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Abstract

Background Effective treatment of rheumatoid arthritis (RA) with biologic DMARDs poses a significant economic burden.
The AMPLE (Abatacept versus adaliMumab comParison in bioLogic-naivE RA subjects with background methotrexate)
trial was a head-to-head, randomized study comparing abatacept with adalimumab. A post hoc analysis showed improved
efficacy for abatacept in patients with versus without seropositive, erosive early RA.

Objective The aim of the current study was to evaluate the cost per response (ACR20/50/70/90 and HAQ-DI) and patient
in remission (DAS28-CRP, CDAI, and SDAI) for abatacept relative to adalimumab, in patients with seropositive, erosive
early RA in the US, Germany, Spain, and Canada.

Methods A previously published model was used to compare abatacept and adalimumab in a cohort of 1000 patients over
2 years. Clinical inputs were updated based on two subpopulations from the AMPLE trial. Cohort 1 included patients with
early RA (disease duration <6 months), RF and/or ACPA seropositivity, and > 1 radiographic erosion. Cohort 2 included
patients with RA in whom at least one of these criteria was absent.

Results For cohort 1, all incremental costs per additional health gain (patient response or patient in remission) favoured
abatacept in all countries, except for DAS28-CRP remission in Canada. Cost savings versus adalimumab were greater when
more stringent response criteria were applied and also in cohort 1 patient (versus cohort 2 patients).

Conclusion The cost per responder and patient in remission favoured abatacept in patients with seropositive, erosive early
RA across all the countries. In this patient population, the use of abatacept instead of adalimumab can lead to lower costs in
the US, Germany, Spain, and Canada.
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Introduction

Rheumatoid arthritis (RA) is a chronic, progressive, sys-
temic autoimmune disease. The course of RA is variable,
and is characterized by inflammation and swelling of
synovial joints that often progresses to destructive joint
disease, joint damage, impaired joint function, pain, ten-
derness, increasing disability, and even cardiovascular
mortality [1-3]. RA has a significant economic burden,
due to both direct medical and non-medical costs and indi-
rect costs; Lundkvist et al. [4] estimated the total health
costs (direct, indirect, and informal care) of RA to be
approximately €45 billion per year in Europe and €41.6
billion in the US.

Payers’ attention has been drawn to RA over the years
due to its high epidemiological impact, relatively early
age at disease onset, chronic nature, high rate of comor-
bidities, and effects on patients’ disability, quality of life,
and work productivity [5]. The introduction of effective,
though more expensive, biological disease-modifying anti-
rheumatic drugs (- DMARDs) has further increased the
level of attention on this condition.

According to the American College of Rheumatology
(ACR) [6] and European League Against Rheumatism
(EULAR) guidelines [7], abatacept, a selective T-cell co-
stimulation modulator, is included as an option for use
as a first-line bDMARD in patients with an inadequate
response to the conventional DMARD therapy. These
guidelines place abatacept alongside TNF-alpha inhibitors,
which have traditionally been the main first-line biologic
therapy.

Adalimumab is a fully human TNF-alpha inhibitor
approved for active rheumatoid arthritis. The AMPLE
(Abatacept versus adaliMumab comParison in bioLogic-
naivE RA subjects with background methotrexate) trial
was a 2-year, head-to-head, randomized study (1-year
primary endpoint) comparing subcutaneous (SC) abata-
cept 125 mg weekly with SC adalimumab 40 mg every
other week, both in combination with a stable dose of
methotrexate (> 15 and <25 mg/week or > 7.5 mg/week
if documented intolerance to higher doses). Clinical
outcomes evaluated included: American College Rheu-
matology ACR 20, 50, 70, and 90 responses, changes in
Disease Activity Score in 28 joints using the C-reactive
protein level (DAS28-CRP) score, DAS28-CRP < 2.6
and <3.2, improvement in the Health Assessment Ques-
tionnaire—Disability Index (HAQ-DI) > 0.3 units, and
remission (post hoc analysis) [§—10]. Safety assessments
were classified using the Medical Dictionary for Regu-
latory Activities. Adverse events (AEs) of special inter-
est included infections, autoimmune events, malignancy,
and injection site reactions (ISRs). Efficacy and safety
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outcomes were evaluated at days 1, 15, 29, and every
4 weeks thereafter during year 1, and every 3 months dur-
ing year 2. Clinical assessors were blinded to patient treat-
ment and assessed patients’ joints, disease activity, and
defined AE causality [11].

The AMPLE trial demonstrated similar clinical efficacy
for abatacept and adalimumab based on clinical, functional,
and radiographic outcomes, with some notable differences
in safety [11, 12]. Post hoc analyses of the AMPLE trial
showed improved efficacy for patients with higher ACPA
titre levels compared with ACPA-negative patients. This
effect was observed in both clinical efficacy measures
(ACR20, 50, 70, 90, and DAS28-CRP) and in health-related
quality of life (HAQ-DI) [11].

Anti-citrullinated protein antibody (ACPA) and rheuma-
toid factor (RF) positivity are prognostic factors for more
severe and erosive RA [13]. The presence of seropositivity
(ACPA or RF positive) and erosions has been noted in the
EULAR treatment guidelines to identify patients with RA,
who require the early and aggressive clinical intervention
[13]. As disease in patients with seropositive, erosive early
RA is mostly driven by immunological features, response to
RA therapy may vary [12]. Recently, new post hoc analyses
of the AMPLE trial confirmed improved efficacy for abata-
cept in patients with seropositive, erosive early RA (defined
as: disease duration <6 months, RF or ACPA seropositivity,
and > 1 radiographic erosion) compared with adalimumab
[12]. A disease duration of 6 months was used, because it is
more stringent than most definitions [14-20] and mimics the
referral pattern to rheumatologists for diagnosis and initia-
tion of DMARD therapy.

A cost—consequence analysis based on the AMPLE
trial has previously been published to evaluate the cost per
response and per patient in remission in ACPA-positive
and ACPA-negative patients [21]. The aim of the current
study was to evaluate the cost per response and per patient in
remission for abatacept relative to adalimumab, both in com-
bination with methotrexate, in patients with seropositive,
erosive early RA in the US, Germany, Spain, and Canada.

Methods

A previously published deterministic decision tree was
used to compare the cost per response and per patient in
remission (cost-consequence analysis) for abatacept and
adalimumab in a cohort of 1000 patients over a 2-year time
horizon from the perspective of US, German, Spanish, and
Canadian healthcare payers [21]. This type of analysis is a
variant of a cost-effectiveness analysis (CEA), presenting
health-related outcomes alongside costs and subsequently
their relative value between alternatives, allowing decision-
makers to form their own view of the relative importance
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of each outcome [22]. This approach was taken due to the
difficulty in identifying one single outcome to express all
health benefits of a treatment option for RA.

Patient characteristics were based on the baseline charac-
teristics from the AMPLE trial [23, 24]. Costs in the model
included direct medical costs; no discounting was applied
due to the short time horizon. Efficacy-related outcomes in
the model were determined by the percentage of responding
patients according to ACR or HAQ-DI and the percentage of
patients in remission according to the disease activity score
in 28 joints using the C-reactive protein level (DAS28-CRP),
the clinical disease activity index (CDAI), and simplified
disease activity index (SDAI). The safety-related outcomes
were determined by the incidence of frequent adverse events
(AEs), serious adverse events (SAEs), local injection site
reactions (LISRs), malignancies not already included as
SAEs, and autoimmune disorders. The main outcome meas-
ures of interest were the total health benefits and costs per
health gain. The costs per health care gain were expressed
as the incremental cost per additional responding patient
or patient in remission with abatacept versus adalimumab.
One-way sensitivity analyses (OWSA) were performed to
assess the impact of model inputs on the difference in total
costs.

Our research does not involve human participants or per-
sonal data. Therefore, no ethics approval was required. The
AMPLE study on which this analysis was based did have the
required ethics approval and this is mentioned in the main
publication [11].

Efficacy and safety

Clinical inputs were updated based on a post hoc analysis
of the AMPLE trial, which compared efficacy and safety
outcomes for patients in two subpopulations by treatment
arm (Table 1). Cohort 1 included patients with early RA
(disease duration <6 months), RF and/or ACPA seropositiv-
ity, and > 1 radiographic erosion. Cohort 2 included patients
with RA in whom at least one of these criteria was absent
(i.e., the remaining AMPLE population) [12].

Costs

Costs for abatacept and adalimumab were updated across
all countries to reflect 2017 costs (Table 2). For the US, all
unit costs were updated; for abatacept, adalimumab, meth-
otrexate, and concomitant treatments, wholesale prices
were taken from the First Databank: AnalySource [25].
In addition, disease monitoring costs, AE costs, and soci-
etal costs from 2014 were inflated to 2017 costs using the
medical care category of the Consumer Price Index [26].
For Germany, unit prices were retrieved from the Lauer-
Taxe database and calculated based on the list public price
per pack (APU/HAP) minus the mandatory rebate price
(pre-AMNOG) minus the mandatory pharmacy rebate
price (Pfichtrabatt Apotheke) [27]. For Spain, study drug
unit costs and concomitant drug costs were obtained from
a national database [28], and the list price was used minus
the 7.5% mandatory discount to the Spanish National

Table 1 Updated clinical input

data Outcome Abatacept Adalimumab
Cohort 1 Cohort 2 Cohort 1 Cohort 2
(n=38) (n=280) (n=45) (n=283)
ACR20 response (%) 63 59 51 62
ACRS0 response (%) 47 44 38 48
ACR70 response (%) 37 30 24 30
ACR90 response (%) 11 15 2 9
HAQ-DI response (%) 53 54 47 49
DAS28-CRP remission (%) 53 50 55 53
CDAI remission (%) 33 32 18 32
SDAI remission (%) 33 31 18 35
Discontinuation—any reason (%) 21 21 24 25
Discontinuation—Tlack of efficacy (%) 3 6 7 5
Discontinuation—safety (%) 3 4 11
Serious adverse events (%) 0 4 0 7
Local injection site reactions (%) 3 4 13 10

Cohort 1 included patients with early RA (disease duration <6 months), RF and/or ACPA seropositivity,
and > 1 radiographic erosion. Cohort 2 included patients with RA in whom at least one of these criteria was
absent (i.e., the remaining AMPLE population)

ACR American College of Rheumatology, ACR/20/50/70/90 ACR20/50/70/90% improvement in response,
CDAI clinical disease activity index, DAS28-CRP disease activity score in 28 joints using the C-reactive
protein level, HAQ-DI health-related quality-of-life disability index, SDA/ simplified disease activity index
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Table 2 Updated drug costs

Drug Unit Unit cost Cost/mg
UsS
Abatacept 1x 125 mg syringe $957.00 $7.6560
Adalimumab 1 x40 mg syringe $2221.00 $55.5250
Methotrexate 100 2.5 mg tablets $235.45  $0.9418
Hydroxychloroquine 100X200 mg tablets ~ $327.00 $0.0164
Sulfasalazine 100x500 mg tablets ~ $18.65  $0.0004
Prednisone 50% 16 mg tablets $141.62  $0.1770
Cyclosporine 30x 100 mg capsules ~ $131.91  $0.0440
NSAIDs (ibuprofen) — - -
Germany
Abatacept 1x125 mg syringe €346.99 €2.7759
Adalimumab 1x40 mg/0.8 ml €822.35 €20.5588
syringe
Methotrexate 1x2.5 mg tablet €1.31 €0.5240
Hydroxychloroquine 1x200 mg tablet €0.31 €0.0015
Sulfasalazine 1x500 mg tablet €0.26 €0.0005
Prednisone 1 X5 mg tablet €0.16 €0.0328
Cyclosporine 1x 100 mg capsule €3.98 €0.0398
NSAIDs (ibuprofen) 1x400 mg tablet €0.16 €0.0004
Spain
Abatacept 1x 125 mg syringe €194.42  €1.5554
Adalimumab 1x40 mg syringe/pen  €475.58 €11.8895
Methotrexate 24 x2.5 mg tablets €1.22 €0.0203
Hydroxychloroquine 30X 200 mg tablets €6.78 €0.0011
Sulfasalazine 50 %500 mg tablets €2.75 €0.0001
Prednisone 30x 10 mg tablets €1.48 €0.0049
Cyclosporine - - -
NSAIDs (ibuprofen) 40x 600 mg tablets €1.26 €0.0001
Canada
Abatacept 1125 mg syringe $366.10  $2.9288
Adalimumab 1 x40 mg syringe $769.97  $19.2493
Methotrexate 1x2.5 mg tablet $0.63 $0.2520
Hydroxychloroquine 1x200 mg tablet $0.26 $0.0013
Sulfasalazine 1x 500 mg tablet $0.18 $0.0004
Prednisone 1 X5 mg tablet $0.02 $0.0040
Cyclosporine 1x 100 mg capsule $3.88 $0.0388
NSAIDs (ibuprofen) 1x200 mg tablet $0.05 $0.0003

NSAIDs non-steroidal anti-inflammatory drugs

Health System (SNHS). Other hospital cost items were
derived from DRGs, which are based on Clasificacion
Internacional de Enfermedades (CIE-9) tariffs paid to the
hospital by the SNHS [29], and the Spanish Healthcare
database eSalud [30]. The unit price for abatacept for Can-
ada was taken from the Ontario Ministry of Health and
Long-Term Care (MOHLTC) Exceptional Access Program
(EAP) database [31], and for adalimumab, the drug price
was based on the Ontario MOHLTC Drug Benefit (ODB)
formulary [32].
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Additional analyses: indirect costs

Additional analyses to incorporate the societal perspec-
tive and indirect non-medical costs were performed for all
countries. The costs of work absence, productivity loss due
to early retirement, and patient out-of-pocket costs were
included in the model based on the findings of Kobelt et al.
[33], who showed an association between HAQ-DI response
levels and increased costs. The model calculates societal
costs by combining the cost per HAQ-DI response level,
where increasing levels indicate less favourable response,
and the associated cost for that category. As the costs from
Kobelt et al. were based on Swedish patients, costs were
converted to the respective currencies in the US, Spain, and
Canada using purchase power parities and inflated to 2017
values using the consumer price index. For Germany, costs
were obtained from a database study of German patients
with RA aged 18-64 [34].

Results
Health benefits

Health benefits over 2 years are described in Table 3.
Results for cohort 1 consistently favoured abatacept over
adalimumab over 2 years, across all response criteria and for
CDALI and SDAI remission. In cohort 2, results for abatacept
were less consistent, with less pronounced differences com-
pared with adalimumab.

Fewer patients discontinued abatacept treatment com-
pared with adalimumab in both cohorts. Lack of efficacy was
more often reported to be the reason of abatacept discon-
tinuation in cohort 2. However, fewer patients discontinued
abatacept treatment because of lack of efficacy in cohort 1.
In addition, fewer patients discontinued abatacept treatment
because of safety reasons compared with adalimumab in
both cohorts (Cohort 1: 26 patients vs. 111 patients; Cohort
2: 36 patients vs. 88 patients). This was also reflected in
the lower number of serious adverse events and local injec-
tion site reactions when treated with abatacept across both
cohorts.

Costs

Total costs for abatacept were lower in both cohorts for the
US, Germany, and Spain (Table 4). For Canada, total costs
were lower for abatacept in cohort 2. For all countries, the
highest cost saving was seen in cohort 2. The main driver
for this was the lower incremental drug cost for patients in
cohort 2.
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Table 3 Health benefits

. Outcome Abatacept Adalimumab Incremental number
(number 9f patients of patients achieving
experiencing outcome at endpoint (abatacept
2 years) — adalimumab)
Cohort1 ~ Cohort2  Cohort1  Cohort2  Cohort1 Cohort2
(n=1000) (n=1000) (n=1000) (n=1000)
ACR20 response 632 593 511 615 121 -22
ACRS50 response 474 443 378 481 96 - 38
ACR70 response 368 304 244 300 124 4
ACR90 response 105 150 22 92 83 58
HAQ-DI response 526 543 467 491 59 52
DAS28 remission 533 502 545 531 -12 -29
CDAI remission 333 318 182 322 151 -4
SDAI remission 333 309 182 348 151 -39
Discontinuation—any reason 211 207 244 254 -33 - 47
Discontinuation—lack of efficacy 26 64 67 46 -41 18
Discontinuation—safety 26 36 111 88 -85 -52
Serious adverse events 0 39 0 71 0 -32
Local injection site reactions 26 43 133 99 - 107 - 56

Cohort 1 included patients with early RA (disease duration <6 months), RF and/or ACPA seropositivity,
and > 1 radiographic erosion. Cohort 2 included patients with RA in whom at least one of these criteria was
absent (i.e., the remaining AMPLE population)

Incremental values favouring abatacept are presented in bold font

ACR American College of Rheumatology, ACR/20/50/70/90 ACR20/50/70/90% improvement in response,
CDAI clinical disease activity index, DAS28-CRP disease activity score in 28 joints using the C-reactive
protein level, HAQ-DI health-related quality-of-life disability index, SDAI simplified disease activity index

Table 4 Total costs (2 years, n=1000)

Excluding societal costs Including societal costs

Abatacept Adalimumab Incremental (abata- Abatacept Adalimumab Incremental
cept — adalimumab) (abatacept — adali-
mumab)

[N

Cobhort 1 $102,455,380.47 $109,880,759.84 —$7,425,379.37  $124,353,292.21 $131,267,758.15 — $6,914,465.94

Cohort 2 $102,408,472.56 $115,393,151.27 — $12,984,678.71  $124,668,114.77 $137,385,155.54 — $12,717,040.77
Germany

Cobhort 1 €36,114,565.44 € 39,453,969.46 — € 3,339,404.02 € 65,225,587.02 €67,343,853.46 — €2,118,266.44

Cohort 2 € 35,624,071.10 €40,719,767.17 — €5,095,696.07 € 66,751,808.46 €70,504,093.96 — €3,752,285.50
Spain

Cobhort 1 €21,428,426.99 €22,168,692.49 — €740,265.51 €32,187,465.93 €32,646,474.72 — €459,008.78

Cohort 2 €21,397,868.38 €23,121,122.51 —€1,723,254.13 €32,323,428.92 €33,915,202.54 — €1,591,773.63
Canada

Cohort 1 $38,216,344.93 $37,285,653.30 $930,691.63 $64,124,124.63 $62,588,962.92 $1,535,161.71

Cohort 2 $37,825,315.98 $38,730,858.09 — $905,542.11 $64,161,064.96 $64,749,960.22 — $588,895.25

Cohort 1 included patients with early RA (disease duration <6 months), RF and/or ACPA seropositivity, and > 1 radiographic erosion. Cohort 2
included patients with RA in whom at least one of these criteria was absent (i.e., the remaining AMPLE population)

Incremental values favouring abatacept are presented in bold font
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Costs per outcome

The incremental monthly cost per responding patient and
per remitting patient (abatacept—adalimumab) are reported
Fig. 1. For cohort 1, all incremental costs per additional
health gain were in favour of abatacept in all the countries,
except for DAS28-CRP remission in Canada. In cohort
2, most results also favoured abatacept; however, when
considering the Canadian model, ACR20 and ACRS50
response, and DAS28-CRP and SDAI remission were in
favour of adalimumab. Cost savings were generally greater
in patients with seropositive, erosive early RA (cohort 1)
compared to less severe patients (cohort 2). In addition,
cost savings were greater when more stringent response
criteria were applied (ACR20 vs ACR90) in both cohorts
1 and 2.

One-way sensitivity analyses

The results of the one-way sensitivity analyses showed
that, across all countries and both cohorts, the unit cost
of abatacept and adalimumab were the two most influen-
tial parameters. Increasing the unit cost of abatacept or
decreasing the unit cost of adalimumab resulted in abata-
cept no longer being cost saving relative to adalimumab.

Additional analyses: indirect costs

Results for the additional analyses incorporating indirect
costs are presented in Table 4 and Fig. 2. As expected,
total costs increase for both arms across both cohorts
(Table 4). Total indirect costs were higher for abatacept
compared with adalimumab in both cohorts. This was due
to a greater proportion of patients in the more severe HAQ-
DI categories (which are associated with higher societal
costs) in the abatacept arm than in the adalimumab arm at
2 years. As in the base case, total costs for abatacept were
lower in both cohorts for the US, Germany, and Spain.
For Canada, total costs were lower for abatacept only in
cohort 2.

For cohort 1, all incremental total costs per addi-
tional health gain were consistent with the base case and
favoured abatacept in all countries except for DAS28-CRP
remission in Canada. In cohort 2, whilst most of the results
continued to favour abatacept in the US, Germany, and
Spain, results for Canada became less consistent with most
of the endpoints favouring adalimumab.

@ Springer

Discussion

The current study was performed to evaluate the cost per
response and per patient in remission for abatacept relative
to adalimumab, both in combination with methotrexate,
in patients with seropositive, erosive early RA in the US,
Germany, Spain, and Canada.

In our base case (excluding indirect costs), the cost per
responder favoured abatacept in patients with seroposi-
tive, erosive early RA (cohort 1) across all countries. The
cost per DAS28-CRP, CDAI, and SDAI remission also
favoured abatacept in patients with seropositive, erosive
early RA in all countries, except for DAS28-CRP in Can-
ada. The differing result in Canada can be explained by the
similarity in the price of abatacept and adalimumab seen
in Canada—in all other countries, abatacept is less expen-
sive than adalimumab. This is supported by the results
of the one-way sensitivity analyses where changes in the
relative costs of abatacept and adalimumab had the largest
impact on the model results. Cost savings versus adali-
mumab were greater in patients with seropositive, ero-
sive early RA (cohort 1) compared to less severe patients
(cohort 2) and when more stringent response criteria were
applied (cohorts 1 and 2).

When indirect costs were included, the cost per
responder and cost per CDAI and SDAI remission con-
tinued to favour abatacept in cohort 1 across all countries.
However, in cohort 2, results were less consistent, with
more outcomes favouring adalimumab when compared
with the base case.

Patients with seropositive, erosive early RA have the
poorest prognosis making it important to treat these
patients promptly with biologic agents [13]. We have
demonstrated that, in this patient population, the use of
abatacept can be cost saving compared with adalimumab
irrespective of the inclusion or exclusion of indirect costs
and the countries explored.

The current analysis did not consider the lower cost of
biosimilar adalimumab as it was not available across all
markets at the time of study. Although the price differen-
tial between branded abatacept and biosimilar adalimumab
is expected to be lower, we anticipate that the cost per
patient in clinical response/remission in seropositive, ero-
sive early RA patients will remain in favour of abatacept.

Limitations pertaining to our updated analysis relate to
the post hoc nature and limited sample size for patients with
seropositive, erosive early RA from the AMPLE trial used to
update the clinical inputs. Nonetheless, this post hoc analy-
sis allowed us to include disease duration <6 months in the
definition of early RA in line with the 2015 ACR criteria [6].

A further limitation relates to our use of data from the
AMPLE trial, as it is known that patients treated within
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a randomized-controlled trial may not necessarily reflect
patients treated in the real world. In addition, whilst the
AMPLE trial was a multi-national study (including sites
in the US and Canada), there may be possible variations
in the applicability of the results to Germany and Spain.

Finally, for the calculation of indirect costs in the US,
Spain, and Canada, data from a study in Swedish patients [33]
were used as it was the only source found linking HAQ-DI
response levels with indirect costs. Whilst every attempt was
made to correct for differences in currency and the timing of
the Swedish study by Kobelt et al., there may be fundamental
differences in the indirect costs between patients in the US,
Spain, and Canada.

With the increasing number of expensive biologic treat-
ment options, it is becoming increasingly important to be able
to identify the subgroups of patients in which treatments are
particularly cost-effective. Patients with seropositive, erosive
early RA are an important group to target when looking to
reduce the budget impact of biologic treatments.

The cost per responder and patient in remission favoured
abatacept in patients with seropositive, erosive early RA across
all countries. Cost savings were greater in this patient popula-
tion with poor prognosis and when more stringent response
criteria were applied. In this patient population, the use of
abatacept instead of adalimumab can lead to lower costs in the
US, Germany, Spain, and Canada.
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