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ABSTRACT

Introduction: Evidence supports the clinical
benefits of early aggressive biologic treatment in
patients with rheumatoid arthritis (RA) who
have an inadequate response to conventional
synthetic disease-modifying antirheumatic
drugs (csDMARDs), but the cost-effectiveness of
early intervention with originator biologics
such as tumor necrosis factor inhibitors (TNFis)
or their biosimilars has not been well studied.
Methods: We developed a Markov model to
estimate lifetime costs and utilities for patients
with established RA who do not respond to
methotrexate (MTX) therapy. A cost-effective-
ness analysis was conducted comparing a stan-
dard intervention pathway (addition of
originator biologic TNFis to MTX monotherapy
at 12 months) and two early intervention
pathways (either addition of originator biologic

TNFis or addition of biosimilar TNFis to MTX
monotherapy at 6 months).
Results: Early intervention with an originator
biologic TNFi at 6 months was associated with
increases in total lifetime costs of £1692 and util-
ities of 0.10 quality-adjusted life-years (QALYs)
per patient compared with standard intervention
at 12 months, resulting in an incremental cost-
effectiveness ratio (ICER) of £17,335/QALY. Early
intervention with a biosimilar TNFi increased
costs by £70 and utilities by 0.10 QALYs per
patient and was associated with an ICER of £713/
QALY.
Conclusion: Switching from MTX monother-
apy to combination therapy with either an
originator biologic or biosimilar TNFis at
6 months after csDMARD failure in patients
with RA was cost-effective at a threshold of
£30,000/QALY.
Funding: Pfizer Inc.

Keywords: Biologic; Biosimilar; Cost-effective-
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INTRODUCTION

Rheumatoid arthritis (RA) is a chronic, systemic
immune-inflammatory disease that frequently
results in joint pain and stiffness, structural
joint damage, and functional disability [1]. The
estimated global prevalence of RA is 0.3–1.0%
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[2], and the disease is associated with a sub-
stantial health and economic burden [3]. RA
symptoms are often inadequately controlled,
adversely affecting patients’ social functioning,
ability to work, and overall well-being [4]. The
total annual cost of RA to society has been
estimated as approximately €45 billion in Eur-
ope and €42 billion in the USA [5]. The intro-
duction of innovative biologic therapies such as
tumor necrosis factor inhibitors (TNFis) for the
treatment of RA represents a major medical
advance, as these agents have been shown to be
highly effective in improving clinical symptoms
and physical function, and slowing radio-
graphic progression in patients with moderate
to severe disease [6]. Although TNFis have con-
siderably increased the likelihood of remission
or low disease activity in patients with RA, the
cost of these biologic agents can be prohibitive,
leading to restricted use even as second-line
therapy in some countries [7].

Over the past decade, biosimilar versions of
these agents have been developed and subse-
quently approved by regulatory agencies,
including the European Medicines Agency
(EMA) [8] and US Food and Drug Administra-
tion (FDA) [9], for the treatment of RA and other
autoimmune diseases. Unlike generics, biosim-
ilars are required to undergo extensive investi-
gation to obtain regulatory approval. Based on
global guidelines from the World Health Orga-
nization, which are reflected in standards
adopted by regional/national authorities such
as the EMA and FDA, biosimilar authorization
requires data from stringent comparability
exercises, including quality, non-clinical, and
clinical studies [10]. To demonstrate biosimi-
larity, differences between biosimilar and origi-
nator biologics cannot be greater than
differences expected between different batches
of the same originator biologic, and can have no
impact on the clinical performance of the
biosimilar. Biosimilar TNFis are expected to
expand patient access to highly effective treat-
ment because of their lower cost. Their intro-
duction has improved patients’ and clinicians’
therapeutic choices, and has stimulated com-
petition with originator biologics, which may
result in cost savings for healthcare systems
around the world [11].

Because longer duration of disease activity in
individuals with RA may increase the risk of
joint damage and functional disability, early
control of inflammation can be effective in
limiting structural deterioration and functional
impairment [12–15]. Increasing evidence sug-
gests that early aggressive treatment of RA pro-
vides greater benefits than treatment started
later in the disease course [16]. These findings
have resulted in a shift favoring earlier biologic
use in patients with RA and high disease activity
despite conventional synthetic disease-modify-
ing antirheumatic drug (csDMARD) therapy.
Although biologic therapies are often consid-
ered cost-effective in specific RA populations
[17], the impact of earlier initiation of such
therapy on the cost burden of RA has not been
well studied. In addition, despite the increased
interest in regulatory approval for biosimilar
versions of originator biologics indicated for the
treatment of inflammatory conditions, includ-
ing RA, little research is available on the cost-
effectiveness of biosimilars. The objective of this
current analysis was to estimate the cost-effec-
tiveness of early treatment with originator bio-
logic or biosimilar TNFis in patients with
established RA who had an inadequate response
to csDMARD monotherapy from a United
Kingdom (UK) societal perspective.

METHODS

Model Structure

A Microsoft Excel�-based Markov model was
developed to estimate lifetime treatment costs,
direct medical and non-medical costs, indirect
costs (i.e., work productivity loss), and utilities
for cohorts of patients with established RA.
Characteristics of patients in the starting pop-
ulation were derived from the RA-BEAM trial
[18], a 52-week randomized controlled trial
comparing the efficacy and safety of
methotrexate (MTX) monotherapy, an origina-
tor biologic TNFi, and a non-TNFi biologic in
patients with moderately to severely active RA
who had an inadequate response to MTX ther-
apy administered for at least 12 weeks. Based on
the trial, the starting population in the model
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was 69% female, with an average age of
53 years.

A simplified care paradigm was assumed for
the model: patients received csDMARDs, origina-
tor biologic/biosimilar TNFis (combined with
csDMARDs), and originator biologic non-TNFis in
a stepwise fashion based on response status (cycle
length, 3 months) (Fig. 1). Using disease activity
score in 28 joints (DAS28) criteria, response status
was defined as remission (DAS28\2.6), low dis-
ease activity (DAS28 C 2.6 to\3.2), and high
disease activity (DAS28 C 3.2).

In the standard intervention group, patients
were initiated on MTX monotherapy and those
with an inadequate response (i.e., high disease
activity) after 12 months were switched to the
next treatment, MTX plus an originator bio-
logic. In the early intervention group, patients
were evaluated after 6 months of MTX
monotherapy for addition of an originator bio-
logic (early biologic intervention) or biosimilar
(early biosimilar intervention). The response
status of patients who remained on MTX
monotherapy was assessed annually to deter-
mine whether an originator biologic or
biosimilar TNFi should be added, based on high
disease activity. After initiation of TNFi therapy,
patients who continued to remain in high dis-
ease activity were switched to non-TNFi bio-
logic therapy at a specified annual rate. Other
patients receiving TNFis who responded to the
treatment remained in the same disease activity
state until death, unless they relapsed from
remission to low disease activity. The model
assumed that the only difference between orig-
inator biologic and biosimilar TNFis was the
treatment cost; all other parameters (e.g., effi-
cacy, discontinuation/switch rate, utilities)

remained equal. The model used in this analysis
was based on previously conducted studies and
other economic models; no studies with human
participants or animals were performed by any
of the authors.

Transition Probabilities

Short- and long-term efficacy, relapse, and
switching rates applied in the current model were
obtained from published clinical trials and other
health economic studies (Table 1). Short-term
response rates were estimated on the basis of those
reported in the RA-BEAM trial [18]. Patients in the
MTX monotherapy treatment group switched to
biologic therapy at month 6, and no efficacy data
were evaluated thereafter for MTX monotherapy.
We therefore assumed no additional benefits in
achieving remission after 6 months for MTX
monotherapy, but applied the same linear change
from high to low disease activity.

Patients who achieved remission during the
initial 12 months of the treatment either
maintained remission or relapsed into a low
disease activity state over time. Based on relapse
rates observed in the initial 3-month period
after remission, relapse rates of 13% and 7%
were applied for MTX monotherapy and bio-
logic therapies, respectively, for each 3-month
cycle in the current model. Patients who did not
achieve remission after the initial year of treat-
ment never achieved remission unless their
treatment was changed.

Long-term efficacy considers the impact of
treatment after the first 12 months until death.
Long-term data reporting sustained efficacy of
originator biologic and biosimilar treatments
are limited. For this model, we applied

Fig. 1 Treatment pathways followed in the current model
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assumptions similar to those developed for the
Birmingham Rheumatoid Arthritis Model
(BRAM) [19], a lifetime model comparing

several biologics to ongoing biologic/csDMARD
therapy that failed to provide adequate disease
control in patients with active RA. The Health

Table 1 Model inputs for clinical efficacy, relapse, and switching by treatment

Short-term efficacy

Time
(months)

Disease activity state Patients (%)

MTX TNFi Non-TNFi

3 Remission 4 19 24

Low disease activity 10 16 20

6 Remission 6 32 34

Low disease activity 11 16 18

9 Remission 6 36 37

Low disease activity 11 13 17

12 Remission 6 39 40

Low disease activity 11 9 16

Relapse

Transition Transition probability per cycle

MTX TNFi Non-TNFi

Remission to low disease activity 0.13 0.7 0.7

Long-term efficacy

Transition Transition probability per cycle

MTX TNFi Non-TNFi

Low to high disease activity 0.05 0 0

High to high disease activity 1 1 1

Time of treatment
initiation/switch (years)

Patients (%)

MTX ? TNFi TNFi ? non-TNFi

1 10.9 14.6

2 10.9 22.2

3 10.9 11.5

4 10.9 7.2

5 10.9 3.5

6 0 2.1

7 0 1.0

8? 0 1.0

MTX methotrexate, TNFi tumor necrosis factor inhibitor
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Assessment Questionnaire (HAQ) was used to
evaluate clinical effectiveness in BRAM based on
two assumptions: first, patients who received
biologic therapy maintained the same HAQ
score over time unless they changed treatment
(i.e., discontinued or switched); and second,
patients who received csDMARD therapy had an
annual reduction in HAQ score of 0.125. Simi-
larly, for the current model, biologic- or
biosimilar-treated patients remained in the
same disease activity state over time and MTX-
treated patients with low disease activity had a
5% probability of relapse to a high disease
activity state.

Treatment Switch
The rate of patients’ switching from MTX
monotherapy to combination MTX–originator
biologic or combination MTX–biosimilar TNFi
therapy was based on the median duration of
csDMARD (leflunomide) therapy from BRAM
[19] (Table 1). After a median duration of
6 years, it was assumed that no patients receiv-
ing MTX monotherapy switched to combina-
tion MTX–originator biologic or biosimilar TNFi
therapy. The switching rate from TNFi to non-
TNFi therapy was obtained from the Belgian
expanded-access program cohort, in which
infliximab continuation rates were evaluated
over a 7-year period [20]. The switch rate at year
8 was applied for the remaining years, and
patients receiving originator biologic non-TNFis
were assumed to remain on the same therapy
until death.

Mortality
At every cycle of the model, patients could die
from natural causes. The model applied a haz-
ard ratio of 1.29 for mortality to standard life
tables for all patients, independent of disease
activity state, to reflect the elevated risk of death
in the RA population compared with the gen-
eral population [21].

Costs and Utilities

The costs for the model were categorized as
treatment costs, direct medical costs, direct
non-medical costs, and indirect costs, related to

work productivity. All costs (except treatment
costs) were obtained from the BRASS study, an
investigation of associations between disease
activity, disease duration, and patient costs
based on survey data from 4200 patients with
RA across 10 European countries (Table 2) [22].
Remission and mild disease activity in the
BRASS study corresponded to remission and low
disease activity in our model, whereas severe
disease activity (BRASS study) corresponded to
high disease activity. Costs for 6–10 years and
[10 years of RA in the BRASS study were used
for the first 10 years and [ 10 years, respec-
tively, in the current model, and were adjusted
to the 2017 UK £. All patients were assumed to
be in the workforce until retirement age (i.e.,
men, 65.1 years; women, 63.6 years [23]).

Total treatment costs were estimated on the
basis of dosing for patients weighing 70 kg and
were halved for patients in remission (Table 3).
The cost of originator biologic TNFis corre-
sponded to the UK National Health Service
(NHS) list price of infliximab, whereas the cost
of biosimilar TNFis was derived from a single
local contractual agreement [24]. Originator
biologic non-TNFi costs were calculated from
the weighted average NHS list prices for ritux-
imab (85%), abatacept (5%), and tocilizumab
(10%) used in a UK biologic switching study
[23] (a 50% discount was assumed for the NHS
list price of rituximab). Administration costs for
the originator biologic TNFis, and the originator
biologic non-TNFis abatacept and rituximab,
were obtained from BRAM [19]; these costs for

Table 2 Summary of annual costs for RA by disease
severity, duration, and cost category [22]

Disease
severity

Disease
duration
(years)

Annual cost (£)

Direct
medical

Direct
non-
medical

Indirect

Remission/

mild

6–10 1630 1291 1639

[ 10 2055 2224 4960

Severe 6–10 4678 4437 3875

[ 10 7137 1523 6409

RA rheumatoid arthritis
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tocilizumab (not included in BRAM) were
assumed to be the same as for abatacept.

To obtain utilities, DAS28 was first converted
to HAQ scores as previously performed for an
analysis of the relationship between disease
activity and physical function [25]. The HAQ
scores were subsequently transformed into
utilities based on a simulation model developed
to analyze the cost-effectiveness of new RA
treatments in the UK (Table 4) [26].

Analyses

Base-Case Analyses
Total costs (i.e., the sum of treatment, direct
medical and non-medical, and indirect costs)
and utilities were compared between two main
treatment strategies: (1) addition of an origina-
tor biologic TNFi to MTX monotherapy at
12 months (i.e., standard intervention); and (2)
addition of an originator biologic or biosimilar
TNFi to MTX monotherapy at 6 months (i.e.,
early intervention). These strategies were fur-
ther examined by calculating the incremental
cost-effectiveness ratio [ICER; £ per quality-
adjusted life-year (QALY)] from total costs and
utilities at the end of a patient’s lifetime. Costs
and other economic parameters were analyzed
with a discount of 3%.

Sensitivity Analysis
Probabilistic sensitivity analysis was performed
to explore the effects of variability in key input
parameters on cost-effectiveness outcomes as
follows: (1) variance reported in the published
literature were used when available; (2) other
clinical trials or time of evaluation were refer-
enced for efficacy; and (3) costs were increased
or decreased by 10% from the current cost
assuming gamma distribution.

RESULTS

Base-Case Analyses

Early addition of an originator biologic TNFi
after 6 months of MTX monotherapy in
patients with RA who had an inadequate

Table 4 Utilities by disease activity state

Disease activity
state

DAS28 HAQ Utilities (SD) per
year

Remission \ 2.6 0.15 0.746 (0.140)

Low \ 3.2 0.5 0.746 (0.140)

High C 3.2 1.3 0.469 (0.268)

DAS28 disease activity score in 28 joints, HAQ Health
Assessment Questionnaire, SD standard deviation

Table 3 Summary of treatment costs applied in the cur-
rent model

Cost/dosing Treatment

MTX TNFi Originator
biologic
non-TNFi

Cost per unit

(£)

£0.117

per

15-mg

tablet

Originator

biologic:

£419.67

per

100-mg

vial

Biosimilar:

£210 per

100-mg

vial

£719.15 per

quarter

Dosing 6 tablets

per

week,

every

week

3 vials per

dose

6 doses per

year

Rituximab: 4

vials per

dose; 1

dose, every

8.7 months

Abatacept:

750 mg,

every

4 weeks

Tocilizumab:

8 mg per kg,

every

4 weeks

Administration

cost (£)

— £212.75 £153.27

MTX methotrexate, TNFi tumor necrosis factor inhibitor
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response to MTX monotherapy increased treat-
ment cost by £4701 per patient, but decreased
lifetime direct and indirect costs by £3008 per
patient. Overall early intervention approach
thus resulted in a net increase of £1692 per
patient compared to standard intervention with
an originator biologic TNFi at 12 months
(Table 5). The model assumed that the efficacy
of originator biologic and biosimilar TNFis was
the same, while reflecting the lower cost of
biosimilars. Therefore, addition of a biosimilar
TNFi after 6 months of MTX monotherapy
resulted in the same changes in lifetime direct
and indirect costs plus utilities as the early
biologic intervention, but less of an increase in
treatment cost (£3078). Total costs were
increased by £70 per patient when patients were
switched from MTX monotherapy to combina-
tion therapy with a biosimilar TNFi at 6 months
rather than combination therapy with an orig-
inator biologic TNFi at 12 months.

Utilities increased by 0.10 QALYs in patients
who received early treatment with either an
originator biologic or a biosimilar TNFi, from
5.4 QALYs for standard intervention to
5.5 QALYs for early intervention. Initiating
treatment with an originator biologic TNFi at
6 months compared with 12 months was shown

to be cost-effective at a threshold of £30,000/
QALY, with ICERs of £17,335/QALY and £713/
QALY with an originator biologic and biosimi-
lar, respectively.

Sensitivity Analyses

When the robustness of the base-case results was
tested by conducting probabilistic sensitivity
analyses, the probability that early intervention
with an originator biologic TNFi was cost-effective
at a threshold of £30,000/QALY was 82% with
variance in model input parameters. Similarly,
the probability that early intervention with a
biosimilar TNFi was cost-effective was 83%.

DISCUSSION

Despite the documented benefits of early control
of inflammatory processes and the safety and
efficacy of biologics such as TNFis, initiation of
biologic treatment is frequently delayed, at least
in part because of concerns about the cost of
treatment. Our model was developed to under-
stand the potential health-economic implications
of early intervention with originator biologic or

Table 5 Lifetime costs per patient for patients switching to combination MTX–originator biologic TNFi therapy at
12 months (standard) versus combination MTX–originator biologic TNFi or combination MTX–biosimilar TNFi therapy
at 6 months (early)

Cost Lifetime costa per patient (£)

Switch from MTX monotherapy to combination
MTX 1 originator TNFi therapy

Switch from MTX monotherapy to combination
MTX 1 originator/biosimilar TNFi therapy

Standard
intervention:
originator biologic
at 12 months

Early
intervention:
originator
biologic at
6 months

Difference Standard
intervention:
originator biologic
at 12 months

Early
intervention:
biosimilar at
6 months

Difference

Treatment 37,340 42,041 4701 24,021 27,099 3078

Direct 40,942 38,571 - 2371 40,942 38,571 - 2371

Indirect 14,853 14,216 - 637 14,853 14,216 - 637

Totalb 93,135 94,827 1692 79,816 79,886 70

MTX methotrexate, TNFi tumor necrosis factor inhibitor
a Including 3% discount
b Totals may not sum to exactly 100% due to rounding of costs
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biosimilar TNFis in patients with RA who have an
inadequate response to MTX. To our knowledge,
this is the first model to compare the cost-effec-
tiveness of standard versus early intervention
with biologics.

On the basis of the findings from this model,
early initiation of originator biologic or biosimilar
TNFis in patients with RA who have an inade-
quate response to MTX is cost-effective compared
with biologic initiation after unsuccessful treat-
ment with MTX alone for 12 months. Earlier
addition of an originator biologic/biosimilar TNFi
to csDMARD therapy was associated with reduced
direct (excluding treatment) and indirect costs
and improved utilities. The cost savings partially
offset the higher treatment costs incurred with
early biologic TNFi initiation, preserving the cost-
effectiveness of this approach. Moreover, reduc-
tions in direct and indirect costs were comparable
to increases in treatment costs for biosimilars
when these agents were initiated at 6 months,
improving upon the cost-effectiveness profile of
early biologic use.

The findings from this analysis help enhance
our understanding of the potential economic
impact of early treatment with originator bio-
logics and biosimilars. However, several limita-
tions should be considered when interpreting
the results. Because published long-term effi-
cacy data on biologics are limited, assumptions
regarding long-term efficacy were made on the
basis of previously published models. Treatment
switching and discontinuation were options
available only to patients with high disease
activity levels, which may not reflect real-world
clinical decision-making or practice patterns. In
addition, a simplified care paradigm was
implemented for the model (i.e., the same
treatment sequence was assumed for all
patients). This paradigm does not reflect real-
world treatment pathways in RA, which are
complex, dependent on multiple factors, and
highly individualized. The efficacy input for the
model was based on efficacy data from a clinical
trial, which may not reflect real-world out-
comes. Finally, the biosimilar landscape is
rapidly evolving. Costs of biosimilars and orig-
inator products will likely continue to change
before stabilizing in the different countries
where they are available. These cost fluctuations

should be kept in mind when considering the
findings from the current analysis, which is
based on the most recent drug costs.

CONCLUSION

Our findings warrant additional research that fur-
ther explores the cost-effectiveness of earlier
introduction of originator biologic/biosimilar
therapy in RA. In future models, alternative treat-
ment strategiesmay also be examined, including a
treat-to-target approach that entails modifying
treatmentbasedonachievementof objective, such
as clinically meaningful target responses rather
thanclinical symptoms.Nevertheless, this analysis
represents an important first step and suggests the
cost-effectiveness of early biologic/biosimilar
intervention with very low ICERs.
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