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Abstract
Objectives
The objective of this Budget Impact Analysis is to evaluate the financial implications of a rituximab-based sequencing
strategy in the treatment of rheumatoid arthritis in the perspective of the Italian National Health Service.

Methods
Yearly patients who were eligible for a second-line biological DMARD in Italy were entered into a 5-year model.
A Markov chain reproduced the course of this cohort under a number of alternative strategies, including anti-TNF-a
cycling and rituximab or abatacept as second and third line agents. The dynamic of the simulation was given by first
biological drug failure data, mortality rates, and survival-on-treatment data from published literature.
Drug acquisition, administration and monitoring costs were assessed.

Results

Italian patients refractory to a first anti-TNF-o therapy resulted to be about 650 per year, giving a cumulative number of

treated patients in five years of 3,240. The anti-TNF-a cycling had a total direct cost which rose from €8.2 million in the
first year to €33.8 million in the fifth. The cost per patient of rituximab was lower than the average cost of the anti-TNF-a
therapies; the annual difference was around € 4,300. The savings gained from lower individual costs with rituximab were
partially offset by the increasing number of patients receiving active medication, resulting in a substantial cost equivalence
between third line rituximab and anti-TNF-a cycling scenarios; rituximab, as a second line therapy, produced a savings in

total costs of -31.8%. Strategies including abatacept shared the same dynamics, but with higher costs.

Conclusion
The introduction of rituximab in clinical practice could allow an increase in the number of patients receiving an active
rheumatoid arthritis treatment without inflating therapy costs.
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Introduction

Rheumatoid arthritis (RA) is an inflam-
matory disease of the synovial joints
which predominantly affects young
women.

Despite the relatively low prevalence
rate, the highly detrimental character
of the disease induces important man-
agement costs. The socioeconomic
burden of RA in Italy was estimated to
be €1,600 million in 2002, of which
€380 million was attributable to direct
medical costs (1).

Several disease-modifying anti-rheu-
matic drugs (DMARDs) for pharmaceu-
tical treatment of RA, such as metho-
trexate (MTX), have been available for
many years. Biological DMARDs have
emerged more recently, like the anti-
TNF-a agents, etanercept (ETN), adal-
imumab (ADA) and infliximab (IFX).
In recent years, two newer biological
drugs for RA have been marketed in
Italy, rituximab (RTX) and abatacept
(ABA).RTX is a genetically engineered
monoclonal antibody that depletes the
B-cell population by targeting cells that
express the CD20 marker. Its use is rec-
ommended in combination with MTX
as an option for the treatment of adults
with severe active RA who have had an
inadequate response (or showed intol-
erance) to other DMARD:s, including at
least one TNF-a. inhibitor (2). The effi-
cacy and safety of RTX in the treatment
of RA has been demonstrated in several
studies (3-5).

In clinical practice the choice of the best
sequencing strategy for RA patients
with inadequate response or intolerance
to a first anti-TNF-a is under particular
debate. In fact, there is no randomised,
prospective, head-to-head trial com-
paring the strategies of switching to an
alternative TNF-a inhibitor (anti-TNF-
a cycling) to using an agent with a dif-
ferent mechanism (10). Anti-TNF-a
cycling has become an established ap-
proach, largely because of physicians’
familiarity with the efficacy and safety
profile of these drugs, and of the robust
body of evidence supporting their use
(11). Some observational studies dem-
onstrated an improvement in disease
activity in patients who were switched
to another TNF-a inhibitor after an in-
adequate response to a prior one (12).
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However, results from other large stud-
ies indicated that response and survival
rates in therapies with a second-line
TNF-a inhibitor are less satisfactory
than in naive patients (12-15). This, as
well as the common recurrence of class
adverse events after a switch to another
TNF-a inhibitor, represents the ration-
al basis for switching to a drug with a
different mode of action.

An observational study, conducted
within the Swiss Clinical Quality Man-
agement program for RA (SCQM-RA),
compared the effectiveness of using
alternative anti-TNF-a agents or RTX
in RA patients with an inadequate re-
sponse to at least one anti-TNF-a agent.
The effect on disease activity was more
favourable in the RTX group and no
significant difference in tolerance was
noted (16). These findings were con-
firmed in the extended analysis of more
than 300 patients from the same cohort
(17). Overall, these results suggested
that RTX should be considered sooner
as a therapeutic alternative after in-
adequate response to a first or second
anti-TNF-o agent, rather than trying all
alternative anti-TNF-o agents. Another
import aspect to consider is that RTX is
the only biological treatment for RA for
which there is a good evidence of prog-
nostic factors of response (18). Given
the high purchasing price of biologi-
cal drugs, their rational use, intended
as prescription choices based on the
evaluation of expected pharmacoeco-
nomic performance, appears unavoid-
able (10). Moreover, variables other
than purchasing price should be part of
the decision. For example, differences
in administration routes can account for
a large part of the cost difference be-
tween strategies. These considerations
provide the scope for a pharmacoeco-
nomic analysis. In recent years, Budget
Impact (BI) analyses have become an
essential part of the economic evalu-
ation of health-care interventions. Its
purpose is to estimate the financial con-
sequences of the adoption and diffusion
of new technology within a specific
context. The use of mathematical mod-
els to perform this prediction and the
best methodology to select economical
and epidemiological data for modelling
are well established (19).
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The aim of the present paper is to
present the results of a Budget Impact
(BI) model developed to estimate the
impact on the Italian National Health
Service (INHS) expenditure of the treat-
ment with RTX vs. other available strat-
egies in severe RA patients who already
failed a first line biological treatment.

Materials and methods

The BI model was developed with MS
Excel over a 5-year simulation time ho-
rion. The model was based on a Markov
chain and, consistent with the financial
perspective of the budget impact analy-
sis, no discount rate has been applied to
estimated costs and health benefits. All
mathematical and technical details have
been published elsewhere (20). In brief,
the model considered several alterna-
tive treatment strategies for severe RA
patients who had already failed to show
results in first line biological treatment.
All the considered strategies were as-
sumed to be composed of a sequence of
a second biological therapy, followed
by a third (Table I). When the third line
therapy was also interrupted, because
of a lack of efficacy or tolerance, the
MTX monotherapy was adopted as a
prosecution therapy, with palliative pur-
pose. This last assumption is surely an
oversimplification of the actual clinical
practice but it is, in fact, non-influential
with respect to the economic evaluation
as it generates no differential cost be-
tween the compared strategies.

The reference strategy for the analy-
sis was anti-TNF-a cycling, the most
common clinical choice before the in-
troduction of RTX and ABA. Figure 1
shows patient flow into the model ac-
cording to the considered strategies.
The dynamic of the simulation was
given by mortality rate and transi-
tion rate from one therapy to the next.
These last data were based on the sur-
vival-on-treatment parameter specific
to each drug which was taken from
published literature. Limited evidence
of the duration of biological therapies
was available for Italian RA patients
because, unlike in many other coun-
tries, a centralised register does not
exist. The only data partially published
(21) were related to 711 patients treated
with anti-TNF-a who were enrolled in

Table I. - Strategies recommended after the failure of a first anti-TNF-a considered in the

BI model.

Strategy Description

aTNF Anti-TNF-a cycling: after the first failure, a second anti-TNF-a is adopted and, subsequent-
ly, a third.

RTX 3  RTX as third biological line: an anti-TNF-a drug is adopted as second line and, when this
second drug fails, RTX is started.

ABA3  ABA as third biological line: like the previous strategy, with ABA instead of RTX.

RTX 2 RTX as second biological line: RTX is adopted as second line and, when this fails, another
anti-TNF-a is started.

ABA2  ABA as second biological line: like the previous strategy, with ABA instead of RTX.

RTX: rituximab; ABA: abatacept.

a multicentre observational study. In
order to obtain the survival-on-treat-
ment parameters for the anti-TNF-a
therapies in the model, we combined
these data with those from the Spanish
register for patients with chronic rheu-
matism treated with biological drugs
(BIOBADASER) (14). For RTX and
ABA no observed survival-on-treat-
ment statistics were available, therefore
for these drugs we applied the average
values for anti-TNF-a drugs when used
as a first biological line. Mortality was
established by applying a disease-spe-
cific relative risk (RR=2.03) (22) to the
mortality of the general Italian popula-
tion (23).

The simulated cohort was given by the
yearly number of Italian severe RA
(24-26) patients who interrupt a first
biological treatment (14).

Costs were computed from the INHS
perspective, and, therefore, only direct
medical costs were considered (drug
acquisition, administration, premedica-
tion and monitoring costs).

Drug acquisition costs were computed
considering the least costly package,
or, in case of multiple identical alterna-
tives, the package consistent with the
recommended dosage. Ex-factory price
was applied to all drugs (because of ex-
clusive hospital use) except MTX (dis-
tributed in territorial pharmacies), for
which the public price was considered.
Prices were updated to February 2009
(27). Dosing schemes were derived
from the Summaries of Product Char-
acteristics (SPCs) of the considered
drugs, from Italian guideline recom-
mendations (28) or from the literature
(6, 29). Biological drugs were always
considered to be associated with MTX.
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Administration costs of intravenous
drugs in the hospital environment
(RTX, ABA and IFX) included the cost
of medical supplies and health person-
nel work (25). For drugs administered
subcutaneously (ETN and ADA), a
domiciliary visit was considered for
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Fig. 1. Patient flow into the model according to
the considered strategies




15% of treated patients (30). RTX
was the only treatment requiring pre-
medication to reduce adverse effects,
therefore the cost of one dose of pred-
nisolone 100 mg per RTX infusion was
added. Annual costs for each treatment
are shown in Table II.

Results

Based on the epidemiological data con-
sidered in the model the number of Ital-
ian subjects affected by RA was evalu-
ated to be 227,560, of which 7,000
received a first anti-TNF-o agent.
From these, 648 patients interrupted a
first line biological therapy each year.
These patients entered the model each
year and spread through the lines of
treatment according to the different se-
quencing strategies.

There was no difference in the number
of deaths in each category; this is be-
cause no effect on mortality has been
modeled. In RTX- and ABA-based
strategies the number of patients in ac-
tive treatment (i.e. not in prosecution
therapy with MTX with a palliative
purpose) increased.

Figure 2 illustrates total expense fore-
casts for the management of Italian RA
patients who failed a first-line biologi-
cal treatment divided by year of treat-
ment and analysed strategies.

The overall cost rose with time, since
the number of patients increased year
on year. The anti-TNF-a cycling strate-
gy had an overall direct cost which rose
from € 8.243 million in the first year to
€33.839 million in the fifth year.

In general, the introduction of RTX in
therapeutic schemes for RA produced a
reduction in total therapy costs. This is
mainly due to the fact that its purchas-
ing price is lower than that of the other
biological drugs. However, the increase
in the number of patients kept in active
treatment, related to the use of RTX,
caused a cost increase in the follow-
ing years. This produced a substantial
equivalence in total costs between the
strategy based on RTX as a third line
and the strategy based on anti-TNF-a
cycling (€34.644 million, +2.4% vs.
aTNFs in the 5™ year) (Fig. 3). On the
other hand, the strategy which implied
the use of RTX as a second line, antici-
pating the use of this more economic
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Table II. Yearly costs of treatment.

Drug Drug Cost Administration ~ Monitoring Total Cost
(€/year) Cost (€/year)  Cost (€/year) (€/year)

RTX+MTX 7,102.13 80.53 154.98 7,337.64

ABA+MTX First year

Subsequent years  13,530.68 264.77 15498 13,950.43

12,568.65 245.85 12,969.49

IFX+MTX  First year 10,462.86 252.40 182.78 10,898.03
Subsequent years 8,134.37 195.89 8,513.04

ETN+MTX 12,510.48 201.24 174.23 12,885.95
ADA+MTX 12,175.42 50.31 172.09 12,397.82
MTX 62.28 - 154.98 217.26

RTX: rituximab; ABA: abatacept; IFX: infliximab; ETN: etanercept; ADA: adalimumab; MTX: metho-

trexate.
Total Costs [Euro x 1,000]
40.000
35.000
30.000
25.000
=aTNF
20.000 mRTX3
RTX2
15.000
ABA3
10.000 mABA2
5.000
0
1 2 3 4 5
year

RTX: rituximab, ABA: abatacept.

Fig. 2. 5-year total expense forecasts for the management of all severe Italian RA patients (648 pa-
tients per year; 3240 cumulative patients treated at the fifth year) who have failed a first-line biological

treatment: comparison between analysed strategies

drug and giving it to a higher number
of patients, maximised the total cost
saving (€23.067 million, -31.8% vs.
aTNFs in the 5% year).

The strategies based on ABA as third
and second lines reproduced the same
dynamics of the RTX-based ones,
but the higher acquisition and admin-
istration costs caused a rise in total
costs (€39.525 million, +16.8% and
€37.898 million, +12.0% vs. aTNFs,
respectively, in the 5" year).

The estimation of the number of pa-
tients kept in active treatment with a
specific amount of economic resources
is useful in the evaluation of the rela-
tive efficiency of the compared strat-
egies. With €100,000 spent in direct
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medical costs for the anti-TNF-a cy-
cling strategy, it is possible to maintain
about 8 patients in active treatment for
one year (Fig. 4). This figure could be
improved by 54.8% (12.5 pts in the 5%
year) and by 9.6% (8.8 pts in the 5%
year) by adopting the strategy based on
RTX as a second and third line, respec-
tively.

Discussion

In order to estimate the financial im-
pact and, consequently, the affordabil-
ity of RTX in RA treatment, a 5 years
prevalence-based BI model has been
implemented. The costs of different
sequences, including anti- TNF-a cy-
cling, RTX as a second and third line,



Rituximab in rheumatoid arthritis: a budget impact analysis / M. Benucci et al.

Costs in the 5th year [Euro x 1,000]

45.000

40.000
35.000

30.000

25.000

20.000
15.000 4

10.000 4

5.000

aTNF RTX3

RTX2 ABA3 ABA 2

Monitoring 549 537

501 537 501

mAdministration 455 428

256 568 685

32.835 33.679

® Drug

22.310 38.420 36.712

RTX: rituximab, ABA: abatacept.

Fig. 3. Costs at the 5th year of the simulation for the cumulative 3,240 patients treated in each of the

considered strategies.

Patients in active treatment [pts / 100,000 Euro]
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RTX: rituximab, ABA: abatacept.

Fig. 4. Number of patients who could be kept in active treatment for one year with € 100,000.

and ABA under the same conditions of
RTX, were compared.

Per-patient annual cost was lower for
RTX (€7,338 vs. €11,663 on average
for anti-TNF agents), mainly due to mi-
nor acquisition and administration costs.
These results are quite consistent with
those in a BI analysis conducted in the
context of the French health care system
(31). A Markov model reproduced the
course of patients treated either by IFX,
ETN, ADA or RTX, after the failure
of one or more anti-TNF-a therapies.

The model showed that when RTX was
not used, mean annual cost was about
€ 16,555, including €13,206 for drug
acquisition. When RTX was given to
all patients who failed a first anti-TNF,
these costs decreased to €11,444 and
€7 ,469 respectively.

As compared with the present model,
the RTX acquisition costs in France
and Italy (€7,102 in Italy) were simi-
lar, while anti-TNF agents costs were
lower (€ 11,328 on average); admin-
istration costs were also higher than
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those estimated by the present model.
This is especially true for RTX treat-
ment which, according to French data,
caused an increase in hospitalisation
costs for its administration compared
with anti-TNF-a.

Despite different cost structures, both
the French and Italian models estimat-
ed a net saving in the cost per patient
with the use of RTX compared to anti-
TNF-a cycling (€5,000 per patient per
year in the French context and €4,300
in Italy).

Also, in another study on costs and
outcomes of biological RA treatments
(only ETN and IFX available in Swe-
den in 1999-2002) the administration
costs were higher than those in the
present study. These discrepancies may
be partially explained by national spe-
cificities (32).

Within the specific RA framework, it is
worth pointing out the economical im-
pact of different sequencing strategies.
The RTX-related per patient saving
would lead to a net total saving under
the hypothesis of a close cohort. How-
ever, the dynamic structure chosen for
this model includes the fact that the in-
troduction of a further active biological
therapy delays the switch to prosecu-
tion therapy (palliative care); thus, in
time, a higher number of patients are
kept in active therapy compared to the
situation before RTX (or ABA) intro-
duction. This results in a total budget
impact which is similar for anti-TNF-a.
cycling and RTX as a third line therapy.
The use of RTX as a second line leads
to a higher number of patients receiv-
ing the less expensive therapy during
the simulated 5 years, producing a 30%
reduction in total cost.

To better understand this dynamic, it
may be useful to analyse how the number
of patients under active treatment can
vary according to the chosen strategy.
With the anti-TNF-a cycling strategy
the INHS could treat about 8 patients
for one year with an expenditure of €
100,000. The introduction of RTX as a
third line makes it possible to treat one
further patient with the same amount.
The use of this drug as a second line im-
proves this figure to 12.5 patients.

In conclusion, the clinical efficacy and
safety of RTX have been well demon-



strated through pre-marketing trials
and subsequent observational studies.
From a clinical perspective point of
view, the best sequencing-strategy re-
mains to be further clarified. From an
economical point of view, this analysis
suggests that sequences which include
RTX induce a lower cost per patient
with an efficacy which is at least simi-
lar to its competitors, allowing the free-
ing of resources which would be used
for the treatment of patients otherwise
eligible for palliative care only.
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