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Objectives: The aim of this study was to estimate the cost-effectiveness of rituximab in
patients not responding adequately to the first tumor necrosis factor (TNF) inhibitor using
a model constructed to predict resource consumption and health outcomes in a
population-based registry of biological treatments in Southern Sweden (SSATG).
Methods: The model was developed as a discrete event simulation model, using SSATG
data for the years 1999–2007. The data set included 1,903 patients with complete data on
treatments (up to three treatment lines), functional capacity (HAQ), disease activity
(DAS28), and utility (EQ-5D). Resource consumption was based on a regular
population-based survey of patients in Southern Sweden. Rituximab was incorporated as
second line treatment, using effectiveness data for the active group (N = 311) in a clinical
trial comparing rituximab to placebo (REFLEX). It is thus compared to the mix of second
line biologics used in SSATG. The analysis starts after failure of the first TNF inhibitor.
Results are reported as costs (€2008) per quality-adjusted life-year (QALY; both
discounted 3 percent), for the societal perspective in Sweden.
Results: Total costs in the rituximab strategy are estimated at €401,100 compared with
€403,000 in the TNF-inhibitor arm. Total QALYs are 5.98 and 5.78, respectively. The
findings were found to be robust in extensive sensitivity analysis.
Conclusions: In our model, a strategy where rituximab is used as second line treatment
after failure of the first TNF inhibitor provides a small saving (essentially due to the lower
price of rituximab) and a QALY gain (due to better effect than the mix of second line TNF
inhibitors).
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Tumor necrosis factor (TNF) inhibitors have changed the
therapeutic standard and the outcome of treatment for pa-
tients with rheumatoid arthritis (RA). As further biologic
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treatments become available, it is important to investigate
the pattern of usage of the three available TNF inhibitors (in-
fliximab, etanercept, adalimumab) to identify the positioning
in the treatment chain where a new treatment would be most
effective and above all, most cost-effective.

Rituximab has been approved for treating RA patients
with insufficient response to TNF inhibitors. When new treat-
ments with a different mechanism of action are introduced,
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there is uncertainty about their effectiveness and adverse ef-
fect profile. As a consequence, they are used cautiously and
often late in the treatment sequence, when patients have ex-
hausted all other current treatment possibilities. Clinicians
may be particularly cautious in the case of rituximab, due to
its long-lasting effect on B-cells, and its activity over several
months after each injection.

Using rituximab as “last resort” may, however, not rep-
resent the most cost-effective use of the drug. Several studies
have investigated the response to subsequent treatments with
different TNF inhibitors, but their interpretation appears dif-
ficult due to small sample size, short duration, and a general
lack of randomized controlled trials (16). Some studies have
found that the response of the second TNF inhibitor depends
on the reasons why the first is discontinued. An early study in
Sweden in eighteen patients indicated that patients switch-
ing therapy because of lack of effect had a better clinical
response to the second treatment, while those switching due
to adverse events responded equally well to both treatments
(27). Similar results were found in a study of 235 patients in
the Danish RA registry (11). A recent analysis of treatment
responses in Southern Swedish Arthritis Treatment Group
Registry (SSATG) (10) found, however, that overall response
rates in first-time switchers were slightly lower than in TNF-
naive patients, and markedly lower in second-time switchers
(15). This finding indicates that a treatment with a different
mode of action might be indicated already as the second bi-
ologic. A prospective study nested within the Swiss Clinical
Quality Management cohort found indeed that the change in
disease activity (DAS28) among patients switching to ritux-
imab after failing at least one TNF inhibitor was larger than
among patients receiving another TNF inhibitor (8).

We, therefore, present a cost-effectiveness analysis of
rituximab as the second biologic treatment using an economic
model based on patient level clinical practice data from the
SSATG registry. The basic model is described in more detail
elsewhere and, therefore, only summarized in this study (19).

METHODS

Main Data Sources

Clinical Practice Data. Effectiveness of treatment
with TNF inhibitors in clinical practice is based on patient
level data from SSATG. This registry follows patients on bi-
ological treatments since 1999 and has been extensively de-
scribed elsewhere (10;15;18;22;24). Effect variables are col-
lected on regular basis at time 0, 3, 6, 12 (optional 0.5, 1.5, and
9 months) and thereafter every 6–12 months. Missing data
are requested from treating physicians 1–2 times per year.
The data set for the model was extracted with a closing date
of June 1, 2007, and contained baseline demographic data,
disease information (all available HAQ [functional capacity]
and DAS28 scores), treatment data (biologics and concomi-
tant disease modifying antirheumatic drugs (DMARDs) in-

cluding start and stop dates), and utility scores (measured
with the EQ-5D) (5;6). The final data set contained 1,903
patients with sufficient data on up to three lines of treatment
(Table 1).

Resource Consumption. Direct medical consump-
tion and productivity losses had only been collected in the
first years of follow-up in SSATG (1999–2001) (18) and were
thus not directly available in the current data set. We, there-
fore, used resource consumption from a survey carried out
at regular intervals by the department of rheumatology at the
University Hospital of Malmo (Southern Sweden). The sur-
vey covers an estimated 90 percent of the patient population
in the area and includes all costs, direct medical and nonmed-
ical, as well as productivity losses (12;13;20). This data set
has been used earlier to investigate the influence of disease
activity on costs and utility, when controlling for HAQ (20).

We have used the latest survey available at the time of
this analysis (616 patients, 2002) (13;20) to calculate costs
as a function of HAQ and DAS28 (inflated to 2008 using the
Consumer Price Index).

Rituximab Effectiveness. Effectiveness of ritux-
imab was based on the registration trial REFLEX (4). In
the REFLEX trial, patients with active RA and an inade-
quate response to one or more anti-TNF agents were ran-
domized to receive intravenous rituximab (one course, con-
sisting of two infusions of 1,000 mg each, n = 311) or
placebo (n = 209), both with methotrexate as background
therapy. The primary efficacy end point was ACR20 re-
sponse at 24 weeks. Secondary end points were ACR50 and
ACR70 response, DAS28, and EULAR response criteria at
24 weeks.

Rituximab had a significantly better response rate on all
criteria (p < .0001): ACR20 (51 percent versus 18 percent),
ACR50 (27 percent versus 5 percent), and ACR70 (12 percent
versus 1 percent) and moderate-to-good EULAR responses
(65 percent versus 22 percent). Rituximab-treated patients
also had clinically meaningful improvements in fatigue, dis-
ability, and health-related quality of life (demonstrated by
FACIT-F, HAQ, and SF-36 scores, respectively) and showed
a trend toward less progression in radiographically measured
joint destruction.

Rituximab depleted peripheral CD20+ B cells, but the
mean immunoglobulin levels (IgG, IgM, and IgA) remained
within normal ranges. Most adverse events occurred with the
first rituximab infusion and were of mild-to-moderate sever-
ity. The rate of serious infections was 5.2 per 100 patient-
years in the rituximab group and 3.7 per 100 patient-years in
the placebo group.

Model Structure

The model was developed as a discrete event simulation
(DES) model. In DES models, similar to Markov models,
patients are in “states,” for example, levels of disease, treat-
ment, and so on. They remain in the same state until a certain
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Table 1. Demographics of Patients in the SSATG Data Set

Mean Age Disease Duration
Biologics

Treatment line No. Male (SD) (SD) HAQ (SD) Etanercept Infliximab Adalimumab

1 1903 23% 55.0 (13.3) 12.1 (10.2) 1.33 (0.64) 39.5% 43.9% 16.6%
2 633 19% 56.0 (12.9) 14.1 (10.0) 1.39 (0.62) 52.9% 9.8% 37.3%
3 170 17% 58.2 (12.7) 15.8 (10.3) 1.61 (0.57) 36.5% 10.0% 53.5%
All 2706 22% 56.1 (13.2) 12.8 (10.2) 1.36 (0.64)

SSATG, Southern Swedish Arthritis Treatment Group Registry; HAQ, functional capacity.

event occurs, for example, change in the disease state, change
of treatment, death, and so on. The best way to think about
DES models is as a system (e.g., a disease and its treatment)
presented as a chronological sequence of events. Thus, DES
models are particularly appropriate for analyses of treatment
sequences.

Patients in the model can be in three states: on treat-
ment, off treatment, or dead. On treatment, a difference is
made between the first, second, or third TNF inhibitors,
but not between the different agents per se. The treatment
state is further divided into high or low disease activity, the
cutoff point being defined as a DAS28 score of 3.2 as in
previous models (21). The rationale for the distinction is a
significant difference in utility scores and in short-term sick-
leave between patients with high or low disease activity event
when at the same functional level (HAQ) (21). In-between
treatments, all patients are assumed to have high disease
activity.

A change of state for each individual patient is triggered
by treatment discontinuation, treatment re-initiation, change
in disease activity, or death. In the current analysis, ritux-
imab is used in lieu of a TNF inhibitor after a first failure,
and compared with the treatment sequence observed in the
SSATG registry. The comparison in the economic evaluation
is thus rituximab to a second line TNF inhibitor. The sim-
ulation starts at initiation of the second biological agent. A
schematic outline of the model and the flow are shown in
Figure 1.

DES models are analyzed as patient level simulations.
Thus they contain the full range of information available on
patients in the data sets used for building the model. While
in a given state, patients can have different characteristics
related to gender, age, disease duration, functional, and dis-
ease activity scores. These characteristics define the costs for
individual patients within the same state and drive the time
to the next event.

Time-to-Event Estimates in Clinical Practice
(SSATG). For TNF inhibitors, all time-to-event data are
based on SSATG (Table 2 summarizes the calculations). A
Cox-proportional hazard model was estimated to identify
covariates (age, gender, disease duration, current HAQ, cur-
rent disease activity, treatment line) with a possible impact

on times to event. Significant covariates were included and
parametric survival models estimated using Weibull mod-
els except in the case of time to active disease. In this
case, the shape parameter was very close to 1 and an ex-
ponential model was used instead. As not all patients had
a period with low disease activity, we first estimated the
probability of reaching low disease activity using logistic re-
gression and then the time to active disease using survival
modeling.

The time to death was estimated from age- and gender-
specific mortality rates reported for the general Swedish
population (25), multiplied by a relative risk of 2.4 con-
sidering the disease severity of patients included in SSATG
(9;14;26).

The SSATG data set extracted contained up to three
treatment lines, as data on subsequent treatment lines were
limited at the time of data extraction. In the model, it is
nevertheless possible that patients receive more than three
treatments, and parameters for further treatments were based
on the estimates for the third line.

Prediction of HAQ. After treatment initiation in
SSATG, HAQ declined rapidly and then remained almost
constant. In the model, the improvement was assumed to oc-
cur immediately and HAQ levels thereafter were assessed
using linear regression on the difference compared with the
initial HAQ response (Table 2). At treatment discontinuation,
patients return to the initial HAQ score and progress at the
rate of 0.03 per year while off treatment (23).

Modeling Rituximab Treatment (REFLEX). Rit-
uximab was modeled as a second line treatment, and with-
drawals were assumed to go back to anti-TNF treatment
immediately, using the event data for the second line TNF
inhibitors. The rationale behind this assumption is that rit-
uximab treatment should not influence the magnitude of the
effect of the next TNF inhibitor.

For REFLEX, the effectiveness calculations are based on
mean values reported and assume normal distribution. Mean
HAQ scores declined from 1.9 to 1.4 at the 4-week measure-
ment and remained constant up to 24 weeks of treatment. This
improvement of 0.5 was applied while on treatment, suggest-
ing that the effect of rituximab is maintained over time, as

INTL. J. OF TECHNOLOGY ASSESSMENT IN HEALTH CARE 25:2, 2009 183

https://doi.org/10.1017/S0266462309090230 Published online by Cambridge University Press

https://doi.org/10.1017/S0266462309090230


Lindgren et al.

Figure 1. Outline of the model. The model is programed as a discrete event simulation model (DES model) where individual
patients are simulated with their individual chronological events. The events are “start treatment,” “stop treatment,” and “die”;
therefore, patients can be on treatment, off treatment, or dead. The chronology for this analysis is as follows: Simulation starts
when patients start on second line treatment, either with a second tumor necrosis factor (TNF) inhibitor or with rituximab. Patients
will stay on these treatments until discontinuation of the second line TNF inhibitor according to the Southern Swedish Arthritis
Treatment Group Registry (SSATG) data or withdrawal from rituximab according to the rates in the clinical trial (REFLEX).
Patients previously on a TNF inhibitor will then re-initiate treatment with their third TNF inhibitor according to the timings in
SSATG. Patients previously on rituximab will receive their second TNF inhibitor. The simulation may end before all patients
have re-initiated treatments. When patients fail again, they will switch to another TNF inhibitor again. In the absence of sufficient
data to estimate the event rates for the fourth (or subsequent) TNF treatment lines, these are assumed to be the same as for
the third line. Not all patients may re-initiate treatment, representing the data observed in SSATG, as treatment intervals may
be longer than the simulation time. At any time during the simulation, patients can die according to disease-specific mortality.
While on or between treatments, patients will have a certain HAQ (functional capacity) and DAS28 (disease activity), which in
turn drive the costs and utilities.

patients with insufficient response would be the ones that
stop or switch treatment.

Mean DAS28 scores declined from 6.9 to 5.4 after 4
weeks and to 5.0 after 24 weeks. Assuming normal distribu-
tion of the scores, we estimated that 5.9 percent of patients
would achieve a DAS28 below 3.2 at week 4, but that no fur-
ther change to low disease activity would occur thereafter.
We thus ignored the improvement in mean scores reported
after week 4, as this may have been due nonresponders with-
drawing from the trial.

During the trial, 57 of 311 patients on rituximab with-
drew from treatment. Time to discontinuation was estimated
with an exponential survival model fitted to the 4-weekly
withdrawal rates. The resulting coefficient was 0.86, and no
adjustment for covariates could be included. When patients
withdraw from rituximab, they were assumed to start treat-
ment with TNF inhibitors again immediately, as no data on
the times to restart are available. This shortens the time pa-
tients spend off treatment in the rituximab arm, allowing
more treatments to take place.

Outcomes and Costs

Utilities. Utility scores available from SSATG were
linked to a patient’s current HAQ and DAS28. In total, 6,860
observations for 1,787 patients were available for the regres-
sion analysis (Table 2).

Cost of TNF Inhibitor Treatment. The cost of TNF-
inhibitor treatment was based on the proportional use of each
agent in each of the treatment lines (Table 1), and the number
of days of usage. Prices were taken from the official price
list (7) and based on the dose in the label. This method un-
derestimates the cost of infliximab, as patients in SSATG
used higher doses, particularly in the first year. Doses ranged
from 200 mg every 10 weeks to 500 mg every 4 weeks, with
a mean of 26 ampoules per year. However, as the simula-
tion starts with second line biologics, where infliximab only
represents 10 percent, the effect on results would be small.
Furthermore, the cost increase would also apply to the TNF
treatments after rituximab withdrawal. Finally, a lower cost
of TNF treatment biases results against rituximab.
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Table 2. Model Estimates

Function Used Covariates in Final Survival Model Coefficients

Time to treatment
discontinuation (weeks)

Weibull Age at treatment start
HAQ at treatment start

0.010
0.253
(Constant: −5.04, shape: 0,717)

Time to treatment
re-initiation (days)

Weibull Age at stop of previous treatment
Disease duration at treatment stop
High disease activity at treatment stop

−0.021
−0.010
0.254
(Constant: −1.91, 0.43)

Low disease activity Logistic HAQ at treatment start
High disease activity at treatment start
3rd line anti-TNF

0.924
1.92
1.77
(Constant: −2.25)

Time to active disease when
on treatment (months)

Exponential HAQ at treatment start
High disease activity at treatment start
Male sex

0.27
0.73
−0.48
(Constant: −4.41)

Mortality Based on reported yearly
mortality rates (SMR∗RR 2.4)

Age at entry into model
Male sex

n.a.

HAQ progression
(difference compared
to initial HAQ change)

Logistic regression HAQ at treatment start
Months on treatment
2nd line
3rd line
Disease duration
Constant

0.241
0.002
−0.087
−0.192
−0.007
0.106

Utilities Linear regression HAQ
Disease activity
Male
Constant

−0.252
−0.107
−0.050
0.915

HAQ, functional capacity; TNF, Tumor necrosis factor.

A detailed analysis of concomitant therapy of a sub-
group of SSATG patients indicated that 72 percent of pa-
tients received combination therapy, in 80 percent of the
cases methotrexate and the remainder other nonbiological
DMARDs. However, as methotrexate and DMARD ther-
apy were included in the calculation of costs per patient
in the Malmo survey, no extra cost was added to TNF-
inhibitor therapy in this analysis to avoid potential double
counting.

Finally, TNF inhibitors have an adverse event profile that
must be expected to increase costs, in particular hospitaliza-
tions for severe infections, but also clinical investigations.
However, as such costs would occur in both arms, we ex-
cluded them from the analysis.

Cost of Rituximab. The cost of rituximab treatment
was based on the dose used in REFLEX (two infusions of
1,000 mg each per course). Retreatment may take place be-
tween 4 and 12 months, and we assumed a 6-month interval.
This is slightly shorter than what was observed in REFLEX,
and thus biases against rituximab in our analysis.

Other Costs. All other costs are estimated from the
Malmo survey data, with different regressions for direct and
indirect costs based on patients HAQ and DAS28.

Analysis

The analysis was conducted for Sweden and adopts hence a
societal perspective including both direct and indirect costs,
as well as informal care. Costs are estimated in 2008 Swedish
kronor (SEK) and presented in Euro (1€ = 9.45SEK);
health outcomes are expressed as quality-adjusted life-years
(QALYs). Simulations are performed for a population match-
ing the patients in REFLEX, over their lifetime, and costs and
effects are discounted with 3 percent. The deterministic anal-
ysis in the base case is presented for a 52-year-old female
patient with a HAQ of 1.9 at the start of the second biologic
and a disease duration of 12 years.

Sensitivity analyses for the key variables and proba-
bilistic sensitivity analysis (PSA) using all available data
and patient characteristics were performed. For the PSA
(or second order Monte Carlo simulation), parameter inputs
were drawn 1,000 times from the underlying distributions.
For each second order simulation, a full set of first order
simulations was conducted. For parameters where patient
level data were available (treatment stop and re-initiation
with TNF inhibitors, their effect on HAQ and costs and
utilities) bootstrap analysis was used. For parameters relating
to rituximab, and the progression of HAQ off treatment, we
assumed normal distribution.
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Table 3. Results

Rituximab and TNF Inhibitors Compared to TNF Inhibitors
Alone, after First TNF-Inhibitor Failure

Incremental Cost Incremental Effect ICER
€2008 QALY € / QALY

Base case
Treatment costs 800
Other direct costs −1700
Indirect costs −1700
Total costs −2500 0.20 Rituximab dominant

Sensitivity analyses
Model inputs
Earlier treatment initiation

− HAQ 1.4 −6200 0.20 Rituximab dominant
Different age at treatment start

− 40 −5600 0.09 Rituximab dominant
− 60 −1100 0.21 Rituximab dominant

Gender
− Male −3400 0.1 Rituximab dominant

Disease duration at treatment
start
− 5 years −1500 0.11 Rituximab dominant
− 15 years −3700 0.20 Rituximab dominant

Discounting
− no discounting −2600 0.24 Rituximab dominant
− 5% −9300 0.18 Rituximab dominant

Rituximab treatment
Interval for re-treatment

− no retreatment −2600 0 Rituximab dominant
− 4 months 9300 0.20 46500
− 9 months −12100 0.20 Rituximab dominant
− 12 months −15100 0.20 Rituximab dominant

Disease activity on treatment
− no patient reaches low

disease activity
−2900 0.18 Rituximab dominant

Model structure
No excess mortality −2900 0.16 Rituximab dominant
No increase in HAQ over

time while on treatment
−2500 0.20 Rituximab dominant

TNF, Tumor necrosis factor; ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life-year;
HAQ, functional capacity.

RESULTS

Base Case

The model predicts a mean (undiscounted) survival of 24
years. Patients receive on average 2.6 lines of treatment in
the current treatment arm, and 3.3 in the rituximab arm (ex-
cluding the first TNF inhibitor in both arms). The difference
is explained by the immediate re-initiation of TNF treatment
for all patients withdrawing from rituximab. Patients remain
on rituximab for an average of 2.4 years and receive a total
of 5.2 treatments.

Costs in the two arms are similar, but favor the ritux-
imab arm. Total costs were €401,100 and €403,600, re-
spectively, with indirect costs representing 45 percent, treat-
ment costs 25 percent, and other direct costs 30 percent
in both arms. The major difference between the strate-
gies is found in the effect, where patients in the ritux-

imab arm gain 0.20 additional QALYs (discounted), due
in part to the absence of lag-time in restarting a TNF in-
hibitor at withdrawal of rituximab. The strategy including
rituximab in second line thus dominates current treatment
(Table 3).

Sensitivity Analyses

Changes in the individual key inputs do not affect these re-
sults (Table 3). Only if rituximab were administered every 4
months or less are costs for this strategy higher. All other sce-
narios tested yield cost-savings for the rituximab arm. When
treatment is started at a lower HAQ, cost savings and QALY
gains are larger.

The results from the PSA indicate that all but one of
the 1,000 simulations fall below a theoretical threshold of
500,000SEK (€53,000) (Figure 2).
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Figure 2. Probabilistic sensitivity analysis. The scatterplot represents 1,000 second order simulations of the cost-effectiveness
of rituximab used after failure of the first TNF inhibitor compared with current practice with further TNF inhibitors. The dashed
diagonal line represents a theoretical willingness to pay (WTP) of 500,000SEK (€53,000) for a quality-adjusted life-year (QALY)
gained. The ellipse is the 95 percent confidence interval covering 95 percent of the simulations.

DISCUSSION

When the TNF inhibitors were introduced, the economic
question was whether their high cost was justified in view
of their benefit. Several economic evaluations have been per-
formed in the past decade, predominantly at launch of the
products in view of reimbursement negotiations. In RA, eco-
nomic evaluation involves, by default, modeling, as most of
the effect both in terms of health effects and costs is in the
long term. Thus, TNF inhibitors were compared with nonbi-
ologic DMARDs, using historic data from epidemiological
cohorts or published clinical data. The two approaches dif-
fered primarily by the availability of data. When extensive
longitudinal epidemiological and treatment data are avail-
able, it is possible to model the disease process as it evolved
under previous therapy and estimate the changes that may oc-
cur when using new treatments. This approach adopts almost
automatically a broad societal perspective where all costs
and consequences are included. In the absence of long-term
cohort data, several different clinical trials, which in the field
of RA often means relatively old data, have to be combined
into a theoretical treatment sequence that may or may not
occur in clinical practice (17).

After a decade of use of TNF inhibitors, the primary eco-
nomic question for a new biological agent with essentially
similar efficacy data is how the drug compares to the TNF
inhibitors and where in the currently established treatment
strategy it should be used, rather than how the disease will

change. This requires the same type of cohort data as when
modeling the “natural history” of the disease. Several spe-
cial registries in different countries have been established to
monitor the safety and effectiveness of the TNF inhibitors in
clinical practice, and data are gradually becoming available.
One of the earliest of these registries was created in Sweden,
as a part of the ongoing national RA registry, and we have
used the data from Southern Sweden (SSATG) to model a
treatment strategy including rituximab, compared to only us-
ing TNF inhibitors. This was rendered possible by the length
of follow-up in SSATG (1999–2007) that allowed observing
up to three treatment sequences with TNF inhibitors. In ad-
dition, SSATG not only includes detailed data on treatment,
clinical effects, and adverse events, but also collects utility
data using the EQ-5D on a regular basis. Thus, outcome data
for the economic evaluation are directly available.

This is, to our knowledge, the first time that registry
data have been used as a background of current treatment
to investigate changes in costs and outcome that would oc-
cur when using a new treatment. Two previous studies us-
ing registry data have focused on verifying the results from
early cost-effectiveness models comparing TNF inhibitors
to nonbiologic DMARD therapy (3;18). Both these analyses
were hampered by the absence of an appropriate comparator
group, as patients treated early with biologics represented
the most severe group of patients. In the analysis of the first
year of treatment in the SSATG registry, patients were their
own control using pre- and post–TNF-treatment data (18).
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A more recent model using 3-year data from the larger bi-
ologics registry in the United Kingdom (BSRBR) identified
a control group within the registry. However, the issue that
patients treated with biologicals represented the most severe
population remained, and the two groups were not compa-
rable (although this was controlled for to some extent in the
simulations) (3). In the current analysis, the control group is
not an issue, as the same data are used in both arms.

The model was developed as a DES model, whereas
we have previously used Markov or Markov-like models
evaluated with micro-simulation. The choice of a model-
ing technique is mainly a question of convenience and data
availability—all models should give equal results if they use
the same underlying data and provided that they are pro-
grammed correctly. In the current analysis, a Markov model
was less practical due to the many characteristics changing
over time that affect treatment and outcomes. In terms of
computational efficiency, a DES model is a better candidate
than a micro-simulation model based on a state-transition
framework, as fewer calculations need to be made. In DES
models, calculations are essentially limited to the number of
events occurring, which may be only a few during a patients’
life. In state-transition models, probabilities of moving to a
different state have to be estimated at every cycle, usually
a year, during the remainder of a patients’ life. As the eco-
nomic problem deals with different treatment courses and
sequences, with different lengths of time and varying times
between them, structuring the question into a chronological
“time-to-event” is rather intuitive.

The results of the model are expressed as QALYs, as is
the case in most of the published models according to a recent
review (2). Utilities were estimated from the SSATG data, in-
cluding individual patient characteristics such as age, gender,
HAQ, as well as disease activity. Earlier surveys have identi-
fied the additional effect of disease activity on utilities, using
the patient global visual analogue scale and incorporated the
effect into modeling studies (20;21). In the current analysis,
this effect could be verified and incorporated using DAS28.

As in all modeling studies, several assumptions had to
be made that require discussion. We have modeled a cohort
of patients that is similar to the cohort of patients included in
the REFLEX trial. The alternative would have been to adapt
the rituximab patients to the characteristics of patients in the
SSATG registry, where HAQ scores at baseline were lower.
However, without patient-level data for the clinical trial, ad-
justing the REFLEX data involved substantially higher un-
certainty than adapting the SSATG data. In addition, it repre-
sents a more conservative scenario. In the sensitivity analysis,
starting at a lower HAQ level increased the cost-savings, but
this finding must be interpreted with care, because without
patient-level data, it is not possible to adjust the absolute
HAQ reduction after treatment start and the mean from the
trial had to be used.

When patients withdraw from treatment, we assumed
that the treatment effect would be lost immediately and pa-
tients return to their HAQ score at baseline. The rationale is

that those patients that stop treatment are most often those
with insufficient treatment effect or adverse events, and that
this effect would, therefore, not be lasting. An alternative
would have been to include a lag time, but this would only be
important if the return to baseline was different for the dif-
ferent agents. In the absence of such information, both arms
are treated in the same way, and there is no difference in the
results between immediate or delayed return to baseline.

With a similar reasoning, we have excluded specific cal-
culations of costs and dis-utility for adverse events. It has
been shown in the national Swedish RA registry that the rel-
ative risk of hospitalization due to infection increases is 1.43
in the first, 1.15 in the second, and 0.82 in the third year
(1). Considering that the risk is concentrated in the first year,
the effect on an analysis starting with second line biologics
would be minimal. In addition, any cost increase would be
applied to both arms in the model, and thus cancel out. Should
the risk be lower for rituximab than for TNF inhibitors, our
assumption would favor the TNF inhibitors.

An assumption with a major effect on results is that
patients withdrawing from rituximab treatment would start
TNF-inhibitor treatment immediately. The rationale is that
with rituximab the decision to stop is likely to happen when
retreatment would be required, due to the long-lasting effect
of each infusion. There are currently no data that would al-
low estimating a precise time-to-restart. As a result of this
assumption, patients in the rituximab arm receive more treat-
ment lines within the simulation time, and treatment costs are
thus higher. This cost-disadvantage, however, may be com-
pensated by a utility gain, as patients spend a shorter time
with a high HAQ score.

Patients in the model can receive a fourth or fifth treat-
ment with TNF inhibitors, although there are not enough
data available to estimate times to events. We assumed that
effects would be similar to the third treatment. The effect of
this assumption on the results is minimal, considering the av-
erage number of treatments that result in the model (2.6 in the
TNF-inhibitor arm, 2.3 plus rituximab in the rituximab arm).

From a health economic point of view, it appears efficient
to use rituximab in second line treatment. Clearly, however,
there are medical considerations and specific patient charac-
teristic that will play a major role in such a decision.

POLICY IMPLICATIONS

As treatment choices in RA are expanding, the relevant ques-
tion both from a health economic and a clinical point of view
is where in the treatment sequence a new treatment should be
used. This requires good data on current usage, and patient
registries may play a crucial role in the future.
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