-effectiveness analysis.

RESULTS

Base Case Results

The results of base case analyses obtained by
running 50,000 Monte Carlo simulations are
presented in Table 2. Three base case analyses
showed that triple therapy was associated with
lower costs but also fewer LYs and QALYs than
bDMARD sequences. These produced ICERs
ranging from $87,090/QALY to $104,032/
QALY, above the WTP threshold of $30,950/
QALY.

Sensitivity and Scenario Analyses

Because there were three pairs of baseline results
with small differences in health outcomes, a
tornado diagram was prepared to compare the
TT-TCZ-TOF-NBT and ENT-TCZ-TOF-NBT
strategies, which had the lowest ICERs among
the base case analyses (Fig. 2). The model was
highly sensitive to the baseline DAS28, the ACR
response rate of tofacitinib, and the therapeutic
efficacy. Other parameters, such as the baseline
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HAQ score, drug costs, sex proportion, and ini-
tial age, had a moderate or minor impact on the
results. The PSA results showed that the three
bDMARD strategies had a 0% likelihood of
being cost-effective compared to the triple
therapy strategy at a WTP threshold of $30,950/
QALY (Fig. 2). The PSA results of scenario 3
showed that half of the strategies had proba-
bilities of 80% or over of being considered cost-
effective treatments compared to triple therapy.
The results of the analyses of the first scenario
were similar to the results of analyses of the base
case, which revealed that bDMARDs as first-line
treatment in treatment sequences is unlikely be
cost-effectiveness comparing with triple therapy
(Table 2, online Supplementary). In scenario 2,
except for the TT-RTX-TOF-NBT and TT-TCZ-
TOF-NBT treatment strategies, all strategies
could be regarded as cost-effective compared to

bDMARDs, and when we varied all DMARDs
price to 25% of its original, TT-TCZ-TOF-NBT
versus ENT-TCZ-TOF-NBT have the lower ICER
at 19,501/QALYs. In scenario 3, we only com-
pared 36 bDMARD strategies with triple therapy
because there were slight differences in the
QALYs among the bDMARD strategies, which
may cause misunderstanding in considering the
ICERs and cost-effectiveness. In scenario 3, 36
strategies were produced ICERs ranging from
$20,560/QALY to $45,018/QALY, and over half
of the bDMARD sequences yielded values lower
than the WTP in China and could be considered
cost-effective strategies compared to triple
therapy monotherapy. Although the TT-IFX-
RTX-TOF-NBT strategy had the lowest ICER
($20,150.6/QALY) compared to the other treat-
ment sequences, it still could not be regarded as
a ‘‘very cost-effective’’ strategy, since the ICER

Table 2 Results of base case analyses

Sequence Total
cost

LY QALY Incremental
cost

Incremental ICER

LY QALY /LY /QALY

TT-ABT-

TOF-

NBT

52,521.01 15.50543 8.818586 - 13,651.97 - 0.09761 - 0.148297 139,862.4116 92,058.30192

ENT-ABT-

TOF-

NBT

66,172.98 15.60304 8.966883

TT-RTX-

TOF-

NBT

35,109.58 15.36617 8.666598 - 12,328.12 - 0.05785 - 0.118503 213,104.9265 104,032.1342

ENT-RTX-

TOF-

NBT

47,437.70 15.42402 8.785101

TT-TCZ-

TOF-

NBT

47,856.98 15.52555 8.884292 - 13,902.04 - 0.10895 - 0.159629 127,600.1836 87,089.68922

ENT-TCZ-

TOF-

NBT

61,759.02 15.63450 9.043921

LY life year, QALY quality-adjusted life year, ICER incremental cost-effectiveness ratio, TT triple therapy, ABT abatacept,
TOF tofacitinib, NBT non biologic therapy, ENT etanercept, RTX rituximab, TCZ tocilizumab
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was above the WTP threshold at $10,316/QALY.
Based on the results of scenario 3, scenario 4
was produced. The results showed that com-
pared to bDMARD treatment, adding triple
therapy before bDMARD treatment as a first-line
therapy instead of using triple therapy to
replace first-line bDMARD treatment can be
recognized as a very cost-effective treatment
option. The results of scenario 5 showed that
inserting triple therapy into the bDMARD
sequence as a first-, second-, third- or fourth-
line treatment could be considered to be very
cost-effective compared to no triple therapy.
Among them, the RTX-TOF-TT-IFX-NBT
sequence had the lowest ICER, at $894.8/QALY,
compared to the comparator group.

DISCUSSION

Compared to bDMARDs, triple therapy is less
commonly used in clinical practice as a first-line
treatment after MTX failure, although triple
therapy has been promoted for many years.
Current guidelines, clinical practice, and reim-
bursement policies permit the initiation of

bDMARDs after an inadequate response to
MTX, but this could cause the inefficient use of
medical sources. Therefore, we conducted the
first study to evaluate the cost-effectiveness of
triple therapy versus bDMARD treatment
sequences with or without triple therapy in
patients with RA who were unresponsive to
MTX in China. This topic is relevant to patients,
rheumatology immunologists, and policymak-
ers. The results indicate that using triple therapy
as a first-line treatment is likely to be cost-ef-
fective compared to bDMARDs. However, the
implication of this study is not that triple
therapy should be substituted for bDMARDs or
that bDMARDs should be withheld from
patients with RA in whom MTX failed. Rather,
this study suggests that triple therapy should be
prescribed within the bDMARD treatment
sequence. The results of scenario analyses indi-
cate that when triple therapy is inserted as a
first-, second-, third-, or fourth-line therapy in
the bDMARD sequence, all sequences could be
regarded as ‘‘very cost-effective’’ compared to
sequences involving bDMARDs only. Although
prescribing triple therapy after bDMARDs fail-
ure is seldom in clinical practice, our study

Fig. 2 The probability sensitivity analyses of scenario 3.
TT triple therapy, ABT abatacept, TOF tofacitinib, NBT
non biologic therapy, RTX rituximab, TCZ tocilizumab,

BCT baricitinib, ENT etanercept, ADA adalimumab, IFX
infliximab, CZP certolizumab, GOL golimumab
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provided several economical treatment
sequences option for treat-to-target strategy in
future practice.

The results of our study are consistent with
those of other economic analyses studying tri-
ple therapy compared to biologics, although
they only compared triple therapy with single
biologic agents instead of bDMARD treatment
sequences. A study in the United States calcu-
lated the cost-effectiveness of triple therapy
versus etanercept plus MTX as a first-line treat-
ment and found that commencing bDMARDs
without trying triple therapy first yielded a
minimal incremental benefit but an increase in
cost. A study in Sweden showed that the use of
infliximab cost €20,916 more than triple ther-
apy and only gained a 0.01 increase in QALYs
over a duration of 21 months, leading to an
ICER of €2,404,197/QALY. Our study was based
on the perspective of Chinese health care sys-
tem, so the conclusion of this study might not
be applicable to other countries because of the
differences in the costs, clinical guidelines,
policies, and health systems among countries.
To our knowledge, this is the first modeling
study from the Chinese health care system
perspective to explore the cost-effectiveness of
treatment sequences for RA patients who failed
MTX treatment.

As with any model, there are some limita-
tions to this study. First, we derived the thera-
peutic efficacy from a network meta-analysis in
which most RCTs were conducted over the
short term (approximately 12–24 months). This
would introduce some biases to the results since
the model extrapolates lifetime efficacy and
costs. However, most RCTs had this unavoid-
able limitation due to the resources and major
expenditures required for long-term follow-up.
Thus, we not only constructed a decision ana-
lytic model that reflects the heterogeneity of
patients but also made plausible assumptions
and conducted multiple sensitivity analyses and
scenario analyses to improve the robustness of
the model. Second, in the absence of reliable
data, we hypothesized that the ACR response
rate after bDMARD failure would be decreased
to 84% in patients who had not previously
received a biologic. However, the sensitivity
analyses showed that the impact of the

treatment effect factor on the model outcomes
was marginal. Third, in this study, we assumed
that patients will finally switch to the NBT
phase, which is commonly and justifiably used
in economic evaluations in RA [23, 27]; how-
ever, the treatment sequence in clinical practice
will have more permutations and combinations
than the limited treatment sequences in this
study. Finally, our model considered neither
other AEs nor the possibility that the risk of AEs
might differ among different treatment
sequences, which might underestimate the
direct costs and overestimate the health out-
comes, such as the efficacy of bDMARDs. How-
ever, a published study suggested that since the
safety profiles of bDMARDs are similar, the
outcomes of the model would not be changed
when adding other AEs into the model [32].

CONCLUSIONS

From the perspective of the Chinese healthcare
system, compared to bDMARD treatment
sequences, triple therapy is estimated to be cost-
effective for patients with active RA, at a WTP
threshold of $30,950/QALY. Furthermore, a
very cost-effective level was obtained regardless
of the position of triple therapy within the
bDMARD treatment sequence compared to
sequences not including triple therapy.
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