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A B S T R A C T

Treatment of inflammatory bowel diseases and rheumatic disorders with anti-tumor necrosis factor alpha (TNFα) drugs is expensive, while a significant proportion of
patients does not show adequate clinical response. Therapeutic drug monitoring (TDM) enables patient-specific anti-TNFα therapy. The role of laboratory tests in
clinical care has recently been described in a value proposition framework. It describes care processes, stakeholders, costs, risks, benefits and patient outcomes based
on the use of a laboratory test in a clinical care pathway. We have applied this concept to the use of TDM for anti-TNFα drugs, describing evidence that supports the
intervention and its cost effectiveness, steps that need to be adjusted in the care pathway, possible treatment algorithms and measures to assess adoption of this
framework into clinical practice.

For effective TDM, an assay for measurement of drug levels together with appropriate target ranges and an anti-drug-antibody assay have to be implemented. Also,
instead of only reporting the drug concentration, laboratorians, pharmacists and clinicians should deliver added value by introducing a TDM-based treatment
algorithm into clinical practice. Thus, to maximize effectiveness of TDM of anti-TNFα therapy in routine care, adjustment of current care pathways and cooperation
of many stakeholders are needed.

1. Introduction

Therapeutic proteins targeting tumor necrosis factor alpha (TNFα)
have greatly improved the management of chronic inflammatory dis-
eases, such as inflammatory bowel diseases (IBD) and several rheumatic
disorders. Anti-TNFα monoclonal antibodies (MAb's) have been proven
to induce and maintain remission in many patients who did not respond
well to conventional treatment and are thus widely used for treatment
of chronic inflammatory disorders, despite high treatment costs [1].
However, primary non-response or loss of response during treatment
can occur in up to 50% of patients [2,3]. This can be due to formation of
anti-drug-antibodies (ADA), which increase clearance of the drug and
thereby lead to inferior clinical outcome [4–8]. Lack of response may
also be due to high disease burden [9], or pharmacodynamic factors
such as the (re)activation of inflammation by alternative pathways
[10].

Different causes of non-response to anti-TNFα drugs require distinct
approaches to treatment optimization. In current clinical practice, dose
intensification is often the first step in treatment optimization when loss
of response occurs, while other options such as adding im-
munosuppressive co-medication, changing to a different anti-TNFα
drug, and changing to a different class of immunosuppressive drug
should all be considered [9]. Given the fact that up to 50% of patients

do not respond optimally to expensive anti-TNFα treatment, there is a
clear need for more efficient treatment optimization. Therapeutic drug
monitoring (TDM) of anti-TNFα drugs and detection of ADA can dif-
ferentiate between different causes of non/suboptimal response and
thus enables therapy adjustment based on an individualized dosing
advice (reviewed in e.g. [9]).

The implementation of TDM in routine care requires a change in the
current care pathway: tests for measurement of anti-TNFα drug con-
centrations and ADA have to be performed according to a pre-defined
diagnostic and therapeutic protocol. This requires collaboration of
many stakeholders. Proper introduction and evaluation of the new care
pathway is therefore essential, which considers all the consequences for
all the stakeholders who are involved in the TDM pathway.

Price and colleagues [11] recently developed a value proposition
framework for laboratory medicine which defines all relevant questions
concerning choice and implementation of laboratory tests. Briefly
summarized, this value proposition aims to provide all necessary in-
formation that enables all stakeholders to make decisions that increase
the proportion of patients achieving optimal therapeutic levels as well
as resource investment and disinvestment decisions. In this study, this
framework was used to develop a value proposition for TDM in per-
sonalized treatment with anti-TNFα drugs.
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2. Methods

To clarify the value of laboratory testing in health care, Price and
colleagues [11] described a value proposition framework (see Box 1). It
requires initial consideration of the current clinical problem, how de-
cision making in clinical care should be guided, what the process of the
care delivery should look like and what the required resources are. In
the current study, those questions are answered for TDM of anti-TNFα
drug levels and measurement of anti-drug-antibodies (ADA) to facilitate
personalized treatment of chronic inflammatory diseases. The main
focus of this study is on infliximab, since this anti-TNFα drug has been
studied most extensively. Data was gathered from studies and con-
sensus documents, compared to clinical practice without use of TDM
and changes that would result from use of TDM were identified and are
reported here.

3. Results

3.1. The unmet clinical need

Treatment with anti-TNFα MAb's is very expensive [1], while a
large proportion of patients do not show adequate clinical response to
this treatment. This can be due to various reasons [2], namely the
formation of anti-drug-antibodies (ADA), increased clearance of the
drug, an ongoing inflammatory response without TNFα or a wrong
diagnosis. This makes empiric therapy optimization, often done by dose
escalation, inefficient. Also, the majority of patients do not receive
doses that lead to trough levels within the proposed therapeutic con-
centration range [12,13]. This is illustrated in Fig. 1, which shows that
only one third of patients has trough levels within the desired range.
Patients with high drug levels are at risk of side effects such as serious
infections [14,15] or unintentional and unnecessary high costs, while
low drug levels are associated with loss of clinical response [16].
Therefore, a means to tailor anti-TNFα therapy to the need of the

individual patient is highly desired.

3.2. Patient population that will benefit

All patients who receive anti-TNFα therapy could benefit from this
personalized therapy. Five different categories of anti-TNFα MAb's are
currently available: infliximab, a chimeric IgG MAb; adalimumab, a
fully human MAb; golimumab, also a fully human MAb; etanercept, a
fusion protein of TNF receptor 2 with an IgG1 Fc domain; and certoli-
zumab pegol, a PEGylated Fab fragment. Several of these original drugs
(also called reference products or innovator drugs) have experienced
patent expiration, which has led to introduction of biosimilars [17] to
the market. Currently, biosimilars are available for infliximab and
etanercept and are expected soon for adalimumab. The anti-TNFα drugs
are prescribed for the following indications: (pediatric) Crohn's disease,
(pediatric) ulcerative colitis, rheumatoid arthritis, ankylosing spondy-
litis, psoriatic arthritis and plaque psoriasis. Not all drugs are available
for all indications in every country.

3.3. Identity of the test and its properties

Different analytical tests are available for quantification of anti-
TNFα MAb's. Usually, enzyme-linked immunosorbent assays (ELISAs)
are used. Other tests include homogeneous mobility shift assays
(HMSA) [18,19] and mass spectrometry (MS) based assays [20–22]. An
advantage of the HMSA and MS assays is that both the anti-TNFα MAb's
and anti-drug antibodies (ADA) can be measured and that potentially
all anti-TNFα MAb's can be quantified with the same assay. Currently,
however, these more novel assays are less suited for routine clinical use
due to the need of expensive analyzers and highly-specialized per-
sonnel.

Different ELISAs have to be used for all the different anti-TNFα
drugs, except for biosimilars, which can be measured with the same
assays as the innovator biologics [23]. Several ELISA kits are available

Box 1
Framework for a value proposition (based on [11]).

1. The unmet clinical need. This includes definition of the problem and the impact on clinical, operational and economic outcomes.
2. Patient population that will benefit. This includes e.g. gender, age and setting in which the problem arises.
3. Identity of the test and its properties. This includes the test name and the basic pathology with which it is associated, reference intervals or clinical decision cut-off values,

biological variation and expected analytical performance.
4. Test intervention utility. This includes screening, diagnosis, prognosis, risk stratification and/or monitoring.
5. Expected outcomes. This includes clinical, process and/or resource utilization.
6. Location where test is performed. This includes laboratory and/or point of care setting.
7. Quality of evidence available. This includes results from formal trials, observational studies, systematic review and meta-analysis.
8. Part(s) of the care pathway in which the test will be used.
9. Benefits / disadvantages to each of the stakeholders involved in delivering and receiving the care.
10. Potential limitations and risks associated that might be associated with introduction of the test, and a proposed mitigation strategy. This could be relevant to all of the

stakeholders and may cover clinical, operational and economic outcomes.
11. Resource/activity contributed by each of the service lines involved in the care pathway with and without the test intervention.
12. Statement of the reimbursement received for delivering the care pathway with and without (before and after) the test intervention.
13. A proposed implementation plan including the metrics for monitoring appropriate adoption.

Fig. 1. Infliximab (IFX) trough levels and antibodies-
to-infliximab (ATI) in a cohort of inflammatory
bowel disease patients. The therapeutic range of
3–7 μg/mL is depicted with the light grey rectangle.
The percentage of patients with IFX levels within,
below or above the therapeutic range are indicated.
ATI levels are shown with yellow, orange and red
bars (modified from reference [13]). (For inter-
pretation of the references to colour in this figure
legend, the reader is referred to the web version of
this article.)
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for each anti-TNFα MAb. It has to be noted that there is no standardi-
zation, so different kits may yield different drug concentrations [24,25].

Previously, we evaluated several commercially available ELISA kits
for infliximab (IFX) [24]. All kits tested were suitable for use on an
automated ELISA processor, so little hands-on time is required. We
found that the apDia IFX ELISA had the best analytical performance
with a within-run imprecision of ≤6.1%, a between-run imprecision of
≤7.1% and acceptable accuracy (80% < X < 120%) for all con-
centrations tested. It was also shown that the apDia IFX ELISA measures
higher levels than the three other ELISAs tested (Sanquin Diagnostics in
house, Lisa Tracker and Promonitor kits). This has to be taken into
account when dosing is adjusted using a therapeutic range (see below).

The desired therapeutic range for anti-TNFα therapy depends on the
anti-TNFα drug administered and on the disease type, disease severity,
complications (such as the presence of fistulas) and treatment goal
(clinical remission vs mucosal healing) [9]. Most research on ther-
apeutic ranges has been done for infliximab and adalimumab in in-
flammatory bowel disease (IBD) patients. Recently, an international
team of experts reached consensus on therapeutic trough levels for IBD
patients to obtain clinical remission, which were 3–8 μg/mL for in-
fliximab and 5–12 μg/mL for adalimumab [9]. Since different ELISA
assays measure different concentrations, the therapeutic range may
need to be (re)defined depending on the assay used [24].

3.4. Test intervention utility

Therapeutic drug monitoring (TDM) of anti-TNFα drug levels can be
applied as reactive TDM or as proactive TDM [26,27]. Reactive TDM
includes measurement of trough drug levels and ADA in response to
active disease or the occurrence of suspected side-effects and is done to
guide treatment changes. Proactive TDM includes measurement of
trough drug levels and ADA to guide ongoing maintenance treatment,
regardless of clinical performance. Recent evidence shows that higher
IFX levels during the start of treatment are associated with better
clinical outcome [28], but target concentrations are unknown. Results
from TDM (drug and ADA trough levels) are combined with the clinical
state of the patient to guide treatment. In 2017, algorithms for both
reactive and proactive TDM have been proposed (see Figs. 2 and 3) [9].

3.5. 3.5 Expected outcomes

3.5.1. I. Clinical effectiveness
Proactive monitoring and application of appropriate dose adjust-

ment are expected to significantly reduce the number of patients with
supra-therapeutic and sub-therapeutic anti-TNFα trough levels. This
potentially leads to less side-effects and immunization. Also, patients
who developed anti-drug antibodies (ADA) may be detected earlier and
therapy may be adjusted accordingly. By reactive monitoring, the cause
of disease worsening could be detected, leading to faster and more ef-
ficient therapy optimization. This, in turn, potentially leads to increased
quality of life for the patients.

We recently investigated infliximab drug trough levels in an IBD
(see Fig. 1) [13], and a rheumatic cohort [12]. In both cohort studies,
we found that about one-third of patients had supra-therapeutic IFX
levels, one-third had therapeutic IFX levels and one-third had sub-
therapeutic IFX levels. Half of the patients with sub-therapeutic levels
had detectable ADA. This indicates that current patient management is
ineffective and could possibly be greatly improved applying either re-
active or proactive TDM.

3.5.2. II. Cost effectiveness
Treatment optimization does not necessarily lead to overall cost

reduction, (although this could be the case, as suggested by several
studies [10,29–31]. However, it will make anti-TNFα therapy more cost
efficient by providing individualized care and thus more health gained
per euro spent. This could be due to reduced utilization of hospital

resources, e.g. due to reduced hospital stays, more optimal dosing of the
drug or adequate switching to other drugs if necessary. From our two
study cohorts [12,13], we estimate average yearly drug costs for
proactive trough-level based, individualized anti-TNFα therapy in the
Netherlands to be at maximum equally expensive as current generic
anti-TNFα dosing (data not shown). A recent review [32] that analyzed
seven studies comparing cost-effectiveness of empirical dose manage-
ment to TDM-based dosing reports major cost savings by using a TDM-
based strategy in IBD and RA patients without a negative impact on
efficacy. Two of those studies were RCT's, five were modeling studies.
Although all studies found that TDM was more cost efficient than em-
piric dose optimization, the amount saved depended on the underlying
disease, the clinical situation of the study population and the modeling
approaches used.

3.5.3. III. Broader impact
Individualized treatment of patients could lead to an increased

quality of life. For patients with supra-therapeutic levels, the interval
between anti-TNFα administrations can be extended. Finally, patients
on ‘drug holiday’ may stay in remission for prolonged periods without
receiving any treatment.

3.6. Location where the test is performed

Currently, measurement of drug and ADA levels is done in central
laboratories. Quick and quantitative point-of-care tests are emerging on
the market, but are not widely used yet. Those could also be suitable for
anti-TNFα therapy monitoring, if they include ADA measurements and
after appropriate clinical performance studies have been done.

3.7. Quality of evidence available

Currently, implementation of reactive and proactive TDM for anti-
TNFα drugs is debated in literature. Many retrospective and observa-
tional studies showed that anti-TNFα drug trough levels correlate with
clinical outcomes [5,6,33–41]. Prospective observational studies
[12,13] have shown that the majority of patients do currently not reach
levels within the proposed therapeutic concentration ranges. Thus,
many patients potentially benefit from TDM. Furthermore, simulation
studies [29,30] and randomized controlled trials [10,31,42] showed
that optimizing anti-TNFα therapy using TDM leads to better clinical
outcomes and is more cost-effective than empiric dose-escalation for
patients who have lost response to anti-TNFα therapy.

Only one randomized controlled trial (RTC) [10] and three ob-
servational studies [38,43,44] in patients with IBD showed that reactive
TDM was superior to empirical dose escalation or switching therapies,
while several other observational studies showed no clinical differences
[45,46]. One RCT showed that there was no difference in outcome
between reactive and proactive TDM for IBD patients [47], while an
observational study did show differences for infliximab but not for
adalimumab [48]. No RCTs or comparative observational studies have
been performed to evaluate the role of routine proactive TDM for
achieving remission. Indirect evidence can be derived from one RCT
(the TAXIT trial [42]), in which the therapy for IBD patients were
randomized to receive proactive TDM or no TDM during one year. This
trial showed that there was no difference between TDM and empiric
therapy optimization. However, in this study all patients were first
optimized by TDM to obtain trough levels within the therapeutic range
before randomization.

Despite the limited number of studies comparing TDM vs empiric
dose optimization a 2017 consensus statement [9] supports the im-
plementation of both reactive and proactive TDM, see Figs. 2 and 3.
Also, a guideline [26] and a technical review [27] of the American
Gastroenterological Association (AGA) recommend reactive TDM in
adults with active IBD and, due to a knowledge gap, makes no re-
commendation regarding the use of routine proactive TDM in patients
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with quiescent IBD [26].

3.8. Part(s) of the care pathway in which the test will be used

Monitoring of anti-TNFα therapy can be used in each patient po-
pulation that may be treated with anti-TNFα MAb's, as described in
section 3.2. Monitoring is part of the pharmacological treatment of
these patients, mainly in the outpatient setting.

3.9. & 3.10 Benefits / disadvantages / risks to each of the stakeholders

The patient. The main potential benefit to the patient is earlier or
longer remission times using a personalized dosing approach. The pa-
tient is assured that an adequate dose is administered, which may be
lower or higher than the standard dose, and that infusion of anti-TNFα
is stopped timely once loss of response or prolonged complete remission
occurs.

The physician / pharmacist. Both enable the implementation of
personalized medicine. A disadvantage to the physician / pharmacist
might be that anti-TNFα level-based administration schemes are more
time consuming. In a health care system that is financed based on ac-
tivities, extra activities are a source of income for the care provider.

The laboratory. Laboratory medicine facilitates personalized drug
therapy by measuring drug and ADA levels. Depending on how a la-
boratory is financed, testing may pose a financial burden or be a source
of income.

Health care institution. In case anti-TNFα is purchased by and ad-
ministered in a hospital or private practice, finances and resources (e.g.
beds and nurses) are used more efficiently. If the institution is financed

based on activities, day clinic visits and thus income may decrease. If
the institution receives a fixed price to deliver care to a certain patient
category regardless of the number of visits, expenses may be saved. The
increased costs experienced by clinical laboratories as a consequence of
TDM activities might be balanced within the same institution by re-
duced treatment costs.

Insurers. Insurers providing reimbursement for anti-TNFα therapies
are certain that patients receive effective pharmacotherapy, because
under- and over-dosing are minimized. Anti-TNFα testing incurs extra
costs. Personalized treatment may increase or decrease costs spent on
the drug.

3.10. Resource/activity contributed by each of the service lines involved in
the care pathway with and without the test intervention

If anti-TNFα based drug-dosing is taken into clinical practice, la-
boratories have to validate anti-TNFα and ADA tests and establish
therapeutic ranges for the anti-TNFα test chosen and either should
implement drug and ADA measurements in routine practice or send
samples to other specialized laboratories. Per treatment regimen, the
physician and pharmacist have to agree on a reactive or proactive
monitoring regime and on treatment algorithms, for example as shown
in Figs. 2 and 3. For every individual patient, physician and pharmacist
have to invest extra time to interpret drug and ADA levels for all pa-
tients before every infusion.

The nurse has to withdraw blood from patients before every infu-
sion, physicians have to explain the new treatment regime to each
patient. All care givers and the institution have to agree on how the
additional costs for laboratory tests are financed and how potentially

Fig. 2. Proposed treatment algorithm for reactive TDM in inflammatory bowel disease (IBD) patients experiencing bowel symptoms while on anti-TNFα treatment. ADA,
anti-drug antibodies; IBS, irritable bowel syndrome; IMM, immunomodulators; TDM, therapeutic drug monitoring; TL, trough level. Figure reprinted with permission
from (9).
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changing drug costs are handled. Finally, the caregiver has to agree
with the insurer on reimbursement.

3.11. Statement of the reimbursement received for delivering the care
pathway with and without (before and after) the test intervention

Introduction of TDM for anti-TNFα therapies leads to more la-
boratory testing to determine drug levels and ADA, leading to higher
costs for testing. Health care professionals have to invest more time per
drug prescription. Depending on the reimbursement system, this could
lead to higher costs of income for the laboratory and/or hospital.
However, costs for performing TDM are several fold lower than the
anti-TNFα therapy itself. It is expected that on average the test costs are
(over)compensated by savings through optimized therapy resulting
from TDM, i.e. less anti-TNFα therapies being administered and less
hospital visits.

3.12. A proposed plan for implementation and monitoring

As a first step, the caregivers must choose between proactive of
reactive monitoring. Proactive routine measurement of anti-TNFα drug
concentrations could be combined with already existing routine check-
ups for patients. Once or twice a year, blood is drawn just before ad-
ministration of the anti-TNFα drug. Anti-TNFα and, if indicated by low
anti-TNFα concentration, ADA levels are measured. During the next
outpatient visit to the physician or consultation by phone, test results
are discussed. If warranted by the test results, anti-TNFα dose adjust-
ment or other pharmacological changes are made.

Reactive TDM means that anti-TNFα drug concentrations are only
measured when a patient experiences increased disease activity.
Treatment algorithms need to be developed for proactive an reactive
monitoring, see Figs. 2 and 3 for examples in inflammatory bowel

disease.
Objective criteria for successful implementation of an algorithm-

based dosing regimen should be established and tested. In case of
proactive monitoring, a metric for appropriate adoption would be the
percentage of patients that has trough levels measured after induction
therapy. Metrics for both monitoring strategies would be the percentage
of patients within desired ranges at introduction of the monitoring
protocol and after e.g. 6 months. After successful implementation, one
would expect the percentage of patients within the desired ranges to be
markedly increased.

4. Discussion

The clinical care pathway is central to the value proposition as it
describes the complete care process for a particular condition in a
specific group of patients, including the use of a laboratory test (11).
This discriminates the value proposition from consensus statements that
only weigh medical evidence for a care pathway involving a laboratory
test. The purpose of this study was to develop a value proposition for
therapeutic drug monitoring (TDM) of anti-TNFα drugs.

Addressing the clinical questions in the framework showed that data
from randomized controlled trials (RCT's) concerning TDM of anti-
TNFα drugs are limited, and that almost all available data are derived
from observational and modeling studies. The observational, retro-
spective and modeling studies support TDM of anti-TNFα drugs in
clinical practice. From existing evidence, it is very likely that quanti-
tation of anti-TNFα drug levels leads to more effective and efficient
anti-TNFα treatment and faster treatment optimization [2,9,27,31,32].
A choice that needs to be made is whether a reactive of proactive
monitoring regime is applied to individual patients. The choice may
partly depend on history of disease and patient preference. The litera-
ture and our own experience (Fig. 1) show that a large percentage of

Fig. 3. Proposed treatment algorithm for proactive TDM in inflammatory bowel disease (IBD) patients on anti-TNFα treatment. ADA, anti-drug antibodies; IMM, im-
munomodulators; TDM, therapeutic drug monitoring; TL, trough level. Figure reprinted with permission from(9).
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patients has anti-TNFα trough levels outside of the desired range.
Therefore, we suggest to perform anti-TNFα monitoring at least after
anti-TNFα agent induction, followed by dose adjustment (if indicated),
and whenever a patient experiences symptoms of disease relapse while
under anti-TNFα treatment. The latter is according to the reactive
monitoring regime suggested in reference 9 and shown in Fig. 2. A
personalized care approach, as just described, maximizes the gain in a
patient's health in relation to the total amount of money spent.

The costs for TDM may vary between countries. On estimate, a
measurement costs 30 to 50 euro if performed in-house using an ELISA
kit, depending on whether only anti-TNFα concentration or also ADA
need to be measured. In any case, the cost of one dose of anti-TNFα
drug is several fold higher, in the Netherlands currently about
2000–2500 euro for an average dose of Remicade. Taken together with
the high percentage of trough levels outside of the desired range, this
illustrates that TDM is expected to be cost-efficient, since a large pro-
portion of anti-TNFα doses can be adjusted. Although not (yet) backed-
up by study results as these studies are difficult to perform, one would
expect that more adequate dosing leads to lower incidence of ATI, less
side-effects, longer periods in remission and thus better quality of life
for the patient at lower treatment costs.

Target trough levels of anti-TNFα depend on the disease treated, but
also on the test kit used for anti-TNFα measurement. So, communica-
tion between the laboratory and the physician/ pharmacist about the
correct trough concentration is essential and we suggest that disease-
specific trough ranges are reported together with a test result. In ad-
dition, caregivers should agree on treatment algorithms that take into
account trough levels, clinical history, patient preferences, medication
and symptoms of disease, e.g. as shown in Figs. 2 and 3, to assure
standardized clinical practice.

While TDM of anti-TNF antibodies is a multi-disciplinary effort, it
could well be initiated by laboratories and/or departments of clinical
pharmacy since they are central in respectively providing suitable
analytical and trough level information and giving an optimal dosing
advice. We believe that the data provided in this report enable labor-
atorians to offer to caregivers and patients a proposition that is based on
added medical value.
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