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ABSTRACT
The objectives of this review were to collect and 
summarise evidence on therapeutic drug monitoring 
(TDM) of biopharmaceuticals in inflammatory rheumatic 
and musculoskeletal diseases and to inform the EULAR 
Task Force for the formulation of evidence-based points 
to consider. A systematic literature review (SLR) was 
performed, covering technical aspects and (clinical) utility of 
TDM, to answer 13 research questions. MEDLINE, Embase 
and Cochrane were searched until July 2020. American 
College of Rheumatology and EULAR abstracts were also 
considered for inclusion. Data were extracted in evidence 
tables and risk of bias assessment was performed. For the 
search on technical aspects, 678 records were identified, 
of which 22 papers were selected. For the clinical utility 
search, 3846 records were identified, of which 108 papers 
were included. Patient-related factors associated with 
biopharmaceutical blood concentrations included body 
weight, methotrexate comedication and disease activity. 
The identification of a target range was hampered by study 
variability, mainly disease activity measures and study type. 
Evidence was inconsistent for multiple clinical situations in 
which TDM is currently applied. However, for some particular 
scenarios, including prediction of future treatment response, 
non-response to treatment, tapering and hypersensitivity 
reactions, robust evidence was found. There is currently no 
evidence for routine use of proactive TDM, in part because 
published cost-effectiveness analyses do not incorporate 
the current landscape of biopharmaceutical costs and 
usage. This SLR yields evidence in favour of TDM of 
biopharmaceuticals in some clinical scenarios, but evidence 
is insufficient to support implementation of routine use of 
TDM.

INTRODUCTION
Therapeutic drug monitoring (TDM) has 
been suggested as a clinical tool to opti-
mise treatment with biopharmaceuticals in 

rheumatology. TDM refers to the principle 
of using biopharmaceutical blood concen-
trations and, optionally, antidrug antibodies 
(ADAbs) to optimise treatment for an indi-
vidual patient, based on the assumption of a 
definable relation between dose and biophar-
maceutical blood concentration and between 
concentration and therapeutic effects. TDM is 
usually applied to small molecular drugs with 
a narrow therapeutic window and potentially 
severe toxicity.1 2 However, there is expanding 
interest in TDM for biopharmaceuticals to 
enable a more tailored and personalised 
treatment approach to prescribing these 
expensive drugs.3 4

Key messages

	⇒ Therapeutic drug monitoring (TDM) refers to the 
principle of using biopharmaceutical blood concen-
trations and, optionally, antidrug antibodies to opti-
mise treatment for an individual patient.

	⇒ Guidance for the application of TDM of biopharma-
ceuticals in rheumatology practice is lacking since 
robust studies comparing TDM with current standard 
care are scarce.

	⇒ Although the identification of a target range for 
biopharmaceutical blood concentrations is ham-
pered by study variability and fixed dosing of bio-
pharmaceuticals, we identified clear demographic, 
treatment-related and disease-related factors 
that are associated with biopharmaceutical blood 
concentrations.

	⇒ There is currently insufficient evidence for the rou-
tine use of proactive TDM; however, reactive TDM 
should be considered in some specific clinical 
situations.  on A
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There are several basic principles that should be met to 
support the usefulness of TDM of biopharmaceuticals in 
rheumatic diseases.5 First, there should be a variability in 
biopharmaceutical blood concentration among patients; 
second, a relation between blood concentration and clin-
ical response should be present; and third, either low 
or high blood concentrations might result in clinically 
meaningful situations for patients treated with biophar-
maceuticals, such as decreased efficacy, side effects or an 
increased risk of immunogenicity. These principles are 
among the focus in the current study.

Observational data have suggested a rationale for 
TDM of biopharmaceuticals by demonstrating large 
variations in serum concentrations between individuals 
on standard dosing, as well as a concentration–effect 
relationship.6–12 Although TDM has shown promise as a 
potential strategy to personalise treatment, several chal-
lenges remain and, in rheumatology, the use of TDM of 
biopharmaceuticals is still controversial.13 14 Randomised 
clinical trials addressing the effectiveness of TDM are 
lacking in rheumatology; hence, the clinical benefit and 
cost-effectiveness remain uncertain. Furthermore, thera-
peutic blood concentration ranges and minimal effective 
concentrations of biopharmaceuticals that are essential 
to guide TDM in daily practice remain largely undefined. 
Finally, guidance for application of TDM in clinical 
rheumatology practice is lacking. To provide such guid-
ance, many unanswered questions must be elucidated, 
for example: what assay(s) should be used to measure 
biopharmaceutical blood concentrations and ADAb? in 
which situations can TDM be applied in clinical practice? 
what is the optimal blood concentration?

The aim of this systematic literature review (SLR) 
was to inform the EULAR Task Force for the formula-
tion of the first evidence-based points to consider on 
TDM of biopharmaceuticals in inflammatory rheumatic 
and musculoskeletal diseases (RMDs). To this end, we 
assessed the current evidence on TDM of biopharmaceu-
ticals in rheumatology, with respect to technical aspects, 
clinical utility, as well as aspects relevant for interpreta-
tion of results and implementation.

METHODS
For this SLR, two searches were performed in accord-
ance with the EULAR standardised operating proce-
dures (SOPs),15 one on the technical aspects of TDM and 
one on the (clinical) utility of TDM. Inclusion criteria 
for both searches were literature published until July 
2020 that was found through MEDLINE, Embase and 
Cochrane; relevant international congress abstracts from 
2018, 2019 (American College of Rheumatology (ACR) 
and EULAR) and 2020 (EULAR); English, Spanish, 
Dutch or French language (as spoken by the authors); 
and all study designs. Additionally, the search on clinical 
aspects and utility was confined to adult patients with 
rheumatoid arthritis (RA) and spondyloarthritis (SpA) 
including psoriatic arthritis (PsA). Exclusion criteria 

were case reports on single patients, grey literature such 
as theses or reports from specific healthcare organi-
sations, and congress abstracts other than from ACR/
EULAR congresses. The search on the clinical aspects 
and utility of TDM was extended with a specific search 
for research questions (RQs) 6 and 8 (box 1) since these 
were more exploratory RQs and we might have missed 
relevant evidence without this additional search (online 
supplemental file 1 and figure 1B). Thirteen RQs were 
formulated and approved by the entire Task Force 
(box 1) during its first meeting. These RQs were struc-
tured and framed according to the EULAR SOP. Search 
terms (online supplemental file 1) were formulated with 
the help of experienced librarians.

Rayyan software was used to organise the different 
phases of the SLR.16 All identified records were imported 
in Rayyan and duplicates were removed. Title and abstract 
screening, followed by full-text reading, was performed in 
pairs. Arguments for exclusion were recorded. The Task 

Box 1  Research questions

Technical aspects of TDM
1.	 Are the results of different assays for biopharmaceutical blood con-

centration measurement comparable?
2.	 Are assays for detecting ADAbs comparable?
Clinical utility and relevant aspects for interpretation of results of TDM
3.	 What is the association between biopharmaceutical blood concen-

trations and disease activity?
4.	 What is the optimal target range, on group level, for each individual 

biopharmaceutical for each disease (RA, axSpA and PsA)?
5.	 Which factors influence biopharmaceutical blood concentrations?
6.	 What are the requirements to interpret biopharmaceutical blood 

concentrations?
7.	 What is the clinical utility of TDM compared to standard clinical 

care with regard to outcome?
8.	 In which clinical situations could TDM influence clinical decision 

making?
	– To predict outcome in patients in remission or with low disease 

activity who taper or discontinue biopharmaceutical treatment.
	– To predict successful dose escalation in the case of biopharma-

ceutical treatment failure.
	– To predict response to the subsequent biopharmaceutical treat-

ment when switching between biopharmaceuticals (in case of 
treatment failure).

	– Early prediction of a later response to a biopharmaceutical.
	– To predict persistence of a flare.
	– To reduce overexposure to minimise infection risk.

9.	 In which situations should ADAbs be measured?
10.	 What are the incremental costs and consequences (benefits and 

harms) of TDM compared to standard practice?
11.	 What factors have been identified to influence cost-effectiveness 

of TDM?
12.	 What evidence is available on patient perspectives regarding ac-

ceptability and preferences of TDM?
13.	 What evidence is available on clinicians’ perspective regarding ac-

ceptability and preferences?

ADAb, antidrug antibody; axSpA, axial spondyloarthritis; PsA, psoriatic arthritis; 
RA, rheumatoid arthritis; TDM, therapeutic drug monitoring.
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Figure 1  (A) Flowchart of selected article search on technical aspects of TDM. (B) Flowchart of selected articles search on 
clinical utility of TDM. (C) Flowchart selected of Congress Abstracts (abstracts from ACR and EULAR congresses 2018 and 
2019 and EULAR 2020 Congress were considered for inclusion). ACR, American College of Rheumatology; TDM, therapeutic 
drug monitoring.
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Force checked the list of papers and abstracts included 
for correctness and completeness and could add rele-
vant papers not retrieved during the search. Addition-
ally, snowballing was performed. Details on the search 
strategy are displayed in figure 1A–C.

Data were extracted from eligible papers using a 
standardised extraction form and listed in summary of 
evidence tables (see online supplemental file 2) by one 
reviewer and checked by a second reviewer. Disagree-
ment between the reviewers was discussed with the 
methodologists.

Risk of bias assessment of individual studies was 
performed using the A Measurement Tool to Assess 
Systematic Reviews 2 for systematic reviews,17 Cochrane 
Risk of Bias 2 tool for randomised controlled trials 
(RCTs),18 the Quality in Prognosis Studies tool19 and 
the Newcastle-Ottowa Scale for observational (cohort 
and case–control) studies,20 the Quality Assessment of 
Diagnostic Accuracy Studies21 for diagnostic studies 
and the Consensus on Health Economic Criteria22 for 
economic evaluations (online supplemental files 2 and 
3). Preferred Reporting Items for Systematic Reviews and 
Meta-analyses reporting guidelines were followed.

RESULTS
Technical aspects of TDM
Biopharmaceutical blood concentration measurements (RQ 1)
Several assay formats are available to measure biophar-
maceutical blood concentrations, of which ELISA is the 
most widely used. In total, 20 studies were identified that 
compared two or more formats for biopharmaceutical 
blood concentration measurement.23–42 In 12 studies, 
agreement between different assay formats and ELISA 
formats was investigated.23–27 29 34 36 37 40–42 There are two 
types of ELISAs available: direct ELISA, characterised 
by non-specific detection of the analyte, and sandwich 
ELISA, characterised by specific detection of the analyte. 
In studies where these ELISA formats were compared, 
a good correlation between them was shown (corre-
lation coefficients >0.9).26 27 29 40 41 Other assay formats 
also correlated well with ELISA. In four studies, ELISA 
was compared with homogenous mobility shift assay 
(HMSA).23 25 37 42 Four studies compared reporter gene 
assay (RGA) with ELISA, with conflicting results.24 29 34 37 
Furthermore, the measurement of biopharmaceutical 
blood concentrations was comparable between ELISA 
and radioimmunoassay (RIA) and also between ELISA 
and immunofluorometric assay (IFMA), showing an 
agreement of 80%–98%.34 36 RGA correlated weakly with 
HMSA and with liquid chromatography–mass spectrom-
etry (LC-MS/MS) assay, RGA correlated well with RIA 
and was less comparable to IFMA.33 34 36 38 Lastly, LC-MS/
MS correlated well with an electrochemiluminescence-
based assay.32

Overall, ELISAs intercorrelate well and also 
correlate well with other assay formats, although some 
studies reported modest discrepancies in absolute 

biopharmaceutical blood concentrations. Correlation 
between other assay types is less well studied and weaker 
in some cases.

Regarding point-of-care tests, two types were widely 
studied, namely, Quantum Blue and lateral flow assay. 
Both showed a good correlation with ELISA in seven 
observational studies.27 28 30 31 35 39 41 In one study, both 
point-of-care methods are compared with each other and 
demonstrate good correlation.41

Detection of ADAb (RQ 2)
Interpretation of ADAb detection is less straightfor-
ward due to expression of different arbitrary units and 
different cut-off values. Furthermore, the presence of 
the biopharmaceutical in serum interferes with ADAb 
measurement, depending on the assay used. Therefore, 
the search was confined to drug-sensitive assays, which is 
relevant for clinical practice. With these assays, ADAb are 
solely detectable when there is very low/no concentra-
tion of biopharmaceutical present in the serum sample 
and, therefore, where they are potentially interfering 
with clinical efficacy. In contrast, drug-tolerant assays 
detect (sometimes transient) ADAb, even in the presence 
of circulating biopharmaceuticals, and are therefore less 
relevant for clinical practice. Five studies compared assays 
used for the detection of ADAb.24 36 37 43 44 All studies 
compared ELISA with RGA and, except for one study,24 
measurements were comparable (correlation coefficients 
>0.8); however, absolute levels were not directly compa-
rable between assays. ELISAs were additionally compared 
with enzyme immunoassay, surface plasmon resonance 
and other ELISA formats, with a high correlation.36 43 44

Clinical utility and relevant aspects for interpretation of 
results of TDM
Disease activity and biopharmaceutical blood concentrations (RQ 
3)
The relationship between biopharmaceutical blood 
concentration and treatment outcome has been 
described in prospective observational studies and post 
hoc analyses of RCTs.10 12 45–85 Study duration is gener-
ally up to 1 year, and treatment outcomes vary widely. 
On a population level, higher biopharmaceutical 
blood concentrations correlated with better treatment 
outcome and/or lower disease activity. Evidence is most 
robust for tumour necrosis factor (TNF) inhibitors in 
RA (adalimumab/infliximab/etanercept) and axial 
spondyloarthritis (axSpA) (adalimumab/etanercept/
golimumab).10 12 45–49 55 62–68 77 81–86 A clear relationship 
between infliximab blood concentrations and disease 
activity has not been demonstrated in axSpA, and for 
other biopharmaceuticals, especially in PsA, data are 
limited or lacking.69 70 72–75

Therapeutic range of biopharmaceutical blood concentrations (RQ 
4)
Although there is a large interindividual variation in 
biopharmaceutical blood concentrations in patients 
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treated with a standard dose of a biopharmaceutical, 
available literature represents population-level data that 
cannot directly be translated to individual patients. In 
the absence of individual patient data, literature was 
searched for population-level biopharmaceutical blood 
concentrations that discriminated between response to 
treatment or remission and non-response or no remis-
sion for each biopharmaceutical for each indication 
(table 1).6 9 11 12 47 52–56 63 64 66–68 75–77 80 82 84 87–96 There is 
a lack of pharmacokinetic/pharmacodynamic model-
ling studies and pharmacokinetic dose-finding studies 
that identify the minimal effective blood concentration 
or drug dose to achieve a certain treatment outcome in 
individual patients. The evidence available consists of 
mainly observational studies, indicating a therapeutic 
association between disease activity and biopharmaceu-
tical blood concentration on a group level, using mainly 
standard dosing of therapy. Quality and quantity of the 
data contributing to the ranges in table 1 varied between 
drugs and conditions. For etanercept, blood concentra-
tions tend to be lower and vary less widely (ie, 0–6 µg/
mL) compared with blood concentrations of mono-
clonal anti-TNF antibodies.53 54 56 67 68 75 82 89 93 Several 
studies failed to identify a target blood concentration 
range of etanercept, irrespective of the disease.56 68 75 93 In 
other studies, cut-off values ranged widely from approx-
imately 1.0 µg/mL to 3.1 µg/mL. Because of incompa-
rable study designs, no target range was identified for 

infliximab.53 54 67 82 89 For other biopharmaceuticals, data 
contributing to the identification of a target concentra-
tion are not available.

Factors that influence biopharmaceutical blood concentrations 
(RQs 5 and 6)
Factors that influence biopharmaceutical pharmacoki-
netics and/or interpretation of blood concentrations 
were reviewed in order to provide guidance on aspects 
that should be considered to be provided on request 
forms and when interpreting test results or providing 
advice. These aspects are related to patient, disease, biop-
harmaceuticals and technology.

Duration of therapy
It has been shown that infliximab trough blood concen-
trations are higher during the induction phase compared 
with the maintenance phase of treatment.49 90 97 For most 
other biopharmaceuticals in rheumatology, there is no 
induction phase. Intrapatient variability of consecutive 
infliximab blood concentration and ADAb measurement 
is low, as shown in patients with RA with stable disease 
activity on two consecutive measurements.85

Timing of sampling (trough vs non-trough)
In an effort to standardise sampling and to theoretically 
aid interpretation of results, samples for biopharmaceu-
tical blood concentrations are often collected as trough. 

Table 1  Population-based blood concentration ranges that are associated with clinical response, per biopharmaceutical and 
disease

Drug Rheumatoid arthritis Axial spondyloarthritis Psoriatic arthritis

ADA ~>8 µg/mL: remission (DAS-28 <2.6)
~>2 µg/mL: LDA (DAS-28 <3.2)
<1 µg/mL: no response
Range: 2–8 µg/mL11 52–56 66 77 87 88 93

~8 µg/mL: major improvement (ΔASDAS 
≥2.0)
~5 µg/mL: low disease activity
~2.5 µg/mL: clinical improvement 
(ΔASDAS ≥1.1)
Range: 2.5–8.0 µg/mL9 63–65 95

>1 µg/mL: clinical efficacy*
>4 µg/mL: optimal efficacy*
Range: 1–8 µg/mL75 96

ETN Range: inconclusive53 54 56 82 89 93 Range: inconclusive67 Range: inconclusive75

IFX Induction phase (week 6): ≥2.5 µg/mL: 
response
Maintenance phase: >1 µg/mL: LDA (DAS-
28 <3.2)
Range: inconclusive
47 56 68 75 84 90 93

No data No data

GLM Range: >1 µg/mL80 0.7–1.4 µg/mL: clinical improvement 
(ΔASDAS ≥1.1)
Range: >1 µg/mL12 80

Range: >1 µg/mL80

CZP 23–28 µg/mL: remission (DAS-28 <2.3)
Range: 20–39.9 µg/mL (largest 
improvement in DAS-28)76 91 92

Range: 20–39.9 µg/mL (largest 
improvement in ASDAS)76

Range: 20–39.9 µg/mL (largest 
improvement in DAS-28)76

TCZ Intravenous: >1 µg/mL: DAS-28 ≥1.2 
improvement
Range: >1 µg/mL6

Subcutaneous: range: inconclusive94

NA NA

DAS-28: either erythrocyte sedimentation rate or C reactive protein.
*No clear definition of clinical or optimal efficacy with regard to disease activity measurement outcome.
.ADA, adalimumab; ASDAS, Ankylosing Spondylitis Disease Activity Score; CZP, certolizumab pegol; DAS-28, Disease Activity Score in 28 Joints; 
ETN, etanercept; GLM, golimumab; IFX, infliximab; LDA, low disease activity; NA, not applicable; TCZ, tocilizumab.
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However, little evidence exists for the importance of 
trough sampling, compared with random sampling, of 
subcutaneous biopharmaceuticals. In addition, whether 
trough or peak concentrations or area under the concen-
tration curve correlates best with clinical response is 
unknown. With subcutaneous administered therapeutic 
monoclonal antibodies, there is little variance in concen-
trations during steady state. For adalimumab-treated 
patients with RA, a weak inverse association was found 
between the blood concentration and the number of 
days after the previous injection.98 This could not be 
confirmed in a second study that showed comparable 
blood concentrations of adalimumab at peak, interme-
diate and trough timing of sampling.52 For etanercept-
treated patients, trough blood concentrations were 
significantly lower than peak and intermediate blood 
concentrations.52

Route of administration
Abatacept and tocilizumab are biopharmaceuticals avail-
able as intravenous and subcutaneous formulations. 
Three out of four studies with these agents (subanalyses 
of RCTs) showed numerical (no statistics performed) 
differences in blood concentrations, with higher trough 
concentrations for the subcutaneous formulations.94 99–101

Dosing (interval)
Data for adalimumab and etanercept showed that 
changing the dosing interval influences blood concen-
trations. In patients with RA treated with adalimumab, 
median blood concentrations dropped from 10.6 µg/mL 
to 6.0 µg/mL with interval prolongation from once every 
2 weeks to once every 3 weeks.7 In patients in whom the 
adalimumab dose was increased to once a week because 
of non-response to treatment, median blood concen-
trations increased from 2.0 µg/mL to 15.0 µg/mL.10 In 
patients with either RA, axSpA or PsA treated with etaner-
cept, median blood concentrations decreased from 1.50 
µg/mL to 0.46 µg/mL after interval prolongation from 
once a week to every fortnight.102 Comparable results 
were observed in infliximab-treated patients with RA. 
Here, both dose and interval correlated with infliximab 
trough concentrations during the maintenance phase 
of treatment.8 103 For example, with a 100 mg increase in 
dose, the trough blood concentration increased from 0.8 
µg/mL to 1.8 µg/mL, whereas shortening the interval 
from 8 weeks to 6 weeks in patients receiving 3 mg/kg 
infliximab increased the trough blood concentration 
from 0.8 µg/mL to 2.8 µg/mL.8 For abatacept and tocili-
zumab, higher dosages (5 mg/kg vs 10 mg/kg and 4, 6 
or 8 mg/kg, respectively) resulted in consistently higher 
trough blood concentrations when dosing intervals 
remained constant.104 105

Immunogenicity of biopharmaceuticals
Immunogenicity is an important pharmacodynamic 
factor in treatment with most biopharmaceuticals, espe-
cially with therapeutic monoclonal antibodies. There 

is evidence for the association of low biopharmaceu-
tical blood concentrations with the presence of ADAb 
detected using a drug-sensitive assay for all anti-TNF 
therapeutic monoclonal antibodies, certolizumab pegol, 
sarilumab and rituximab.10 51 53 56 63 65 67 71 76 91 96 106–116 
For tocilizumab and other biopharmaceuticals such as 
secukinumab or ixekizumab, there are some data avail-
able; however, data in these papers were presented with 
insufficient amount of detail to properly extract these 
from the papers. Receptor constructs such as etanercept 
and abatacept do not appear to be immunogenic.

Body weight or body mass index (BMI)
In tocilizumab-treated patients, blood concentrations 
were lower in patients with higher body weight, both 
for intravenous and subcutaneous formulations.58 94 105 
In patients treated with abatacept subcutaneously, over-
weight (BMI 25–30 kg/m2) and obese (BMI >30 kg/m2) 
patients had numerically lower blood concentrations 
compared with patients with normal BMI.117 For adali-
mumab and etanercept, patients with higher BMI, espe-
cially  >30 kg/m2, had lower biopharmaceutical blood 
concentrations.55 56 67 68 81 83 107

Concomitant medication
Patients with RA or PsA cotreated with adalimumab 
and methotrexate had higher biopharmaceutical blood 
concentrations compared with patients treated with adal-
imumab monotherapy.11 55 96 118–120 In patients with axSpA 
treated with infliximab, results were contradictory.121 122

Inflammation parameters
Biopharmaceutical blood concentrations were inversely 
associated with pretreatment C reactive protein (CRP) 
levels and/or erythrocyte sedimentation rate (ESR) in 
patients treated with infliximab, adalimumab, etaner-
cept, golimumab and rituximab.9 49 50 75 81 82 116 123

Rheumatoid factor and anticyclic citrullinated peptide (CCP) 
antibodies
In infliximab-treated patients with RA, the presence of 
high titres of both rheumatoid factor and anti-CCP was 
associated with lower infliximab blood concentrations 
during both the induction as well as the maintenance 
phase of treatment, compared with patients with low 
levels of both.103 It was speculated that high titres might 
reflect an enhanced humoral immunity with increased 
risk of ADAb development and subsequent lower biop-
harmaceutical blood concentrations. Another study 
could not confirm this association.82

Proactive TDM (RQ 7)
Proactive TDM refers to regular, scheduled testing 
and subsequent dose adaptations guided by a thera-
peutic range, irrespective of the clinical situation. Only 
the Norwegian Drug Monitoring (NOR-DRUM) trial 
compared TDM to standard care in an RCT in patients 
with inflammatory diseases; part A was included in this 
SLR as a EULAR congress abstract.124 This study focusses 
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on the induction phase of treatment with infliximab 
and compares TDM to standard care in the achieve-
ment of remission after 30 weeks of treatment. Patients 
with different immune-mediated inflammatory diseases 
were enrolled, including RA, PsA and SpA. TDM was not 
superior to standard care, although a reduced number 
of infusion-related reactions were observed with TDM. 
The authors conclude that TDM is not indicated in the 
induction phase of treatment with infliximab. Results 
of the maintenance phase (NOR-DRUM B) and cost-
effectiveness analyses were not available within the search 
period of this SLR.

Several observational studies addressed proactive TDM. 
Only one study included sufficient data for this SLR; 
however, it was a small study and lacked a standard care 
comparator.79 In 32 patients with SpA treated with inflix-
imab, knowledge of blood concentration altered treat-
ment decisions in 31% of patients but with no apparent 
influence on subsequent disease activity.

Prediction of response to treatment (RQ 8D)
In eight observational studies, the predictive value of 
early biopharmaceutical blood concentration meas-
urement for later treatment response was investi-
gated.56 63 76 82 84 90 97 122

Higher week 6 (cut-off ranging from 2.5 µg/mL to 
4.4 µg/mL) and week 14 infliximab trough blood concen-
trations (cut-off ranging from 4.7 µg/mL to 6.7 µg/mL) 
were predictive of better treatment response at 6 and 
12 months in RA or axSpA.84 90 97 122 Adalimumab blood 
concentrations of <3.3 µg/mL at week 2 or  <4.3 µg/
mL at week 4 were predictive of week 12 non-response 
in axSpA.63 In RA, adalimumab blood concentrations 
of <5 µg/mL 3 months after initiation of treatment were 
predictive of 12 months of EULAR non-response.56 For 
etanercept, contradictory results were found in RA. In a 
study including 171 etanercept-treated patients, 3 month 
blood concentrations did not predict response at 12 
months, whereas a study of 19 female patients suggested 
a concentration of  ≥3.1 µg/mL at 3-month predicted 
response at 6 months.56 82 In certolizumab treated 
with RA, axSpA or PsA, 3 month blood concentrations 
of ≥20 µg/mL were associated with response to treatment 
after 6 months.76

Reactive TDM (RQ 8A–C and E and F)
Reactive TDM refers to testing triggered by particular 
clinical scenarios. The Task Force predefined five situa-
tions for which evidence was searched.
1.	 To predict outcome in patients in remission or with low dis-

ease activity who taper or discontinue treatment. Six stud-
ies addressed this situation, one in axSpA and five in 
RA.7 52 66 125–127 In a small study in axSpA, numerical-
ly more patients with suboptimal golimumab blood 
concentrations (<0.7 µg/mL) before tapering had 
a disease flare after tapering.127 In RA, a modelling 
study with tocilizumab suggested no added benefit of 
TDM-guided tapering, with flare rates comparable to 

empirical dose tapering.125 In a post hoc analysis of 
an RCT in which patients with RA were randomised 
to discontinue adalimumab, trough concentrations 
did not predict patients that flared after discontinu-
ation.126 In another RCT, in which patients with RA 
with high adalimumab blood concentrations were ran-
domised to dose interval prolongation or continua-
tion of treatment every 2 weeks, interval prolongation 
did not increase flare rate.7 In another study combin-
ing data from post hoc analyses of an RCT and an ob-
servational study, no predictive value of adalimumab, 
etanercept or infliximab blood concentrations for 
successful discontinuation or dose reduction could be 
demonstrated, except for a subset of patients with high 
adalimumab blood concentrations (cut-off  >7.8 µg/
mL) and a small inverse association between lower 
etanercept concentration (cut-off  <2.6 µg/mL) and 
successful dose de-escalation.52 In a further observa-
tional study, patients with RA who remained in re-
mission or in a state of low disease activity after dose 
halving of adalimumab had significantly higher adali-
mumab blood concentrations compared with those 
who flared, with a baseline cut-off of 6.4 µg/mL for 
persistent remission and 1.9 µg/mL for persistent low 
disease activity.66

2.	 To predict successful dose escalation in case of biopharmaceu-
tical treatment failure. In four observational studies and 
one post hoc study of an RCT, TNF-inhibitor blood 
concentration measurement did not predict success-
ful dose escalation in cases of clinical non-response in 
patients with RA or SpA.79 128–131 Biopharmaceutical 
blood concentrations were similar prior to dose esca-
lation in patients who did or did not respond to dose 
escalation.

3.	 To predict subsequent response when switching between bio-
pharmaceuticals (in case of treatment failure). Results from 
eight studies on subsequent response to treatment 
after switching from one to another biopharmaceuti-
cal in case of low blood concentrations or presence 
of ADAb were conflicting.132–139 In three observational 
RA studies, ADAb at time of infliximab failure did not 
predict success of subsequent adalimumab or etaner-
cept treatment.137–139 However, two other observation-
al studies in RA and SpA suggested that ADAb predict-
ed successful switching from a first to a second TNF 
inhibitor.135 136 In two studies, both biopharmaceutical 
blood concentrations and ADAb were measured; these 
studies showed conflicting results.132 134 In a study in-
cluding adalimumab non-responders switching to 
etanercept, numerically more patients with very low 
adalimumab levels (<0.5 µg/mL) had EULAR moder-
ate to good responses 52 weeks after switching.133

4.	 To predict persistence of a flare. A prospective study mea-
sured biopharmaceutical blood concentrations (rit-
uximab, infliximab and etanercept) at the first sign 
of a flare (ie, increase in CRP or ESR or in disease 
activity).140 Patients with detectable blood concentra-
tions had lower disease activity during follow-up (2–6 
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months) compared with patients with undetectable 
blood concentrations.

5.	 To reduce overexposure to minimise infection risk. Two ob-
servational studies sought an association between high 
biopharmaceutical blood concentrations and infec-
tions.141 142 In infliximab-treated patients with SpA, 
the risk of an infection episode that required hospi-
talisation, anti-infective treatment or infliximab treat-
ment delay was higher in patients with trough blood 
concentrations in the highest tertile (>15.5 µg/mL) 
compared with the lower two tertiles (HR 2.61, 95% CI 
1.3 to 5.4).142 In patients with RA treated with TNF in-
hibitors or tocilizumab, those with high drug concen-
trations had a higher risk of any infection during the 
first year of treatment (HR 1.51, 95% CI 1.14 to 2.01) 
compared with those with low/normal blood concen-
trations. However, the study lacked power to assess the 
risk of serious infections.141

Clinical implications of ADAb (RQ 9)
Additional clinical situations considered potentially 
relevant for ADAb measurement alone were infusion 
or hypersensitivity reactions, injection-site reactions, 
switching or discontinuing biopharmaceutical treat-
ment, treatment failure and consideration of dose 
increase. In a study of patients receiving tocilizumab 
(intravenous and subcutaneous formulations), only a 
small proportion of patients tested positive for ADAb, 
with no clear relationship with adverse events or loss of 
efficacy.143 An association between the presence of anti-
infliximab antibodies and infusion reactions was demon-
strated in eight studies, which was statistically significant 
in six studies.45 74 109 113 144–147 Two studies reported a 
very low incidence of adverse reactions in patients with 
antiadalimumab antibodies.86 148 No evidence of an asso-
ciation between ADAb and injection-site reactions was 
found.

Nine studies investigated an association between ADAb 
and treatment discontinuation, treatment failure and dose 
increase.45 64 74 109 113 136 144 145 149 Patients with detectable 
ADAb had higher disease activity and more often expe-
rienced lack or loss of response to treatment compared 
with ADAb-negative patients. Most of these studies addi-
tionally showed a higher risk of treatment discontinua-
tion in patients with detectable ADAb.45 74 113 136 145 No 
beneficial effect of dose increase in case of ADAb detec-
tion was found.

Costs-effectiveness of TDM (RQs 10 and 11)
Two modelling studies investigated the cost-effectiveness 
of TDM.150 151 In one study, a Markov model was used to 
simulate a TDM-based strategy compared with standard 
practice.150 The simulations showed better effectiveness 
and reduced costs for the TDM-based approach, both 
from a societal and healthcare perspective. Although 
there were major cost benefits to TDM, the lack of clini-
cally based dose adaptations in the standard care compar-
ator reduces the value of this study.

Another Markov modelling study evaluated the bene-
fits of testing for biopharmaceutical blood concentra-
tion and ADAb.151 The assumption was that testing could 
prevent ineffective treatment via early testing-based treat-
ment adjustments. This study concluded that TDM can 
be cost saving if it prevents between 2.5 patients and 5.0 
patients out of every 100 being treated non-optimally for 
3–6 months.

In a microcosting study, direct medical costs were 
identified that are incurred by biopharmaceutical blood 
concentration and ADAb testing in clinical practice in the 
UK.152 Cost for monitoring was £153 per patient. In total, 
67% of costs were attributable to acquisition of a trough 
blood sample, 23% for consumables such as ELISA kits 
and laboratory consumables, and 10% for staff costs.

Costs of TDM are influenced by clinical, contextual and 
logistical factors. In the aforementioned studies, several 
factors were identified that influenced cost-effectiveness, 
including the target disease activity, the level of biophar-
maceutical blood concentrations that triggered treat-
ment decisions and the biopharmaceuticals chosen as 
alternative treatment options.150 151 Other factors were 
the number of samples studied per patient, the number 
of visits per patient (additional appointment for blood 
sampling at trough) and the number of samples analysed 
simultaneously in the laboratory.152 Some of these factors 
are strongly related to local context of care.

Although including grey literature and congress 
abstracts (other than from ACR/EULAR) was beyond 
the scope of our search, it is also worth noting that 
the National Institute for Health and Care Excellence 
concluded in their report on TDM of TNF inhibitors in 
RA that, based on the poor quality of evidence for cost-
effectiveness of TDM, there is limited evidence to support 
its use in clinical practice.153

Patient and clinicians’ perspective on TDM (RQ 12 and 13)
Our search found no literature on the patients’ perspec-
tive on TDM.

We found two EULAR congress abstracts of qualita-
tive studies that explored clinicians’ perspectives on 
TDM.154 155 Barriers to TDM requests included lack of 
recognition of a clinical problem, lack of understanding 
of the purpose of testing, lack of evidence for effective-
ness of TDM, lack of test capacity and costs. Reasons for 
clinicians to request a test included suspicion of immu-
nogenicity, and consideration of tapering and switching, 
mainly between originator and biosimilar.

DISCUSSION
While there is an increasing body of literature on the 
topic of TDM, most relates to observational studies and 
post hoc analyses of RCTs, often using relatively small 
sample sizes. Robust studies comparing TDM with current 
standard care are scarce. Despite the lack of robust trials, 
we have identified studies that inform the types of assays 
to use for measurement of biopharmaceutical blood 
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concentrations and ADAb. There are also clear demo-
graphic factors as well as treatment and disease related 
factors that are associated with biopharmaceutical blood 
concentrations which provide important information 
for when interpreting TDM data. The identification of a 
target range for biopharmaceutical blood concentrations 
is hampered by study variability, particularly with regard 
to disease activity measures and, additionally, by mainly 
fixed dosing of biopharmaceuticals. The licensed dose 
of at least some biopharmaceuticals represents a relative 
overexposure for a significant proportion of patients, and 
this complicates the identification of a minimal effective 
blood concentration or therapeutic range. Pharmacoki-
netic studies, including several dosages of a biopharma-
ceutical and predefined outcome measures, will aid in 
the identification of a minimal effective blood concen-
tration. These types of studies are scarce and are often 
not in the public domain. Additionally, disease activity 
itself influences clearance of a biopharmaceutical and 
complicates further the identification of a therapeutic 
range. Additionally, most evidence is for TNF inhibitors, 
and whether or how this evidence can be extrapolated to 
other biopharmaceuticals remains unclear.

Evidence was inconsistent for the use of biopharmaceu-
tical blood concentrations to assist dose tapering/discon-
tinuation or for interpreting cause of flare or treatment 
failure; similarly, a predictive value for successful dose 
increase could not be concluded. Furthermore, current 
evidence is also inconsistent with regard to the use of 
biopharmaceutical blood concentrations and/or ADAb 
measurement at the time of treatment failure to assist 
the choice of subsequent treatment. Data surrounding 
ADAb utility is particularly conflicting in this regard, 
although there is a strong association between the detec-
tion of ADAb and loss of response to treatment and some 
association with hypersensitivity reactions. Measurement 
of infliximab, adalimumab and, probably, certolizumab 
pegol blood concentrations early in the course of treat-
ment may aid in predicting future treatment response. 
High biopharmaceutical blood concentrations may 
be associated with a higher risk of infections, although 
evidence is limited.

There is currently insufficient evidence for the routine 
use of proactive TDM, in part because published cost-
effectiveness analyses do not incorporate the current 
landscape of biopharmaceutical costs and usage. The 
NOR-DRUM trials were the first RCTs to assess the 
effectiveness of proactive TDM, as compared with stan-
dard therapy, across patients with immune-mediated 
inflammatory diseases, including RA, SpA and PsA.156 157 
However, because of our inclusion date of 1 July 2020, 
we only included the abstract of NORDRUM A in our 
SLR124; meanwhile, full papers of both NOR-DRUM A 
and B have been published. The NOR-DRUM trial part 
A compared TDM of infliximab to standard care in the 
induction phase of treatment, whereas NOR-DRUM B 
compared TDM to standard care in the maintenance 
phase of infliximab treatment. NOR-DRUM A showed 

no additional benefit of TDM over standard care in the 
induction phase of infliximab treatment. In contrast, 
NOR-DRUM B showed an advantage of TDM during the 
maintenance phase of infliximab treatment in patients 
with immune-mediated inflammatory diseases, including 
RA, SpA and PsA. Sustained disease control, without wors-
ening of disease, was observed more frequently in the 
TDM group as compared with the standard care group. 
These results may support the use of proactive TDM in 
the maintenance phase of infliximab treatment but were, 
due to date of publication, not yet available at the time of 
the current SLR.

In conclusion, this SLR, on technical and clinical 
aspects including clinical utility was performed to collect 
and summarise the evidence for TDM of biopharmaceu-
ticals in rheumatology. This informed the Task Force on 
TDM of biopharmaceuticals for the formulation of the 
first EULAR-endorsed points to consider. Further impli-
cations of the results of this SLR and a scientific and 
educational agenda can be found in the ‘EULAR points 
to consider for TDM of biopharmaceuticals in inflamma-
tory RMD paper.158

Author affiliations
1Department of Rheumatology, Amsterdam Rheumatology and Immunology Center, 
Reade, Amsterdam, The Netherlands
2Immuno-rheumatology Research Group, La Paz University Hospital, Madrid, Spain
3Department of Medical Biochemistry, Oslo University Hospital, Oslo, Norway
4Department of Rheumatology, University of Tours, Tours, France
5Rheumatology, La Paz University Hospital, Madrid, Spain
6Centre for Epidemiology versus Arthritis, Centre for Musculoskeletal Research, The 
University of Manchester, Manchester, UK
7department of Rheumatology, Salford Royal Hospitals NHS Trust, Salford, UK
8Rheumatology, University of Tours, Tours, France
9Immunopathology, Sanquin Research, Amsterdam, The Netherlands
10Translational and Clinical Research Institute, Newcastle University and 
Musculoskeletal Unit, Newcastle Upon Tyne Hospitals NHS Foundation Trust, 
Newcastle Upon Tyne, UK
11department of Medicine, Division of Rheumatology, Maastricht University Medical 
Centre+, Maastricht, The Netherlands
12Care and Public Health Research Institute (CAPHRI), Maastricht University, 
Maastricht, The Netherlands

Correction notice  This article has been corrected since it was first published 
online. Author John D Isaacs was incorrectly listed as John Isaac.

Twitter Meghna Jani @MeghnaJani

Acknowledgements  The authors thank the librarians of the Paris Descartes 
University, the Spanish Society of Rheumatology, the Medical Library, Division 
of Rheumatology and Research, Diakonhjemmet Hospital, and the Amsterdam 
Rheumatology and immunology Centre|Reade for their assistance in defining the 
terms of the search on the technical aspects of therapeutic drug monitoring. MJ 
is funded by a National Institute for Health Research (NIHR) Advanced Fellowship 
(NIHR301413). Work in JI’s laboratory is supported by the NIHR Newcastle 
Biomedical Research Centre and the Research Into Inflammatory Arthritis Centre vs 
Arthritis. JI is an NIHR senior investigator.

Contributors  All authors where involved in planning and reporting of the work. CK, 
BH-B JEG, GlM, VN-C, JI and AvT conducted the study.

Funding  This project was funded by EULAR (project number CLI114).

Disclaimer  The views expressed are those of the authors and not necessarily 
those of the NHS, the National Institute for Health and Care Research or the 
Department of Health and Social Care.

Competing interests  AvT received unrestricted research grants from Pfizer, 
Abbvie, Novartis, UCB and Biogen and consultancy fees from Novartis; AB received 
grant/research support and fees for consultancies or as a speaker from Abbvie, 

 on A
pril 9, 2024 by guest. P

rotected by copyright.
http://rm

dopen.bm
j.com

/
R

M
D

 O
pen: first published as 10.1136/rm

dopen-2022-002216 on 3 June 2022. D
ow

nloaded from
 

https://twitter.com/MeghnaJani
http://rmdopen.bmj.com/


10 Krieckaert C, et al. RMD Open 2022;8:e002216. doi:10.1136/rmdopen-2022-002216

RMD OpenRMD OpenRMD Open

Amgen, Pfizer, Novartis, BMS, Nordic, Sanofi, Sandoz, Lilly, UCB and Roche; MJ 
received travel expenses from Abbvie and speaker fees from Grifols in the last 5 
years; DM acted as a consultant and gave lectures on behalf of his institution for 
Pfizer, Novartis and Grifols and was invited to attend an international congress 
by Janssen-Cilag; his institution received grants for research from the non-
governmental organisation Lions Club Tours Val de France; VN-C received research 
grants/honoraria from AbbVie, Janssen, Lilly, Moonlake, Novartis, Pfizer and UCB; 
JDI received grant income from Pfizer, GSK and Janssen and consultancy/speaker 
fees/sponsorship from Abbvie, Eli Lily, Gilead, Roche and UCB.

Patient consent for publication  Not applicable.

Ethics approval  Not applicable.

Provenance and peer review  Not commissioned; externally peer reviewed.

Supplemental material  This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer-reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the 
use is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Charlotte Krieckaert http://orcid.org/0000-0001-6591-7838
Borja Hernández-Breijo http://orcid.org/0000-0002-2630-3312
Johanna Elin Gehin http://orcid.org/0000-0002-9896-0223
Alejandro Balsa http://orcid.org/0000-0001-8070-7062
Meghna Jani http://orcid.org/0000-0002-1487-277X
Denis Mulleman http://orcid.org/0000-0003-4089-7513
John D Isaacs http://orcid.org/0000-0002-6103-7056
Astrid van Tubergen http://orcid.org/0000-0001-8477-0683

REFERENCES
	 1	 Mabilat C, Gros MF, Nicolau D, et al. Diagnostic and medical needs 

for therapeutic drug monitoring of antibiotics. Eur J Clin Microbiol 
Infect Dis 2020;39:791–7.

	 2	 Hiemke C, Bergemann N, Clement HW, et al. Consensus guidelines 
for therapeutic drug monitoring in Neuropsychopharmacology: 
update 2017. Pharmacopsychiatry 2018;51:9–62.

	 3	 Mitrev N, Vande Casteele N, Seow CH, et al. Review article: 
consensus statements on therapeutic drug monitoring of anti-
tumour necrosis factor therapy in inflammatory bowel diseases. 
Aliment Pharmacol Ther 2017;46:1037–53.

	 4	 Feuerstein JD, Nguyen GC, Kupfer SS, et al. American 
gastroenterological association Institute guideline on therapeutic 
drug monitoring in inflammatory bowel disease. Gastroenterology 
2017;153:827–34.

	 5	 Mulleman D, Balsa A. Adalimumab concentration-based tapering 
strategy: as good as the recommended dosage. Ann Rheum Dis 
2018;77:473–5.

	 6	 Kneepkens EL, van den Oever I, Plasencia CH, et al. Serum 
tocilizumab trough concentration can be used to monitor systemic 
IL-6 receptor blockade in patients with rheumatoid arthritis: a 
prospective observational cohort study. Scand J Rheumatol 
2017;46:87–94.

	 7	 l'Ami MJ, Krieckaert CL, Nurmohamed MT, et al. Successful 
reduction of overexposure in patients with rheumatoid arthritis 
with high serum adalimumab concentrations: an open-label, non-
inferiority, randomised clinical trial. Ann Rheum Dis 2018;77:484–7.

	 8	 St Clair EW, Wagner CL, Fasanmade AA, et al. The relationship 
of serum infliximab concentrations to clinical improvement 
in rheumatoid arthritis: results from attract, a multicenter, 
randomized, double-blind, placebo-controlled trial. Arthritis Rheum 
2002;46:1451–9.

	 9	 Marsman AF, Kneepkens EL, Ruwaard J, et al. Search for a 
concentration–effect curve of adalimumab in ankylosing spondylitis 
patients. Scand J Rheumatol 2016;45:331–4.

	 10	 Bartelds GM, Wijbrandts CA, Nurmohamed MT, et al. Clinical 
response to adalimumab: relationship to anti-adalimumab 
antibodies and serum adalimumab concentrations in rheumatoid 
arthritis. Ann Rheum Dis 2007;66:921–6.

	 11	 Pouw MF, Krieckaert CL, Nurmohamed MT, et al. Key findings 
towards optimising adalimumab treatment: the Concentration-
effect curve. Ann Rheum Dis 2015;74:513–8.

	 12	 Martínez-Feito A, Plasencia-Rodriguez C, Navarro-Compán V, et al. 
Optimal concentration range of golimumab in patients with axial 
spondyloarthritis. Clin Exp Rheumatol 2018;36:110–4.

	 13	 den Broeder AA, van Herwaarden N, van den Bemt BJF. 
Therapeutic drug monitoring of biologicals in rheumatoid arthritis: 
a disconnect between beliefs and facts. Curr Opin Rheumatol 
2018;30:266–75.

	 14	 Van Herwaarden N, Van Den Bemt BJF, Wientjes MHM, et al. 
Clinical utility of therapeutic drug monitoring in biological disease 
modifying anti-rheumatic drug treatment of rheumatic disorders: 
a systematic narrative review. Expert Opin Drug Metab Toxicol 
2017;13:843–57.

	 15	 van der Heijde D, Aletaha D, Carmona L, et al. 2014 update of the 
EULAR standardised operating procedures for EULAR-endorsed 
recommendations. Ann Rheum Dis 2015;74:8–13.

	 16	 Ouzzani m, Hammady H, Fedorowicz Z EA. Rayyan - a web and 
mobile app for systematic reviews. Syst Rev 2016;5:210.

	 17	 Shea BJ, Reeves BC, Wells G, et al. AMSTAR 2: a critical appraisal 
tool for systematic reviews that include randomised or non-
randomised studies of healthcare interventions, or both. BMJ 
2017;358:j4008.

	 18	 Higgins JPT, Altman DG, Gøtzsche PC, et al. The Cochrane 
collaboration's tool for assessing risk of bias in randomised trials. 
BMJ 2011;343:d5928.

	 19	 Hayden JA, van der Windt DA, Cartwright JL, et al. Assessing bias 
in studies of prognostic factors. Ann Intern Med 2013;158:280–6.

	 20	 Wells GA, Shea B, O’Connell D. The Newcastle-Ottawa scale 
(NOS) for assessing the quality of nonrandomised studies in 
meta-analyses. Available: http://www.ohri.ca/programs/clinical_​
epidemiology/oxford.asp [Accessed 29 Jan 2021].

	 21	 Whiting P, Rutjes AWS, Reitsma JB, et al. The development of 
QUADAS: a tool for the quality assessment of studies of diagnostic 
accuracy included in systematic reviews. BMC Med Res Methodol 
2003;3:25.

	 22	 Evers S, Goossens M, de Vet H, et al. Criteria list for assessment 
of methodological quality of economic evaluations: consensus 
on health economic criteria. Int J Technol Assess Health Care 
2005;21:240–5.

	 23	 Bodini G, Giannini EG, Furnari M, et al. Comparison of two different 
techniques to assess adalimumab Trough levels in patients with 
Crohn's disease. J Gastrointestin Liver Dis 2015;24:451–6.

	 24	 Bodio C, Grossi C, Pregnolato F, et al. Personalized medicine in 
rheumatoid arthritis: how immunogenicity impacts use of TNF 
inhibitors. Autoimmun Rev 2020;19:102509.

	 25	 Hock BD, Smith SM, McEntyre CJ, et al. Development of a 
competitive binding homogeneous mobility shift assay for the 
quantification of adalimumab levels in patient serum. J Immunol 
Methods 2019;474:112672.

	 26	 Laserna-Mendieta EJ, Salvador-Martín S, Arias-González L, 
et al. Comparison of a new rapid method for the determination of 
adalimumab serum levels with two established ELISA kits. Clin 
Chem Lab Med 2019;57:1906–14.

	 27	 Afonso J, Lopes S, Gonçalves R, et al. Proactive therapeutic drug 
monitoring of infliximab: a comparative study of a new point-of-
care quantitative test with two established ELISA assays. Aliment 
Pharmacol Ther 2016;44:684–92.

	 28	 Teixeira FV, Sassaki LY, Saad-Hossne R, et al. Serum infliximab 
measurement in inflammatory bowel disease patients in remission: 
a comparative analysis of two different methods in a multicentric 
Brazilian cohort. Arq Gastroenterol 2018;55:192–7.

	 29	 van Bezooijen JS, Koch BCP, van Doorn MBA, et al. Comparison 
of three assays to quantify infliximab, adalimumab, and etanercept 
serum concentrations. Ther Drug Monit 2016;38:432–8.

	 30	 Van den Bossche D, De Smet D, Debrabandere J, et al. Analytical 
and clinical performance evaluation of two POC tests for 
therapeutic drug monitoring of infliximab. Clin Chem Lab Med 
2019;57:856–63.

	 31	 Verstockt B, Moors G, Bian S, et al. Influence of early adalimumab 
serum levels on immunogenicity and long-term outcome of anti-
TNF naive Crohn's disease patients: the usefulness of rapid testing. 
Aliment Pharmacol Ther 2018;48:731–9.

	 32	 Willrich MAV, Murray DL, Barnidge DR, et al. Quantitation of 
infliximab using clonotypic peptides and selective reaction 
monitoring by LC-MS/MS. Int Immunopharmacol 2015;28:513–20.

 on A
pril 9, 2024 by guest. P

rotected by copyright.
http://rm

dopen.bm
j.com

/
R

M
D

 O
pen: first published as 10.1136/rm

dopen-2022-002216 on 3 June 2022. D
ow

nloaded from
 

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0001-6591-7838
http://orcid.org/0000-0002-2630-3312
http://orcid.org/0000-0002-9896-0223
http://orcid.org/0000-0001-8070-7062
http://orcid.org/0000-0002-1487-277X
http://orcid.org/0000-0003-4089-7513
http://orcid.org/0000-0002-6103-7056
http://orcid.org/0000-0001-8477-0683
http://dx.doi.org/10.1007/s10096-019-03769-8
http://dx.doi.org/10.1007/s10096-019-03769-8
http://dx.doi.org/10.1055/s-0043-116492
http://dx.doi.org/10.1111/apt.14368
http://dx.doi.org/10.1053/j.gastro.2017.07.032
http://dx.doi.org/10.1136/annrheumdis-2017-212376
http://dx.doi.org/10.1080/03009742.2016.1183039
http://dx.doi.org/10.1136/annrheumdis-2017-211781
http://dx.doi.org/10.1002/art.10302
http://dx.doi.org/10.3109/03009742.2015.1114666
http://dx.doi.org/10.1136/ard.2006.065615
http://dx.doi.org/10.1136/annrheumdis-2013-204172
http://www.ncbi.nlm.nih.gov/pubmed/28980904
http://dx.doi.org/10.1097/BOR.0000000000000487
http://dx.doi.org/10.1080/17425255.2017.1353602
http://dx.doi.org/10.1136/annrheumdis-2014-206350
http://dx.doi.org/10.1136/bmj.j4008
http://dx.doi.org/10.1136/bmj.d5928
http://dx.doi.org/10.7326/0003-4819-158-4-201302190-00009
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://dx.doi.org/10.1186/1471-2288-3-25
http://dx.doi.org/10.1017/S0266462305050324
http://dx.doi.org/10.15403/jgld.2014.1121.244.adb
http://dx.doi.org/10.1016/j.autrev.2020.102509
http://dx.doi.org/10.1016/j.jim.2019.112672
http://dx.doi.org/10.1016/j.jim.2019.112672
http://dx.doi.org/10.1515/cclm-2019-0202
http://dx.doi.org/10.1515/cclm-2019-0202
http://dx.doi.org/10.1111/apt.13757
http://dx.doi.org/10.1111/apt.13757
http://dx.doi.org/10.1590/S0004-2803.201800000-35
http://dx.doi.org/10.1097/FTD.0000000000000310
http://dx.doi.org/10.1515/cclm-2018-0891
http://dx.doi.org/10.1111/apt.14943
http://dx.doi.org/10.1016/j.intimp.2015.07.007
http://rmdopen.bmj.com/


11Krieckaert C, et al. RMD Open 2022;8:e002216. doi:10.1136/rmdopen-2022-002216

TreatmentsTreatmentsTreatments

	 33	 Yang Y, Wysocki E, Antwi K, et al. Development and validation of a 
targeted affinity-enrichment and LC-MS/MS proteomics approach 
for the therapeutic monitoring of adalimumab. Clin Chim Acta 
2018;483:308–14.

	 34	 Bader LI, Solberg SM, Kaada SH, et al. Assays for Infliximab Drug 
Levels and Antibodies: A Matter of Scales and Categories. Scand J 
Immunol 2017;86:165–70.

	 35	 Corstjens PLAM, Fidder HH, Wiesmeijer KC, et al. A rapid assay 
for on-site monitoring of infliximab trough levels: a feasibility study. 
Anal Bioanal Chem 2013;405:7367–75.

	 36	 Steenholdt C, Ainsworth MA, Tovey M, et al. Comparison of 
techniques for monitoring infliximab and antibodies against 
infliximab in Crohn's disease. Ther Drug Monit 2013;35:530–8.

	 37	 Steenholdt C, Bendtzen K, Brynskov J, et al. Clinical implications of 
measuring drug and anti-drug antibodies by different assays when 
optimizing infliximab treatment failure in Crohn's disease: post 
hoc analysis of a randomized controlled trial. Am J Gastroenterol 
2014;109:1055–64.

	 38	 Steenholdt C, Bendtzen K, Brynskov J, et al. Changes in serum 
trough levels of infliximab during treatment intensification but not 
in anti-infliximab antibody detection are associated with clinical 
outcomes after therapeutic failure in Crohn's disease. J Crohns 
Colitis 2015;9:238–45.

	 39	 Novakovic V, Abdija S, Larsen PB, et al. Comparison of the 
quantum Blue® reader point-of-care system versus ELISA 
technique for therapeutic drug monitoring of infliximab levels. Clin 
Biochem 2019;74:73–5.

	 40	 Martín S, del Agua AR, Torres N, et al. Comparison study of 
two commercially available methods for the determination of 
golimumab and anti-golimumab antibody levels in patients with 
rheumatic diseases. Clin Chem Lab Med 2015;53:e297–9.

	 41	 Nasser Y, Labetoulle R, Harzallah I, et al. Comparison of point-of-
care and classical immunoassays for the monitoring infliximab and 
antibodies against infliximab in IBD. Dig Dis Sci 2018;63:2714–21.

	 42	 Clarke WT, Papamichael K, Vande Casteele N, et al. Infliximab and 
adalimumab concentrations may vary between the enzyme-linked 
immunosorbent assay and the homogeneous mobility shift assay in 
patients with inflammatory bowel disease: a prospective cross-
sectional observational study. Inflamm Bowel Dis 2019;25:e143–5.

	 43	 Ogrič M, Žigon P, Lakota K, et al. Clinically important neutralizing 
anti-drug antibodies detected with an in-house competitive ELISA. 
Clin Rheumatol 2019;38:361–70.

	 44	 Real-Fernández F, Pregnolato F, Cimaz R, et al. Detection of anti-
adalimumab antibodies in a RA responsive cohort of patients using 
three different techniques. Anal Biochem 2019;566:133–8.

	 45	 Pascual-Salcedo D, Plasencia C, Ramiro S, et al. Influence of 
immunogenicity on the efficacy of long-term treatment with 
infliximab in rheumatoid arthritis. Rheumatology 2011;50:1445–52.

	 46	 Finckh A, Dudler J, Wermelinger F, et al. Influence of anti-infliximab 
antibodies and residual infliximab concentrations on the occurrence 
of acquired drug resistance to infliximab in rheumatoid arthritis 
patients. Joint Bone Spine 2010;77:313–8.

	 47	 Mulleman D, Chu Miow Lin D, Ducourau E, et al. Trough infliximab 
concentrations predict efficacy and sustained control of disease 
activity in rheumatoid arthritis. Ther Drug Monit 2010;32:232–6.

	 48	 Takeuchi T, Miyasaka N, Inoue K, et al. Impact of trough serum 
level on radiographic and clinical response to infliximab plus 
methotrexate in patients with rheumatoid arthritis: results from the 
rising study. Mod Rheumatol 2009;19:478–87.

	 49	 Wolbink GJ, Voskuyl AE, Lems WF, et al. Relationship between 
serum trough infliximab levels, pretreatment C reactive protein 
levels, and clinical response to infliximab treatment in patients with 
rheumatoid arthritis. Ann Rheum Dis 2005;64:704–7.

	 50	 Kneepkens EL, Plasencia C, Krieckaert CL, et al. Golimumab 
trough levels, antidrug antibodies and clinical response in patients 
with rheumatoid arthritis treated in daily clinical practice. Ann 
Rheum Dis 2014;73:2217–9.

	 51	 Moots RJ, Xavier RM, Mok CC. The impact of anti-drug antibodies 
on drug concentrations and clinical outcomes in rheumatoid 
arthritis patients treated with adalimumab, etanercept, or infliximab: 
results from a multinational, real-world clinical practice, non-
interventional study. PLoS One 2017;12.

	 52	 Bouman C, van Herwaarden N, van den Hoogen F, et al. Prediction 
of successful dose reduction or discontinuation of adalimumab, 
etanercept, or infliximab in rheumatoid arthritis patients using 
serum drug levels and antidrug antibody measurement. Expert 
Opin Drug Metab Toxicol 2017;13:597–604.

	 53	 Chen DY, Chen YM, Tsai WC. Significant associations of antidrug 
antibody levels with serum drug trough levels and therapeutic 
response of adalimumab and etanercept treatment in rheumatoid 
arthritis. Ann Rheum Dis 2015;74.

	 54	 Sanmarti R, Inciarte-Mundo J, Estrada-Alarcon P, et al. Towards 
optimal cut-off trough levels of adalimumab and etanercept for a 
good therapeutic response in rheumatoid arthritis. Results of the 
INMUNOREMAR study. Ann Rheum Dis 2015;74:e42.

	 55	 Goss SL, Klein CE, Jin Z, et al. Methotrexate dose in patients with 
early rheumatoid arthritis impacts methotrexate polyglutamate 
pharmacokinetics, adalimumab pharmacokinetics, and efficacy: 
pharmacokinetic and exposure-response analysis of the concerto 
trial. Clin Ther 2018;40:309–19.

	 56	 Jani M, Chinoy H, Warren RB, et al. Clinical utility of random 
anti-tumor necrosis factor drug-level testing and measurement 
of antidrug antibodies on the long-term treatment response in 
rheumatoid arthritis. Arthritis Rheumatol 2015;67:2011–9.

	 57	 Radstake TRDJ, Svenson M, Eijsbouts AM, et al. Formation of 
antibodies against infliximab and adalimumab strongly correlates 
with functional drug levels and clinical responses in rheumatoid 
arthritis. Ann Rheum Dis 2009;68:1739–45.

	 58	 Arad U, Elkayam O. Association of serum tocilizumab trough 
concentrations with clinical disease activity index scores in adult 
patients with rheumatoid arthritis. J Rheumatol 2019;46:1577–81.

	 59	 Sigaux J, Hamze M, Daien C, et al. Immunogenicity of 
tocilizumab in patients with rheumatoid arthritis. Joint Bone Spine 
2017;84:39–45.

	 60	 Benucci M, Meacci F, Grossi V, et al. Correlations between 
immunogenicity, drug levels, and disease activity in an Italian 
cohort of rheumatoid arthritis patients treated with tocilizumab. BTT 
2016;10:53–8.

	 61	 Boumans M, Teng O, Thurlings R, et al. Progression of structural 
damage is not related to rituximab serum levels in rheumatoid 
arthritis patients. Rheumatology 2013;52:1462–6.

	 62	 Ducourau E, Rispens T, Samain M, et al. Methotrexate effect on 
immunogenicity and long-term maintenance of adalimumab in 
axial spondyloarthritis: a multicentric randomised trial. RMD Open 
2020;6. doi:10.1136/rmdopen-2019-001047. [Epub ahead of print: 
09 Jan 2020].

	 63	 Ding X, Zhu R, Wu J, et al. Early adalimumab and Anti-Adalimumab 
antibody levels for prediction of primary nonresponse in ankylosing 
spondylitis patients. Clin Transl Sci 2020;13:547–54.

	 64	 Senabre Gallego JM, Rosas J, Marco-Mingot M, et al. Clinical 
relevance of monitoring serum adalimumab levels in axial 
spondyloarthritis. Rheumatol Int 2019;39:841–9.

	 65	 Kneepkens EL, Wei JC-C, Nurmohamed MT, et al. Immunogenicity, 
adalimumab levels and clinical response in ankylosing spondylitis 
patients during 24 weeks of follow-up. Ann Rheum Dis 
2015;74:396–401.

	 66	 Chen D-Y, Chen Y-M, Hsieh T-Y, et al. Drug trough levels predict 
therapeutic responses to dose reduction of adalimumab for 
rheumatoid arthritis patients during 24 weeks of follow-up. 
Rheumatology 2016;55:143–8.

	 67	 Dong Y, Li P, Xu T, et al. Effective serum level of etanercept 
biosimilar and effect of antidrug antibodies on drug levels and 
clinical efficacy in Chinese patients with ankylosing spondylitis. Clin 
Rheumatol 2019;38:1587–94.

	 68	 Arends S, Lebbink HR, Spoorenberg A, et al. The formation of 
autoantibodies and antibodies to TNF-α blocking agents in relation 
to clinical response in patients with ankylosing spondylitis. Clin Exp 
Rheumatol 2010;28:661–8.

	 69	 Krzysiek R, Breban M, Ravaud P, et al. Circulating concentration 
of infliximab and response to treatment in ankylosing spondylitis: 
results from a randomized control study. Arthritis Rheum 
2009;61:569–76.

	 70	 de Vries MK, Wolbink GJ, Stapel SO, et al. Decreased clinical 
response to infliximab in ankylosing spondylitis is correlated with 
anti-infliximab formation. Ann Rheum Dis 2007;66:1252–4.

	 71	 Arends S, Lebbink HR, Spoorenberg A. The formation of 
autoantibodies and antibodies to TNF-α blocking agents in 
relation to clinical response in patients with ankylosing spondylitis 
autoantibodies and antibodies to TNF-α blocking agents in as / S. 
Arends 2010.

	 72	 Chimenti MS, Triggianese P, Narcisi A, et al. Long-term treatment 
with adalimumab in psoriatic arthritis: serum adalimumab 
concentration, immunogenicity and the link with clinical response. J 
Int Med Res 2016;44:48–52.

	 73	 Paramarta JE, Baeten DL. Adalimumab serum levels and antidrug 
antibodies towards adalimumab in peripheral spondyloarthritis: 
no association with clinical response to treatment or with disease 
relapse upon treatment discontinuation. Arthritis Res Ther 
2014;16:R160.

	 74	 Plasencia C, Pascual-Salcedo D, Nuño L, et al. Influence 
of immunogenicity on the efficacy of longterm treatment of 
spondyloarthritis with infliximab. Ann Rheum Dis 2012;71:1955–60.

 on A
pril 9, 2024 by guest. P

rotected by copyright.
http://rm

dopen.bm
j.com

/
R

M
D

 O
pen: first published as 10.1136/rm

dopen-2022-002216 on 3 June 2022. D
ow

nloaded from
 

http://dx.doi.org/10.1016/j.cca.2018.05.015
http://dx.doi.org/10.1111/sji.12572
http://dx.doi.org/10.1111/sji.12572
http://dx.doi.org/10.1007/s00216-013-7154-0
http://dx.doi.org/10.1097/FTD.0b013e31828d23c3
http://dx.doi.org/10.1038/ajg.2014.106
http://dx.doi.org/10.1093/ecco-jcc/jjv004
http://dx.doi.org/10.1093/ecco-jcc/jjv004
http://dx.doi.org/10.1016/j.clinbiochem.2019.10.010
http://dx.doi.org/10.1016/j.clinbiochem.2019.10.010
http://dx.doi.org/10.1515/cclm-2015-0266
http://dx.doi.org/10.1007/s10620-018-5144-y
http://dx.doi.org/10.1093/ibd/izz202
http://dx.doi.org/10.1007/s10067-018-4213-0
http://dx.doi.org/10.1016/j.ab.2018.11.018
http://dx.doi.org/10.1093/rheumatology/ker124
http://dx.doi.org/10.1016/j.jbspin.2010.02.021
http://dx.doi.org/10.1097/FTD.0b013e3181cc6fef
http://dx.doi.org/10.1007/s10165-009-0195-8
http://dx.doi.org/10.1136/ard.2004.030452
http://dx.doi.org/10.1136/annrheumdis-2014-205983
http://dx.doi.org/10.1136/annrheumdis-2014-205983
http://dx.doi.org/10.1080/17425255.2017.1320390
http://dx.doi.org/10.1080/17425255.2017.1320390
http://dx.doi.org/10.1136/annrheumdis-2015-207530
http://dx.doi.org/10.1016/j.clinthera.2018.01.002
http://dx.doi.org/10.1002/art.39169
http://dx.doi.org/10.1136/ard.2008.092833
http://dx.doi.org/10.3899/jrheum.181431
http://dx.doi.org/10.1016/j.jbspin.2016.04.013
http://dx.doi.org/10.2147/BTT.S97234
http://dx.doi.org/10.1093/rheumatology/ket137
http://dx.doi.org/10.1136/rmdopen-2019-001047
http://dx.doi.org/10.1111/cts.12738
http://dx.doi.org/10.1007/s00296-019-04288-7
http://dx.doi.org/10.1136/annrheumdis-2013-204185
http://dx.doi.org/10.1093/rheumatology/kev298
http://dx.doi.org/10.1007/s10067-018-04424-x
http://dx.doi.org/10.1007/s10067-018-04424-x
http://www.ncbi.nlm.nih.gov/pubmed/20822711
http://www.ncbi.nlm.nih.gov/pubmed/20822711
http://dx.doi.org/10.1002/art.24275
http://dx.doi.org/10.1136/ard.2007.072397
http://dx.doi.org/10.1177/0300060515593235
http://dx.doi.org/10.1177/0300060515593235
http://dx.doi.org/10.1186/ar4675
http://dx.doi.org/10.1136/annrheumdis-2011-200828
http://rmdopen.bmj.com/


12 Krieckaert C, et al. RMD Open 2022;8:e002216. doi:10.1136/rmdopen-2022-002216

RMD OpenRMD OpenRMD Open

	 75	 Jani M, Chinoy H, Barton A, et al. Association of pharmacological 
biomarkers with treatment response and longterm disability 
in patients with psoriatic arthritis: results from OUTPASS. J 
Rheumatol 2020;47:1204–8.

	 76	 Gehin JE, Goll GL, Warren DJ, et al. Associations between 
certolizumab pegol serum levels, anti-drug antibodies and 
treatment response in patients with inflammatory joint diseases: 
data from the NOR-DMARD study. Arthritis Res Ther 2019;21:256.

	 77	 Rosas J, Llinares-Tello F, de la Torre I, Torre dela I, et al. Clinical 
relevance of monitoring serum levels of adalimumab in patients 
with rheumatoid arthritis in daily practice. Clin Exp Rheumatol 
2014;32:942–8.

	 78	 Inciarte-Mundo J, Ramirez J, Hernández MV, et al. Calprotectin 
and TNF Trough serum levels identify power Doppler ultrasound 
synovitis in rheumatoid arthritis and psoriatic arthritis patients 
in remission or with low disease activity. Arthritis Res Ther 
2016;18:160.

	 79	 Méric J-C, Mulleman D, Ducourau E, et al. Therapeutic drug 
monitoring of infliximab in spondyloarthritis: an observational open-
label study. Ther Drug Monit 2011;33:411–6.

	 80	 Gehin JE, Warren DJ, Syversen SW, et al. Serum golimunab 
concentratios and anti-drug antibodies are associated with 
treatment response and drug survival in patients with inflammatory 
joint diseases: data from the NOR-DMARD study. Ann Rheum Dis 
2020;79:864.

	 81	 Stamp L, Keating P, Frampton C, et al. Melanie Millier pH and 
JO. Relationship between adalimumab concentrations, plasma 
cytokines, anti-drug antibodies and disease activity in rheumatoid 
arthritis. Arthritis Rheumatol 2019;71.

	 82	 Daïen CI, Daïen V, Parussini E, et al. Etanercept concentration in 
patients with rheumatoid arthritis and its potential influence on 
treatment decisions: a pilot study. J Rheumatol 2012;39:1533–8.

	 83	 Jamnitski A, Krieckaert CL, Nurmohamed MT, et al. Patients 
non-responding to etanercept obtain lower etanercept 
concentrations compared with responding patients. Ann Rheum 
Dis 2012;71:88–91.

	 84	 Siljehult F, Ärlestig L, Eriksson C, et al. Concentrations of infliximab 
and anti-drug antibodies in relation to clinical response in patients 
with rheumatoid arthritis. Scand J Rheumatol 2018;47:345–50.

	 85	 van der Maas A, van den Bemt BJF, Wolbink G, et al. Low infliximab 
serum Trough levels and anti-infliximab antibodies are prevalent 
in rheumatoid arthritis patients treated with infliximab in daily 
clinical practice: results of an observational cohort study. BMC 
Musculoskelet Disord 2012;13:184.

	 86	 de Vries MK, van der Horst-Bruinsma IE, Nurmohamed MT, et al. 
Immunogenicity does not influence treatment with etanercept 
in patients with ankylosing spondylitis. Ann Rheum Dis 
2009;68:531–5.

	 87	 Ternant D, Ducourau E, Fuzibet P, et al. Pharmacokinetics and 
concentration-effect relationship of adalimumab in rheumatoid 
arthritis. Br J Clin Pharmacol 2015;79:286–97.

	 88	 Ducourau E, Ternant D, Lequerré T, et al. Towards an individualised 
target concentration of adalimumab in rheumatoid arthritis. Ann 
Rheum Dis 2014;73:1428–9.

	 89	 Breedveld FC, Jones HE, Peifer K, et al. A pilot dose-finding study 
of etanercept in rheumatoid arthritis. Clin Transl Sci 2018;11:38–45.

	 90	 van den Bemt BJF, den Broeder AA, Wolbink G-J, et al. The 
combined use of disease activity and infliximab serum trough 
concentrations for early prediction of (non-)response to infliximab in 
rheumatoid arthritis. Br J Clin Pharmacol 2013;76:939–45.

	 91	 Jani M, Isaacs JD, Morgan AW, et al. High frequency of 
antidrug antibodies and association of random drug levels with 
efficacy in certolizumab pegol-treated patients with rheumatoid 
arthritis: results from the BRAGGSS cohort. Ann Rheum Dis 
2017;76:208–13.

	 92	 Paul S, Marotte H, Kavanaugh A, et al. Exposure-Response 
relationship of Certolizumab pegol and achievement of low disease 
activity and remission in patients with rheumatoid arthritis. Clin 
Transl Sci 2020;13:743–51.

	 93	 van Herwaarden N, Bouman CAM, van der Maas A, et al. 
Adalimumab and etanercept serum (anti)drug levels are not 
predictive for successful dose reduction or discontinuation in 
rheumatoid arthritis. Ann Rheum Dis 2015;74:2260–1.

	 94	 Abdallah H, Hsu JC, Lu P, et al. Pharmacokinetic and 
pharmacodynamic analysis of subcutaneous tocilizumab 
in patients with rheumatoid arthritis from 2 randomized, 
controlled trials: SUMMACTA and BREVACTA. J Clin Pharmacol 
2017;57:459–68.

	 95	 Senabre-Gallego JM, Rosas J, Marco M, et al. Adalimumab levels 
are associated with drug retention rates in axial spondyloarthritis 
patients. Ann Rheum Dis 2020;79:736–7.

	 96	 Vogelzang EH, Kneepkens EL, Nurmohamed MT, et al. Anti-
adalimumab antibodies and adalimumab concentrations in 
psoriatic arthritis; an association with disease activity at 28 and 52 
weeks of follow-up. Ann Rheum Dis 2014;73:2178–82.

	 97	 Teresa J, Chamaida P-R, Ana M-F, et al. Predictive value of serum 
infliximab levels at induction phase in rheumatoid arthritis patients. 
Open Rheumatol J 2017;11:75–87.

	 98	 Hooijberg F, L’ami MJ, Berkhout LC. Trough versus non-
trough adalimumab drug level measurements. Ann Rheum Dis 
2019;79:1651–2.

	 99	 Burmester GR, Rubbert-Roth A, Cantagrel A, et al. A randomised, 
double-blind, parallel-group study of the safety and efficacy of 
subcutaneous tocilizumab versus intravenous tocilizumab in 
combination with traditional disease-modifying antirheumatic 
drugs in patients with moderate to severe rheumatoid arthritis 
(SUMMACTA study). Ann Rheum Dis 2014;73:69–74.

	100	 Ogata A, Tanimura K, Sugimoto T, et al. Phase III study of the 
efficacy and safety of subcutaneous versus intravenous tocilizumab 
monotherapy in patients with rheumatoid arthritis. Arthritis Care 
Res 2014;66:344–54.

	101	 Iwahashi M, Inoue H, Matsubara T, et al. Efficacy, safety, 
pharmacokinetics and immunogenicity of abatacept administered 
subcutaneously or intravenously in Japanese patients with 
rheumatoid arthritis and inadequate response to methotrexate: a 
phase II/III, randomized study. Mod Rheumatol 2014;24:885–91.

	102	 L’ami MJ, Ruwaard J, Kneepkens EL, et al. OP0209 Interval 
Prolongation in patients with rheumatoid arthritis, ankylosing 
spondylitis or psoriatic arthritis: an open-label, randomised 
controlled trial. Ann Rheum Dis 2020;79:130.

	103	 Takeuchi T, Miyasaka N, Inui T, et al. High titers of both rheumatoid 
factor and anti-CCP antibodies at baseline in patients with 
rheumatoid arthritis are associated with increased circulating 
baseline TNF level, low drug levels, and reduced clinical responses: 
a post hoc analysis of the rising study. Arthritis Res Ther 
2017;19:194.

	104	 Westhovens R, Robles M, Ximenes AC, et al. Maintenance of 
remission following 2 years of standard treatment then dose 
reduction with abatacept in patients with early rheumatoid arthritis 
and poor prognosis. Ann Rheum Dis 2015;74:564–8.

	105	 Bastida C, Ruiz-Esquide V, Pascal M, et al. Fixed dosing of 
intravenous tocilizumab in rheumatoid arthritis. results from 
a population pharmacokinetic analysis. Br J Clin Pharmacol 
2018;84:716–25.

	106	 Bartelds GM, Krieckaert CLM, Nurmohamed MT, et al. 
Development of antidrug antibodies against adalimumab and 
association with disease activity and treatment failure during long-
term follow-up. JAMA 2011;305:1460–8.

	107	 Rosas J, Llinares-Tello F, Senabre-Gallego JM, et al. Obesity 
decreases clinical efficacy and levels of adalimumab in patients 
with ankylosing spondylitis. Clin Exp Rheumatol 2017;35:145–8.

	108	 van Kuijk AWR, de Groot M, Stapel SO, et al. Relationship between 
the clinical response to adalimumab treatment and serum levels 
of adalimumab and anti-adalimumab antibodies in patients with 
psoriatic arthritis. Ann Rheum Dis 2010;69:624–5.

	109	 Wolbink GJ, Vis M, Lems W, et al. Development of antiinfliximab 
antibodies and relationship to clinical response in patients with 
rheumatoid arthritis. Arthritis Rheum 2006;54:711–5.

	110	 Dervieux T, Weinblatt ME, Kivitz A, et al. Methotrexate 
polyglutamation in relation to infliximab pharmacokinetics in 
rheumatoid arthritis. Ann Rheum Dis 2013;72:908–10.

	111	 Eng GP, Bouchelouche P, Bartels EM, et al. Anti-drug antibodies, 
drug levels, interleukin-6 and soluble TNF receptors in rheumatoid 
arthritis patients during the first 6 months of treatment with 
adalimumab or infliximab: a descriptive cohort study. PLoS One 
2016;11:e0162316.

	112	 Ancuta CI, Pomirleanu C, Paiu R. Immunogenicity and loss of 
response to TNF inhibitors in axial spondyloarthritis: results from an 
observational cohort study. Ann Rheum Dis 2018;77:1003.

	113	 Arstikyte I, Kapleryte G, Butrimiene I, et al. Influence of 
immunogenicity on the efficacy of long-term treatment with TNF 
α blockers in rheumatoid arthritis and spondyloarthritis patients. 
Biomed Res Int 2015;2015:1–10.

	114	 Chen D-Y, Chen Y-M, Hung W-T, et al. Immunogenicity, drug trough 
levels and therapeutic response in patients with rheumatoid arthritis 
or ankylosing spondylitis after 24-week golimumab treatment. Ann 
Rheum Dis 2015;74:2261–4.

	115	 Wells AF, Parrino J, Mangan EK, et al. Immunogenicity of 
Sarilumab monotherapy in patients with rheumatoid arthritis who 
were inadequate responders or intolerant to disease-modifying 
antirheumatic drugs. Rheumatol Ther 2019;6:339–52.

 on A
pril 9, 2024 by guest. P

rotected by copyright.
http://rm

dopen.bm
j.com

/
R

M
D

 O
pen: first published as 10.1136/rm

dopen-2022-002216 on 3 June 2022. D
ow

nloaded from
 

http://dx.doi.org/10.3899/jrheum.190253
http://dx.doi.org/10.3899/jrheum.190253
http://dx.doi.org/10.1186/s13075-019-2009-5
http://www.ncbi.nlm.nih.gov/pubmed/25327159
http://dx.doi.org/10.1186/s13075-016-1032-z
http://dx.doi.org/10.1097/FTD.0b013e318224f83d
http://dx.doi.org/10.3899/jrheum.111522
http://dx.doi.org/10.1136/annrheumdis-2011-200184
http://dx.doi.org/10.1136/annrheumdis-2011-200184
http://dx.doi.org/10.1080/03009742.2018.1433232
http://dx.doi.org/10.1186/1471-2474-13-184
http://dx.doi.org/10.1186/1471-2474-13-184
http://dx.doi.org/10.1136/ard.2008.089979
http://dx.doi.org/10.1111/bcp.12509
http://dx.doi.org/10.1136/annrheumdis-2013-204971
http://dx.doi.org/10.1136/annrheumdis-2013-204971
http://dx.doi.org/10.1111/cts.12502
http://dx.doi.org/10.1111/bcp.12142
http://dx.doi.org/10.1136/annrheumdis-2015-208849
http://dx.doi.org/10.1111/cts.12760
http://dx.doi.org/10.1111/cts.12760
http://dx.doi.org/10.1136/annrheumdis-2015-207814
http://dx.doi.org/10.1002/jcph.826
http://dx.doi.org/10.1136/annrheumdis-2020-eular.4989
http://dx.doi.org/10.1136/annrheumdis-2014-205554
http://dx.doi.org/10.2174/1874312901711010075
http://dx.doi.org/10.1136/annrheumdis-2013-203523
http://dx.doi.org/10.1002/acr.22110
http://dx.doi.org/10.1002/acr.22110
http://dx.doi.org/10.3109/14397595.2014.881954
http://dx.doi.org/10.1136/annrheumdis-2020-eular.1320
http://dx.doi.org/10.1186/s13075-017-1401-2
http://dx.doi.org/10.1136/annrheumdis-2014-206149
http://dx.doi.org/10.1111/bcp.13500
http://dx.doi.org/10.1001/jama.2011.406
http://www.ncbi.nlm.nih.gov/pubmed/27908311
http://dx.doi.org/10.1136/ard.2009.108787
http://dx.doi.org/10.1002/art.21671
http://dx.doi.org/10.1136/annrheumdis-2012-202591
http://dx.doi.org/10.1371/journal.pone.0162316
http://dx.doi.org/10.1155/2015/604872
http://dx.doi.org/10.1136/annrheumdis-2015-207978
http://dx.doi.org/10.1136/annrheumdis-2015-207978
http://dx.doi.org/10.1007/s40744-019-0157-3
http://rmdopen.bmj.com/


13Krieckaert C, et al. RMD Open 2022;8:e002216. doi:10.1136/rmdopen-2022-002216

TreatmentsTreatmentsTreatments

	116	 Thurlings RM, Teng O, Vos K, et al. Clinical response, 
pharmacokinetics, development of human anti-chimaeric 
antibodies, and synovial tissue response to rituximab treatment in 
patients with rheumatoid arthritis. Ann Rheum Dis 2010;69:409–12.

	117	 D'Agostino M-A, Alten R, Mysler E, et al. Body mass index 
and clinical response to intravenous or subcutaneous 
abatacept in patients with rheumatoid arthritis. Clin Rheumatol 
2017;36:2655–65.

	118	 Burmester G-R, Kivitz AJ, Kupper H, et al. Efficacy and safety of 
ascending methotrexate dose in combination with adalimumab: the 
randomised concerto trial. Ann Rheum Dis 2015;74:1037–44.

	119	 Vogelzang EH, Pouw MF, Nurmohamed M, et al. Adalimumab 
trough concentrations in patients with rheumatoid arthritis and 
psoriatic arthritis treated with concomitant disease-modifying 
antirheumatic drugs. Ann Rheum Dis 2015;74:474–5.

	120	 Martínez-Feito A, Plasencia-Rodríguez C, Navarro-Compán V, 
et al. The effect of methotrexate versus other disease-modifying 
anti-rheumatic drugs on serum drug levels and clinical response in 
patients with rheumatoid arthritis treated with tumor necrosis factor 
inhibitors. Clin Rheumatol 2019;38:949–54.

	121	 Mulleman D, Lauféron F, Wendling D, et al. Infliximab in ankylosing 
spondylitis: alone or in combination with methotrexate? 
A pharmacokinetic comparative study. Arthritis Res Ther 
2011;13:R82.

	122	 Martinez-Feito A, Plasencia C, Hernández-Breijo B. Infliximab 
trough levels and disease activity predict early clinical response in 
patients with axial spondyloarthritis. Ann Rheum Dis 2019;78:885.

	123	 Zhuang Y, Xu Z, Frederick B, et al. Golimumab pharmacokinetics 
after repeated subcutaneous and intravenous administrations in 
patients with rheumatoid arthritis and the effect of concomitant 
methotrexate: an open-label, randomized study. Clin Ther 
2012;34:77–90.

	124	 Syversen SW, Goll GL, JA rgensen KK. OP0017â€…therapeutic 
drug monitoring compared to standard treatment of patients 
starting infliximab therapy: results from a multicentre randomised 
trial of 400 patients. Ann Rheum Dis 2020;7912:12.

	125	 Bastida C, Huitema ADR, l'Ami MJ, l’Ami MJ, et al. Evaluation 
of dose-tapering strategies for intravenous tocilizumab in 
rheumatoid arthritis patients using model-based pharmacokinetic/
pharmacodynamic simulations. Eur J Clin Pharmacol 
2020;76:1417–25.

	126	 Lamers-Karnebeek FBG, Jacobs JWG, Radstake TRDJ, et al. 
Adalimumab drug and antidrug antibody levels do not predict flare 
risk after stopping adalimumab in RA patients with low disease 
activity. Rheumatology 2019;58:427–31.

	127	 Redondo C, Martínez-Feito A, Plasencia-Rodríguez C, et al. 
Golimumab tapering strategy based on serum drug levels in 
patients with spondyloarthritis. Arthritis Rheumatol 2018;70:1356–8.

	128	 Mulleman D, Méric J-C, Paintaud G, et al. Infliximab concentration 
monitoring improves the control of disease activity in rheumatoid 
arthritis. Arthritis Res Ther 2009;11:R178.

	129	 Zänker M, Becher G, Arbach O, et al. Improved adalimumab dose 
decision with comprehensive diagnostics data. Clin Exp Rheumatol 
2018;36:136–9.

	130	 Plasencia C, Jurado T, Villalba A, et al. Effect of infliximab dose 
increase in rheumatoid arthritis at different Trough concentrations: a 
cohort study in clinical practice conditions. Front Med 2015;2:71.

	131	 Inman RD, Davis JC, Heijde Dvander, der HDvan, et al. Efficacy and 
safety of golimumab in patients with ankylosing spondylitis: results 
of a randomized, double-blind, placebo-controlled, phase III trial. 
Arthritis Rheum 2008;58:3402–12.

	132	 Ulijn E, den Broeder N, Wientjes M, Den Broeder N, et al. 
Therapeutic drug monitoring of adalimumab in RA: no predictive 
value of adalimumab serum levels and anti-adalimumab antibodies 
for prediction of response to the next bDMARD. Ann Rheum Dis 
2020;79:867–73.

	133	 L' Ami MJ, Ruwaard J, Krieckaert C, et al. Serum drug 
concentrations to optimize switching from adalimumab 
to etanercept in rheumatoid arthritis. Scand J Rheumatol 
2019;48:266–70.

	134	 Vincent FB, Pavy S, Krzysiek R, et al. Effect of serum anti-tumour 
necrosis factor (TNF) drug Trough concentrations and antidrug 
antibodies (ADAb) to further anti-TNF short-term effectiveness after 
switching in rheumatoid arthritis and axial spondyloarthritis. Joint 
Bone Spine 2016;83:595–7.

	135	 Plasencia C, Pascual-Salcedo D, García-Carazo S, et al. 
The immunogenicity to the first anti-TNF therapy determines 
the outcome of switching to a second anti-TNF therapy in 
spondyloarthritis patients. Arthritis Res Ther 2013;15:R79.

	136	 Jamnitski A, Bartelds GM, Nurmohamed MT, et al. The presence 
or absence of antibodies to infliximab or adalimumab determines 

the outcome of switching to etanercept. Ann Rheum Dis 
2011;70:284–8.

	137	 Bartelds GM, Wijbrandts CA, Nurmohamed MT, et al. Anti-
infliximab and anti-adalimumab antibodies in relation to 
response to adalimumab in infliximab switchers and anti-tumour 
necrosis factor naive patients: a cohort study. Ann Rheum Dis 
2010;69:817–21.

	138	 Bingham CO, Ince A, Haraoui B, et al. Effectiveness and safety of 
etanercept in subjects with RA who have failed infliximab therapy: 
16-week, open-label, observational study. Curr Med Res Opin 
2009;25:1131–42.

	139	 van der Bijl AE, Breedveld FC, Antoni CE, et al. An open-label 
pilot study of the effectiveness of adalimumab in patients with 
rheumatoid arthritis and previous infliximab treatment: relationship 
to reasons for failure and anti-infliximab antibody status. Clin 
Rheumatol 2008;27:1021–8.

	140	 Mazilu D, Opriş D, Gainaru C, et al. Monitoring drug and antidrug 
levels: a rational approach in rheumatoid arthritis patients treated 
with biologic agents who experience inadequate response 
while being on a stable biologic treatment. Biomed Res Int 
2014;2014:1–8.

	141	 Jani M, Dixon WG, Lunt M. The association of biologic drug-levels 
with infection risk: results from the British Society for rheumatology 
biologics register for rheumatoid arthritis. Ann Rheum Dis 
2018;77:163.

	142	 Bejan-Angoulvant T, Ternant D, Daoued F, et al. Brief report: 
relationship between serum infliximab concentrations and risk 
of infections in patients treated for spondyloarthritis. Arthritis 
Rheumatol 2017;69:108–13.

	143	 Burmester GR, Choy E, Kivitz A, et al. Low immunogenicity of 
tocilizumab in patients with rheumatoid arthritis. Ann Rheum Dis 
2017;76:1078–85.

	144	 Krintel SB, Grunert VP, Hetland ML, et al. The frequency of anti-
infliximab antibodies in patients with rheumatoid arthritis treated in 
routine care and the associations with adverse drug reactions and 
treatment failure. Rheumatology 2013;52:1245–53.

	145	 Bendtzen K, Geborek P, Svenson M, et al. Individualized monitoring 
of drug bioavailability and immunogenicity in rheumatoid arthritis 
patients treated with the tumor necrosis factor alpha inhibitor 
infliximab. Arthritis Rheum 2006;54:3782–9.

	146	 Braun J, Deodhar A, Dijkmans B, et al. Efficacy and safety of 
infliximab in patients with ankylosing spondylitis over a two-year 
period. Arthritis Rheum 2008;59:1270–8.

	147	 Abe T, Takeuchi T, Miyasaka N, et al. A multicenter, double-blind, 
randomized, placebo controlled trial of infliximab combined with 
low dose methotrexate in Japanese patients with rheumatoid 
arthritis. J Rheumatol 2006;33:37–44.

	148	 Bender NK, Heilig CE, Dröll B, et al. Immunogenicity, efficacy 
and adverse events of adalimumab in RA patients. Rheumatol Int 
2007;27:269–74.

	149	 Hoxha A, Calligaro A, Tonello M, et al. The clinical relevance of 
early anti-adalimumab antibodies detection in rheumatoid arthritis, 
ankylosing spondylitis and psoriatic arthritis: a prospective 
multicentre study. Joint Bone Spine 2016;83:167–71.

	150	 Krieckaert CLM, Nair SC, Nurmohamed MT, et al. Personalised 
treatment using serum drug levels of adalimumab in patients with 
rheumatoid arthritis: an evaluation of costs and effects. Ann Rheum 
Dis 2015;74:361–8.

	151	 Laine J, Jokiranta TS, Eklund KK, et al. Cost-effectiveness of 
routine measuring of serum drug concentrations and anti-drug 
antibodies in treatment of rheumatoid arthritis patients with TNF-α 
blockers. Biologics 2016;10:67–73.

	152	 Jani M, Gavan S, Chinoy H, et al. A microcosting study of 
immunogenicity and tumour necrosis factor alpha inhibitor drug 
level tests for therapeutic drug monitoring in clinical practice. 
Rheumatology 2016;55:2131–7.

	153	 National Institute for Health and Care Excellence. Therapeutic 
monitoring of TNF-alpha inhibitors in rheumatoid arthritis, 2019.

	154	 Gavan SP, Daker-White, K G, Payne AB. Barriers against testing 
anti-TNF drug levels and anti-drug antibodies in routine clinical 
practice. Ann Rheum Dis 2018;77:A1726.

	155	 Perry ME. Significant overtreatment with biological drugs is 
common in routine care for patients where serum drug levels are 
monitored. Ann Rheum Dis 2018;77:A958.

	156	 Syversen SW, Goll GL, Jørgensen KK, et al. Effect of therapeutic 
drug monitoring vs standard therapy during infliximab induction 
on disease remission in patients with chronic immune-mediated 
inflammatory diseases: a randomized clinical trial. JAMA 
2021;325:1744–54.

	157	 Syversen SW, Jørgensen KK, Goll GL, et al. Effect of therapeutic 
drug monitoring vs standard therapy during maintenance 

 on A
pril 9, 2024 by guest. P

rotected by copyright.
http://rm

dopen.bm
j.com

/
R

M
D

 O
pen: first published as 10.1136/rm

dopen-2022-002216 on 3 June 2022. D
ow

nloaded from
 

http://dx.doi.org/10.1136/ard.2009.109041
http://dx.doi.org/10.1007/s10067-017-3788-1
http://dx.doi.org/10.1136/annrheumdis-2013-204769
http://dx.doi.org/10.1136/annrheumdis-2014-206588
http://dx.doi.org/10.1007/s10067-018-4355-0
http://dx.doi.org/10.1186/ar3350
http://dx.doi.org/10.1016/j.clinthera.2011.11.015
http://dx.doi.org/10.1136/annrheumdis-2020-eular.1082
http://dx.doi.org/10.1007/s00228-020-02925-w
http://dx.doi.org/10.1093/rheumatology/key292
http://dx.doi.org/10.1002/art.40542
http://dx.doi.org/10.1186/ar2867
http://www.ncbi.nlm.nih.gov/pubmed/28850025
http://dx.doi.org/10.3389/fmed.2015.00071
http://dx.doi.org/10.1002/art.23969
http://dx.doi.org/10.1136/annrheumdis-2020-216996
http://dx.doi.org/10.1080/03009742.2019.1577915
http://dx.doi.org/10.1016/j.jbspin.2015.07.015
http://dx.doi.org/10.1016/j.jbspin.2015.07.015
http://dx.doi.org/10.1186/ar4258
http://dx.doi.org/10.1136/ard.2010.135111
http://dx.doi.org/10.1136/ard.2009.112847
http://dx.doi.org/10.1185/03007990902841010
http://dx.doi.org/10.1007/s10067-008-0866-4
http://dx.doi.org/10.1007/s10067-008-0866-4
http://dx.doi.org/10.1155/2014/702701
http://dx.doi.org/10.1002/art.39841
http://dx.doi.org/10.1002/art.39841
http://dx.doi.org/10.1136/annrheumdis-2016-210297
http://dx.doi.org/10.1093/rheumatology/ket017
http://dx.doi.org/10.1002/art.22214
http://dx.doi.org/10.1002/art.24001
http://www.ncbi.nlm.nih.gov/pubmed/16395748
http://dx.doi.org/10.1007/s00296-006-0183-7
http://dx.doi.org/10.1016/j.jbspin.2015.04.020
http://dx.doi.org/10.1136/annrheumdis-2013-204101
http://dx.doi.org/10.1136/annrheumdis-2013-204101
http://dx.doi.org/10.2147/BTT.S96982
http://dx.doi.org/10.1093/rheumatology/kew292
http://dx.doi.org/10.1001/jama.2021.4172
http://rmdopen.bmj.com/


14 Krieckaert C, et al. RMD Open 2022;8:e002216. doi:10.1136/rmdopen-2022-002216

RMD OpenRMD OpenRMD Open

infliximab therapy on disease control in patients with immune-
mediated inflammatory diseases: a randomized clinical trial. JAMA 
2021;326:2375–84.

	158	 Krieckaert CLM, van Tubergen A, Gehin JE. EULAR points to 
consider for therapeutic drug monitoring of biopharmaceuticals in 
inflammatory rheumatic and musculoskeletal diseases.

 on A
pril 9, 2024 by guest. P

rotected by copyright.
http://rm

dopen.bm
j.com

/
R

M
D

 O
pen: first published as 10.1136/rm

dopen-2022-002216 on 3 June 2022. D
ow

nloaded from
 

http://dx.doi.org/10.1001/jama.2021.21316
http://rmdopen.bmj.com/


   1RMD Open 2022;8:e002216corr1. doi:10.1136/rmdopen-2022-002216corr1

Correction

Correction: Therapeutic drug monitoring of 
biopharmaceuticals in inflammatory rheumatic and 
musculoskeletal disease: a systematic literature review 
informing EULAR points to consider

Krieckaert C, Hernández-Breijo B, Gehin JE, et al. Therapeutic drug monitoring 
of biopharmaceuticals in inflammatory rheumatic and musculoskeletal disease: 
a systematic literature review informing EULAR points to consider. RMD Open 
2022;8:e002216. doi: 10.1136/rmdopen-2022-002216
 
Author John D Isaacs was incorrectly listed as John Isaac.

Open access This is an open access article distributed in accordance with the Creative Commons Attribution Non 
Commercial (CC BY-NC 4.0) license, which permits others to distribute, remix, adapt, build upon this work non-
commercially, and license their derivative works on different terms, provided the original work is properly cited, 
appropriate credit is given, any changes made indicated, and the use is non-commercial. See: http://creativecommons.​
org/licenses/by-nc/4.0/.

© Author(s) (or their employer(s)) 2022. Re-use permitted under CC BY-NC. No commercial re-use. See rights and 
permissions. Published by BMJ.

RMD Open 2022;8:e002216corr1. doi:10.1136/rmdopen-2022-002216corr1

https://www.eular.org
http://rmdopen.bmj.com/
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1136/rmdopen-2022-002216corr1&domain=pdf&date_stamp=2022-10-04

	Therapeutic drug monitoring of biopharmaceuticals in inflammatory rheumatic and musculoskeletal disease: a systematic literature review informing EULAR points to consider
	Abstract
	Introduction﻿﻿
	Methods
	Results
	Technical aspects of TDM
	Biopharmaceutical blood concentration measurements (RQ 1)
	Detection of ADAb (RQ 2)

	Clinical utility and relevant aspects for interpretation of results of TDM
	Disease activity and biopharmaceutical blood concentrations (RQ 3)
	Therapeutic range of biopharmaceutical blood concentrations (RQ 4)
	Factors that influence biopharmaceutical blood concentrations (RQs 5 and 6)
	Duration of therapy
	Timing of sampling (trough vs non-trough)
	Route of administration
	Dosing (interval)
	Immunogenicity of biopharmaceuticals
	Body weight or body mass index (BMI)
	Concomitant medication
	Inflammation parameters
	Rheumatoid factor and anticyclic citrullinated peptide (CCP) antibodies

	Proactive TDM (RQ 7)
	Prediction of response to treatment (RQ 8D)
	Reactive TDM (RQ 8A–C and E and F)
	Clinical implications of ADAb (RQ 9)
	Costs-effectiveness of TDM (RQs 10 and 11)
	Patient and clinicians’ perspective on TDM (RQ 12 and 13)


	Discussion
	References

	/content/rmdopen/vol8/issue2/pdf/e002216corr1.pdf
	Correction: Therapeutic drug monitoring of biopharmaceuticals in inflammatory rheumatic and musculoskeletal disease: a systematic literature review informing EULAR points to consider


