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Abstract
Objective
Studies have reported that the presence of elevated anti-citrullinated protein antibodies (ACPA)/RF levels, together with
Jjoint erosions, is associated with higher disease burden in terms of disability and mortality in rheumatoid arthritis (RA).
Abatacept has been shown to be effective in this patient population with favourable comparative data against adalimumab.
However, few studies have investigated the cost-effectiveness of abatacept in this population to similar treatments such as
TNF's. The objective of the study was to compare the cost-effectiveness of abatacept to adalimumab as a first bDMARD
in ACPA-positive RA patients who failed treatment with methotrexate (MTX) in Germany.

Methods
A decision tree model was used to estimate the cost-effectiveness, from a payer’s perspective, of different treatment
sequences in RA over a two year time frame. The effectiveness criteria were defined as achieving the treatment target

measured by the Disease Activity Score 28 (DAS28(CRP)<2.6; “remission”). A treatment switch to a different biologic as
2" line and 3™ line bDMARD was allowed — in case of not achieving remission with therapy — every 6 months over a two
year time period. Effectiveness data was based on randomised controlled trials (RCT) identified by an updated previous

systematic literature search by the Institute for Quality and Efficiency in Health Care (IQWiG). Costs of medication and

other direct medical costs were considered. Cost-effectiveness of RA treatment was investigated in ACPA-positive patients

and presented as overall costs per day in remission.

Results
For ACPA-positive patients, treatment strategies including early treatment with abatacept had lower total costs per
clinical outcome compared to later use. Treatment sequences starting with abatacept resulted in lower costs per day
in remission (mean 330 €/day, range 328-333 €/day) compared to sequences starting with adalimumab
(mean 384 €/day, range 378-390 €/day). Choice of the second or third biologic in the treatment sequences
appears to have little impact on the costs per outcome.

Conclusion
The results of this analysis suggest that in ACPA-positive RA patients treatment with abatacept appears to have lower
costs per response (remission) compared to treatment with adalimumab as a first bDMARD.
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Introduction

In Germany there are currently ap-
proximately 540,000 patients who suf-
fer from rheumatoid arthritis (RA) (1).
The treatment of this chronic disease
is not only a medical, but also an eco-
nomic challenge. New medication
options could however improve the
situation. Conventional options for RA
treatment include nonsteroidal anti-
inflammatory drugs, corticosteroids
and traditional disease-modifying anti-
rheumatic drugs (DMARDS). In case of
insufficient response to DMARD thera-
pies patients become candidates for bi-
ologic therapies (L(DMARDSs) such as
the anti-tumour necrosis factor-alpha
(anti-TNF) agents adalimumab (ADA),
etanercept (ETA) and infliximab (INF),
or other biologic agents such as abata-
cept (ABA) and rituximab (RTX) (2).
In RA, relapse rates were recently con-
firmed to be associated with Anti-cit-
rullinated protein antibodies (ACPA)
status (3). Treatment for patients with
higher risk of disease progression, such
as ACPA-positive patients may need to
be more intensive than by DMARDs
alone (4-7). Early treatment with abata-
cept may therefore offer benefits for
patients with high risk (8).

From a decision making perspective it
is important to consider the cost-effec-
tiveness of different biologic treatment
strategies with treatment switches after
an insufficient response to prior thera-
pies. In 2013 Beresniak et al. proposed
a modelling approach to evaluate the
effectiveness, costs and cost-effec-
tiveness of different sequential bio-
logic treatment strategies for managing
moderate-to-severe RA in Germany in
patients with an insufficient response
to prior anti-TNF agents (2). Based on
this work an analogous modelling ap-
proach was taken to test the hypothesis,
that early treatment with abatacept will
improve outcomes in relation to costs
as compared to adalimumab as a first
bDMARD in a patient population with
increased risk (ACPA-positive pa-
tients). Considering new evidence of
ACPA status for the treatment of RA
patients, especially from the AMPLE
trial (4), multiple arms of complex
therapeutic strategies were compared
in terms of cost-effectiveness from a

public payer’s perspective in Germany.
Current effectiveness data identified
by a systematic literature search by the
Institute for Quality and Efficiency in
Health Care (IQWiG) — updated by a
systematic update search — was imple-
mented in the model in order to evalu-
ate the cost-effectiveness of different
RA treatment strategies.

Materials and methods

A cost-effectiveness-analysis (CEA) in
the health care sector is a special form
of economic analysis that compares the
relative costs and outcomes of different
treatment strategies. It can help allocat-
ing a fixed health budget between inter-
ventions in order to derive implications
for the optimal treatment mix in such a
way as to maximise health in a society
(9). Therefore it can deliver important
results to assist making both medical
and allocation decisions. To gain these
results an appropriate model must be
developed and filled with costing and
effectiveness data.

Model design

A decision tree model was developed to
compare the costs and the effectiveness
expressed in clinical outcomes defined
for different RA treatment strategies.
For the comparison of the cost-effec-
tiveness of different RA treatment strat-
egies it is necessary to define the pos-
sible sequential therapeutic strategies
over a specific time frame. As shown in
Figure 1 the time horizon for the model
is 2 years which is divided into 4 treat-
ment periods of 6 months each. If the
response (RS) to the given agent is ade-
quate in one period then this agent will
be given in the following treatment pe-
riod once again. If there is no response
(no RS) or just inadequate response the
agent will be switched in the following
treatment period. The first treatment
period (0—6 months) always starts with
the most commonly used DMARD
methotrexate (MTX). The model as-
sumes that the response to MTX is
inadequate in period 1, so it focuses
on MTX inadequate responders. After
the first treatment period with MTX
the therapy will be modified and a bio-
logic treatment — abatacept (ABA) or
adalimumab (ADA) — will be added in
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period 2. Depending on whether there
is response, the biologic agent will be
maintained or switched in period 3
and 4 (see Fig. 1). According to this
sequential treatment logic a selected
bunch of different treatment strategies
is analysed (see Table I). Thereby the
variety of common therapies for MTX
inadequate responders is represented
appropriately. There are 3 sequences
starting in period 2 with adalimumab
after an inadequate response to MTX
and 5 with abatacept. This reflects that
the possible applications of abatacept
are very variable. The model was built
in MS-Excel®, utilising the @Risk pl-
ugin tool v. 5.5 for probabilistic analy-
sis (Palisade Software).

Cost components

Costs were based on the “Hannover
Costing Study” published by Ruof (2,
10-12). According to the Hannover
Costing Study all direct medical costs
consisting of medical resource utilisa-
tion items like specialist visits, hospi-
talisation, surgery (inpatient and out-
patient), rehabilitation and medication
costs were included and estimated per
6-months intervals. Since the study uses
the public payer perspective, indirect
costs were not considered in the model.
The costs for the medical resource uti-
lisation items were calculated for the
conditions “response”(RS) and “no
response”’(no RS), because the costs
for medical resources are higher in av-
erage when there is no response to the
given medical agent (2, 10). The Han-
nover Costing Study was carried out in
2008 so the cost data had to be updated
to the year 2016 in order to maintain
current values. To update the cost data
from the year 2008 to 2016 the inflation
rate for the sector “health” in Germany
provided by Eurostat was used (in-
crease by inflation rate of 6.7%). The
costs per 6 months are shown in Table
II. Key costs drivers were surgery and
physiotherapist visits.

The medication costs per 6 months were
calculated based on the 2016 price list
“Lauer-Taxe” and recommended dos-
ing according to the particular summary
of product characteristics (SmPC). In-
fusion costs were included where re-
quired (RTX: 103.12 €; INF: 284.10
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Period 2
6-12 months

Period 1
0-6 months

RS

mrx+aba

Fig. 1. Model structure: Example “Treatment Sequence 4”.

Period 4
18-24 months

Period 3
12-18 months

mTx + eta

Table I. Model structure: Treatment Sequences.

No. Treatment sequence if no RS ADA vs. ABA
1 MTX - ADA - ETA - ABA first
2 MTX - ADA - ABA - ETA biologic
3 MTX - ADA - RTX - ETA ADA
4 MTX - ABA - ETA - RTX
5 MTX - ABA - RTX - ETA first
6 MTX - ABA - ADA - ETA biologic
7 MTX - ABA - ADA - RTX ABA
8 MTX - ABA - ETA - INF

MTX: methotrexate; ADA: adalimumab; ETA: etanercept; ABA: abatacept; INF: infliximab; RTX:

rituximab.

€). The costs for the medical agents
(inclusive infusion costs) in 2016 are
shown in Table II. Due to the short
time-horizon of 2 years no cost increase
and no discount rates were applied.

Effectiveness criteria

The effectiveness criteria were defined
as achieving low disease activity (“re-
mission”, “RS”) — according to rou-
tine clinical practice — measured by
the Disease Activity Score 28 (DAS28
(CRP) <2.6). Probabilities for “remis-
sion” were determined via a systematic
literature search. In 2013, the IQWiG
executed a broad systematic literature
search due to a rheumatology assess-
ment (13). On the basis of IQWiG’s

systematic literature search a system-
atic update search was performed in
December 2015 to ensure an updated
database for the decision tree model.
The search was for randomised con-
trolled trials (RCT) to provide informa-
tion with a high grade of validity. The
identified literature included among
other RCT the results from the AMPLE
trial and therefore new evidence about
ACPA status for the treatment of RA
patients (4).

In Table III the response probabili-
ties and the corresponding sources
are shown which were identified by
the systematic literature search.. The
overall response, i.e. without differ-
entiation between ACPA-positive and
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Table II. Model inputs I: Costs for medical resources and medication costs.

Costs for medical resources

Total costs per 6 months (2016)*

Response
No response

Medication costs (including infusion costs)
Abatacept

Adalimumab

Etanercept

Infliximab

Methotrexate

Rituximab

481601 €
759924 €

9,046.03 €
10,723.44 €
10,719.46 €

8,608.05 €

2763 €

7,650.08 €

*Cost data was updated from 2008 to 2016 with the inflation rate for the sector “health” in Germany

in the amount of 6.7%.

Table III. Model inputs II: Summary of effectiveness probabilities.

Biologic agent P%RS Source

ACPA-pos: ABA after MTX 47% AMPLE (4)

General: ABA after MTX 20% IQWIiG 2013 (13)

ACPA-pos: ADA after MTX 42% AMPLE (4)

General: ADA after MTX 16% IQWiG 2013 (13)

ETA after MTX 16% IQWiG 2013, O‘Dell 2013 (13), (14)
ABA after 1*/2" biologic 13% IQWiG 2013, Manders 2015 (13), (15)
ADA after 1%/2™ biologic 12% assumption of ADA=ETA (16)

ETA after 1*/2" biologic 12% IQWiG 2013, O’Dell 2013(*) (13), (14)
INF after 1°/2" biologic 12% assumption of INF=ETA(13), (16)
RTX after 1%/2" biologic 8% IQWiG 2013 (13)

*adjusted for effectivity differences 1* biologic vs. second biologic based on data in (13)
MTX: methotrexate; ADA: adalimumab; ETA: etanercept; ABA: abatacept; INF: infliximab;

RTX: rituximab.

ACPA-negative patient populations, of
abatacept as first biologic agent after an
inadequate response to MTX was 20%
and of adalimumab 16%. For ACPA-
positive patients the response rate was
47% for abatacept and 42% for adali-
mumab. In addition, in the AMPLE trial
antibody-positive patients were divided
into quartiles, Q1-Q4, representing in-
creasing antibody concentrations. De-
pending on the quartiles the response
probabilities varied for Q1-Q4 between
40% and 52% for abatacept and be-
tween 36% and 51% for adalimumab
(4). For the second respectively subse-
quent biologic agent after an inadequate
response to abatacept or to adalimumab
there was no differentiation available
between ACPA-positive and ACPA-
negative patients. Response rates varied
between 8% and 13% depending on the
agent in the sequence (Table III).

The main effectiveness outcome of the
model was the number of days in RS
which was calculated for each treat-
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ment sequence with the help of the
mentioned response probabilities over
a 2-year time frame. To manage uncer-
tainty Monte Carlo simulations were
done with 10,000 runs. The simulations
generated values for costs, effective-
ness and cost-effectiveness, which was
displayed as overall costs per day RS.

Results

The overall costs over 2 years for
ACPA-positive patients were lower
for patients starting with abatacept as
first biologic agent compared to pa-
tients with treatment sequences start-
ing with adalimumab. For the treatment
sequences starting with abatacept the
range was 54,774-57231€ and the
mean 55,990€. The range for patients
with first biologic agent adalimumab
was 57,749-59,459€ and the mean
58,668€. In Figure 2 the overall costs
over 2 years for all analysed treatment
sequences are shown.

The medication costs were an impor-

tant cost driver. However, the other
costs for medical resources had almost
the same impact depending on the
treatment sequence. On the average,
the treatment sequences starting with
abatacept had both lower medication
costs and lower costs for medical re-
sources which resulted in lower overall
costs compared to treatment sequences
with adalimumab as first biologic agent.
That was on the hand because the pa-
tients had a better response to abatacept
compared to adalimumab and therefore
lower costs for medical resources. On
the other hand the medication costs for
abatacept were also slightly lower than
for adalimumab.

The sequences based on an early treat-
ment with abatacept had not only lower
costs but also a higher effectiveness re-
lating to days spent in remission. The
range of the treatment sequences start-
ing with abatacept was 166 to 172 days
in remission, the mean was 169. For the
treatment sequences starting with adali-
mumab the range was 148 to 156 days
in remission with mean 153 days. The
results for effectiveness expressed as
number of days in remission are shown
in Figure 3.

Treatment sequences starting with
abatacept were more cost-effective re-
garding overall costs per day RS com-
pared to sequences starting with adali-
mumb due to the lower costs and more
days in remission. Resulting in costs
per day in remission in a range of 328
€/day to 333 €/day (mean 330 €/day)
for abatacept sequences compared to a
range of 378 €/day to 390 €/day (mean
384 €/day) for adalimumab sequences.
The results for overall costs per day at-
taining treatment target (remission) are
shown in Figure 4.

The results in Table IV show for AC-
PA-positive patients that treatment
strategies including early treatment
with abatacept had lower total costs per
clinical outcome compared to later use.
However the choice of the second or
third biologic in the treatment sequenc-
es appeared to have little impact on the
costs per outcome. There were only
small differences between the treatment
sequences which had etanercept, rituxi-
mab or adalimumab as second biologic
after abatacept. The outcome was al-
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Fig. 2. Overall costs per patient.
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Fig. 3. Days attaining remission (DAS28<2.6) per patient.

ways better compared to treatment se-
quences starting with adalimumab as
first biologic irrespective of the second
or third biologic.

Discussion

The results of this cost-effectiveness
model based on published -clinical
evidence and up to date cost data in-
dicate that in ACPA-positive RA pa-
tients an early treatment with abatacept
has lower costs, is more efficacious in
reference to the number of days spent
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in remission and finally cost-effective
regarding costs per day in remission
compared to treatment sequences start-
ing with adalimumab as first biologic.
These results were obtained from a
2-year economic model filled with ef-
fectiveness RCT data for APCA-posi-
tive RA patients which was identified
by an updated, systematic search with
the IQWiG search method and German
cost data.

Various RCTs were included to obtain
the necessary information and thus

diverse patient populations with dif-
ferent characteristics are incorporated
in the model (see Table III). This is
a limitation, because there is no full
matching of patient characteristics
and some characteristics may even
vary significantly. However, all RCTs
were identified by the same systematic
search strategy with the same in- and
exclusion criteria which helps to avoid
such bias. Also, the approach taken to
populate the effectiveness data is com-
mon practice in economic modelling.
For ACPA-positive patients with the
first biologic evidence was primarily
based on a directly comparative study
between abatacept and adalimumab,
the AMPLE study (4).

There are several studies and models
that deal with cost-effectiveness con-
cerning the treatment of rheumatoid
arthritis. Methods applied for a German
context include cost per responder (17),
cost per responder for treatment strate-
gies (2), (15) and cost-utility analyses
(18-20). For abatacept there are numer-
ous international cost-effectiveness
studies (21), some of which also inves-
tigated Germany (2). In our model se-
quential treatment strategies and costs
per clinical outcome were investigated
based on systematic literature reviews,
focusing on ACPA-positive patients.
To the best of our knowledge, there has
not been a comparable study comparing
the cost-effectiveness of biologics for
ACPA-positive patients in a German
setting before.

While we built an economic model, it
has also clinical relevance. By means
of the RCT data the model predicts
which treatment strategy is reasonable
relating to remission for ACPA-positive
RA patients who failed treatment with
methotrexate. Although ACPA-posi-
tive patients can be classified as severe
cases an appropriate treatment strat-
egy can contribute to lower treatment
costs when remission is increased. The
percentage of days in remission meas-
ured by the Disease Activity Score 28
(DAS28 (CRP)<2.6) can be increased
with an early treatment with abata-
cept. Patients in remission have lower
costs due to less demand of medical
resources than patients with a high
disease activity which leads to lower

Clinical and Experimental Rheumatology 2018
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Overall costs per day attaining treatment target (remission)
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Sequence 1: Sequence 2: Sequence 3: Sequence 4: Sequence 5: Sequence 6: Sequence 7: Sequence 8:
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eta - aba aba - eta rtx - eta eta - rtx rtx - eta ada - eta ada - rtx eta - inf

Fig. 4. Overall costs per day attaining remission (DAS28<2.6) per patient.

Table I'V. Results overview.

Seq. no. Treatment sequence Overall costs Days attaining Overall costs per
treatment target day attaining

(remission)  treatment target
(remission)
1 MTX - ADA - ETA - ABA 5945948 € 154.79 384.13 €
2 MTX - ADA - ABA - ETA 58,796.74 € 155.66 377172 €
3 MTX - ADA - RTX - ETA 57,748.88 € 147.89 39049 €
4 MTX - ABA - ETA - RTX 5583153 € 168.70 33095 €
5 MTX - ABA -RTX - ETA 54,774.59 € 166.34 32929 €
6 MTX - ABA - ADA - ETA 57,23098 € 171.82 333.09 €
7 MTX - ABA - ADA - RTX 55.834.90 € 168.70 33097 €
8 MTX - ABA - ETA - INF 56,276.91 € 171.82 32754 €

overall costs. Therefore, an appropriate
treatment strategy is important from a
medical as well as from a payer’s per-
spective.

In the model a 2-year time frame was
chosen. This matches the public pay-
ers’ perspective because they are bound
by budget years. Because of budget re-
strictions public payers make decisions
mostly considering short terms. In ad-
dition, a short time frame does not re-
quire extrapolating effectiveness data
from RCTs, which would introduce
additional uncertainty. In the model
a treatment period of 6 months is as-
sumed and treatment changes are only
allowed after those time segments. This
appears clinically plausible because in
clinical practice the effectiveness of a
treatment is assessed every 3—6 months
and the treatment strategy can be
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changed after the assessment. Further-
more the period length of 6 months has
a technical reason in the fact, that most
clinical trials report effectiveness data
at 6-month time points (2). Overall
since a treatment period in the model
is 6 months to assess the response to
the treatment and if the agent must be
switched or not, a model time horizon
of 2 years appears appropriate from a
medical and an economic point of view.
Quality of life is important when in-
vestigating treatment strategies. Our
model, however, focuses on remission
measured by the DAS28, which does
not explicitly indicate quality of life
values and therefore is a limitation of
the approach taken. It was not the scope
of the model approach to collect and
implement evidence for quality of life
of different treatment strategies for RA

patients. While cost-utility-analyses
extensively consider quality of life and
use quality adjusted life years (QALY),
this introduces high variability and
may lead to divergent results (22).
Therefore, the German IQWiG method
paper disencourages such economic
modeling approaches and proposes to
adhere to cost-effectiveness per clini-
cal outcomes, like in our model overall
costs per day in remission, instead of
applying the QALY concept (23, 15).
Using the DAS28 score in our model
avoids the variability associated with
implementing QALY or transforming
effectiveness outcomes into utilities.
The number of days spent in remission
shows to what extent the treatment
target was attained. Taking the related
costs into consideration, the costs per
day spent in remission is a metric,
which directly relates to clinical out-
comes and it also relates to quality of
life for the patient. The results of the
model have relevant implications for
the public payers as well as for the
patients. With an early treatment with
abatacept, ACPA-positive patients can
achieve up to 24 additional days spent
in remission compared to adalimumab
and the savings for the public payers
are up to 4,700€ per patient over the
two year horizon.

Regarding  cost-effectiveness, only
comparative conclusions can be made
within this model. It is possible to de-
cide which of the analysed eight treat-
ment sequences has the lowest treat-
ment costs, the highest effectiveness
and the best cost-effectiveness. The
model focuses on ACPA-positive RA
patients and shows that an early treat-
ment with abatacept is the better option
for this patient group in comparison to
adalimumab, while choice of second
and third biologic has only little impact
on results.

Conclusions

The model reveals that an early treat-
ment of ACPA-positive RA patients
with abatacept has advantages com-
pared to adalimumab for both the pa-
tients and the payers. If patients fail to
respond to initial therapy with MTX it
is reasonable to add a biologic agent.
Using abatacept as a first bDMARD
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instead of adalimumab after an insuf-
ficient response to MTX, the days
spent in remission can be increased.
The overall costs drop with attaining
the treatment target, because the costs
for medical resources decrease when
patients are in remission. Ultimately,
this leads to increased cost-effective-
ness expressed in overall costs per day
in remission of abatacept compared to
adalimumab for ACPA-positive pa-
tients. Therefore an early treatment of
ACPA-positive RA patients with abata-
cept yields benefits regarding quality of
care as well as costs.
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