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Abstract

Background Therapeutic drug monitoring (TDM) of anti-
TNF is increasingly used to manage inflammatory bowel
diseases (IBD) and rheumatoid arthritis (RA). The cost-
effectiveness of this strategy is debated.

Methods All studies comparing the cost-effectiveness of a
TDM-based strategy and an empirical dose management of
anti-TNF in IBD or RA were screened. Studies were
identified through the MEDLINE electronic database (up to
July 2016), and annual international meeting abstracts were
also manually reviewed.

Results Seven studies were included: two randomized
controlled trials (RCTs) enrolling 332 patients [247
Crohn’s disease (CD) and 85 ulcerative colitis (UC)] and
five modeling approaches. Four studies included only CD
patients, one included both CD and UC patients, and two
included only RA patients. Three studies compared the
cost-effectiveness of the two strategies in patients with
secondary infliximab (IFX) failure (dose-escalation strat-
egy), one in patients in remission on optimized IFX (de-
escalation strategy), one in patients starting adalimumab,
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and two in patients with clinical response to maintenance
anti-TNF therapy. The two RCTs demonstrated that a TDM
strategy led to major cost savings, ranging from 28 to
34 %. The three modeling approaches with regard to CD
patients demonstrated cost savings ranging from $5396
over a l-year period to €13,130 per patient at 5 years of
follow-up. A TDM strategy also led to major cost savings
in the two modeling approaches in RA patients.
Conclusions Available evidence indicates that a TDM
strategy leads to major cost savings related to anti-TNF
therapy in both IBD and RA patients, with no negative
impact on efficacy.

Keywords Cost savings - Trough concentrations -
Infliximab - Inflammatory bowel disease - Rheumatoid
arthritis

Introduction

The monoclonal antibodies against tumor necrosis factor
(anti-TNF)—infliximab (IFX) and adalimumab—are
increasingly used to treat patients with IBD and RA who
are refractory to standard medications [1, 2].

Despite its proven efficacy, up to 60 % of patients who
have an initial response to anti-TNF therapy will then
experience secondary loss of response, requiring dose
escalation or a switch to another anti-TNF to recapture
response [3, 4]. Loss of clinical benefit can be due to an
increased clearance of the drug in the presence or absence
of anti-drug antibodies (ADAs) [5-7].

Cohort studies and post hoc analyses show that serum
IFX trough concentrations (TC) correlate with clinical
response, clinical remission, and mucosal healing in
patients with IBD [8—11].
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In addition, physicians must determine the best way to
de-escalade treatment in patients who have been previously
optimized after a dose-escalation strategy and are in sus-
tained remission [12-14].

In the COIN study, healthcare costs in IBD were driven
mainly by medication costs, most importantly by anti-TNF
therapy, while hospitalization and surgery accounted for
only a minor part of healthcare costs [15].

Although TC is related to a drug’s efficacy and can be
measured adequately, therapeutic drug monitoring
(TDM) is not systematically incorporated into daily
practice [16]. The systematic use of TDM and the
detection of ADAs could be potentially beneficial and
economically justified, especially given the high cost of
biopharmaceuticals and the complexity of clinical deci-
sion-making [17].

The aim of the present article is to review, for the
first time, all available studies comparing the cost-ef-
fectiveness of an empirical management of anti-TNF
treatment versus a test-based strategy in patients with
IBD or RA.

Methods

A literature search was conducted to identify studies that
compared the cost-effectiveness of an empirical dose
management of anti-TNF therapy and a TDM-based strat-
egy in patients with IBD and RA. We conducted a com-
puterized search of English-language publications listed in
the MEDLINE electronic database (up to July 2016).
Studies were identified using the following search terms,
which were combined: “cost-effectiveness”, “cost sav-
ings”, “costs”, “therapeutic drug monitoring”, “trough
concentrations”, “trough levels”, “dose-escalation”, “de-
escalation”, “tumor necrosis factor-alpha/antagonists and
inhibitors”, “infliximab”, “adalimumab”, “inflammatory
bowel disease”, “Crohn’s disease”, “ulcerative colitis”,
“rheumatoid arthritis”.

We also manually searched abstracts from the annual
international meetings, including the Digestive Disease
Week, the American College of Gastroenterology, the
United European Gastroenterology Week, and the Euro-
pean Crohn’s and Colitis Organization.

We performed a manual selection of studies that satis-
fied the following inclusion criteria: (1) randomized con-
trolled trials or studies using a modeling approach, (2)
enrolment of CD or RA patients treated with an anti-TNF
therapy, (3) available data regarding the cost-effectiveness
of a TDM strategy compared with empirical dose man-
agement of anti-TNF therapy. Eligible articles were then
reviewed by the different investigators.
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Results

Among the eligible studies, we identified seven trials
comparing the cost-effectiveness of an empirical manage-
ment of anti-TNF therapy and a TDM-based strategy
(Table 1). Two were randomized controlled trials [14, 18],
and five used a modeling approach (three used a Markov
model [16, 17, 19] and two a discrete event model
[20, 22]). Four studies included only CD patients
[18-20, 22], one included both CD and UC patients [14],
and two only RA patients [16, 17]. Three studies compared
the cost-effectiveness of the two strategies in patients with
secondary IFX failure (dose-escalation strategy) [18-20];
one in patients in remission on optimized IFX (de-escala-
tion strategy) [22]; one in patients starting adalimumab
therapy [16]; and two in patients with clinical response to
maintenance anti-TNF therapy [14, 17].

Randomized controlled trials

Two randomized controlled trials enrolling 332 patients
(247 CD and 85 UC) provided data on the cost-effective-
ness of a TDM-based strategy.

A randomized, controlled, single-blind multicenter
study was conducted in Denmark [18]. Sixty-nine CD
patients with secondary IFX failure were randomized to
empirical IFX dose intensification (5 mg/kg every
4 weeks) (n = 36) or an algorithm strategy (n = 33) based
on IFX TC and IFX ADAs. Evaluation was performed at
week 12, and the primary endpoints were the proportion of
patients with clinical response [Crohn’s disease activity
index (CDAI) decrease >70, or >50 % reduction in active
fistulas] and the accumulated costs related to the treatment
of CD, expressed as mean cost per patient, based on the
Danish National Patient Registry for all hospitalization and
outpatient costs in the Danish healthcare sector. This study
showed that the costs for intention-to-treat patients were
substantially lower (34 %) for those treated in accordance
with the algorithm than by the empirical dose intensifica-
tion [€6038 vs. €9178 (p < 0.001), respectively] due to
discontinuation of treatment because of lack of efficacy in
some patients. Efficacy was similar between the two
strategies: response rates were 58 and 53 % in the TDM
group and in the standard group, respectively (p = 0.81).
The economic benefit of algorithm-based interventions at
IFX failure is maintained throughout 1 year, as demon-
strated in another study [21].

A 1-year randomized controlled trial was also conducted
in Belgium [14] at a tertiary referral center, including 263
IBD patients (178 CD and 85 UC patients) with stable re-
sponses to maintenance IFX therapy. Doses of IFX were
adjusted using an algorithm to reach a target TC of 3—7 ng/
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mL in all patients (optimization phase). Patients were then
randomly assigned to receive either IFX dosing based on
their clinical features (n = 123) or a TDM-based strategy
(n = 128) (maintenance phase). The primary endpoint was
clinical and biochemical remission at 1 year after the
optimization phase. At screening, 115 of the 263 patients
had the target IFX TC (43.7 %). Of the 76 patients with TC
<3 pg/mL, 69 patients (91 %) achieved the target TC after
dose escalation. This resulted in a higher proportion of CD
patients in remission than before dose escalation (88 vs.
65 %; p = 0.020) and a decrease in the median concen-
tration of C-reactive protein was also observed (3.2 vs.
4.3 mg/L; p < 0.001); these changes were not observed in
UC patients. Of the 72 patients with TC >7 pg/mL, 67
patients (93 %) achieved the target TC after dose reduc-
tion. This resulted in a 28 % reduction in drug costs from
prior to dose reduction (p < 0.001). A similar proportion of
patients in both groups achieved the primary endpoint:
66 % in the clinically based group and 69 % in the TDM-
based group (p = 0.686). After dose optimization per
patient, a continued TDM-based strategy was not superior
to the clinically based strategy for achieving remission
after 1 year, but was less expensive (€20,723 vs. €21,023,
respectively, per patient, per year).

Studies using a modeling approach

Five studies with a modeling approach were included in
this review: three used a Markov model and two a discrete
event model. Three of the studies simulated the cost-ef-
fectiveness of the two strategies exclusively in CD patients,
and the remaining two in RA patients.

The first study [19] used a decision-analytic model
(Markov model) that simulated two cohorts of CD patients
with secondary IFX failure, in order to compare the cost-
effectiveness of an empirical dose-escalation and a test-
based strategy over a l-year period. In the TDM-based
strategy, all patients were tested to detect ADAs and
quantify IFX TC. Similar rates of clinical remission (63 vs.
66 %) and clinical response (28 vs. 26 %) were observed
between the two strategies. The TDM-based strategy
yielded quality-adjusted life-years (QALYs) similar to
those of the empirical dose escalation (0.801 vs. 0.800,
respectively), but was more cost-effective ($31,870 vs.
$37,266, respectively). The test-based strategy resulted in a
higher rate of surgeries (48 vs. 34 %) and in a lower per-
centage use of high-dose biological therapy (41 vs. 54 %).

Another French study [20] used a discrete event model
to compare the cost of anti-TNF therapy in two virtual
cohorts of 10,000 CD patients with secondary loss of
response to IFX: one cohort used a test-based strategy to
determine simultaneous ADAs and residual IFX levels, and
the other used an empirical dose escalation with up to
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5 years of follow-up. Costs were estimated based on the
French healthcare system. At 5 years, cost savings among
the 10,000 CD patients using a test-based strategy were
€131,300,293, and the mean cost saving per patient was
€13,130. Interestingly, even when including the costs of
both postoperative anti-TNF treatment and surgery, dra-
matic cost savings were still observed: €106,437,792 for a
cohort of 10,000 patients at 5 years. The direct cost of the
test had no impact on the results until the cost per test
reached €2000.

The other two studies concerned only RA patients. The
first study [16] evaluated the cost-effectiveness of a TDM-
based strategy in RA patients starting adalimumab therapy
compared with usual care. Disease activity was measured
using the disease activity score for 28 joints (DAS28).
Treatment response was defined according to the European
League Against Rheumatism (EULAR) response criteria.
Evaluation was performed at 6 months of adalimumab
therapy. In patients responding well to adalimumab and
with a low TC (<5 mg/L), treatment was discontinued. If
the target TC (5—12 mg/L) was reached, adalimumab was
continued. A high TC (>12 mg/L) indicated a reduction in
the frequency of adalimumab administration (once in
3 weeks). In patients not achieving EULAR response at
6 months with an appropriate or high TC (>5 mg/L), a
switch to a biological with another mechanism of action
was started. If a low TC (<5 mg/L) was present, mostly
due to ADAs, they were switched to a second anti-TNF.
Outcomes were simulated using a Markov model, with
3-month cycles, based on a cohort of 272 adalimumab-
treated patients with RA over a 3-year period. Costs,
clinical effectiveness and QALYs were compared with
outcome observed in usual care, and incremental cost-ef-
fectiveness ratios were calculated. Clinical effectiveness
was higher for the cohort simulated to receive personalized
TDM care than for those with the usual care; the average
difference in QALY's was 3.84 (95th percentile range —8.39
to 16.20). Testing costs amounted to €10872. Mean total
savings were €2,561,648 (95th percentile range —3,252,529
to —1,898,087), resulting in an incremental cost-effective-
ness ratio of €666,500 or €646,266 saved per QALY gained
from a societal or healthcare perspective, respectively. In
72 % of simulations, personalized care saved costs and
resulted in more QALYS; in 28 %, it was cost-saving with
lower QALYs.

The other study [17] estimated the probabilities of
optimal and non-optimal treatment decisions if IFX or
adalimumab TC and ADAs were tested or not tested, and
modelled the cost-effectiveness of routinely performing
TDM. Data on TC and ADA concentrations were obtained
from clinically requested monitoring analyses of 486 and
1137 samples from patients on adalimumab and IFX
therapy, respectively. TC was within the target range in
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42 % of samples from adalimumab-treated patients and in
50.4 % of IFX-treated patients. ADAs were detected in
approximately 20 and 13.5 % of samples from adalimumab
and IFX-treated patients, respectively. ADAs were found in
52.3 and 41.3 % of those with low adalimumab or IFX TC,
respectively. The monitoring data were incorporated into
probabilities and states in a Markov model for making the
optimal treatment decision. The economic impact of clin-
ical decision-making was modeled in a short-term
(3—6 months) scenario with 100 hypothetical patients. In
this model, the combined measure of TC and ADAs was
cost savings compared to the non-testing scenario when the
monitoring results affected the treatment decision in at
least 2-5 of 100 patients, a proportion which is easily
exceeded in real-life clinical practice.

In another, yet unpublished study [22], a discrete event
model was used to compare the cost-effectiveness of a test-
based strategy of de-escalation versus non-de-escalation
strategy in CD patients in clinical remission under an
optimized IFX therapy regime [10 mg/kg every 8 weeks
(2D-8w group) or 10 mg/kg every 6 weeks (2D-6w
group)]. Two virtual populations of 10,000 CD patients
were assigned to management using a test-based strategy or
to the current empirical approach of no dose de-escalation.
The authors considered three situations of IFX TC for each
patient: high TC (>7 pg/mL), therapeutic TC (3—7 pg/mL)
and low TC (<3 pg/mL). Dose de-escalation was consid-
ered only for patients who had high or therapeutic TC. In
the 2D-8w and 2D-6w groups, the proportion of patients
that could be maintained with de-escalation at 2 years of
follow-up was 29.9 % (n = 2987) and 15.5 % (n = 1552),
respectively. In the 2D-8w group, 93.4 % (n = 4582) of
the non-de-escalation patients were maintained at a double
dose of IFX. The mean difference in terms of cost of
treatment for one de-escalation patient versus one non-de-
escalation patient followed for 2 years was €6830 (95 % IC
6 434-7226) and €7257 (95 % IC 6722-7793), respec-
tively. The corresponding mean difference for each 10,000-
patient 2D-8w and 2D-6w groups were €28 million and €35
million, respectively. Cost savings per patient was calcu-
lated at around 20 % at 2-year follow-up.

Discussion

Pharmacokinetics is increasingly used to manage and to
optimize anti-TNF therapy in chronic inflammatory dis-
eases, especially in IBD and RA patients. However, the
cost-effectiveness of a TDM-based strategy is still debated.
We conducted the first systematic review on this topic. All
studies included in this systematic review demonstrated the
cost-effectiveness of a test-based strategy compared with
usual care, with similar efficacy results.

The two randomized controlled trials enrolled 332
patients (247 CD and 85 UC). The first [18] demonstrated
that a TDM-based strategy of dose escalation in CD
patients with secondary IFX failure led to cost savings of
up to €3140 at 12 weeks. This effect was mainly due to
discontinuation of ineffective treatments in some patients.
The two strategies for managing anti-TNF therapy showed
similar efficacy. One possible weakness of this study is the
fairly short duration of 12 weeks.

The second trial [14], namely TAXIT, demonstrated that
less than half of the patients treated with maintenance IFX
had optimal IFX TC. Dose escalation in CD patients with
suboptimal IFX TC led to a significant increase in patients
in clinical remission and a concomitant reduction in CRP
concentrations. A similar effect was not seen for UC
patients, most likely because the majority of them had a
normal CRP at baseline. Dose reduction in CD and UC
patients with a supra-optimal IFX TC did not lead to
relapse or an increase of CRP, but resulted in significant
cost savings (28 %). Once again, a time frame of 1 year
seems fairly short to correctly evaluate long-term clinical
efficacy and cost-effectiveness of the two strategies in
chronic inflammatory diseases like IBD.

On the other hand, a modeling approach allows the
evaluation of a large group of patients, which would
otherwise be very difficult to acquire in real life [22],
through indirect patient data, thus probably leading to bias.

Changes in a patient’s state pose a challenge for
physicians in providing the most suitable treatment during
the course of IBD. A systems thinking approach is needed
when modeling the paths of patients treated for IBD [23].
Different events may occur along a patient’s disease
course, which can be high in number and can occur ran-
domly from one patient to another. The modeler is then
faced with an adaptive complex system in which there are
so many possible combinations that methods with the
capacity to handle this complexity are needed. For IBD,
this complexity makes it difficult to use decision trees,
which would be unreadable and unmanageable. Moreover,
methods based on differential equations are unusable
because of the very nature of the problem. The use of a
model-based Markov chain is also not possible, for two
main reasons. First, temporal state changes vary from one
patient to another. Second, the entire course of the patient
must be kept in mind, and this is incompatible with Markov
chain modeling. For IBD, we need to use a model based on
a discrete event simulation described and computationally
modeled by means of the life sequence charts (LSCs),
which are an extension of statecharts. In a conceptual
framework, the modeler sees the patient as a reactive object
whose behavior is characterized by its response to events
dispatched from outside its own context and is also affected
by its past. Statechart formalism was introduced by Harel’s
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team in 1985, and statecharts have since evolved into
LSCs. Their use and the use of discrete event simulation
appeared in the life sciences in the early 2000s [24], with
increasing success. Therefore, the use of a discrete event
model is more appropriate than a Markov model. More-
over, variations in the definitions of clinical response
across studies and differences in treatment algorithms may
have influenced the results yielded by the models.

Velayos et al. [19] used a decision-analytic model
(Markov model) that simulated two cohorts of CD patients
and compared outcomes for an empirical strategy and a
test-based strategy over a 1-year period. In the TDM-based
strategy, the authors determined simultaneous ADAs and
residual IFX levels to monitor anti-TNF therapy, and
analyzed all costs related to CD treatment (surgery, diag-
nostic tests, health states, etc.). This trial demonstrated the
cost-effectiveness of a test-based strategy of dose escala-
tion for managing patients with CD who have lost
responsiveness to IFX. However, no data were reported
beyond 1 year for IBD, which is known to be a chronic
condition. In addition, a Markov model is not appropriate,
because it does not take into account previous states at any
given time along the patient’s disease course [20].

Roblin et al. [20] used a discrete event model, which
seems more appropriate, to compare the cost of anti-TNF
therapy in two virtual cohorts of 10,000 CD patients with
secondary loss of response to IFX: one using a test-based
strategy to determine simultaneous ADAs and residual IFX
levels and one an empirical dose escalation up to 5 years of
follow-up. Importantly, only the direct costs of anti-TNF
therapy in addition to the cost of the test were taken into
account. In this study, the TDM-based strategy was asso-
ciated with major cost savings for anti-TNF therapy:
€131,300,293 for 5 years in a cohort of 10,000 patients.
Interestingly, when including the costs of postoperative
anti-TNF treatment and of surgery, dramatic cost savings
were still observed: €106,437,792 for a cohort of 10,000
patients at 5 years. Furthermore, the authors found that the
cost of the test did not influence the results until it reached
€2000 per test. This result should be taken into account by
healthcare authorities when discussing the reimbursement
of these tests. However, whether these findings can be
extrapolated to other countries will require further inves-
tigation. The major limitation of this study is the use of
modeling techniques which simplify the real world, but this
is the first trial to report cost savings of anti-TNF therapy in
patients with CD using a test-based strategy beyond 1 year
in a large cohort of patients.

Another study, which was recently submitted, evaluated
the cost-effectiveness of a test-based strategy and an
empirical de-escalation of optimized IFX in CD patients in
sustained remission [22]. In this discrete event modeling of
two large cohorts of 10,000 virtual patients, the authors
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calculated cost savings per patient of around 20 % at
2-year follow-up. This study demonstrated that de-escala-
tion is an option and is cost-effective when using TDM.
However, the study has some weaknesses. First, it used a
modeling approach and provided indirect patient data.
Second, ADAs were not included in this model, mainly
because of the lack of published data or expert experience
with regard to dose reduction. Moreover, with the
increasing use of IFX biosimilars, treatment costs are
coming down, resulting in less cost savings with the TDM-
based strategy. Finally, it is unknown whether these data
can be extrapolated to other healthcare systems.

Regarding the management of anti-TNF therapy in
patients with RA, two studies using a modeling approach
have been published. Krieckaert et al. [16] evaluated the
cost-effectiveness of personalized treatment of RA using
clinical response and serum adalimumab levels [16]. Out-
comes were simulated using a patient-level Markov model.
Clinical effectiveness was higher for the cohort simulated
to receive personalized care than for those receiving usual
care, and cost savings on drugs were €2314,354, while
testing costs amounted to €10,872. However, this study
presents some limitations. First, it reflects the situation in
the Netherlands and might not be representative for other
countries, especially outside Europe. Second, the time
frame for analysis was only 3 years, and given the dynamic
nature of RA treatment, it is questionable whether the
clinical effects of the one-time intervention would persist
beyond this time.

The other study [17] estimated the probabilities of
optimal and non-optimal treatment decisions if IFX or
adalimumab TC and ADAs were tested or not tested, and
modelled the cost-effectiveness of routinely performing
TDM. Data on TC and ADA concentrations were
obtained from clinically requested monitoring analyses. In
the model, the combined measure of TC and ADAs
produced cost savings when the monitoring results
affected the treatment decision in at least 2-5 of 100
patients. The main limitation of this study is that labo-
ratory data also contained sera of patients treated with
anti-TNF for indications other than RA. Despite these
limitations, however, the findings were broadly similar to
most of the previously published data from controlled
trials with RA patients.

In conclusion, anti-TNF therapy has significantly chan-
ged the course of many chronic inflammatory diseases such
as IBD and RA. However, the costs of these drugs are high,
and their use implies a significant economic burden on
healthcare systems.

All seven included studies showed that a test-based
strategy with TDM of anti-TNF is more cost-effective than
an empirical strategy in both IBD and RA patients, with no
negative impact on efficacy. Whether these data can be
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extrapolated to other healthcare systems is yet to be
determined.

These findings should be taken into account by physi-
cians and healthcare authorities to guide decision-making
in clinical practice and to reduce the costs of healthcare in
an era of increasing use of monoclonal antibodies.
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