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Discussion

The use of a biomarker for prediction of response to b/tsDMARD treatment in RA can 
be of added value to a T2T RA strategy. The base biomarker enhanced T2T strategy of 
our model was dominant compared with usual care T2T regarding both effectiveness 
and costs. The dominance is mainly caused by earlier reach of the remission or LDA 
target for patients in the biomarker enhanced T2T strategy, causing tapering to be 
initiated earlier. A decrease in the percentage of patients tapered, or a decrease in 
medication costs reduces the benefits of the biomarker enhanced T2T strategy. 
However, the biomarker must meet many assumptions that otherwise directly limit 
their cost-effectiveness. 

The maximum number of patients that is able to experience remission or low disease 
activity is similar for both strategies, as addition of a biomarker does not influence 
effectiveness of medication overall. The main difference between the biomarker 
enhanced T2T strategy and the usual care T2T strategy is that the treatment target is 
reached earlier in the treatment process for the biomarker strategy. These differences 
are mainly present in the first two years after start of b/tsDMARD treatment, which is 
comparable to previous strategy trials in RA [17, 18]. Achieving the treatment target 
earlier is beneficial, as a shorter period of active inflammation is associated with 

Figure 4. Incremental cost savings for each scenario relative to the incremental costs of the 
base case analyses on the x-axis.

aScenario (value with lowest increase in savings value with highest increase in savings). Example for scenario 
1: biomarker costs of €500 reduces the incremental cost savings of the biomarker enhanced T2T strategy 
compared to the usual care T2T strategy from €733 (base case) to €332. bCompared to base case (y-axis).
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increased functional performance and quality of life and a reduced risk of irreversible 
joint damage [18–20]. Validation analyses showed that after one cycle, differences 
between the model and clinical care are substantial, as patient distribution over  
the health states is still largely depending on initial probabilities. However, after 
12months the differences are minimal and the biomarker enhanced model approaches  
the T2T-only model.

The biomarker strategy was based on a number of essential assumptions. Therefore, 
results of the biomarker strategy only apply in the rather positive scenario that was 
outlined. However, the question remains if this is achievable in practice, and it has 
been acknowledged before that the cost-effectiveness of biomarkers also depends 
on the context in which they are used [21]. For example, results of laboratory 
biomarkers are often not immediately available, leading to a delay in starting the 
next treatment. Our results show that a biomarker strategy leads to a maximum of 
only 3months extra in remission or LDA, so every week of waiting for results before 
starting the next treatment is directly limiting effectiveness of the biomarker. In 
addition, no biomarkers are currently available that show differential prediction 
between several RA treatment options, as most studies show predictive value for 
response to a specific bDMARD and unclear or similar predictive values for another 
bDMARD. Differential prediction entails that a result of the biomarker results in a 
higher chance of response for a certain treatment, but also unchanged or lower 
chance of response for another treatment. The 50/50 split chosen here represents the 
maximal uncertainty, and the number needed to test and the value per test would 
deteriorate with every deviation. Therefore, this results in the highest possible added 
value for the biomarker. If the biomarker is not able to show differential prediction to 
different treatment options, it does not alter clinical decision making, as prediction of 
a patient’s response chances to most or all treatments does not provide added 
information for clinical practice. Additionally, we assumed that the biomarker was 
measurable before starting the new treatment. There are also biomarkers available 
that can only be measured after start of treatment; for example, drug serum levels 
[22, 23]. Despite the potential of these biomarkers, the most optimal scenario includes 
measurement before start of treatment for preventing the start of ineffective 
treatment. Lastly, we assumed that after failure to six treatment options the chance 
of response to future treatment would be lower, and we classified these patients as 
refractory RA. Results of our study would not change relevantly if these response 
chances would drop slightly more or less, as this will only impact a very limited 
number of patients.

Our scenario analyses showed that costs of the biomarker as well as the sensitivity 
and specificity of the biomarker did not seem to affect the outcomes as much. The 
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costs of the biomarker are small compared with medication costs, and therefore do 
not have much influence on the outcomes. Also, an increase in the sensitivity and 
specificity of the biomarker from 60% to 80% adds only one and a half months to  
the total time in remission, illustrating the difficulty to substantially improve efficacy 
of the current trial-and-error strategy. On the contrary, costs of medication and the 
amount of tapering have a substantial impact on the total costs. The development 
towards lower drug prices (through biosimilars, etc.) will lower the effects of a 
biomarker, and will mainly be in the area of reaching treatment targets earlier.

In conclusion, there seems to be modest potential for the use of a biomarker enhanced  
T2T strategy compared with usual T2T in RA. Patients experience remission and LDA 
earlier in the treatment process, and associated costs are lower compared with usual 
care. However, effects are very dependent on high drug costs combined with tapering, 
and rather optimistic assumptions about the test. The current extensive amount  
of research regarding biomarkers may not be justifiable in light of these modest 
benefits.
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Abstract

Objectives: The REDO trial (REtreatment with Rituximab in RhEumatoid arthritis: 
Disease Outcome after Dose Optimisation) showed that ultra-low-dose rituximab 
(500 mg or 200 mg) was similarly effective to a 1000 mg dosage in the majority of 
RA patients. This pre-planned secondary analysis investigated (1) associations 
between rituximab dosage, drug levels, anti-drug antibodies (ADAs) and B-cell 
counts and (2) the predictive value of pharmacokinetic and pharmacodynamic 
parameters, and of patient, disease and treatment characteristics in relation to 
response to ultra-low-dose rituximab.
Methods: For 140 RA patients from the REDO trial, differences in drug levels,  
ADAs and B-cell counts were examined at baseline, and at 3 and 6 months after 
dosing. Treatment response was defined as absence of flare and no extra rituximab  
or >1 glucocorticoid injection received during follow-up. The association between 
potential predictors and response was investigated using logistic regression 
analyses.
Results: Lower doses of rituximab resulted in lower drug levels but did not 
significantly affect ADA levels or B-cell counts, and 3 (10.7%), 12 (20.7%) and 7 
(13.0%) patients failed to meet the response criteria in, respectively, the 1000 mg, 
500 mg and 200 mg dosage groups. Drug levels, ADAs, B-cell counts, and patient, 
disease and treatment characteristics were not predictive for response to 
ultra-low-dose rituximab.
Conclusion: The results of this study further support the hypothesis that 
continued treatment with 500 or 200 mg rituximab is similarly effective to a 
1000 mg dosage in RA patients doing well on rituximab. These results, combined 
with lack of finding a clinical dose–response relationship in the original REDO 
study, suggest that 200 mg rituximab is not yet the lowest effective rituximab 
retreatment dose in RA.

KEY MESSAGES
•	 No significant predictors of response to (ultra-)low-dose rituximab have been 

identified.
•	 (Ultra-)low-dose rituximab does not significantly change pharmacokinetic or 

pharmacodynamic parameters.
•	 The results of this study support the efficacy of continued treatment with 

(ultra-)low-dose rituximab in RA patients.
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Introduction

Rituximab is a therapeutic antibody and a biologic DMARD (bDMARD) used in the 
treatment of RA [1, 2]. Rituximab targets the protein CD20, which is primarily 
expressed on the surface of B cells. The authorized dose of rituximab for the treatment  
of RA is two subsequent doses of 1000 mg (high dose) every 6 months [3]; however, 
half of this dose was found to be effective as well [4]. Therefore, nowadays often  
two doses of 500 mg or one dose of 1000 mg (standard low dose) are used in clinical 
practice.

Several small uncontrolled studies have suggested that even lower doses of rituximab 
would be adequate for B-cell depletion and disease control [5–8]. Therefore the 
randomized controlled REDO trial (REtreatment with Rituximab in RhEumatoid 
arthritis: Disease Outcome after Dose Optimisation) assessed the difference in 
efficacy between standard low-dose rituximab (1000 mg) and two ultra-low dosages 
(500 mg and 200 mg) for continued treatment in patients with RA responding well  
to standard doses of rituximab [9]. The results showed that, although an ultra-low 
dose of rituximab is effective for the majority of RA patients responding well  
to standard doses of rituximab, non-inferiority on group level could only be 
demonstrated in the intention-to-treat, not in the primary per-protocol analysis.  
A significantly lower incidence of infections was seen with ultra-low doses of 
rituximab compared with standard dose, further underscoring the potential benefits  
of ultra-low-dose rituximab.

Because non-inferiority was not established on a group level in the REDO trial, 
predictive factors for maintaining a response on ultra-low doses rituximab might be 
of clinical interest. Dose-reduction can minimize the risk of infections, while also 
saving substantial costs [9–11]. Successful prediction of response could prevent 
flaring during trial-and-error dose reduction. To our knowledge, no research regarding 
prediction of response to ultra-low-dose rituximab has been performed, although 
prediction of response to rituximab in naïve patients as well as prediction in 
dose-reduction strategies for other bDMARDs have been the subject of systematic 
reviews [12-14]. Potential predictors of response to ultra-low doses of rituximab 
include patient and disease characteristics like RF and ACPA.

Other candidate predictors might conceptually depend on the pharmacokinetics and 
pharmacodynamics of rituximab, especially serum drug concentrations, anti-drug 
antibodies (ADAs) and B-cell counts. A study investigating the association between 
rituximab drug levels during disease flare and disease activity 6 months later showed  
a significant difference in disease activity between patients with detectable vs 
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undetectable drug levels, suggesting correlation between disease flare and drug 
levels [15]. Although a systematic review by van Herwaarden et al. showed that for 
TNF inhibitors in rheumatic diseases, drug levels and ADA have not been shown to be 
predictive for successful dose tapering, this might be different for rituximab [16]. 
Additionally, with rituximab treatment, B-cell counts are available as a potential 
intermediate pharmacodynamic marker.

In conclusion, little is known about the pharmacokinetics and pharmacodynamics of 
ultra-low-dose rituximab, and evidence on the predictive value of clinical and phar-
macological variables (including serum rituximab drug levels, B-cell counts and 
ADAs) for response to ultra-low-dose rituximab is not available. Therefore, this 
analysis of the REDO trial investigates (1) associations between rituximab dosage, 
ADAs, drug levels and B-cell counts and (2) the predictive value of patient, disease and 
treatment characteristics, as well as ADAs, drug levels and B-cell counts for response 
to ultra-low-dose rituximab.

Methods

Study population and design 
This study concerns a pre-planned secondary analysis of the REDO trial, a double-blind, 
randomized controlled trial investigating whether ultra-low doses of rituximab (one 
dose of 500 mg or one dose of 200 mg) are non-inferior to standard low-dose 
treatment (one dose of 1000 mg) [9]. The REDO population consists of 142 patients 
diagnosed with RA (according to either 1987 or 2010 ACR criteria/or by clinical 
diagnosis from the treating rheumatologist), who were current users of rituximab 
(innovator or biosimilar), and had responded to treatment with at least 6 months of 
stable low disease activity after the last rituximab infusion (ascertained by a 28-joint 
DAS based on CRP [DAS28-CRP] <2.9, or a judgement of low disease activity by the 
treating rheumatologist). Respectively, 29, 58 and 55 patients were randomized to 
1000 mg (control group), 500 mg and 200 mg rituximab. For the current study, two 
patients were excluded: one due to a severe adverse event causing loss to follow-up 
and another with a high dose of oral glucocorticoids for immune thrombocytopenia. 
Further details on the trial can be found elsewhere [9, 17]. The trial was done in 
accordance with the Good Clinical Practice guidelines of the International Conference 
on Harmonization and the principles of the Declaration of Helsinki. All participants 
provided written informed consent. The study was approved by the local ethics 
committee [Commissie Mensgebonden Onderzoek region Arnhem-Nijmegen and 
the competent authority (CCMO), NL57520.091.16].
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Definition of response
Persistent treatment response at 6 months was defined as not fulfilling validated  
RA flare criteria, being change in DAS28-CRP >1.2 or >0.6 if current DAS28-CRP ≥2.9 
[18, 19], and no need for either extra rituximab or >1 bridging glucocorticoids injections 
during follow-up. Also, if a glucocorticoid injection was given in the last 6 weeks 
before a DAS28-CRP measurement, the last measure of DAS28-CRP before the injection 
was used, according to the last-observation-carried-forward (LOCF) strategy.  
This definition differs from the pre-published protocol, in which non-response was 
classified as DAS28-CRP <2.9 at 6 months without extra rituximab, switching 
bDMARD or daily CSs >10 mg/day [17]. The change in definition was made as an 
absolute cut-off of the DAS28-CRP does not account for baseline values and therefore 
displays response inappropriately. Additionally, active disease is often bridged  
with glucocorticoid injections in clinical practice, which makes the disease activity 
measurements unsuitable for measuring response to low-dose rituximab in those 
patients.

Variables
Several baseline patient, disease and treatment characteristics were available in the 
REDO dataset. Considered candidate predictors for response to (ultra-)low-dose 
rituximab were: age, gender, disease duration, ACPA/RF status, baseline DAS28-CRP, 
smoking and baseline Simple Erosion Narrowing Score (SENS) [12, 13, 20, 21]. Serum 
drug levels of rituximab were measured before rituximab infusion (baseline), directly 
after infusion, at 3 months and at 6 months follow-up. Drug levels were determined 
by ELISA. For this purpose, ELISA plates are coated with rabbit-anti-rituximab. 
Rituximab in serum will bind to the coated plate and is detected with biotinylated 
F(ab’)2 fragments from rabbit-anti-rituximab. Samples are measured in an eight 
dilutions series, and signal is compared with a calibration curve containing a known 
amount of rituximab. The lower and upper limit of quantification are 0.005 µg/ml and 
500 µg/ml respectively; samples below the lower limit of quantification are included 
in analyses as 0.0025. ADAs were determined using a RIA, and expressed in arbitrary 
units (AU/ml). In short, all antibodies, mainly IgG, are captured by protein A Sepharose, 
and anti-rituximab specific antibodies are detected with a biotinylated F(ab’)2 
fragment of rituximab in combination with radiolabelled streptavidin. The amount of 
radiolabel detected is compared with a calibration curve containing polyclonal rabbit 
antibodies against rituximab. ADAs were investigated in samples with a serum drug 
level below 0.5 µg/ml, since the ADA assay used is moderately drug tolerant, and data 
with spike samples containing ADA and the drug predict detection of high ADA levels 
in samples with rituximab levels up to 0.5 µg/ml. ADA were considered positive if 
above the cut-off of 8 AU/ml and are quantifiable above 30 AU/ml [22]. Serum CD19+ 
B-cell counts were measured at baseline (before infusion), and after 3 and 6 months. 
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Four laboratories in the Netherlands performed the B-cell analysis for the 
participating centres. The percentages and absolute numbers of B-cells were 
determined within 24 h after blood collection by using a combination of fluoro-
chrome-labelled mAbs. By using a fully standardized volumetric counting flow 
cytometer, samples were incubated with mAbs, erythrocytes were lysed, and the 
analysis was automatically performed (1:10.000; the type of flow cytometer used 
depended on the specific laboratory).

Statistical analyses
Dosing groups were compared for demographical and disease-related parameters 
and missing values. The results are expressed as numbers (%), means (SD) or medians 
and interquartile ranges as appropriate. Differences between drug levels and B-cell 
counts for dosing groups were assessed using Kruskal–Wallis tests at baseline and 
after 3 and 6 months. Differences in drug levels for ADA presence were compared 
using Mann–Whitney U tests. To assess the association between rituximab dosage 
and ADAs, a Fisher’s exact test was used. ADAs and their association with response 
were tested using a Fisher exact test.

For response analyses, missing variables were imputed using multiple imputation 
chained equations (MICEs) with 20 imputations drawn by predictive mean matching, 
including all possible predictors, auxiliary variables and the treatment outcome [23, 
24]. The association between potential predictors and response to (ultra-)low-dose 
rituximab was investigated using univariate logistic regression analyses. In case of 
multiple significant predictors, multivariable regression analyses were performed. 
The absolute number of responders will determine the number of predictors that is 
admissible for analysis, according to the rule of 10-events-per-variable. The effect of 
different dosages of rituximab on the association between drug levels and B-cell 
counts was tested. As a sensitivity analysis, the analyses were repeated with 
ΔDAS28-CRP from baseline to 6 months follow-up as the outcome, using linear 
regression analyses.

Role of the funding source
The funders had no role in study design, data collection, data analysis, data 
interpretation, or writing of the report. The corresponding author had full access to 
all data in the study and had final responsibility for the decision to submit for 
publication.
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Results

The baseline characteristics of the study population are described in Table 1. Of 140 
patients, 22 did not maintain response [3 (11%), 12 (21%) and 7 (13%) in, respectively, 
the 1000 mg, 500 mg and 200 mg groups (non-significant)]. Non-response was based 
on receiving an extra dose of rituximab (n = 4, 18%), an increase in DAS28-CRP of >1.2 
or >0.6 if the baseline DAS2-CRP ≥2.9 (n = 13, 59%), or receiving >1 IA or i.m. CS injections 
(n = 5, 23%).

Table 1. Baseline characteristics of the REDO population.

1000mg n=28 500mg n=58 200mg n=54

Age (years) 65 (59-70) 65 (58-72) 67 (56-75)

Female sex 17 (61%) 37 (64%) 40 (74%)

Smoking 2 (7%)* 11 (20%)† 12 (24%)‡

Duration of disease (years) 16.9 (11.3) 14.9 (10.7) 13.6 (7.3)

Rheumatoid factor positivity 25 (89%) 48 (83%) 44 (81%)

ACPA positivity 22 (79%)* 48 (83%)* 43 (80%)†

Radiographic score (SENS) 24.6 (18.8)* 25.1 (22.2) 21.5 (17.6)†

DAS28-CRP 2.45 (0.92) 2.30 (0.96) 2.56 (1.09)

Concomitant use of csDMARDs 20 (71%) 35 (60%) 31 (57%)

Concomitant methotrexate 13 (46%) 24 (41%) 21 (39%)

Use of rituximab (years) 4.1 (2.8) 3.3 (2.7) 4.0 (2.4)

Days since last rituximab infusion 189 (182-245) 194 (188-254) 190 (185-266)

Last dose before inclusion
2 x 1000 mg
1 x 1000 mg
2 x 500 mg

3 (10%)
23 (79%)
3 (10%)

3 (5%)
47 (81%)
8 (14%)

1 (2%)
47 (85%)
7 (13%)

CD19+ B-cell counts (cells/µl) 8 (2-27)§ 9 (1-28)** 10 (1-31)†

Rituximab drug level (µg/ml) 0.052 (0.007-0.22) † 0.052 (<0.005-0.28) $ 0.086 (0.008-0.38)†

ADA (AU/ml) 1(4%)† 7(13%) $ 4(8%)† 

Data are n (%), mean (SD) or median (IQR). ACPA, anti-citrullinated protein antibody; SENS, Simple Erosion 
Narrowing Score, score range (0-86), higher representing more joint damage; DAS28-CRP, disease activity 
score-28 based on C-reactive protein; csDMARDs, conventional disease modifying antirheumatic drugs; ADA, 
anti-drug-antibodies. * data missing for one participant. † data missing for two participants. ‡ data missing for 
three participants. § data missing for four participants. ** data missing for seven participants. $ data missing 
for five participants.
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Association between rituximab dosage, ADAs, drug levels, and B-cell counts
ADAs were detected in 15 of 140 patients (10.7%) at any point during follow-up, of 
which 12 (8.5%) were at baseline (before infusion), 3 (2.1%) were at 3 months and 10 
(7.1%) were at 6 months. No association was found between rituximab dosage and 
presence of ADAs after 6 months of (ultra-)low-dose treatment (P = 0.31; the 
distribution of ADA-positive patients over the dosing groups at different time points 
can be found in Supplementary Table S1, available at Rheumatology online). Drug 
levels were not significantly different between groups at baseline before infusion 
(P = 0.17). However, as expected, drug levels were significantly different between 
groups at peak level (baseline after infusion, P < 0.001), and after 3 months (P < 0.001) 
and 6 months (P = 0.02) (Fig. 1). No significant differences in B-cell counts were found 
at any time point between the dosing groups, although a trend was seen in which 
lower dosages led to higher B-cell counts, almost reaching significance between 
1000 mg and 200 mg groups at 6 months (P = 0.051) (Fig. 2).

Figure 1. Rituximab drug levels by dosage group on a log-transformed scale

The diamonds represent the mean values.
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Prediction of response
Serum drug levels and B-cell counts at baseline (before infusion), and after 3 and 
6 months showed no association with maintained response to rituximab, and this 
was also the case for several baseline patient-, disease- and treatment characteris-
tics (Table 2). Dosage did not modify the effect between rituximab drug levels or 
B-cell counts and response (data not shown). Twelve patients were positive for ADAs 
at baseline, and three additional patients showed ADA positivity during follow-up. 
These patients all maintained response to rituximab at 6 months of follow-up. 
However, no association between ADAs at baseline and response at 6 months was 
seen (P = 0.21), since in ADA-negative patients, the majority also retained response.

Linear regression analysis using the difference in DAS28-CRP between baseline and 
the 6 months follow-up (ΔDAS28-CRP) as definition for response was performed for 
the same variables as for the logistic regression analysis. None of the variables 
showed any significant association with ΔDAS28-CRP (Supplementary Table S2, 
available at Rheumatology online).

Figure 2. Median CD19+ B-cell counts at baseline, 3 and 6 months by dosage group

*Outside values are not shown in the graph.
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Discussion

This study is the first to explore the association between rituximab dosage, ADAs, 
drug levels and B-cell counts in RA patients using (ultra-)low doses of rituximab.  
As expected, rituximab drug levels were associated with dosing. In line with no loss  
of clinical response, dosage did not affect ADAs or B-cell counts differentially. 
Additionally, we found no significant predictors of response, and dosage did not 
modify the effect of rituximab drug levels or B-cell counts on response.

Our findings are in line with studies showing that drug levels of different bDMARDs 
could not predict successful dose tapering or discontinuation [16]. However, previous 
studies did show a relation between drug levels and disease activity for both 
rituximab and TNF inhibitors, which was not supported by our findings [15, 25]. 

Table 2. Univariable logistic regression analyses of response.

Odds ratio 95% CI P-value

Age 0.999 0.958, 1.041 0.955

Female sex (vs male) 0.731 0.266, 2.013 0.545

Smoking 1.530 0.412, 5.683 0.525

SENS 1.015 0,989, 1.043 0.260

Disease duration 1.025 0.972, 1.082 0.363

Rheumatoid factor + 1.634 0.535, 4.989 0.389

ACPA + 1.724 0.558, 5.322 0.344

Concomitant use of csDMARD 0.894 0.347, 2.299 0.817

Baseline DAS28-CRP 1.328 0.810, 2.176 0.260

Baseline CRP 0.977 0.940, 1.015 0.236

Baseline rituximab drug levels 1.117 0.534, 2.336 0.768

Baseline B-cell counts 1.001 0.993, 1.008 0.839

Baseline ADA Infinite*

B-cell counts 3 months 1.034 0.894, 1.195 0.651

B-cell counts 6 months 0.998 0.989, 1.006 0.611

Rituximab drug levels peak 1.001 0.997, 1.006 0.566

Rituximab drug levels 3 months 1.030 0.883, 1.201 0.708

Rituximab drug levels 6 months 2.378 0.403, 14.050 0.339

ACPA, anti-citrullinated protein antibody; SENS, Simple Erosion Narrowing Score; DAS28-CRP, disease activity 
score-28  based on C-reactive protein; csDMARDs, conventional disease modifying antirheumatic drugs; DL, 
drug levels; ADA, anti-drug-antibodies. *All 12 patients with detectable ADA were responders.
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Therefore, the underlying mechanism might be different here. Flare is seen often 
when tapering bDMARDs, but the absence of a predictive value for baseline drug 
levels is probably due to large between-patient differences in both pharmacokinetics 
of TNF inhibitors and the serum level–response relationship within these patients. 
Even though non-inferiority of ultra-low-dose rituximab could not be proven in  
the REDO study, loss of response is not seen more frequently after 200 or 500 than 
after 1000 mg. This, together with absence of relationship between response and 
pharmacological/pharmacodynamic parameters, might suggest that even 200 mg  
is on the high end of the retreatment dose–response curve for (nearly) all patients 
[5–8, 22].

A non-significant numerical trend of increasing B-cell counts over the dosing groups 
(highest B-cell counts for 200 mg group and lowest in 1000 mg group) at 6 months 
was seen. This could indicate a faster B-cell recovery in patients receiving lower doses 
of rituximab, even though dosing is still sufficient to maintain response. The exact 
mechanism by which depletion of B cells works remains unclear; possibly B-cells 
outside the blood—for example in synovial tissue or joints—modulate response as 
well. Additionally, other biomarkers next to B cells may be of interest when studying 
the pharmacodynamics of rituximab.

As no discontinuation arm was present in the REDO study, some carry-over effect 
from previous doses of rituximab on drug levels, ADAs and B-cell counts cannot be 
ruled out. However, rituximab drug levels before infusion were very low compared 
with peak levels in all patients, and it is known from previous studies as well as clinical 
care that on-flare treatment causes most patients to experience flare between 
6–12 months after the last infusion. This makes a carry-over effect lasting >12 months 
(6 months from the previous infusion and 6 months from the REDO study) in a large 
proportion of patients very unlikely [26].

It cannot be ruled out that timing of blood sampling and the characteristics of the 
assays might have influenced our results. It can be considered a limitation that no 
blood was drawn (e.g. for B-cell counts, drug levels or ADAs) in between the time 
points of the REDO trial. Additionally, part of the rituximab drug levels were below the 
lower limit of quantification of the assay; therefore, if these lower drug levels have a 
therapeutic effect, this cannot be shown. Lastly, the ADA assay is not completely drug 
tolerant, and therefore ADA cannot be detected in samples with very-high drug levels 
(at peak level).
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Implications for further practice may focus on the pharmacodynamic aspects of 
rituximab by looking at different B-cell subsets, possibly also outside the circulation, 
and other biomarkers by which rituximab may influence disease activity. From a 
more clinical point of view, it is of interest to investigate the long-term effects of 
these ultra-low-dosing strategies on clinical and safety outcomes.

To conclude, retreatment with a lower rituximab dosage in patients responding to 
standard dosage rituximab was as expected positively associated with lower 
rituximab drug levels during 6 months. Non-response to retreatment with lower dose 
rituximab was seen infrequently and was evenly distributed over all dosing groups, 
and was not associated with altered presence of ADAs or B-cell counts after lowering 
doses over 6 months. This together shows that 200 mg or 500 mg rituximab are a 
suitable alternative for higher dosages and suggests that 200 mg might not be the 
lowest effective rituximab dose in RA patients that showed response to the standard 
rituximab dosage.
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Supplementary files

Table S1. Distribution of ADA-positive patients.

1000mg  
n=28

500mg  
n=58

200mg  
n=55

Serum rituximab below 0.5 ug/ml*

-	 Baseline (before infusion) 25 (89%)† 48 (83%)$ 42 (78%)†

-	 3 months 5 (18%)† 11 (19%)‡ 17 (31%)**

-	 6 months 16 (57%)$ 43 (74%)§ 40 (74%)‡

Patients testing positive for ADA at least once 2 (7.1%) 8 (13.8%) 5 (9.0%)

Time-point of positivity for ADA

-	 Baseline (before infusion) 1 (4%) 7 (12%) 4 (7%)

-	 3 months 0 (0% 2 (3%) 1 (2%)

-	 6 months 1 (4%) 4 (7%) 5 (9%)

Data are n (% of total). *ADA were investigated in samples with a serum drug level below 0.5 µg/ml † data 
missing for two participants $ data missing for five participants ‡ data missing for ten participants § data 
missing for nine participants ** data missing for six participants
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Table S2. Univariable linear regression analyses of response.

Coefficient 95% CI P-value

Age 0.0031 -0.012, 0.018 0.685

Female sex (vs male) 0.212 -0.140, 0.565 0.246

Smoking -0.263 -0.690, 0.165 0.227

SENS -0.005 -0.013, 0.004 0.274

Disease duration -0.001 -0.018, 0.017 0.942

Rheumatoid factor + -0.181 -0.629, 0.267 0.427

ACPA + -0.137 -0.600, 0.327 0.560

Concomitant use of csDMARD -0.169 -0.510, 0.171 0.327

Baseline rituximab drug levels 0.033 -0.047, 0.114 0.415

Baseline B-cell counts 0.001 -0.037, 0.040 0.943

Baseline ADA -0.254 -0.848, 0.340 0.400

B-cell counts 3 months -0.015 -0.054, 0.023 0.425

B-cell counts 6 months 0.024 -0.014, 0.061 0.211

Rituximab drug levels peak 0.104 -0.151, 0.358 0.422

Rituximab drug levels 3 months 0.053 -0.056, 0.161 0.339

Rituximab drug levels 6 months 0.044 -0.049, 0.136 0.352
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Abstract

Objectives: To determine the effects of dose reduction of rituximab (RTX) on 
rheumatoid arthritis (RA) disease activity in clinical practice.
Methods: Retrospective cohort study of RA patients using RTX, in stable low 
disease activity (i.e. Disease Activity Score 28-joint count CRP (DAS28-CRP) ≤3.5 for 
≥6 consecutive months) and ≥2 DAS28-CRP measurements. We identified three 
treatment periods: 1) full dose RTX, 2) RTX dose reduction, and 3) stable RTX dose 
(and interval) after tapering. Linear mixed-model analysis was used to estimate 
mean DAS28-CRP during these periods. Rituximab use was assessed as the median 
percentage of the RTX Daily Defined Dose (%DDD) per period, with 1 x 1000 mg/6 
months as reference.
Results: 387 patients were included in the cohort with a median of 8 DAS28-CRP 
measurements (Q1-Q3:4-13) available per patient and median follow-up time of 
44 months (Q1-Q3: 23-76). 299 patients tapered RTX and entered period 2 at least 
once, of whom 226 also entered period 3. Mean DAS28-CRP were 2.37 (95% CI: 2.29, 
2.44) for period 1, 2.33 (95% CI: 2.25, 2.40) for period 2, and 2.27 (95% CI: 2.18, 2.35) 
for period 3, the latter significantly lower compared to period 1 (p=0.025). %DDD 
for the three time periods were 96%, 57% and 49%, respectively.
Conclusions: Dose reduction of RTX in clinical practice is effective for many RA 
patients and leads to relevant dose reduction. Together with other previously 
proven benefits of ultra-low dose RTX, wider implementation of ultra-low dose 
RTX in RA patients should be considered.

KEY MESSAGES
•	 Long-term dose reduction of rituximab in daily clinical practice does not 

compromise disease activity. 
•	 Dose reduction leads to a long-term dose reduction of 51%.
•	 These findings should stimulate use of ultra-low dose rituximab for RA patients 

with low disease activity.
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Introduction

Rituximab is a biological disease modifying antirheumatic drug (bDMARD) used in 
treatment of patients with rheumatoid arthritis (RA). Rituximab is a monoclonal 
antibody suppressing the RA autoimmune response by binding to the protein CD20, 
which is expressed on the surface of B-cells. The authorized dose of rituximab for the 
treatment of RA is two doses of 1000mg per cycle, often repeated every six months. 
(1) However, a large systematic review showed similar efficacy and better safety for 
half of this dose. (2) Therefore two doses of 500mg or one dose of 1000mg are 
nowadays frequently used per cycle as initial treatment in clinical practice. 

The REDO trial investigated the 6-month efficacy of retreatment with ultra-low dose 
rituximab (1x500mg or 1x200mg ) compared to standard low dose (1x1000mg) in RA 
patients who already showed a response to rituximab cycles of 1000mg or 2000mg. 
(3) Although formal non-inferiority on a group level could not be proven at six months, 
comparable disease control was seen also on the long term. (4) An ultra-low dose of 
rituximab has several benefits. It may minimize the practical burden for patients 
(infusion duration), lower the incidence of side-effects such as infections and increase 
vaccine efficacy. (3, 5, 6) Additionally, dose reduction may lead to a reduction in 
healthcare costs. Pursuing these ultra-low rituximab dosages thus has the potential 
to benefit both patients and society.

Despite the EULAR recommendations to reduce dose or increase interval in patients 
with sustained remission using a bDMARD, there is still a lack of real world evidence 
on dose reduction of rituximab. (7, 8) The results of the REDO study led to introduction 
of a disease activity guided dose optimization protocol for rituximab at the Sint 
Maartenskliniek since January 2019. This provides an opportunity to further validate 
the results and insights gained in the REDO study with a larger number of patients 
and longer follow-up, and to evaluate efficacy of the dose reduction strategy in 
clinical practice. Therefore, we aim to determine the effect of dose reduction of 
rituximab on disease activity, medication use and functioning compared to standard 
low dose rituximab treatment without dose reduction.

Methods

Study design and patients
We conducted a retrospective cohort study among patients who used rituximab 
between April 2012 and February 2022 and who were eligible for dose reduction. 
Patients were enrolled at the rheumatology department of the Sint Maartenskliniek 
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if 1) they had a clinical diagnosis of RA (according to either 1987 ACR or 2010 ACR/
EULAR criteria(9, 10)  and/or by clinical diagnosis from the treating rheumatologist,  
2) reached a DAS28-CRP score of 3.5 or lower (DAS28-CRP LDA cut-off of 2.9 including 
measurement error of 0.6(11)) for at least 6 months during rituximab use, and 3) had 
at least two DAS28-CRP measurements during follow-up. Moment of inclusion (index 
event date) was the date of the first rituximab infusion after a patient had reached a 
DAS28-CRP <3.5 for at least six months. Data was gathered until February 2022 or 
until any censoring event, being 1) death, 2) start of another bDMARD/tsDMARD,  
3) discontinuation of follow-up at the Sint Maartenskliniek, 4) treatment with 
chemotherapy or radiation or occurrence of a disease affecting the treatment with 
rituximab. Participants of the REDO trial and its long-term extension could be 
included in the current cohort. (4)

We identified three treatment periods for which we compared the mean disease 
activity scores and rituximab use: 1) full dose rituximab continuation period, 2) 
rituximab dose reduction period, and 3) stable rituximab dose (and interval) after 
dose reduction (at least 12 months after the last tapering attempt). This approach 
was chosen as the results for stable rituximab dosage after the dose reduction period 
may be more indicative of long-term results in clinical practice, and since we expected 
more short-lived flares in the dose reduction period we wanted to analyse the third 
period separately. 

Treatment strategies
The disease activity guided dose optimization protocol was introduced in January 
2019. In the current study we included patients from 2012 to ensure sufficient data for 
the first treatment period (full dose rituximab continuation, either 1x1000mg or 
2x1000mg). Dose reduction decisions were based on DAS28-CRP and dose reduction 
was recommended if DAS28-CRP < 2.4 (or 2.9 in patients with disease duration >3 
years) at least six months after start of rituximab treatment. The reason for the 
inclusion criterium being somewhat higher is that sometimes patients and physicians 
judge the disease activity to be on target, while the DAS28 is inflated by concomitant 
pain or increased CRP. 

The clinical treatment protocol includes stepwise tapering of rituximab (after the 
initial dose of 1x 1000mg) with the following steps: 500mg per cycle, 200mg per cycle, and 
thereafter full withdrawal, with cycles of approximately 6 months. The withdrawal 
step was added to the protocol due to rather positive results for stopping in previous 
dose reduction studies in bDMARDs (12, 13) and the importance of ‘drug free remission’  
as a target in treatment of RA, which is only identifiable by a stopping attempt. The 
protocol also allows temporary treatment with glucocorticoids and/or non-steroidal 
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anti-inflammatory agents in case of a flare. If after 4 weeks no improvement is seen, 
treatment is reinstated to the latest effective dose. Of note, dose reduction is 
sometimes done using interval lengthening due to patient preference.

Treatment period 1 started from the moment of inclusion if the dose was at least 
1000mg with intervals between infusions of maximum 9 months. Rituximab dose 
reduction (period 2) was defined as receiving a rituximab dose lower than 1000mg, 
and/or changing between intervals defined as follows: < 9 months, ≥ 9 and ≤ 11 
months and >11 and ≤13 months. A patient entered period 2 on the day of receiving a 
rituximab dose lower than 1000mg, or six months after a rituximab infusion followed  
by an interval change to longer than 9 months for the first time. A patient entered 
period 3 if the same rituximab dose was given with the same interval for the third 
time or if the interval between rituximab doses was > 13 months. Treatment periods 
are irrespective of the current RTX dose received.  A patient could enter period 2 again  
if there was a dose and/or interval change again after reaching period 3, therefore 
period 3 could also be entered multiple times. Only period 1 cannot be entered again. 

Outcomes
Primary outcome was the difference in estimated mean DAS28-CRP between the 
three treatment periods. Key secondary outcomes included differences in rituximab 
use between the three treatment periods, by calculating the median percentage of 
Daily Defined Dose (%DDD), differences in start/intensification of oral glucocorticoid 
and use of intra-articular/intramuscular glucocorticoid, daily functioning (measured 
by HAQ-DI on regular basis in routine care) and the difference in flares between the 
three treatment periods. A flare was defined as an increase in DAS28-CRP score of 
more than 1.2 from previous score, or more than 0.6 from previous score with a 
DAS28-CRP score of ≥ 2.9 according to validated RA flare criteria. (14)

Statistical analyses
Descriptive statistics were provided with numbers (%), means (S.D.) or medians (first 
quartile Q1, third quartile Q3  ) depending on distribution. Dose persistence of patients  
who tapered towards 500mg, 200mg or discontinuation are presented using 
Kaplan-Meier curves. Differences in estimated mean DAS28-CRP between three 
treatment periods were analysed using a linear mixed-model using a random 
intercept, to take into account correlations between multiple repeated measures 
within patients. Potential confounders were added to the model, including age, 
disease duration and concomitant csDMARD use (all time varying), seropositivity  
for ACPA and/or rheumatoid factor and sex. The median %DDD per treatment period 
was calculated as secondary outcome, with 1000mg/6months as 100% reference. 
Linear mixed-model analysis was also used to analyse differences in estimated 
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HAQ-DI scores between the three treatment periods. A negative binomial mixed 
model for incidence rate ratios (IRR) was used to compare the occurrence of flares 
and use of glucocorticoids between the three treatment periods. 

Results

Patients
A total of 387 RA patients were included in the cohort (Table 1). Median follow-up time 
was 44 months (Q1-Q3: 23-76), resulting in 1624 patient years of observation time.  
A median of 8 (Q1-Q3: 4-13) DAS28-CRP measurements were available per patient.  
299 (77%) patients attempted dose reduction or interval lengthening during follow-up 
and entered period 2 at least once, of whom 226 (76%) also entered period 3. 204 
patients attempted dose reduction by lowering rituximab dose towards 500mg, of 
whom 46 (23%) reinstated a dose >500mg during follow-up (0.09 events/patient year, 
figure 1). 102 patients received 200mg rituximab, of whom 34 (33%) reinstated a dose 
>200mg during follow-up (0.11 events/patient year, figure 1). 83 patients discontinued 
rituximab (defined as >13 months without rituximab), of whom 38 (46%) reinstated 
rituximab treatment during follow-up (0.26 events/patient year, figure 1). Median 
time to restart was 532 days after the last rituximab infusion (Q1-Q3: 447-634). 
Patients were censored due to death (n=33), start of treatment with another  
b/tsDMARD (n=73), discontinuation of follow-up at our centre (n=22) or occurrence  
of another disease, mainly cancer, affecting treatment with rituximab (n= 18). 

Disease activity and rituximab use
The estimated mean DAS28-CRPs were 2.37 (95% CI: 2.29, 2.44) in the full dose 
continuation period, 2.33 (95% CI: 2.25, 2.40) in the dose reduction period, and 2.27 
(95% CI: 2.18, 2.35) for the period with stable rituximab dose after dose reduction. 
Mean DAS28-CRP was significantly lower for period 3 compared to period 1 (p=0.025, 
table 2). The median percentages of the DDD for the three time periods were 96% 
(Q1-Q3: 82%, 100%) for the full dose continuation period, 57% (Q1-Q3: 44%, 84%) in 
the dose reduction period and 49% (Q1-Q3: 38%, 69%) in the stable rituximab dosage 
period after dose reduction (compared to reference of 1000mg / 6 months). 
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Daily functioning, flares and glucocorticoid use 
A median of 2 HAQ-DI measurements (Q1-Q3: 1-4) were available per patient. 
Estimated means are 1.16 (95% CI: 1.08, 1.24) for period 1, 1.10 (95% CI: 1.02, 1.18)  
for period 2, and 1.05 (95% CI: 0.96, 1.15) for period 3. The estimated mean HAQ-DI  
of period 2 (-0.06 [-0.11, -0.01], p<0.05) and 3 (-0.11 [-0.18, -0.04], p<0.01) were 
significantly lower compared to period 1. The IRR of disease flares during period 2 did 
not differ from the other periods, however the IRR of flares was significantly lower in 
period 3(0.67 [0.51, 0.89], P<0.01) compared with period 1 (Table 3). Oral glucocorticoid 
use did not differ between treatment periods, while glucocorticoid injections were 
given significantly less frequently during period 2 (0.66 [0.54, 0.82], p<0.01) and period 3 
(0.61 [0.48, 0.79], p<0.01) (Table 3). 

Table 2. Adjusted results of the linear mixed model comparing mean DAS28-CRP 
scores between the three treatment periods.

Time period Estimated effect1  
(95% CI)

P-value

Dose reduction vs full dose continuation -0.04 (-0.12, 0.03) 0.294

Stable rituximab dose after dose reduction vs  
full dose continuation

-0.10 (-0.19, -0.01) 0.025

Stable rituximab dose after dose reduction vs  
dose reduction

-0.06 (-0.13,  0.01) 0.107

1 Adjusted for potential confounders, being age, disease duration and concomitant csDMARD use (all time 
varying), seropositivity for ACPA and/or rheumatoid factor and sex.
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Discussion

This retrospective cohort study shows that dose reduction of rituximab is effective 
for the majority of rheumatoid arthritis patients doing well on full dose rituximab. 
Disease activity did not increase during the dose reduction period compared to the 
full dose continuation period, and was lower during the maintenance period after 
dose reduction compared to full dose continuation. Additionally, the dose reduction 
in %DDD is clinically relevant (57% compared to 96% in full dose continuation period) 
and was maintained on the long term (49% in maintenance period after dose 
reduction). HAQ-DI scores and the number of flares and glucocorticoid injections 
were also lower for the maintenance period after dose reduction compared to full 
dose continuation.

Based on these results and the REDO study, tapering of rituximab seems somewhat 
different compared to tapering of other bDMARDs such as tumour necrosis factor 
inhibitors (TNFi). For tapering of TNFi the lowest effective dose varies between 
patients, and this is exemplified by a significant increase in the number of (short 
lived) flares during tapering phase. (12, 13, 15) For rituximab, ultra-low doses seem to 
be effective in the large majority of patients, as both the REDO trial and current 
analyses do not show significant increase in the number of flares or differences 

Figure 1: Dose survival curves showing the proportion of patients who continued treatment 
with 0mg (stop), 200mg or 500mg rituximab without reinstating towards any higher dose.
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between doses. (3) This is also shown in the %DDD that can be reached while tapering, 
which is much lower for rituximab compared to TNFi relative to the authorised dose. 
We compared the %DDD to a reference of 1000mg every six months since this is 
previously shown effective for RA, however the authorised dose is double; 2x1000mg 
every six months. (1) When compared to the authorized dose, the %DDD of rituximab 
in the continuation period after dose reduction is only 25%, while for TNFi this is 
about 50% on an group level. (16) Combined with the lack of proper dose-finding 
studies for rituximab in RA, this may indicate that the currently used ultra-low 
dosages are still too high on the dose response curve for (nearly) all patients. 
Reassuringly, stopping rituximab was clearly less successful than dose reduction, and 
this confirms that the successful lower dosing in a patient is not a sign that rituximab 
could be stopped altogether in that patient. 

The strengths of our study include the considerable sample size and follow-up time of 
patients in regular clinical practice with over 1600 patient years, compared to 70 
patient years in the REDO study. The median follow-up time of 46 (Q1-Q3: 25-78) 
months allowed us to assess disease activity in the period after dose reduction as 
well and after repeated rituximab cycles, providing insights on the consequences of 
lower dosing on the long term. Furthermore, disease activity is assessed frequently 
as part of routine clinical practice with the validated DAS28-CRP measure. 

Our study also has several potential limitations. First of all, the positive results for the 
period with stable rituximab dose after dose reduction in terms of lower disease 
activity, HAQ-DI scores, number of flares and glucocorticoid injections may be 
affected by survival bias, as only patients using rituximab successfully for a longer 
time reach period 3. However 76% of patients who entered period 2 also entered 
period 3, and mean disease activity in period 2 was also not increased compared to 
period 1. Secondly, part of our data was gathered during the COVID-19 pandemic, 
when patients visited the clinic less frequently. This may have led to disease activity 
measures being performed more regularly for patients with higher disease activity, 
as patients in remission stayed home more often. However, this was only in the last 
year of our data collection and is therefore not expected to influence our results. 
Additionally, due to the retrospective nature of the study using clinical care data we 
did not have information on i.e. immunoglobulins and B-cell counts, however these 
were previously investigated as part of the REDO trial. (17-19) Lastly, the incidence of 
flares and glucocorticoid injections was lower in the period with stable rituximab 
dose after dose reduction and glucocorticoid injections also during the dose reduction 
period, both compared to full dose continuation. One may argue this could be caused 
by confounding by indication, since patients most likely to successfully reduce their 
dose are approached for dose reduction. However, no clear predictors for successful 
tapering are known, so this effect should not be very large. (20)
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The abovementioned hypothesis also has consequences for the implementation  
of lower dose rituximab in clinical practice. If 200mg would still be on the high end  
of the dose response curve, the tapering steps between 1000mg and 200mg  
seem unnecessary. Thus, after response to induction with 1x1000 mg, standard 
maintenance treatment could consist of 6-monthly 200 mg cycles. There are some 
clear benefits associated with ultra-low dosed rituximab. Previous studies showed 
that lower dosages reduce side effects, such as infections (5, 21), and hypogamma
globulinemia (17). Lower dosages were associated with better vaccine response (6, 
22), and it reduces practical burden to patients (infusion duration) and costs. Another 
interesting potential benefit of the smaller volume associated with lower dosing is the 
possibility to administer rituximab subcutaneously, which reduces the peak serum levels 
(that seems to be a driver for the increased infection risk) and need for hospital visits 
for patients. 

In conclusion, the findings from this study reinforce previous evidence that ultra-low 
dosing of rituximab in RA patients is as effective as standard low dosing. This large 
and long-term cohort confirms that dose reduction of rituximab does not compromise 
disease activity or patient reported outcome measurements while leading to relevant 
dose reduction, and should further stimulate implementation of rituximab dose 
reduction in RA patients. 
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Abstract

Background: A substantial proportion of rheumatoid arthritis (RA) patients 
discontinues treatment with tumour necrosis factor inhibitors (TNFi) due to 
inefficacy or intolerance. After the failure of treatment with a TNFi, treatment can 
be switched to another TNFi or a bDMARD with a different mode of action (non- 
TNFi). Measurement of serum drug concentrations and/or anti-drug antibodies 
(therapeutic drug monitoring (TDM)) may help to inform the choice for the  
next step. However, the clinical utility of TDM to guide switching has not been 
investigated in a randomised test-treatment study.
Methods: ADDORA-switch is a 24-week, multi-centre, triple-blinded, superiority 
test-treatment randomised controlled trial. A total of 84 RA patients failing 
adalimumab treatment (treatment failure defined as DAS28-CRP > 2.9) will be 
randomised in a 1:1 ratio to a switching strategy to either TNFi or non-TNFi based 
on adalimumab serum trough level (intervention group) or random allocation 
(control group). The primary outcome is the between-group difference in mean 
time-weighted DAS28 over 24 weeks.
Discussion: The trial design differs in many aspects from previously published 
and ongoing TDM studies and is considered the first blinded test-treatment trial 
using TDM in RA. Several choices in the design of this trial are described, and 
overarching principles regarding test-treatment trials and clinical utility of TDM 
are discussed in further detail.
Trial registration: Dutch Trial Register NL8210. Registered on 3 December 2019 
(CMO NL69841.091.19).
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Background

Tumour necrosis factor inhibitors (TNFi) have improved treatment of rheumatoid 
arthritis (RA), but a proportion of patients discontinues treatment due to inefficacy 
or intolerance [1]. The 2019 European League Against Rheumatism (EULAR) recom-
mendations for the management of RA advocate that any biologic agent including a 
subsequent TNFi can be used with on a group level equal chance for effect in case of 
non-response to a previous TNFi, based on a meta-analysis of three randomised 
controlled studies [2,3,4,5,6]. In addition, currently, no strong predictors for response 
to different types of biologic disease-modifying anti-rheumatic drugs (bDMARDs) in 
RA are available [7]. Therefore, after the failure of treatment with a TNFi, two 
approaches are viable with an equal chance of response: treatment with another 
TNFi (adalimumab, certolizumab, etanercept, golimumab, infliximab) or treatment 
with a bDMARD with a different mode of action (non-TNFi: abatacept, rituximab, 
sarilumab, tocilizumab).

However, it is hypothesised that therapeutic drug monitoring (measurement of drug 
concentrations and/or anti-drug antibodies, TDM) might help the clinician in choosing 
between treatment with another TNFi or treatment with a bDMARD with a different 
mode of action. In this study, we focus on the failure to adalimumab, a fully human 
monoclonal antibody TNFi that is one of the most frequently prescribed TNFi 
worldwide.

Failure to respond to adalimumab treatment can have multiple causes. First, some 
patients are not sensitive to TNF blockade and experience innate TNFi insensitivity. In 
these patients, switching to a non-TNFi is—at least conceptually—superior to 
starting a second TNFi. Secondly, approximately 30% of RA patients using adalimumab 
develop a substantial amount of antibodies against adalimumab (anti-drug 
antibodies (ADA)) that adversely affect pharmacokinetics, causing immediate 
(primary) or delayed (i.e. after the initial response, secondary) non-response [8,9,10]. 
Patients developing ADA may thus experience drug failure, but not necessarily class 
failure; they can still respond adequately to a second TNFi. This seems especially likely 
in secondary non-responders as they were primary TNFi responders; therefore, in 
these secondary non-responders, response rates to a second TNFi might be expected 
to be even higher than to a non-TNFi.

The above-mentioned hypothesis has been tested in multiple studies. Firstly, a 
systematic review addressing the above-mentioned hypothesis found three studies 
investigating TDM for prediction of response on a new bDMARD in case of inefficacy 
to the first bDMARD [11]. Two studies were performed in RA patients and one in a 
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cohort of spondyloarthropathy patients [12,13,14]. Two studies showed that the 
development of ADA in patients who failed to respond to a first TNFi predicts a better 
clinical response to a second TNFi; one study concluded the same although this was 
not statistically significant. A study published more recently confirmed this, showing 
that RA patients with inadequate response to adalimumab, despite having sufficient 
adalimumab concentrations, benefit less from switching to etanercept than patients 
with low adalimumab concentrations [10]. These studies have some limitations, as 
the number of patients is limited, and test characteristics (sensitivity, specificity) 
were not mentioned. Additionally, as only switching from a TNFi to another TNFi is 
addressed, the predictive value of TDM for response to non-TNFi after failure to TNFi 
remains unclear. The latter is considered relevant to determine whether substantial 
ADA, impacting on pharmacokinetics, is able to differentially predict response to a 
second TNFi compared to a non-TNFi. A recent retrospective study by Ulijn et al. tried 
to address these issues by using larger patient numbers, assessing formal test 
characteristics, and including switchers to non-TNFi. This study did not show a 
predictive value of either ADA or randomly timed drug concentrations for obtaining a 
response to a second TNFi or non-TNFi [9]. This could have been due to the randomly 
timed sampling instead of trough level timed sampling; however, recent data suggest 
that results from both approaches are very comparable [15]. Of note, a recent review 
regarding the immunogenicity of TNFi in RA suggested that clinical effects of ADA 
depend on the amount of drug that is neutralised by ADA, and the amount of free 
drug present [16]. Even in the presence of ADA, drug concentrations can still be 
sufficient to reach clinical remission; therefore, measurement of serum drug 
concentrations is assumed to be more valid compared to ADA on its own.

In conclusion, although the use of TDM for the selection of the best subsequent 
DMARD in adalimumab failing RA patients seems promising, this has not yet been 
studied in a prospective intervention study. Therefore, we set up a randomised 
controlled test-treatment trial evaluating whether a switching strategy based on 
measurement of adalimumab trough serum concentration at the moment of failure 
is superior to random switching in reducing disease activity for RA patients failing 
adalimumab treatment with respect to disease control.

Methods

Trial design
The ADDORA-switch is a multi-centre, triple-blinded, superiority test-treatment RCT 
in patients with RA starting another bDMARD after adalimumab failure (Fig. 1). 
The study is set up in a collaboration between Reade, the Sint Maartenskliniek and 
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Sanquin Diagnostics and funded by ZonMw and Sanquin Diagnostics. The study 
started on 31 July 2020 and is expected to be performed in at least four departments 
of rheumatology of hospitals in the Netherlands: the Sint Maartenskliniek, Reade, 
Amsterdam UMC (location VUmc) and Reumazorg Zuid West Nederland. The study 
has received ethical review board approval (number NL69841.091.19) and has been 
registered (Dutch Trial Register NL8210). A data safety and monitoring board (DSMB) 
will be installed which reviews data on recruitment, efficacy, safety, protocol 
adherence, protocol updates and results of monitoring visits. Standard Protocol 
Items: Recommendation for Interventional Trials (SPIRIT) checklist is shown in 
Additional file 1.

STUDY PERIOD

Enrolment Allocation Post-
allocation

Close-
out

Unplanned 
visit

TIMEPOINT (weeks) -2 0 4 12 24 X

ENROLMENT:

Eligibility screen X

Patient information X

Informed consent X

Allocation of treatment X

INTERVENTIONS:

Switch based on 
adalimumab concentration

X

Switch based on usual care X

ASSESSMENTS:

Baseline characteristics X

Disease activity X X X X X

Current medication X X X X X

Adverse events X X X X X 

Functioning X X X X X

Routine lab tests X X X X X

Serum for drug 
concentration

X X X X
X

Antidrug antibodies X* X X X X

Genetic testing (optional) X X X X X

Figure 1. SPIRIT figure: trial visits and assessments

*Only adalimumab
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Objectives
The aim of this study is to evaluate whether a switching strategy based on 
adalimumab trough serum concentration at the moment of failure is superior to 
random switching in RA patients failing adalimumab treatment with regard to mean 
time-weighted disease activity score (DAS28-CRP) over 24 weeks. The secondary 
objectives are to compare the EULAR good response rates after 12 and 24 weeks, to 
compare the percentages of patients reaching low disease activity (DAS28-CRP < 2.9) 
or remission (DAS28-CRP < 2.4) after 24 weeks, to compare percentages of EULAR 
non-responders to the subsequent biological and to assess the number and severity 
of adverse events and the use of co-medication/rescue medication.

Participants
Patients with rheumatoid arthritis (according to ACR 1987 and/or 2010 criteria and/or 
clinical diagnosis) who recently failed adalimumab treatment (defined as DAS28-CRP 
> 2.9) and are ≥ 16 years of age are eligible to participate in this study. Patients are 
included if they have received adalimumab (originator or biosimilar) for at least the 
last 10 weeks in standard dosing (40 mg subcutaneously every other week, either in 
monotherapy or combined with methotrexate or leflunomide) and if they are due to 
stop adalimumab due to lack of efficacy, either alone or combined with side effects. 
This particular adalimumab exposition (time and dose) was chosen to ensure 
sufficient exposure to adalimumab to infer true failure. At inclusion, patients still 
have to be on adalimumab treatment to assure valid measurement of adalimumab 
trough concentrations and anti-drug antibodies. Treatment with co-medication, 
including DMARDs and prednisone, is allowed at inclusion and during the study, 
as this maximises the generalisability of the results to the daily clinical practice.

Patients are excluded if they had been treated with another TNFi prior to adalimumab, 
as these patients risk randomisation to etanercept (being their third TNFi) and 
evidence suggests that changes of response are lower for treatment with a third TNFi 
[17, 18]. Treatment with other bDMARDs prior to adalimumab is allowed, but patients 
who have received all allowed non-TNFi options—abatacept, rituximab, sarilumab or 
tocilizumab—are excluded. Other exclusion criteria include contraindication to 
receive either etanercept or all allowed non-TNFi bDMARD (abatacept, rituximab, 
sarilumab or tocilizumab), life expectancy < 6 months, scheduled surgery or other 
pre-planned reasons for treatment discontinuation during follow-up.

Patient recruitment
All eligible patients are selected and approached based on information from the 
electronic health record, according to the above-mentioned inclusion and exclusion 
criteria. The treating rheumatologist informs patients and asks them to participate in 
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this study using a letter accompanied by the patient information sheet and the 
informed consent form. Patients receive this information 2 weeks prior to a planned 
outpatient clinic visit. Additionally, the researcher calls the patient to further explain 
the study, discuss the logistics of inclusion and answer the questions. If they have any 
additional questions, they can contact the local researcher or their treating 
rheumatologist. At the outpatient clinic visit, the study is discussed and informed 
consent is obtained. After informed consent is obtained, baseline data are collected 
and patients receive the allocated study medication. Patients will be recruited 
from four participating hospitals (the Sint Maartenskliniek, Reade, Amsterdam UMC 
(location VUmc) and Reumazorg Zuid West Nederland).

Randomisation and blinding
Eligible patients are randomised in a ratio of 1:1 to a switching strategy based on 
adalimumab concentration in addition to usual care (intervention group) or random 
switching strategy in addition to usual care (control group) (Fig. 2). Randomisation 
blocks are generated by an online programme and have variable block sizes (2 or 4 per 
block) to achieve the intended allocation ratio and to prevent the allocation from 
being predictable for the treating rheumatologist. The randomisation sequence is 
concealed for all trial participants and professionals (patients, physicians and 
assessors).

Subsequent treatment for the intervention group is based on adalimumab trough 
concentration. Patients with an adalimumab trough concentration below 1.0 mg/L 
(either with or without measurable anti-drug antibodies) receive another TNFi, 
etanercept, while patients with an adalimumab concentration of 1.0 mg/L or higher 
receive a non-TNFi bDMARD. The choice for a particular bDMARD is left up to the 
treating health care provider and maybe one of abatacept, rituximab, sarilumab or 

Figure 2. Flow diagram of the ADDORA-switch study. 

*Allocation of subsequent treatment in the control group is directly based on allocation in the intervention 
group. In the case of randomisation allocating more patients to the control group than currently allocated to 
the intervention group, these patients will be randomised in a ratio of 1:2 to etanercept or a non-TNFi

Randomization

Etanercept

Non-TNFi

Etanercept if <1.0mg/L

Non-TNFi if ≥1.0mg/L  

Control arm
Allocation based on 

results in 
intervention group*

Adalimumab failure

Intervention arm: 
drug concentration 

guided
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tocilizumab. In the control group, patients receive instead a second randomisation to 
either etanercept or the same choice of non-TNFi bDMARD (abatacept, rituximab, 
sarilumab or tocilizumab).

A somewhat complex allocation and blinding design is used to be able to perform this 
comparison with patients and physicians being fully blinded. A fully blinded design  
is very rarely used in a test-treatment or diagnostic study but is—when feasible—
the optimal design as it prevents a behavioural change in patients, physicians and 
assessors (expectation bias, detection bias). Also, our design results in a comparison 
that is as fair as possible as the proportion of TNFi and non-TNFi given to patients is 
harmonised by group in order to prevent that between-group differences originate 
from an imbalance in allocation and effectiveness between TNFi or non-TNFi or 
co-DMARDs in these patients.

Firstly, we blind the primary allocation to intervention (TDM) or control group and 
the results from the testing for adalimumab concentrations. This is done by letting an 
independent researcher perform the primary allocation and by sending a concrete 
treatment advice instead of adalimumab concentration results to study physicians. 
In case a patient is randomised to intervention, based on the serum adalimumab 
concentration (see above), the physician receives an advice to give either etanercept 
or a non-TNFi bDMARD chosen by the treating physician. When a patient is 
randomised to control, serum adalimumab concentrations are not determined 
immediately and treatment is based on a secondary allocation and again sent to 
study physicians in the form of a treatment advice. This way, the health care provider 
only receives a treatment advice (‘etanercept’ or ‘non-TNFi bDMARD’), without 
knowing whether it is based on test result or chance.

We chose to standardise the control group as well, as preference policies regarding a 
second bDMARD after failure to adalimumab differ per centre. Several options were 
available for the secondary allocation (TNFi or non-TNFi in the control group). Ideally, 
this allocation would follow the same TNFi vs non-TNFi ratio as the intervention 
group. Therefore, a secondary randomisation with a ratio of 1:1 would not be optimal 
because previous data suggest that approximately 30% of patients have an 
adalimumab concentration below 1.0 mg/L [8,9,10]. A fixed 1:2 ratio TNFi vs non-TNFi 
would be better, but the proportion of patients with low adalimumab concentrations 
might be different in our population. Therefore, we chose to base the allocation of 
subsequent treatment in the control group directly on the allocation in the 
intervention group. When operationalised, this dependency means that when a 
patient in the intervention group is receiving etanercept, the subsequent patient 
randomised to the control group will also be assigned to etanercept. In case of 
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temporary imbalance with an excess of patients allocated to the control group, these 
patients will be randomised in a ratio of 1:2 to etanercept or a non-TNFi, as this 
corresponds with expectations explained above.

Interventions
In both groups, patients commence treatment as explained above and visit the clinic 
after 1, 3 and 6 months. Of note, bDMARD treatment (etanercept, abatacept, 
rituximab, sarilumab or tocilizumab) may be combined with continued methotrexate 
or leflunomide in registered dose, according to label and clinical practice. The dosing 
of the subsequent bDMARD is according to the authorised dose, except for rituximab, 
that also may be dosed 1 × 1000 mg or 2 × 500 mg instead of 2 × 1000 mg i.v [19].

At every visit, disease activity will be measured by a trained physician, and patients 
are treated to the target of DAS28-CRP at least below 2.9. In case of an increased or 
persistently high disease activity between visits, patients are encouraged to contact 
the clinic and an additional clinic visit is scheduled. Treatment with anti-rheumatic 
co-medication during the study is allowed and left to the discretion of the treating 
rheumatologist; however, we aim to keep co-DMARDs stable during follow-up. 
Changes in co-medication during follow-up of the study are allowed in case of flare 
(an increase of DAS28-CRP of > 1.2, or > 0.6 when current DAS28-CRP ≤ 2.9), adverse 
events, or for RA unrelated reasons. In case of active disease, bridging treatment is 
offered to patients, consisting of NSAIDs, methylprednisolone 120 mg i.m. (Depo-
medrol®), triamcinolone i.m. 80 mg (Kenacort®) or oral prednisone (usually 15 mg and 
tapered in 2–6 weeks). In case of a persistent flare, the bDMARD can be switched to 
any other b/cs/tsDMARD treatment. All adverse events reported spontaneously by 
the subject or observed by the investigator or the physician will be recorded. To 
optimise protocol adherence, physicians are trained by the research team and 
researchers monitor adherence of the physicians and will—where needed—give 
feedback.

At the first visit (baseline visit, the patient is still using adalimumab), serum samples 
will be collected to directly analyse trough adalimumab concentrations and anti-
adalimumab antibodies in intervention patients. Trough adalimumab concentrations 
will be measured instead of randomly timed concentrations, as literature shows more 
potential for trough concentrations compared to randomly timed concentrations  
[9, 12]. A trough concentration is defined as the serum concentration just prior to  
the next injection of adalimumab, with a margin of 3 days before the injection.
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Testing of serum drug concentrations and anti-drug antibodies
Trough serum adalimumab concentrations will be measured by enzyme-linked 
immunosorbent assay (ELISA). The detection limit of the assay is 0.001 mg/L [20].  
A cut-off concentration of 1.0 mg/L was chosen based on the combination of results 
from previous studies [1, 10]. Anti-drug antibodies (ADA) will be measured using a 
radioimmuno assay (RIA); ADA will be expressed in arbitrary units (AU/mL). Patients 
were said to be positive for ADA if at one time point ADA were above the cut-off of 
12 AU/mL (limit of detection [LoD]), ADA are quantifiable above 30 AU/mL (lower limit 
of quantification [LLOQ]). All testing will be performed by Sanquin Diagnostics, the 
Netherlands. The validation procedures and execution of the serum concentration 
and ADA assays for the adalimumab have been accredited by the RvA/CCKL (Dutch 
Accreditation Council/Dutch Accreditation Board for Medical Laboratories) according 
to the International Standardization Organization (ISO) guideline ISO15189.

Outcomes
The primary outcome of this study is the between-group difference in mean 
time-weighted Disease Activity Score in 28 joints (DAS28-CRP) after 24 weeks. 
Time-weighted means taking into consideration not only the numerical level of a 
variable, but also the amount of time spent on it (trapezoidal rule). The DAS28-CRP is 
considered a valid, reliable and broadly accepted indicator of the clinical activity of 
RA. Since patients are treated to target, it is possible that at the end of the study,  
no difference in DAS28 scores is found between the two groups, while the flaring 
frequency might indeed be higher in one of the groups. This is why mean 
time-weighted DAS28 (MTW-DAS28) is chosen above the DAS28 score at the study 
end. A flare is defined as an increase of DAS28-CRP compared to DAS28-CRP at the 
former visit with > 1.2, or > 0.6 when current DAS28-CRP ≤ 2.9 [21]. Any switch of 
DMARD, as well as bridging treatment for more than 6 weeks, is considered treatment 
failure. In case of treatment failure, the patients will remain in the study, but the last 
measure of the DAS28-CRP and other outcomes before initiation of bridging/escape 
medication is carried forward (last observation carried forward). Lack of response is 
defined as no improvement by at most 3 months after the start of the subsequent 
biological or the absence of low disease activity by 6 months.

Secondary outcomes include the percentage of patients with good or moderate 
response according to the EULAR response criteria after 12 and 24 weeks, percentage  
of patients with minimal disease activity (DAS28-CRP < 2.9) after 24 weeks, 
percentage of non-responders to the subsequent biological after 24 weeks, number 
of flares after 24 weeks, number and severity of adverse events and use of co- 
medication/rescue medication.
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Sample size
The power calculation for this study is based on the superiority principle, since we 
expect better outcomes for patients in whom the choice of subsequent biological is 
based on serum drug concentrations. The primary outcome, MTW-DAS28, is expected 
to be 2.8 in patients with low disease activity. Based on the DRESS study and STRASS 
study, SD of the mean time-weighted DAS28 after 24 weeks of treatment is expected to 
be 0.9 [22, 23]. The difference in disease activity is defined as the change in MTW-DAS28 
≥ 0.6, as this is the measurement error of DAS28 and is considered a clinically relevant 
difference of clinical status in several studies [24,25,26,27]. With a two-sided 5% 
significance level, power of 80% and randomisation ratio 1:1, the sample size is 72  
(36 per group). To allow for 15% dropout, the final sample size is 84 patients.

Data analysis
Data is extracted from the electronic health records and anonymously entered and 
stored in the data management system Castor EDC. All statistical analyses will be 
performed with IBM SPSS version 23 or STATAIC 13. The researcher will be blinded for 
allocation of intervention and control. First, data will be analysed according to inten-
tion-to-treat (ITT) analysis in order to assess efficacy potentially influenced by 
second-order effects. Additionally, also a per-protocol analysis will be performed as 
this provides the most optimistic estimate of the true efficacy of an intervention. In 
case of treatment failure, the last measure of the DAS28-CRP before initiation of 
bridging/escape medication is carried forward (last observation carried forward). 
The number and reasons for dropout are reported to ensure internal validity.

Descriptive statistics of baseline characteristics will be provided with mean, standard 
deviation, median (p25–p75) or n (%) depending on data distribution. The size of 
differences in the primary outcome, mean time-weighted DAS28-CRP, between the 
two study arms will be calculated and presented. Additionally, the difference will be 
assessed with Student’s t-test. Pre-specified adjusted analyses are performed on the 
primary ITT outcome, adjusting for rheumatoid factor (RF)/anti-citrullinated protein 
antibodies (ACPA) status [28] and baseline DAS28-CRP [29]. A two-sided p-value 
< 0.05 is considered statistically significant. Secondary outcomes are compared with 
Fischer’s exact test, except for the number and severity of adverse events and the use 
of co-medication. Subgroup analyses will be performed to assess the differences in 
the effect of the intervention for patients experiencing primary (≤6 months) or 
secondary (> 6 months) failure to adalimumab. No interim analyses for safety, efficacy 
or futility will be performed.
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Discussion

The ADDORA-switch study will evaluate the additive value of measurement of 
adalimumab serum concentrations at the moment of failure to adalimumab in 
determining the subsequent biological in RA patients. The trial design differs in many 
aspects from previously published and ongoing TDM studies and can be considered 
the first test-treatment RCT using therapeutic drug monitoring in RA. Topics 
addressed in the design involve some interesting overarching principles we would 
like to discuss in further detail.

Firstly, the design of the ADDORA-switch is a rare example of a test-treatment trial in 
which a fully blinded design is possible. Blinding is considered very important in 
controlled trials, as it prevents unequal provision of care (performance bias) and 
biased assessment of the outcome (detection bias or expectation bias) [30]. According 
to a review by Ferrante di Ruffano, 76% of test-treatment trials do not use any type of 
blinding; patients and physicians were only blinded in 5 and 4%, respectively; and full 
blinding was exceptionally rare (2%) [31]. Not blinding trial participants will have 
consequences on the validity of trial results as produced results risk reflecting 
expectations of participants, clinicians and trialists, which is known to generally 
cause overestimated treatment effects. However, practical and ethical difficulties 
involved in blinding test-treatment trial participants (patients, care providers and 
assessors) are part of the reason why blinding in this type of trial is particularly rare. 
Remarkably, the ADDORA-switch has a fully blinded design which is possible due to 
multiple reasons related to the test and the treatment. First, blinding for conduction 
of the test is not necessary as it is considered ethical to conduct serum sampling in all 
patients. Also, as test results are solely known by independent researchers performing 
the randomisation, test outcomes remain unknown for all trial participants including 
clinicians. Lastly, it is a substantial benefit of our trial that treatment options are 
comparable for both groups and used in both groups; therefore, blinding treatment is 
not necessary.

Another point of interest considers operationalisation of TDM in current practice, 
which can be logistically rather challenging for several reasons. First, it is essential to 
obtain the blood sample at the correct time after dosing to assess the trough drug 
concentration; therefore, the patient’s current medication regimen has to be closely 
managed. Also, for interpretation, the concentration measurements and the sampling 
time need to be considered in relation to drug dose and dosage history. Additionally, 
laboratory turnaround time—the time between ordering a test and reporting of 
results—causes that clinicians cannot directly prescribe the new drug during 
consultation. Prescription of a subsequent drug based on TDM is therefore more 
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time-consuming compared to the current practice. The last challenge is associated 
with the costs of additional testing. Especially when samples have to be analysed 
externally, analysis can be costly. Therefore, the cost-effectiveness of TDM in clinical 
practice has to be investigated in more detail.

Lastly, the effects of additional testing on a background of current state of art 
treatment strategies should be evaluated. The use of a treat-to-target strategy, 
which defines a treatment target and applies tight control to reach this target, is 
widely embedded in the treatment of RA. Following this, high disease activity is 
treated aggressively until patients reach and maintain remission or low disease 
activity, and this results in a second-order effect that might negate positive effects of 
TDM. Also, part of the patients will switch to another drug that would have been in 
line with TDM-guided switching already. We hypothesise that therapeutic drug 
monitoring nevertheless might contribute to channelling the right patients to the 
right drug, thus reducing overall disease activity and lowering the incidence of 
subsequent bDMARD switching.

Trial status
The trial started with the recruitment on 31 July 2020 and is currently recruiting. 
Recruitment is estimated to be finished in July 2022. Protocol version 2.3, 30-10-2020.
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Abstract

Background: A substantial proportion of RA patients discontinue adalimumab 
due to ineffectiveness. The next treatment step can be another TNF inhibitor 
(TNFi) or a biological/targeted synthetic DMARD (b/tsDMARD). Therapeutic drug 
monitoring (TDM) of serum drug levels may help guide this choice. This study 
evaluated whether switching treatments based on adalimumab trough levels is 
more effective than random switching.
Methods: In this 24-week, multicentre, triple-blinded, randomised controlled 
trial, RA patients who stopped adalimumab due to inefficacy (DAS28-CRP >2.9) 
were enrolled. Participants were randomly assigned (1:1) to a TDM-based or 
random switching (control) strategy. The primary outcome was the difference in 
mean time-weighted DAS28-CRP between groups at 24 weeks.
Results: From July 2020 to November 2023, 83 consecutive RA patients were 
included, with 78 initiating a new b/tsDMARD (TDM-based: n=38, or control: 
n=40). The mean time-weighted DAS28-CRP was 3.15 in both groups (TDM: SD 
0.99, control: SD 1.01, 95% CI of difference: –0.46 to 0.47). There were no significant 
differences between the groups in flare rates, escape medication use, disease 
activity, or adverse events. ROC analyses in the control group found no predictive 
value of adalimumab levels for response to TNFi or non-TNFi.
Conclusion: Switching treatments based on adalimumab trough levels was not more 
effective than random switching in RA patients who failed adalimumab treatment. 
Therefore, serum drug level measurements to guide therapy choices in this context is  
not recommended.

KEY MESSAGES
What is already known on this topic 
•	 Adalimumab is a widely used and effective treatment for RA, but many patients 

discontinue due to inefficacy.
•	 Recommendations suggest switching to another TNFi or a non-TNFi b/tsDMARD 

when adalimumab fails.
•	 Therapeutic drug monitoring (TDM) has been suggested to guide treatment 

decisions, but its effectiveness in RA patients failing adalimumab has not been 
tested in a controlled trial.

What this study adds 
•	 This is the first trial comparing TDM-based switching with random switching in 

RA patients after adalimumab failure.
•	 Switching based on serum drug levels was not superior to random switching in 

reducing disease activity.
•	 Adalimumab serum levels did not help distinguish between subsequent DMARD 

responders and non-responders.
How this study might affect research, practice or policy 
•	 These findings do not support the use of serum drug level measurements in 

guiding treatment decisions after adalimumab failure.
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Background

Adalimumab is a fully human monoclonal antibody TNF inhibitor (TNFi) that is among 
the most frequently prescribed biological disease-modifying antirheumatic drugs 
(DMARDs) worldwide. It is effective and safe for treating rheumatoid arthritis (RA). 
Still, a substantial proportion of RA patients discontinues treatment due to 
intolerance and/or inefficacy. When treatment fails, the European Alliance of 
Associations for Rheumatology (EULAR) recommends switching to another TNFi or to 
another biologic or targeted synthetic (b/tsDMARD) with a different mode of action.
(1) Implicitly, these two approaches are thus assumed to have similar chances of 
response on a group level.

Therapeutic drug monitoring (TDM), involving serum drug concentration or anti-drug 
antibody (ADA) measurement, may aid in determining the subsequent treatment 
choice between a TNFi or a non-TNFi.(2-4) This is based on the notion that adalimumab 
failure can have multiple causes. The hypothesis is that a subset of patients is 
insensitive to TNF inhibition, making a switch to a non-TNFi conceptually superior. 
Another subset of patients, about 30% of RA patients failing adalimumab, develops 
substantial and prolonged ADAs that adversely affect pharmacokinetics, which may 
lead to immediate (primary) or delayed (secondary) non-response.(4, 5) Patients 
developing ADAs may experience drug failure but this is not necessarily class failure, 
so they may still respond adequately to a second TNFi, especially secondary 
non-responders who were initially responsive to TNFi’s. 

A systematic review identified three studies that explored the use of TDM-markers to 
predict response to a new bDMARD after failure of the first bDMARD.(3) Two studies 
reported that presence of ADAs in patients who did not respond to an initial TNFi 
predicted a better response to a second TNFi, while a third study with similar results 
did not reach statistical significance.(5-7) Subsequently, two additional studies 
examined this concept. One study found that RA patients with high adalimumab 
levels, despite non-response, benefited less from switching to etanercept compared 
to those with low adalimumab levels.(4) However, another study found no predictive 
value in ADA presence or drug concentrations for response to either a second TNFi or 
a non-TNFi.(8) All these studies had limitations regarding clinical applicability, 
including small sample sizes, incomplete reporting of test characteristics (such as 
sensitivity and specificity), and reliance on random rather than trough level sampling. 
The available prospective studies also only addressed switching between TNFi’s, 
leaving the predictive value of TDM for response to non-TNFi drugs after TNFi failure 
unclear. Therefore, it is unclear if TDM can differentially predict response to a second 
TNFi versus a non-TNFi. 
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In RA patients failing adalimumab the clinical effectiveness of TDM to select the 
optimal subsequent b/tsDMARD has not been tested in a controlled trial. The current 
study aimed to assess whether a switching strategy based on adalimumab trough 
serum concentration at the time of failure is superior to random switching in reducing 
disease activity for RA patients who have failed adalimumab treatment.

Methods

Study design and participants
ADDORA-switch was a triple-blinded, superiority, randomised, controlled, test- 
treatment trial conducted across three centres in the Netherlands (Reade, Zuyderland  
MC and Sint Maartenskliniek). The study rationale and design have been previously 
detailed and are summarized here.(9) We recruited adult patients with RA (according  
to ACR 1987 and/or 2010 criteria and/or clinical diagnosis) who recently failed 
adalimumab treatment (defined as Disease Activity Score in 28 joints [DAS28-CRP]  
> 2.9). Patients were included if they had received adalimumab (originator or 
biosimilar) for at least the last 10 weeks (time point at which steady-state 
concentrations are reached) in standard dosing (40 mg subcutaneously every other 
week, either as monotherapy or in combination with methotrexate or leflunomide) 
and were due to stop adalimumab due to lack of efficacy, regardless of concurrent 
side effects. Patients were excluded if they had been treated with another TNFi prior 
to adalimumab, had a contra-indication to receive either etanercept or any of the 
non-TNFi b/tsDMARD allowed by the study protocol, or had pre-planned reasons for 
treatment discontinuation during follow-up. The study received ethical review board 
approval (number NL69841.091.19) and has been registered (Dutch Trial Register 
NL8210). All participants provided written informed consent. Patients and/or the 
public were not involved in the design, or conduct, or reporting, or dissemination 
plans of this research.

Randomisation and blinding
Patients were randomised in a 1:1 ratio to either the TDM-guided intervention group, 
where the next treatment was guided by adalimumab concentration in addition to 
usual care, or a control group, where a random switching strategy was applied 
alongside usual care. Randomisation blocks were generated by an online programme 
and had variable block sizes of 2 or 4 per block. The allocation was performed by an 
independent researcher and the sequence was concealed from all participants, 
including patients, physicians, and assessors (triple blinded). In the TDM-guided 
intervention group, subsequent treatment was determined by adalimumab trough 
concentration. Patients with a trough concentration below 1.0 mg/L were switched 
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to another TNFi, etanercept, while those with a concentration of 1.0 mg/L or higher 
were switched to a non-TNFi bDMARD. The specific non-TNFi bDMARD was chosen 
by the treating healthcare provider in shared decision making with the patient. This 
could be abatacept, rituximab, sarilumab, tocilizumab, or a Janus kinase inhibitor 
(JAKi). The treating physician received a concrete treatment recommendation 
(‘etanercept’ or ‘non-TNFi b/tsDMARD’) from an independent researcher, without 
knowing whether this recommendation was based on therapeutic drug monitoring 
(TDM-guided intervention group) or chance (control group). Allocation of TNFi or non 
TNFi in the control group was standardized by directly basing the assignment of 
subsequent treatment on the allocation in the TDM-guided intervention group. 
When operationalised, this means that when a patient in the intervention group was 
receiving etanercept, the subsequent patient randomised to the control group was 
also assigned to etanercept. In case of temporary imbalance with an excess of 
patients allocated to the control group, these patients were randomised in a ratio of 
1:2 to etanercept or a non-TNFi. This procedure was selected to maintain the same 
TNFi to non-TNFi ratio in both groups, as described more detailed previously, thus 
auto-balancing this ratio.(9) Everyone involved (including the patient, physician and 
researcher) knew which specific treatment the patient was using, but no one knew 
whether this allocation was based on the serum drug level, or usual care.

Study procedures 
At the first visit (screening, while the patient was still on adalimumab), serum samples 
were collected to measure trough adalimumab concentrations and anti-adalimumab 
antibodies. Trough concentrations were taken before the next adalimumab injection 
within a 3-day window. In both groups patients were randomised, started treatment 
as described above and visited the clinic 4, 12 and 24 weeks after treatment initiation. 
Disease activity was measured at each visit and the treating rheumatologists treated 
participants to the target of DAS28-CRP < 2.9. If disease activity increased or remained 
high between visits, patients were encouraged to contact the clinic for an additional 
visit. Antirheumatic co-medication was allowed and managed by the rheumatologist, 
with efforts to keep co-DMARDs stable. Changes in co-medication were permitted 
during flares (defined as DAS28-CRP increase > 1.2, or > 0.6 if current DAS28-CRP ≥ 2.9, 
(10)) or adverse events. In case of active disease, bridging treatment could be offered, 
which included NSAIDs, methylprednisolone 120 mg i.m., triamcinolone 80 mg i.m., or 
oral prednisone (usually 15 mg, tapered over 2-6 weeks). In case of a persistent flare, 
the rheumatologist and participant together could decide to switch the b/tsDMARDs 
to any other b/cs/tsDMARD treatment. All adverse events were recorded. 
Serum adalimumab trough concentrations were measured by enzyme-linked 
immunosorbent assay (ELISA), with a detection limit of 0.001 mg/L.(11) A threshold of 
1.0 mg/L was selected based on prior studies.(4, 12) Baseline anti-drug antibodies 
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(ADA) were measured by radioimmuno assay (RIA); ADA were expressed in arbitrary 
units (AU/mL). Patients were positive for ADA if ADA were above the cutoff of 12 AU/
mL (limit of detection [LoD]), ADA are quantifiable above 30 AU/mL (lower limit of 
quantification [LLOQ]). Assays were conducted by Sanquin Diagnostic Services in the 
Netherlands.

Outcomes
The primary outcome was the between-group difference in mean time-weighted 
(MTW) DAS28-CRP after 24 weeks. This outcome was chosen since patients were 
treated to target and therefore no difference in DAS28 scores might be found only at 
study end, despite a potentially higher flare frequency in one group. Switching 
DMARDs or bridging treatment longer than 6 weeks was considered treatment 
failure. Secondary outcomes included the percentage of patients with good or 
moderate EULAR response after 12 and 24 weeks, low disease activity (defined as 
DAS28-CRP < 2.9 (13)) after 24 weeks, number of patients with a flare after 24 weeks, 
(serious) adverse events and use of co-medication/rescue medication. 

Statistical Analyses
The sample size calculation was based on the superiority principle and has been 
described previously in more detail.(9) The primary outcome was anticipated to be a 
MTW DAS28CRP of 2.8 with a SD of 0.9 based on other RA studies.(14, 15) The clinically 
relevant difference was defined as a change in MTW-DAS28 ≥ 0.6. With a two-sided 
5% significance level, 80% power, and a 15% dropout rate, the sample size was set at 
84 patients.

Data were primarily analysed with an intention-to-treat (ITT) approach. In cases 
where treatment failed, a participant dropped out during follow-up, or a disease 
activity measure was missing, the most recent DAS28-CRP measurement recorded 
before the start of bridging or escape medication (or before dropout) was used, 
following the last observation carried forward method. Additionally, a per-protocol 
(PP) analysis was conducted, which included only participants who completed the 
full study follow-up. The difference in the primary outcome between the two study 
arms was tested with t-test. Pre-specified adjusted analyses were performed on the 
primary ITT outcome, adjusting for rheumatoid factor (RF)/anticitrullinated protein 
antibodies (ACPA) status and baseline DAS28-CRP using linear regression. Additional 
adjusted analyses were conducted to investigate confounding and effect modification 
by use of concomitant csDMARD. A two-sided p-value < 0.05 was considered 
statistically significant. Secondary outcomes were compared in the ITT population 
using Fisher’s exact test or were described numerically. Subgroup analyses were 
conducted to assess differences in the effect of the intervention for patients 
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experiencing primary (≤6 months) or secondary (>6 months) failure to adalimumab. 
The predictive value of baseline serum drug levels for achievement of moderate or 
good EULAR response after 24 weeks was evaluated with Receiver Operating 
Characteristic (ROC) curves. The area under the ROC curve (AUC) was calculated to 
quantify the overall ability of adalimumab serum levels to predict EULAR (non-)
response in the control group, separately for patients randomised to TNFi or non TNFi 
DMARDs. Data were collected with paper case report forms or recorded in the 
participants’ electronic health records. All study data were entered into an electronic 
data capture database (Castor EDC) and exported to RStudio version 4.4.0 for 
statistical analysis. 

Results

Between July 31, 2020, and Nov 6, 2023, a total of 83 RA patients were included in the 
study and randomised to the TDM-guided intervention (n= 40) or control (n= 43). Of 
these 83 patients, 5 were excluded (two belonging to the TDM-guided intervention  
arm, three to control) directly after baseline visit due to cancer diagnosis (n=2) and 
withdrawal of consent (n=3). The ITT population consisted of 78 patients who 
started a new b/tsDMARD based on random assignment to either the TDM-guided 
intervention (n=38) or control (n=40). Of 78 randomised participants, 7 were lost to 
follow-up. These patients were excluded from the per-protocol population, which 
included 71 participants. Baseline patient- disease and treatment characteristics of 
the ITT population are shown in table 1. A flow diagram of the randomisation process, 
trough levels and subsequent treatment is shown in Figure 1. Data of the study have 
been reported according to Consolidated Standards of Reporting Trials reporting 
guidelines (Supplementary file 1).(16)

Disease activity outcomes
Key outcomes for both groups are presented in Table 2. Mean time weighted 
DAS28-CRPs over 24 weeks were 3.15 (SD: 0.99) and 3.15 (SD: 1.01) in the TDM-guided 
intervention and control group respectively (95% CI of difference  –0.46 to 0.47). Per 
protocol analyses showed similar results (between group difference 0.005, 95% CI 
–0.46 to 0.47). Pre-specified adjusted analyses showed that baseline DAS28-CRP was 
significantly associated with mean time-weighted DAS28-CRP, however this did not 
influence the primary outcome (p = 0.68). The use of concomitant csDMARD was 
neither a confounder nor an effect modifier (p = 0.62). Mean differences between 
absolute DAS28-CRP at week 24 and baseline were –1.05 (SD: 1.37) and –1.31 (SD: 1.22) 
for the TDM-guided intervention and control group respectively (Figure 2).
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Table 1. Patient-, disease- and treatment characteristics.

TDM-guided 
(n=38)

Control 
(n=40)

Overall 
(n=78)

Age (years) 	 57	 (±12) 	 56	 (±11) 	 56	 (±11)

Sex (female) 	 19	 (50%) 	 25	 (62%) 	 44	 (56%)

Disease duration (years) 	 8.3	 (±9.1) 	 5.5	 (±5.5) 	 6.9	 (±7.5)

RF + 	 26 	 (68%) 	 25	 (62%)1 	 51	 (65%)1

ACPA + 	 28	 (74%) 	 30	 (75%) 	 58	 (74%)

Erosive 	 4	 (11%) 	 6	 (15%)2 	 10	 (13%)2

Previous b/tsDMARDs 
0
1 
≥2

	 7	 (18%)
	 29	 (76%)
	 2	 (5%)

	 7	 (18%)
	 31	 (78%)
	 2	 (4%)

	 14	 (18%)
	 60	 (77%)
	 4	 (5%)

Previous csDMARDs
1
2
≥3

	 10	 (26%)
	 12	 (32%)
	 16	 (42%)

	 11	 (28%)
	 13	 (32%)
	 16	 (40%)

	 21	 (27%)
	 25	 (32%)
	 32	 (41%)

Duration of adalimumab use (days) 	 216	 (143-311) 	 173	 (132-378) 	 185	 (138-348)

Primary non response to adalimumab* 	 15	 (39%) 	 22	 (55%) 	 37	 (47%)

Baseline csDMARD use 	 29	 (76%) 	 29	 (72%) 	 58	 (74%)

Baseline DAS28-CRP 	 4.0	 (±1.2) 	 4.2	 (±1.0) 	 4.1	 (±1.1)

Baseline tender joint count 	 5	 (2-7) 	 4	 (2-7) 	 4	 (2-7)

Baseline swollen joint count 	 2	 (1-5) 	 3	 (1-5) 	 3	 (1-5)

Baseline VAS patient global 	 60	 (43-77) 	 63	 (54-75) 	 61.5	 (50-75)

Baseline CRP 	 5.5	 (1-11)1 	 3.1	 (1-13) 	 3.6	 (1-11)

Baseline adalimumab trough level (mg/L)
In patients with <1.0 mg/L
In patients with ≥1.0 mg/L

	 3.9	 (0.1-6.7)
	 0.04	 (0.01-0.1)
	 6.1	 (4.3-9.0)

	 3.7	 (0.9-7.3)
	 0.02	 (0.01-0.4)
	 6.4	 (2.7-7.7)

	 3.7	 (0.1-7.1)
	 0.03	 (0.01-0.1)
	 6.2	 (3.7-8.1)

Baseline anti-drug antibody positivity^
>12 AU/mL
>100 AU/mL

	 173	 (54%)
	 83	 (26%)

	 114 	 (38%)
	 54	 (17%)

	 285	 (47%)
	 135	 (22%)

Treatment after randomization:
TNFi
Non-TNFi

	 14	 (37%)
	 24	 (63%)

	 16	 (40%)
	 24	 (60%)

	 30	 (39%)
	 48	 (62%)

Data are mean (±SD), n (%) or median (Q1-Q3). b/tsDMARDs = biologic or targeted synthetic DMARDs, ACPA 
= Anti-Citrullinated Protein Antibodies, RF = Rheumatoid Factor, TNFi = Tumour Necrosis Factor inhibitor, 
DAS28 CRP = Disease Activity Score based on 28 joint count and C-reactive protein, csDMARDs = conventional 
synthetic DMARDs. 1 = 1 missing, 2 = 2 missing, 3 = 7 missing, 4 = 11 missing, 5 = 18 missing, *primary non 
response defined as failure ≤6 months after start of adalimumab, ^Anti-drug antibodies to adalimumab were 
positive if above the cutoff of 12 AU/mL (limit of detection [LoD]), however all values below 100AU/mL are 
considered low.
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Secondary outcomes
A total of 26 patients (33%) experienced a flare during follow-up, 14 (37%) in the 
intervention group and 12 (30%) in the control group. Three (8%) patients in the 
intervention group and 4 (10%) patients in the control group started another b/
tsDMARD during follow-up. One (3%) patient in the intervention group and 2 in the 
control group (5%) started or switched a concomitant conventional synthetic DMARD 
during the study period. One (3%) in the intervention and two (5%) patients in the 
control group received ≥ 2 injections with glucocorticoids, and 4 (10%) intervention 
and two (5%) control patients received oral prednisone during follow-up. Low disease 
activity was achieved in 18 (47%) participants in the TDM-guided intervention group 
and 22 (55%) participants in the control group. Four patients, all belonging to the 
control group, reported serious adverse events during follow-up (Table 2), comprising 
newly diagnosed squamous cell carcinoma with metastases, chronic obstructive 
pulmonary disease, pulmonary embolism and stroke. A total of 89 non-serious 
adverse events were registered, mostly infections and gastrointestinal complaints. 
Fifty (64%) participants reported at least one adverse event. Fifteen (39%) and 22 
(55%) patients in the TDM-guided intervention and control group, respectively, 
experienced primary failure to adalimumab. Subgroup analyses did not identify 
differences in primary outcome between patients experiencing primary (difference 
–0.14, 95%CI –0.96 to 0.68) or secondary (difference 0.10, 95% CI –0.46 to 0.67) failure 

Figure 2. Disease activity during the study period

Data are mean (95% CIs). DAS28-CRP: disease activity score based on 28 joint count and C-reactive protein.
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to adalimumab. The area under the ROC curves (AUC) in the control group were 0.62 
(95%CI 0.31 to 0.94) for patients receiving TNFi and 0.58 (95% CI 0.39 to 0.78) for 
patients receiving a non-TNFi (Figure 3). 

Table 2. Key outcomes at 24 weeks of follow-up.

TDM-guided 
(n=38)

Control 
(n=40)

MTW DAS28-CRP 	 3.15	 (±0.99) 	 3.15	 (±1.01)

DAS28-CRP 	 3.0	 (±1.1) 	 2.9	 (±1.2)

Tender joint count 	 1	 (0–3) 	 1	 (0–5)

Swollen joint count 	 0	 (0–2) 	 1	 (0–3)

VAS patient global 	 40	 (20–69) 	 30	 (15–50)

CRP 	 3.8	 (1.0–8.5) 	 1.2	 (0.8–3.7)

DAS28-CRP <2.9 	 18	 (47%) 	 22	 (55%)

EULAR response ** 	 21	 (55%) 	 30	 (75%)

Number of patients with flare* 	 14	 (37%) 	 12	 (30%)

Serious Adverse Event 	 3	 (8%) 	 1	 (3%)

Data are mean (±SD) or n (%). MTW DAS28-CRP = mean time weighted disease activity score based on 28-joint 
count and CRP. *Flare defined as an increase in DAS28-CRP compared to DAS28-CRP at the former visit with 
> 1.2, or >0.6 when current DAS28-CRP ≥2.9, ** good or moderate response according to the EULAR response 
criteria. EULAR = European Alliance of Associations for Rheumatology.
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Figure 3. Receiver operating characteristics (ROC) curve of the predictive value of adalimumab 
serum levels for achievement of EULAR response for patients in the control group receiving 
TNFi (upper) or non-TNFi (bottom) 

AUC = Area Under ROC Curve, EULAR = European Alliance of Associations for Rheumatology, TNFi = Tumour 
Necrosis Factor inhibitor
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Discussion

Here we show that in RA patients who had failed adalimumab treatment a switching 
strategy based on adalimumab trough serum concentration did not prove superior in 
reducing disease activity over 24 weeks compared to random switching. There were 
also no significant differences observed in flare rates, the need for escape medication, 
absolute disease activity scores, or adverse events, and adalimumab serum levels 
showed no discriminative power in distinguishing between subsequent DMARD 
responders and non-responders. These findings do not support the use of serum drug 
level measurements in guiding treatment decisions after adalimumab failure.

To our knowledge, the ADDORA-switch is the first randomised controlled test 
treatment trial to investigate the added value of TDM in the context of drug switching 
following treatment failure in RA. A previous study examined a similar mechanism 
and reported comparable results, although it was a retrospective study with random 
timed serum levels.(8) Neither study shows a predictive value for adalimumab serum 
levels for achieving response to the next (TNFi or non TNFi) treatment. These results 
differ from those in previous cohort studies showing lower response rates to the 
second TNFi in patients with sufficient TNFi drug levels or without anti-drug-
antibodies against the first TNFi.(4-7) Tentative explanations for these contradictory 
results include differences in design (only focusing on response to the second TNFi), 
in drug (infliximab, etanercept or adalimumab) and in disease (RA or Axial Spondy-
loarthritis). 

There are several potential reasons why adalimumab serum levels may not reliably 
guide patients toward the most effective treatment option (TNFi or non-TNFi). Firstly, 
there might be differences in the relation between the drug concentration in the 
central compartment compared to the peripheral compartment. Secondly, it might 
be that lower adalimumab drug levels are also associated with better response to 
non-TNFi, not only to the TNFi, thus negating any differential prediction. However, 
this does not seem to be the case, as ROC analyses in both the current study and one 
prior study including both TNFi and non-TNFi showed no predictive value of 
adalimumab serum levels for predicting response to subsequent therapy. This lack of 
association might be attributed to variability in the pharmacokinetic and pharmaco-
dynamic relation between patients, which causes a drug level of 1.0mg/l to be too 
high for one patient, and too low for another, diluting the predictive effect. In addition, 
lower drug levels can be associated with less exposure of the antigen to the drug, 
meaning that the antigen may not be fully neutralized, leading to a reduced 
therapeutic effect. Conversely, when the drug concentration is very low, the drug 
may have a higher likelihood of binding to the available antigen. In this case, the drug 
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is quickly depleted by binding to its target antigen, further reducing the free drug 
available in the system (also known as target mediated drug disposition). This creates 
a complex relationship between the amount of drug and its interaction with the 
target, as low drug levels can paradoxically both decrease and increase effectiveness 
due to insufficient antigen exposure and rapid binding.

The only other available randomised controlled test treatment studies regarding 
TDM demonstrated some benefit of TDM in a somewhat similar context. Two large 
trials, NOR DRUM A and B, assessed the added value of TDM in different settings.(17, 
18) NOR DRUM A found no improvement in clinical remission rates with TDM during 
the induction phase of infliximab treatment, but NOR DRUM B demonstrated that 
proactive TDM was more effective than standard therapy in maintaining disease 
control without worsening during the maintenance phase of infliximab therapy. The 
NOR DRUM studies included multiple diseases (both rheumatic and gastroentero-
logical) and did not include a treat-to-target treatment strategy. Additionally, effect 
sizes varied across diseases and were low and not statistically significant for RA. 
Finally, infliximab and not adalimumab was the study drug. This suggests that the 
added value of TDM may depend on type of drug, clinical decision context and disease.

Our study has several strengths, including its design, which is a rare example of a 
test-treatment trial where a fully blinded approach was feasible.(19) The trial also 
was designed with automatic balancing of TNFi and non-TNFi treatment in mind, to 
prevent between group differences being caused by imbalance in drugs with possible 
different efficacy. It should be noted that the test delay was present in both groups 
because the secondary randomisation depended on this. In clinical practice, patients 
would have been treated two weeks earlier in the control arm. Additionally, the trial 
was conducted at multiple centres across the country, enhancing its generalizability. 
However, the study also had limitations, such as a longer-than-expected inclusion 
period, partly due to the COVID-19 pandemic during the trial phase. This led to a 
deviation from the original protocol (9), as we incorporated JAKi as a non-TNFi option 
due to COVID-19-related shortages or safety concerns with other non-TNFi options, 
which included rituximab, tocilizumab, sarilumab, and abatacept.

In conclusion, our study found no clinical benefit in the use of adalimumab trough 
serum concentrations to guide treatment switching in RA patients who failed 
adalimumab. 

Contributors
MW, SA, GW, MN, MB, BvdB and AdB participated in the design of the study. MW, SA, 
GW, SR and AdB were involved in trial conduct and data collection. GW, SR and AdB 



149ADDORA-switch results: using adalimumab drug levels to guide treatment choices in RA

7

were clinical site principal investigators. MW and AdB were involved in data analyses, 
all authors were involved in data interpretation. All authors were involved in drafting 
the article or revising it critically, and approved the final version of the manuscript.

Data sharing
The sponsor will consider requests for clinical trial data from qualified researchers 
with an appropriate and clearly defined scientific objective, following the publication 
of the primary results of the trial. Data considered for sharing can include anonymised 
aggregate clinical trial data not covered by relevant privacy legislation, clinical study 
reports, statistical analysis plan, informed consent forms, and protocol. Researchers 
will be required to sign a Data Use Agreement before receiving study documents. 
Data requests can be submitted to a.denbroeder@maartenskliniek.nl.

Declaration of interests
MB has received payment for expert testimony from Celltrion. TR has received 
research grants from Genmab and KyronBio. RvV has received research grants to the 
institution from BMS, educational grants to institution from Alfasigma, AstraZeneca, 
Galapagos, MSD, Novartis, Pfizer, Roche, Sanofi, UCB, consulting fees/honoraria from 
AbbVie, AstraZeneca, Biogen, Galapagos, BMS, GSK, Janssen, Pfizer, RemeGen, UCB. 
SR has received research grants and/or consultancy fees from AbbVie, Eli Lilly, 
Galapagos/Alfasigma, MSD, Novartis, Pfizer, Sanofi, UCB and is a member of the 
Executive Committee of the Assessment of Spondyloarthritis international society 
and of the EULAR Quality of Care Committee. NvH has received grants to the 
institution from Novartis, Lilly, Celltrion. BvdB has received research grants from 
Novartis/Fresenius and speaker fee from Lilly, Amgen, Abbvie, UCB, Novartis. AdB has 
received research grants to the institution from Celltrion, Lilly, Pfizer, Abbvie, Gilead, 
Sanofi, Janssen, Novartis, alfasigma/galapagos. The other authors declare none. 

Acknowledgements and affiliations
The study is funded by Netherlands Organisation for Health Research and 
Development (ZonMw, grant number 8481 01 006) and Sanquin Diagnostic Services. 
There are no other financial or non-financial conflicts of interest other than specified.  
The Department of Rheumatology at Reade fulfils the role as sponsor, and the 
Department of Rheumatology at Sint Maartenskliniek is the coordinating study 
centre. 

Patient and public involvement
Patients and/or the public were not involved in the design, or conduct, or reporting, 
or dissemination plans of this research.



150

References

1.	 Smolen JS, Landewé RBM, Bergstra SA, Kerschbaumer A, Sepriano A, Aletaha D, et al. EULAR recommen-
dations for the management of rheumatoid arthritis with synthetic and biological disease-modifying 
antirheumatic drugs: 2022 update. Ann Rheum Dis. 2023;82(1):3-18.

2.	 Krieckaert CL, van Tubergen A, Gehin JE, Hernández-Breijo B, Le Mélédo G, Balsa A, et al. EULAR points to 
consider for therapeutic drug monitoring of biopharmaceuticals in inflammatory rheumatic and 
musculoskeletal diseases. Ann Rheum Dis. 2023;82(1):65-73.

3.	 Van Herwaarden N, Van Den Bemt BJF, Wientjes MHM, Kramers C, Den Broeder AA. 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(8):843-57.

4.	 l’Ami MJ, Ruwaard J, Krieckaert C, Nurmohamed MT, van Vollenhoven RF, Rispens T, et al. Serum drug 
concentrations to optimize switching from adalimumab to etanercept in rheumatoid arthritis. Scand J 
Rheumatol. 2019;48(4):266-70.

5.	 Jamnitski A, Bartelds GM, Nurmohamed MT, van Schouwenburg PA, van Schaardenburg D, Stapel SO,  
et al. The presence or absence of antibodies to infliximab or adalimumab determines the outcome of 
switching to etanercept. Ann Rheum Dis. 2011;70(2):284-8.

6.	 Bartelds GM, Wijbrandts CA, Nurmohamed MT, Stapel S, Lems WF, Aarden L, 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(5):817-21.

7.	 Plasencia C, Pascual-Salcedo D, Garcia-Carazo S, Lojo L, Nuno L, Villalba A, 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(4):R79.

8.	 Ulijn E, den Broeder N, Wientjes M, van Herwaarden N, Meek I, Tweehuysen L, 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.

9.	 Wientjes MHM, Atiqi S, Wolbink GJ, Nurmohamed MT, Boers M, Rispens T, et al. Using adalimumab 
serum concentration to choose a subsequent biological DMARD in rheumatoid arthritis patients failing 
adalimumab treatment (ADDORA-switch): study protocol for a fully blinded randomised superiority 
test-treatment trial. Trials. 2021;22(1):406.

10.	 van der Maas A, Lie E, Christensen R, Choy E, de Man YA, van Riel P, et al. Construct and criterion validity 
of several proposed DAS28-based rheumatoid arthritis flare criteria: an OMERACT cohort validation 
study. Ann Rheum Dis. 2013;72(11):1800-5.

11.	 Pouw MF, Krieckaert CL, Nurmohamed MT, van der Kleij D, Aarden L, Rispens T, et al. Key findings 
towards optimising adalimumab treatment: the concentration-effect curve. Ann Rheum Dis. 2015; 
74(3):513-8.

12.	 Bartelds GM, Wijbrandts CA, Nurmohamed MT, Stapel S, Lems WF, Aarden L, et al. Clinical response to 
adalimumab: relationship to anti-adalimumab antibodies and serum adalimumab concentrations in 
rheumatoid arthritis. Ann Rheum Dis. 2007;66(7):921-6.

13.	 Fleischmann R, van der Heijde D, Koenig AS, Pedersen R, Szumski A, Marshall L, et al. How much does 
Disease Activity Score in 28 joints ESR and CRP calculations underestimate disease activity compared 
with the Simplified Disease Activity Index? Ann Rheum Dis. 2015;74(6):1132-7.

14.	 Bouman CA, van Herwaarden N, van den Hoogen FH, Fransen J, van Vollenhoven RF, Bijlsma JW, et al. 
Long-term outcomes after disease activity-guided dose reduction of TNF inhibition in rheumatoid 
arthritis: 3-year data of the DRESS study - a randomised controlled pragmatic non-inferiority strategy 
trial. Ann Rheum Dis. 2017;76(10):1716-22.

15.	 Fautrel B, Pham T, Alfaiate T, Gandjbakhch F, Foltz V, Morel J, et al. Step-down strategy of spacing 
TNF-blocker injections for established rheumatoid arthritis in remission: results of the multicentre 
non-inferiority randomised open-label controlled trial (STRASS: Spacing of TNF-blocker injections in 
Rheumatoid ArthritiS Study). Ann Rheum Dis. 2016;75(1):59-67.

16.	 Schulz KF, Altman DG, Moher D. CONSORT 2010 statement: updated guidelines for reporting parallel 
group randomized trials. Obstet Gynecol. 2010;115(5):1063-70.



151ADDORA-switch results: using adalimumab drug levels to guide treatment choices in RA

7

17.	 Syversen SW, Goll GL, Jørgensen KK, Sandanger Ø, Sexton J, Olsen IC, 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(17):1744-54.

18.	 Syversen SW, Jørgensen KK, Goll GL, Brun MK, Sandanger Ø, Bjørlykke KH, et al. Effect of Therapeutic 
Drug Monitoring vs Standard Therapy During Maintenance Infliximab Therapy on Disease Control in 
Patients With Immune-Mediated Inflammatory Diseases: A Randomized Clinical Trial. Jama. 2021; 
326(23):2375-84.

19.	 Ferrante di Ruffano L, Dinnes J, Sitch AJ, Hyde C, Deeks JJ. Test-treatment RCTs are susceptible to bias: a 
review of the methodological quality of randomized trials that evaluate diagnostic tests. BMC Med Res 

Methodol. 2017;17(1):35.



152

Su
pp

le
m

en
ta

ry
 fi

le
s

Ta
bl

e 
S1

. C
O

N
SO

R
T 

20
10

 c
he

ck
lis

t o
f i

nf
or

m
at

io
n 

to
 in

cl
ud

e 
w

he
n 

re
po

rt
in

g 
a 

ra
nd

om
is

ed
 tr

ia
l.*

Se
ct

io
n/

To
pi

c
It

em
 N

o
C

he
ck

lis
t i

te
m

Re
po

rt
ed

 
on

 p
ag

e 
N

o

Ti
tl

e 
an

d 
ab

st
ra

ct

1
a

Id
en

ti
fic

at
io

n 
as

 a
 ra

nd
om

is
ed

 tr
ia

l i
n 

th
e 

ti
tl

e
1

1
b

St
ru

ct
ur

ed
 s

um
m

ar
y 

of
 tr

ia
l d

es
ig

n,
 m

et
ho

ds
, r

es
ul

ts
, a

nd
 c

on
cl

us
io

ns
 (f

or
 s

pe
ci

fic
 

gu
id

an
ce

 s
ee

 C
O

N
SO

RT
 fo

r a
bs

tr
ac

ts
)

2

In
tr

od
uc

ti
on

Ba
ck

gr
ou

nd
 a

nd
 o

bj
ec

ti
ve

s
2

a
Sc

ie
nt

ifi
c 

ba
ck

gr
ou

nd
 a

nd
 e

xp
la

na
ti

on
 o

f r
at

io
na

le
3

2
b

Sp
ec

ifi
c 

ob
je

ct
iv

es
 o

r h
yp

ot
he

se
s

3

M
et

ho
ds

Tr
ia

l d
es

ig
n

3
a

D
es

cr
ip

ti
on

 o
f t

ri
al

 d
es

ig
n 

(s
uc

h 
as

 p
ar

al
le

l, 
fa

ct
or

ia
l) 

in
cl

ud
in

g 
al

lo
ca

ti
on

 ra
ti

o
4

3
b

Im
po

rt
an

t c
ha

ng
es

 to
 m

et
ho

ds
 a

ft
er

 tr
ia

l c
om

m
en

ce
m

en
t (

su
ch

 a
s 

el
ig

ib
ili

ty
 c

ri
te

ri
a)

, w
it

h 
re

as
on

s
4

,5

Pa
rt

ic
ip

an
ts

4
a

El
ig

ib
ili

ty
 c

ri
te

ri
a 

fo
r p

ar
ti

ci
pa

nt
s

4

4
b

Se
tt

in
gs

 a
nd

 lo
ca

ti
on

s 
w

he
re

 th
e 

da
ta

 w
er

e 
co

lle
ct

ed
4

In
te

rv
en

ti
on

s
5

Th
e 

in
te

rv
en

ti
on

s 
fo

r e
ac

h 
gr

ou
p 

w
it

h 
su

ffi
ci

en
t d

et
ai

ls
 to

 a
llo

w
 re

pl
ic

at
io

n,
 in

cl
ud

in
g 

ho
w

 
an

d 
w

he
n 

th
ey

 w
er

e 
ac

tu
al

ly
 a

dm
in

is
te

re
d

4
,5

O
ut

co
m

es
6

a
Co

m
pl

et
el

y 
de

fin
ed

 p
re

-s
pe

ci
fie

d 
pr

im
ar

y 
an

d 
se

co
nd

ar
y 

ou
tc

om
e 

m
ea

su
re

s,
 in

cl
ud

in
g 

ho
w

 a
nd

 w
he

n 
th

ey
 w

er
e 

as
se

ss
ed

5

6
b

An
y 

ch
an

ge
s 

to
 tr

ia
l o

ut
co

m
es

 a
ft

er
 th

e 
tr

ia
l c

om
m

en
ce

d,
 w

it
h 

re
as

on
s

5

Sa
m

pl
e 

si
ze

7
a

H
ow

 s
am

pl
e 

si
ze

 w
as

 d
et

er
m

in
ed

5

7
b

W
he

n 
ap

pl
ic

ab
le

, e
xp

la
na

ti
on

 o
f a

ny
 in

te
ri

m
 a

na
ly

se
s 

an
d 

st
op

pi
ng

 g
ui

de
lin

es
N

A

Ra
nd

om
is

at
io

n:

Se
qu

en
ce

 g
en

er
at

io
n

8
a

M
et

ho
d 

us
ed

 to
 g

en
er

at
e 

th
e 

ra
nd

om
 a

llo
ca

ti
on

 s
eq

ue
nc

e
4

8
b

Ty
pe

 o
f r

an
do

m
is

at
io

n;
 d

et
ai

ls
 o

f a
ny

 re
st

ri
ct

io
n 

(s
uc

h 
as

 b
lo

ck
in

g 
an

d 
bl

oc
k 

si
ze

)
4

Al
lo

ca
ti

on
 c

on
ce

al
m

en
t 

m
ec

ha
ni

sm
9

M
ec

ha
ni

sm
 u

se
d 

to
 im

pl
em

en
t t

he
 ra

nd
om

 a
llo

ca
ti

on
 s

eq
ue

nc
e 

(s
uc

h 
as

 s
eq

ue
nt

ia
lly

 
nu

m
be

re
d 

co
nt

ai
ne

rs
), 

de
sc

ri
bi

ng
 a

ny
 s

te
ps

 ta
ke

n 
to

 c
on

ce
al

 th
e 

se
qu

en
ce

 u
nt

il 
in

te
rv

en
ti

on
s 

w
er

e 
as

si
gn

ed
4

Im
pl

em
en

ta
ti

on
1

0
W

ho
 g

en
er

at
ed

 th
e 

ra
nd

om
 a

llo
ca

ti
on

 s
eq

ue
nc

e,
 w

ho
 e

nr
ol

le
d 

pa
rt

ic
ip

an
ts

, a
nd

 w
ho

 
as

si
gn

ed
 p

ar
ti

ci
pa

nt
s 

to
 in

te
rv

en
ti

on
s

4

Bl
in

di
ng

1
1

a
If

 d
on

e,
 w

ho
 w

as
 b

lin
de

d 
af

te
r a

ss
ig

nm
en

t t
o 

in
te

rv
en

ti
on

s (
fo

r e
xa

m
pl

e,
 p

ar
ti

ci
pa

nt
s,

 c
ar

e 
pr

ov
id

er
s,

 th
os

e 
as

se
ss

in
g 

ou
tc

om
es

) a
nd

 h
ow

4

1
1

b
If

 re
le

va
nt

, d
es

cr
ip

ti
on

 o
f t

he
 s

im
ila

ri
ty

 o
f i

nt
er

ve
nt

io
ns

4
,5

St
at

is
ti

ca
l m

et
ho

ds
1

2
a

St
at

is
ti

ca
l m

et
ho

ds
 u

se
d 

to
 c

om
pa

re
 g

ro
up

s 
fo

r p
ri

m
ar

y 
an

d 
se

co
nd

ar
y 

ou
tc

om
es

5

1
2

b
M

et
ho

ds
 fo

r a
dd

it
io

na
l a

na
ly

se
s,

 s
uc

h 
as

 s
ub

gr
ou

p 
an

al
ys

es
 a

nd
 a

dj
us

te
d 

an
al

ys
es

5

Re
su

lt
s

Pa
rt

ic
ip

an
t fl

ow
 (a

 d
ia

gr
am

 
is

 s
tr

on
gl

y 
re

co
m

m
en

de
d)

1
3

a
Fo

r e
ac

h 
gr

ou
p,

 th
e 

nu
m

be
rs

 o
f p

ar
ti

ci
pa

nt
s 

w
ho

 w
er

e 
ra

nd
om

ly
 a

ss
ig

ne
d,

 re
ce

iv
ed

 
in

te
nd

ed
 tr

ea
tm

en
t, 

an
d 

w
er

e 
an

al
ys

ed
 fo

r t
he

 p
ri

m
ar

y 
ou

tc
om

e
6

, fi
gu

re
 1

1
3

b
Fo

r e
ac

h 
gr

ou
p,

 lo
ss

es
 a

nd
 e

xc
lu

si
on

s 
af

te
r r

an
do

m
is

at
io

n,
 to

ge
th

er
 w

it
h 

re
as

on
s

6
, fi

gu
re

 1

Re
cr

ui
tm

en
t

1
4

a
D

at
es

 d
efi

ni
ng

 th
e 

pe
ri

od
s 

of
 re

cr
ui

tm
en

t a
nd

 fo
llo

w
-u

p
6

1
4

b
W

hy
 th

e 
tr

ia
l e

nd
ed

 o
r w

as
 s

to
pp

ed
6

Ba
se

lin
e 

da
ta

1
5

A 
ta

bl
e 

sh
ow

in
g 

ba
se

lin
e 

de
m

og
ra

ph
ic

 a
nd

 c
lin

ic
al

 c
ha

ra
ct

er
is

ti
cs

 fo
r e

ac
h 

gr
ou

p
Ta

bl
e 

1

N
um

be
rs

 a
na

ly
se

d
1

6
Fo

r e
ac

h 
gr

ou
p,

 n
um

be
r o

f p
ar

ti
ci

pa
nt

s (
de

no
m

in
at

or
) i

nc
lu

de
d 

in
 e

ac
h 

an
al

ys
is

 a
nd

 
w

he
th

er
 th

e 
an

al
ys

is
 w

as
 b

y 
or

ig
in

al
 a

ss
ig

ne
d 

gr
ou

ps
6

O
ut

co
m

es
 a

nd
 e

st
im

at
io

n
1

7
a

Fo
r e

ac
h 

pr
im

ar
y 

an
d 

se
co

nd
ar

y 
ou

tc
om

e,
 re

su
lt

s 
fo

r e
ac

h 
gr

ou
p,

 a
nd

 th
e 

es
ti

m
at

ed
 e

ff
ec

t 
si

ze
 a

nd
 it

s 
pr

ec
is

io
n 

(s
uc

h 
as

 9
5

%
 c

on
fid

en
ce

 in
te

rv
al

)
6

, T
ab

le
 2

1
7

b
Fo

r b
in

ar
y 

ou
tc

om
es

, p
re

se
nt

at
io

n 
of

 b
ot

h 
ab

so
lu

te
 a

nd
 re

la
ti

ve
 e

ff
ec

t s
iz

es
 is

 
re

co
m

m
en

de
d

6
, T

ab
le

 2

An
ci

lla
ry

 a
na

ly
se

s
1

8
Re

su
lt

s 
of

 a
ny

 o
th

er
 a

na
ly

se
s 

pe
rf

or
m

ed
, i

nc
lu

di
ng

 s
ub

gr
ou

p 
an

al
ys

es
 a

nd
 a

dj
us

te
d 

an
al

ys
es

, d
is

ti
ng

ui
sh

in
g 

pr
e-

sp
ec

ifi
ed

 fr
om

 e
xp

lo
ra

to
ry

6

H
ar

m
s

1
9

Al
l i

m
po

rt
an

t h
ar

m
s 

or
 u

ni
nt

en
de

d 
ef

fe
ct

s 
in

 e
ac

h 
gr

ou
p 

(f
or

 s
pe

ci
fic

 g
ui

da
nc

e 
se

e 
CO

N
SO

RT
 fo

r h
ar

m
s)

6



153ADDORA-switch results: using adalimumab drug levels to guide treatment choices in RA

7

Su
pp

le
m

en
ta

ry
 fi

le
s

Ta
bl

e 
S1

. C
O

N
SO

R
T 

20
10

 c
he

ck
lis

t o
f i

nf
or

m
at

io
n 

to
 in

cl
ud

e 
w

he
n 

re
po

rt
in

g 
a 

ra
nd

om
is

ed
 tr

ia
l.*

Se
ct

io
n/

To
pi

c
It

em
 N

o
C

he
ck

lis
t i

te
m

Re
po

rt
ed

 
on

 p
ag

e 
N

o

Ti
tl

e 
an

d 
ab

st
ra

ct

1
a

Id
en

ti
fic

at
io

n 
as

 a
 ra

nd
om

is
ed

 tr
ia

l i
n 

th
e 

ti
tl

e
1

1
b

St
ru

ct
ur

ed
 s

um
m

ar
y 

of
 tr

ia
l d

es
ig

n,
 m

et
ho

ds
, r

es
ul

ts
, a

nd
 c

on
cl

us
io

ns
 (f

or
 s

pe
ci

fic
 

gu
id

an
ce

 s
ee

 C
O

N
SO

RT
 fo

r a
bs

tr
ac

ts
)

2

In
tr

od
uc

ti
on

Ba
ck

gr
ou

nd
 a

nd
 o

bj
ec

ti
ve

s
2

a
Sc

ie
nt

ifi
c 

ba
ck

gr
ou

nd
 a

nd
 e

xp
la

na
ti

on
 o

f r
at

io
na

le
3

2
b

Sp
ec

ifi
c 

ob
je

ct
iv

es
 o

r h
yp

ot
he

se
s

3

M
et

ho
ds

Tr
ia

l d
es

ig
n

3
a

D
es

cr
ip

ti
on

 o
f t

ri
al

 d
es

ig
n 

(s
uc

h 
as

 p
ar

al
le

l, 
fa

ct
or

ia
l) 

in
cl

ud
in

g 
al

lo
ca

ti
on

 ra
ti

o
4

3
b

Im
po

rt
an

t c
ha

ng
es

 to
 m

et
ho

ds
 a

ft
er

 tr
ia

l c
om

m
en

ce
m

en
t (

su
ch

 a
s 

el
ig

ib
ili

ty
 c

ri
te

ri
a)

, w
it

h 
re

as
on

s
4

,5

Pa
rt

ic
ip

an
ts

4
a

El
ig

ib
ili

ty
 c

ri
te

ri
a 

fo
r p

ar
ti

ci
pa

nt
s

4

4
b

Se
tt

in
gs

 a
nd

 lo
ca

ti
on

s 
w

he
re

 th
e 

da
ta

 w
er

e 
co

lle
ct

ed
4

In
te

rv
en

ti
on

s
5

Th
e 

in
te

rv
en

ti
on

s 
fo

r e
ac

h 
gr

ou
p 

w
it

h 
su

ffi
ci

en
t d

et
ai

ls
 to

 a
llo

w
 re

pl
ic

at
io

n,
 in

cl
ud

in
g 

ho
w

 
an

d 
w

he
n 

th
ey

 w
er

e 
ac

tu
al

ly
 a

dm
in

is
te

re
d

4
,5

O
ut

co
m

es
6

a
Co

m
pl

et
el

y 
de

fin
ed

 p
re

-s
pe

ci
fie

d 
pr

im
ar

y 
an

d 
se

co
nd

ar
y 

ou
tc

om
e 

m
ea

su
re

s,
 in

cl
ud

in
g 

ho
w

 a
nd

 w
he

n 
th

ey
 w

er
e 

as
se

ss
ed

5

6
b

An
y 

ch
an

ge
s 

to
 tr

ia
l o

ut
co

m
es

 a
ft

er
 th

e 
tr

ia
l c

om
m

en
ce

d,
 w

it
h 

re
as

on
s

5

Sa
m

pl
e 

si
ze

7
a

H
ow

 s
am

pl
e 

si
ze

 w
as

 d
et

er
m

in
ed

5

7
b

W
he

n 
ap

pl
ic

ab
le

, e
xp

la
na

ti
on

 o
f a

ny
 in

te
ri

m
 a

na
ly

se
s 

an
d 

st
op

pi
ng

 g
ui

de
lin

es
N

A

Ra
nd

om
is

at
io

n:

Se
qu

en
ce

 g
en

er
at

io
n

8
a

M
et

ho
d 

us
ed

 to
 g

en
er

at
e 

th
e 

ra
nd

om
 a

llo
ca

ti
on

 s
eq

ue
nc

e
4

8
b

Ty
pe

 o
f r

an
do

m
is

at
io

n;
 d

et
ai

ls
 o

f a
ny

 re
st

ri
ct

io
n 

(s
uc

h 
as

 b
lo

ck
in

g 
an

d 
bl

oc
k 

si
ze

)
4

Al
lo

ca
ti

on
 c

on
ce

al
m

en
t 

m
ec

ha
ni

sm
9

M
ec

ha
ni

sm
 u

se
d 

to
 im

pl
em

en
t t

he
 ra

nd
om

 a
llo

ca
ti

on
 s

eq
ue

nc
e 

(s
uc

h 
as

 s
eq

ue
nt

ia
lly

 
nu

m
be

re
d 

co
nt

ai
ne

rs
), 

de
sc

ri
bi

ng
 a

ny
 s

te
ps

 ta
ke

n 
to

 c
on

ce
al

 th
e 

se
qu

en
ce

 u
nt

il 
in

te
rv

en
ti

on
s 

w
er

e 
as

si
gn

ed
4

Im
pl

em
en

ta
ti

on
1

0
W

ho
 g

en
er

at
ed

 th
e 

ra
nd

om
 a

llo
ca

ti
on

 s
eq

ue
nc

e,
 w

ho
 e

nr
ol

le
d 

pa
rt

ic
ip

an
ts

, a
nd

 w
ho

 
as

si
gn

ed
 p

ar
ti

ci
pa

nt
s 

to
 in

te
rv

en
ti

on
s

4

Bl
in

di
ng

1
1

a
If

 d
on

e,
 w

ho
 w

as
 b

lin
de

d 
af

te
r a

ss
ig

nm
en

t t
o 

in
te

rv
en

ti
on

s (
fo

r e
xa

m
pl

e,
 p

ar
ti

ci
pa

nt
s,

 c
ar

e 
pr

ov
id

er
s,

 th
os

e 
as

se
ss

in
g 

ou
tc

om
es

) a
nd

 h
ow

4

1
1

b
If

 re
le

va
nt

, d
es

cr
ip

ti
on

 o
f t

he
 s

im
ila

ri
ty

 o
f i

nt
er

ve
nt

io
ns

4
,5

St
at

is
ti

ca
l m

et
ho

ds
1

2
a

St
at

is
ti

ca
l m

et
ho

ds
 u

se
d 

to
 c

om
pa

re
 g

ro
up

s 
fo

r p
ri

m
ar

y 
an

d 
se

co
nd

ar
y 

ou
tc

om
es

5

1
2

b
M

et
ho

ds
 fo

r a
dd

it
io

na
l a

na
ly

se
s,

 s
uc

h 
as

 s
ub

gr
ou

p 
an

al
ys

es
 a

nd
 a

dj
us

te
d 

an
al

ys
es

5

Re
su

lt
s

Pa
rt

ic
ip

an
t fl

ow
 (a

 d
ia

gr
am

 
is

 s
tr

on
gl

y 
re

co
m

m
en

de
d)

1
3

a
Fo

r e
ac

h 
gr

ou
p,

 th
e 

nu
m

be
rs

 o
f p

ar
ti

ci
pa

nt
s 

w
ho

 w
er

e 
ra

nd
om

ly
 a

ss
ig

ne
d,

 re
ce

iv
ed

 
in

te
nd

ed
 tr

ea
tm

en
t, 

an
d 

w
er

e 
an

al
ys

ed
 fo

r t
he

 p
ri

m
ar

y 
ou

tc
om

e
6

, fi
gu

re
 1

1
3

b
Fo

r e
ac

h 
gr

ou
p,

 lo
ss

es
 a

nd
 e

xc
lu

si
on

s 
af

te
r r

an
do

m
is

at
io

n,
 to

ge
th

er
 w

it
h 

re
as

on
s

6
, fi

gu
re

 1

Re
cr

ui
tm

en
t

1
4

a
D

at
es

 d
efi

ni
ng

 th
e 

pe
ri

od
s 

of
 re

cr
ui

tm
en

t a
nd

 fo
llo

w
-u

p
6

1
4

b
W

hy
 th

e 
tr

ia
l e

nd
ed

 o
r w

as
 s

to
pp

ed
6

Ba
se

lin
e 

da
ta

1
5

A 
ta

bl
e 

sh
ow

in
g 

ba
se

lin
e 

de
m

og
ra

ph
ic

 a
nd

 c
lin

ic
al

 c
ha

ra
ct

er
is

ti
cs

 fo
r e

ac
h 

gr
ou

p
Ta

bl
e 

1

N
um

be
rs

 a
na

ly
se

d
1

6
Fo

r e
ac

h 
gr

ou
p,

 n
um

be
r o

f p
ar

ti
ci

pa
nt

s (
de

no
m

in
at

or
) i

nc
lu

de
d 

in
 e

ac
h 

an
al

ys
is

 a
nd

 
w

he
th

er
 th

e 
an

al
ys

is
 w

as
 b

y 
or

ig
in

al
 a

ss
ig

ne
d 

gr
ou

ps
6

O
ut

co
m

es
 a

nd
 e

st
im

at
io

n
1

7
a

Fo
r e

ac
h 

pr
im

ar
y 

an
d 

se
co

nd
ar

y 
ou

tc
om

e,
 re

su
lt

s 
fo

r e
ac

h 
gr

ou
p,

 a
nd

 th
e 

es
ti

m
at

ed
 e

ff
ec

t 
si

ze
 a

nd
 it

s 
pr

ec
is

io
n 

(s
uc

h 
as

 9
5

%
 c

on
fid

en
ce

 in
te

rv
al

)
6

, T
ab

le
 2

1
7

b
Fo

r b
in

ar
y 

ou
tc

om
es

, p
re

se
nt

at
io

n 
of

 b
ot

h 
ab

so
lu

te
 a

nd
 re

la
ti

ve
 e

ff
ec

t s
iz

es
 is

 
re

co
m

m
en

de
d

6
, T

ab
le

 2

An
ci

lla
ry

 a
na

ly
se

s
1

8
Re

su
lt

s 
of

 a
ny

 o
th

er
 a

na
ly

se
s 

pe
rf

or
m

ed
, i

nc
lu

di
ng

 s
ub

gr
ou

p 
an

al
ys

es
 a

nd
 a

dj
us

te
d 

an
al

ys
es

, d
is

ti
ng

ui
sh

in
g 

pr
e-

sp
ec

ifi
ed

 fr
om

 e
xp

lo
ra

to
ry

6

H
ar

m
s

1
9

Al
l i

m
po

rt
an

t h
ar

m
s 

or
 u

ni
nt

en
de

d 
ef

fe
ct

s 
in

 e
ac

h 
gr

ou
p 

(f
or

 s
pe

ci
fic

 g
ui

da
nc

e 
se

e 
CO

N
SO

RT
 fo

r h
ar

m
s)

6



154

Ta
bl

e 
S1

. C
on

ti
nu

ed
.*

Se
ct

io
n/

To
pi

c
It

em
 N

o
C

he
ck

lis
t i

te
m

Re
po

rt
ed

 
on

 p
ag

e 
N

o

D
is

cu
ss

io
n

Li
m

it
at

io
ns

2
0

Tr
ia

l l
im

it
at

io
ns

, a
dd

re
ss

in
g 

so
ur

ce
s 

of
 p

ot
en

ti
al

 b
ia

s,
 im

pr
ec

is
io

n,
 a

nd
, i

f r
el

ev
an

t, 
m

ul
ti

pl
ic

it
y 

of
 a

na
ly

se
s

8

G
en

er
al

is
ab

ili
ty

2
1

G
en

er
al

is
ab

ili
ty

 (e
xt

er
na

l v
al

id
it

y,
 a

pp
lic

ab
ili

ty
) o

f t
he

 tr
ia

l fi
nd

in
gs

7

In
te

rp
re

ta
ti

on
2

2
In

te
rp

re
ta

ti
on

 c
on

si
st

en
t w

it
h 

re
su

lt
s,

 b
al

an
ci

ng
 b

en
efi

ts
 a

nd
 h

ar
m

s,
 a

nd
 c

on
si

de
ri

ng
 

ot
he

r r
el

ev
an

t e
vi

de
nc

e
7

,8

O
th

er
 in

fo
rm

at
io

n

Re
gi

st
ra

ti
on

2
3

Re
gi

st
ra

ti
on

 n
um

be
r a

nd
 n

am
e 

of
 tr

ia
l r

eg
is

tr
y

4

Pr
ot

oc
ol

2
4

W
he

re
 th

e 
fu

ll 
tr

ia
l p

ro
to

co
l c

an
 b

e 
ac

ce
ss

ed
, i

f a
va

ila
bl

e
4

Fu
nd

in
g

2
5

So
ur

ce
s 

of
 fu

nd
in

g 
an

d 
ot

he
r s

up
po

rt
 (s

uc
h 

as
 s

up
pl

y 
of

 d
ru

gs
), 

ro
le

 o
f f

un
de

rs
8

Ci
ta

ti
on

: S
ch

ul
z 

KF
, A

lt
m

an
 D

G
, M

oh
er

 D
, f

or
 t

he
 C

O
N

SO
RT

 G
ro

up
. C

O
N

SO
RT

 2
0

1
0

 S
ta

te
m

en
t:u

pd
at

ed
 g

ui
de

lin
es

 fo
r 

re
po

rt
in

g 
pa

ra
lle

l g
ro

up
 r

an
do

m
is

ed
 t

ri
al

s.
 B

M
C 

M
ed

ic
in

e.
 2

0
1

0
;8

:1
8

. ©
 2

0
1

0
 S

ch
ul

z e
t a

l. T
hi

s i
s a

n 
O

pe
n 

Ac
ce

ss
 a

rt
ic

le
 d

is
tr

ib
ut

ed
 u

nd
er

 th
e 

te
rm

s o
f t

he
 C

re
at

iv
e 

Co
m

m
on

s A
tt

ri
bu

ti
on

 Li
ce

ns
e (

ht
tp

://
cr

ea
ti

ve
co

m
m

on
s.

or
g/

lic
en

se
s/

by
/2

.0
), 

w
hi

ch
 p

er
m

it
s 

un
re

st
ri

ct
ed

 u
se

, d
is

tr
ib

ut
io

n,
 a

nd
 re

pr
od

uc
ti

on
 in

 a
ny

 m
ed

iu
m

, p
ro

vi
de

d 
th

e 
or

ig
in

al
 w

or
k 

is
 p

ro
pe

rl
y 

ci
te

d.
*W

e 
st

ro
ng

ly
 r

ec
om

m
en

d 
re

ad
in

g 
th

is
 s

ta
te

m
en

t 
in

 c
on

ju
nc

ti
on

 w
it

h 
th

e 
CO

N
SO

RT
 2

0
1

0
 E

xp
la

na
ti

on
 a

nd
 E

la
bo

ra
ti

on
 fo

r 
im

po
rt

an
t 

cl
ar

ifi
ca

ti
on

s 
on

 a
ll 

th
e 

it
em

s.
 

If
 r

el
ev

an
t, 

w
e 

al
so

 r
ec

om
m

en
d 

re
ad

in
g 

CO
N

SO
RT

 e
xt

en
si

on
s 

fo
r 

cl
us

te
r 

ra
nd

om
is

ed
 t

ri
al

s,
 n

on
-i

nf
er

io
ri

ty
 a

nd
 e

qu
iv

al
en

ce
 t

ri
al

s,
 n

on
-p

ha
rm

ac
ol

og
ic

al
 t

re
at

m
en

ts
, 

he
rb

al
 in

te
rv

en
ti

on
s,

 a
nd

 p
ra

gm
at

ic
 tr

ia
ls

. A
dd

it
io

na
l e

xt
en

si
on

s 
ar

e 
fo

rt
hc

om
in

g:
 fo

r t
ho

se
 a

nd
 fo

r u
p-

to
-d

at
e 

re
fe

re
nc

es
 re

le
va

nt
 to

 th
is

 c
he

ck
lis

t, 
se

e 
w

w
w

.c
on

so
rt

-
st

at
em

en
t.o

rg
.



155ADDORA-switch results: using adalimumab drug levels to guide treatment choices in RA

7

Ta
bl

e 
S1

. C
on

ti
nu

ed
.*

Se
ct

io
n/

To
pi

c
It

em
 N

o
C

he
ck

lis
t i

te
m

Re
po

rt
ed

 
on

 p
ag

e 
N

o

D
is

cu
ss

io
n

Li
m

it
at

io
ns

2
0

Tr
ia

l l
im

it
at

io
ns

, a
dd

re
ss

in
g 

so
ur

ce
s 

of
 p

ot
en

ti
al

 b
ia

s,
 im

pr
ec

is
io

n,
 a

nd
, i

f r
el

ev
an

t, 
m

ul
ti

pl
ic

it
y 

of
 a

na
ly

se
s

8

G
en

er
al

is
ab

ili
ty

2
1

G
en

er
al

is
ab

ili
ty

 (e
xt

er
na

l v
al

id
it

y,
 a

pp
lic

ab
ili

ty
) o

f t
he

 tr
ia

l fi
nd

in
gs

7

In
te

rp
re

ta
ti

on
2

2
In

te
rp

re
ta

ti
on

 c
on

si
st

en
t w

it
h 

re
su

lt
s,

 b
al

an
ci

ng
 b

en
efi

ts
 a

nd
 h

ar
m

s,
 a

nd
 c

on
si

de
ri

ng
 

ot
he

r r
el

ev
an

t e
vi

de
nc

e
7

,8

O
th

er
 in

fo
rm

at
io

n

Re
gi

st
ra

ti
on

2
3

Re
gi

st
ra

ti
on

 n
um

be
r a

nd
 n

am
e 

of
 tr

ia
l r

eg
is

tr
y

4

Pr
ot

oc
ol

2
4

W
he

re
 th

e 
fu

ll 
tr

ia
l p

ro
to

co
l c

an
 b

e 
ac

ce
ss

ed
, i

f a
va

ila
bl

e
4

Fu
nd

in
g

2
5

So
ur

ce
s 

of
 fu

nd
in

g 
an

d 
ot

he
r s

up
po

rt
 (s

uc
h 

as
 s

up
pl

y 
of

 d
ru

gs
), 

ro
le

 o
f f

un
de

rs
8

Ci
ta

ti
on

: S
ch

ul
z 

KF
, A

lt
m

an
 D

G
, M

oh
er

 D
, f

or
 t

he
 C

O
N

SO
RT

 G
ro

up
. C

O
N

SO
RT

 2
0

1
0

 S
ta

te
m

en
t:u

pd
at

ed
 g

ui
de

lin
es

 fo
r 

re
po

rt
in

g 
pa

ra
lle

l g
ro

up
 r

an
do

m
is

ed
 t

ri
al

s.
 B

M
C 

M
ed

ic
in

e.
 2

0
1

0
;8

:1
8

. ©
 2

0
1

0
 S

ch
ul

z e
t a

l. T
hi

s i
s a

n 
O

pe
n 

Ac
ce

ss
 a

rt
ic

le
 d

is
tr

ib
ut

ed
 u

nd
er

 th
e 

te
rm

s o
f t

he
 C

re
at

iv
e 

Co
m

m
on

s A
tt

ri
bu

ti
on

 Li
ce

ns
e (

ht
tp

://
cr

ea
ti

ve
co

m
m

on
s.

or
g/

lic
en

se
s/

by
/2

.0
), 

w
hi

ch
 p

er
m

it
s 

un
re

st
ri

ct
ed

 u
se

, d
is

tr
ib

ut
io

n,
 a

nd
 re

pr
od

uc
ti

on
 in

 a
ny

 m
ed

iu
m

, p
ro

vi
de

d 
th

e 
or

ig
in

al
 w

or
k 

is
 p

ro
pe

rl
y 

ci
te

d.
*W

e 
st

ro
ng

ly
 r

ec
om

m
en

d 
re

ad
in

g 
th

is
 s

ta
te

m
en

t 
in

 c
on

ju
nc

ti
on

 w
it

h 
th

e 
CO

N
SO

RT
 2

0
1

0
 E

xp
la

na
ti

on
 a

nd
 E

la
bo

ra
ti

on
 fo

r 
im

po
rt

an
t 

cl
ar

ifi
ca

ti
on

s 
on

 a
ll 

th
e 

it
em

s.
 

If
 r

el
ev

an
t, 

w
e 

al
so

 r
ec

om
m

en
d 

re
ad

in
g 

CO
N

SO
RT

 e
xt

en
si

on
s 

fo
r 

cl
us

te
r 

ra
nd

om
is

ed
 t

ri
al

s,
 n

on
-i

nf
er

io
ri

ty
 a

nd
 e

qu
iv

al
en

ce
 t

ri
al

s,
 n

on
-p

ha
rm

ac
ol

og
ic

al
 t

re
at

m
en

ts
, 

he
rb

al
 in

te
rv

en
ti

on
s,

 a
nd

 p
ra

gm
at

ic
 tr

ia
ls

. A
dd

it
io

na
l e

xt
en

si
on

s 
ar

e 
fo

rt
hc

om
in

g:
 fo

r t
ho

se
 a

nd
 fo

r u
p-

to
-d

at
e 

re
fe

re
nc

es
 re

le
va

nt
 to

 th
is

 c
he

ck
lis

t, 
se

e 
w

w
w

.c
on

so
rt

-
st

at
em

en
t.o

rg
.





General discussion

Chapter 8



158



159General discussion

8

Main findings

Throughout this thesis, we have examined various approaches for predicting b/
tsDMARD response in patients with RA, focusing on the use of laboratory biomarkers 
and pharmacological strategies. We began by systematically reviewing the literature 
for available laboratory biomarkers for prediction of response to TNFi in RA patients 
(Chapter 2). Next, we explored the potential added value of predictive biomarkers 
within treat-to-target treatment strategies for RA, using a conceptual modelling 
approach to assess their impact on treatment decisions and health outcomes 
(Chapter 3). We then evaluated the utility of drug levels, ADAs, and B-cell counts as 
predictors of treatment response in RA patients receiving (ultra-)low-dose rituximab 
(Chapter 4). Following that, we analysed a retrospective cohort on dose reduction of 
rituximab in clinical practice, focusing on RA patients in low disease activity, and 
assessed the implications of this strategy on long-term treatment (Chapter 5). Finally, 
we described the study protocol (Chapter 6) and the results (Chapter 7) of a 
randomized superiority test-treatment trial (ADDORA-switch) assessing whether 
adalimumab serum concentration could guide the selection of a subsequent b/
tsDMARD for RA patients failing adalimumab treatment.  

Main finding 1: No biomarkers were found that consistently showed a (strong) 
predictive effect for response to TNFi in patients with RA (Chapter 2).

Main finding 2: A biomarker predicting response to b/tsDMARD treatment in RA 
could enhance treat-to-target clinical care. However, improvements in efficacy and 
costs appear to be modest, and are largely depending on early and proactive 
medication tapering and on optimistic assumptions about the test (Chapter 3).

Main finding 3: Lower doses of rituximab resulted in lower serum rituximab levels 
but did not significantly affect ADA levels or B-cell counts. Additionally, drug levels, 
ADAs, B-cell counts, and patient-, disease-and treatment characteristics were not 
mediating or predictive for response to ultra-low-dose rituximab (Chapter 4).

Main finding 4: The dose of rituximab can be significantly reduced in clinical practice 
without clinical implications (Chapter 5).

Main finding 5: A switching strategy guided by adalimumab trough levels was not 
more effective than random switching in RA patients who did not respond to 
adalimumab. Furthermore, adalimumab drug levels did not predict response to either 
TNFi or non-TNFi treatment (Chapter 7).
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In summary, although biomarkers theoretically hold promise for enhancing current 
treat-to-target strategies, the predictors evaluated in this thesis consistently 
struggled to demonstrate clear additional clinical value in the specific contexts in 
which they were applied. In the following discussion, I will elaborate on several 
questions that can be raised regarding the findings from this thesis, such as: “what is 
required for a predictor to have added value?”, “Where do we still need to improve RA 
care?”, “In what areas could prediction offer added value?” and specifically: “What 
role could TDM play in the management of RA, and what are the challenges and future 
directions for TDM in RA?”.

Development and implementation of a predictor
The term “prediction” is derived from the Latin word praedictio, which means 
foretelling, forecasting, or prophesying. In medicine, it can be considered a statement 
about what will likely happen in the future. Prediction research has been conducted 
for several decades, also in the field of rheumatology according to the number of 
studies indexed in PubMed that mention both “prediction” and “rheumatoid 
arthritis”. This search has shown a steady increase over the past 50 years, growing 
from just seven studies in 1975 to over a hundred by the year 2000, and exceeding 
even 600 studies by 2023. The potential value of prediction in healthcare practice lies 
in its ability to reduce uncertainty for both patients and clinicians and guide 
treatment decisions. For patients, predictive insights can be of assistance in questions 
such as, “What are my chances of remission?” or “What does my future hold?”.  
For clinicians, predictive tests or multivariate prediction rules can enhance clinical 
decision-making by informing choices related to further diagnostic testing and 
treatment selection. By reducing uncertainty, prediction may enable more rapid and 
efficient treatment and, in some cases, prevents unnecessary adverse effects. This 
approach has the potential to optimize patient outcomes as interventions are both 
timely and tailored to individual needs. Prediction can be applied in different phases 
in the disease process, including (1):

•	 Prognosis: Predicting the likely course of the disease if left untreated.
•	 Treatment response: Assessing the likelihood that a specific therapy will yield a 

desired (or unintended) effect.

In my thesis I focused on treatment responses, addressing questions like ‘which 
treatment should we give next to have the best outcome’ and ‘can we provide lower 
medication doses without losing disease control’. For a biomarker to realize its 
predictive potential in this context and provide tangible benefits in clinical practice, 
several stages in the development can be identified. 
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It is widely acknowledged in literature that there are three main stages in the 
development and evaluation of clinical prediction rules, which are shown as stages 2, 
3 and 4 in figure 1 (2). Additionally, three other stages, which can be considered just as 
important, have been proposed and are presented as stage 1, 5 and 6 (3). These six 
stages are summarized in Figure 1 (4). 

Before developing a predictor or prediction rule, researchers must first confirm there  
is a genuine clinical need for such a tool. This step can be considered Stage 1. 
Predictive tools are especially valuable when clinical decisions involve significant 
uncertainty and have meaningful consequences for patients—such as when there is  
a choice between multiple treatments with clearly varying risks, costs, and potential 
outcomes. For example, a predictive model could help determine the likelihood and 
severity of a disease flare in a condition where flares are both common and impactful, 
guiding tailored dosing to avoid under- or overtreatment. Similarly, predictors are 
most needed when treatment decisions depend on balancing the efficacy of a therapy 
against its potential adverse effects, particularly in cases where treatment options 
carry significant risks or burdens for the patient. The need for a predictive test or 
multivariable prediction rule can, for example, be identified through qualitative 
research and further quantified by analyzing the frequency of its occurrence and its 
consequences (typically in terms of quality of life or costs). Stage 2 involves identifying 
factors with predictive power, followed by testing these factors to assess their 
validity and reliability. This stage focuses on selecting relevant variables—such as 
clinical characteristics, biomarkers, or patient history—that are likely to contribute 
to predicting outcomes. Once potential predictors are identified, they must be tested  
on high quality clinical data to validate their accuracy, using a diagnostic test accuracy 
study (Figure 2). Researchers must adhere to rigorous methodological standards 
when assessing predictors and reporting results, including metrics like sensitivity, 

Figure 1. Six stages in the development and evaluation of clinical prediction rules

1
Identifying the need

2
Development

3
External validation

4
Impact analysis

5
Cost effectiveness

6 Long term implementation
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specificity, likelihood ratios, and the Area Under the Receiver Operating Characteristic 
(ROC) Curve (AUC) (5, 6). To ensure the model’s reproducibility within the development 
sample, internal validation should be conducted using methods such as bootstrapping  
or cross-validation (6). Predictors almost always perform better in the dataset  
from which they were derived compared to different or “similar but not identical” 
populations, at least in part due to overfitting. Therefore, Stage 3—external 
validation—is crucial to ensure the generalizability of the prediction rule and have 
more realistic estimates for the test characteristics. In Stage 4, an impact analysis 
study should be conducted to assess how a validated predictor influences patient-and/or 
societal outcomes. Unlike validation studies, impact analysis focuses on evaluating 
the effect of using the predictor in practice, typically using a randomized design. 
In these studies, one group receives care based on the predictor’s results, while the 
control group follows standard care. These “test-treatment” trials aim to assess the 
added value of using the predictor and subsequent treatment adaptation to patient 
outcomes compared to standard care (Figure 2). The process involves measuring  
the predictor, interpreting the results, deciding on management strategies, and 
evaluating their impact on patient outcomes. This design allows for direct comparison 
of test-treatment strategies and it may also help to identify differences in the 
predictor’s influence across patient subgroups or trial arms. 

Stage 5 involves an economic evaluation of the prediction rule if it has proven to be 
safe and effective. Economic evaluations are often based on decision-analytic models  
that consider the accuracy, effectiveness, and costs of the prediction rule, and they 
should include sensitivity analyses to assess uncertainties in the model’s projections. 
In some cases, it may even be more efficient to conduct this economic analysis before 
a real clinical impact study, as these evaluations are relatively quick and inexpensive. 
This ‘early health technology assessment’ may help justify the further development 
and implementation of the predictor (7). Depending on the context, the economic 
evaluation can be updated later with data from the impact study. Even if the prediction 
rule proves beneficial in terms of patient outcomes and cost savings, there is no 
guarantee that it will be widely adopted. Health services research has consistently 
shown a large gap between evidence and practice (8). Therefore, Stage 6 should 
involve the development, execution and evaluation of targeted implementation 
strategies to ensure the prediction rule is maximally utilized. Developers should 
assess barriers, such as limited knowledge, negative attitudes or practical limitations 
for use of the predictor, and include strategies to address them. Today, hybrid study 
designs offer an innovative approach, enabling researchers to evaluate implementation 
strategies within the context of a test-treatment trial (9). These designs integrate  
the assessment of clinical effectiveness and implementation outcomes, providing  
a comprehensive framework to optimize health outcomes and real-world application.
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8The added value of predictive biomarkers within the treat-to-target 
context of RA treatment
The considerations mentioned above are crucial to ensure the added value of 
prediction, and thus also in the context of prediction in RA treatment using biomarkers 
— the area of primary focus in this thesis. In the first phase of figure 1, identifying the 
need, we should look at the potential of prediction within a disease like RA. RA is 
recognized as a highly heterogeneous disease, characterized by significant variability 
in clinical presentation, disease progression, and treatment response among patients. 
This heterogeneity combined with the potential for severe consequences such as 
joint damage and reduced functional capacity, along with the growing number of 
available therapeutic options, creates opportunities for a more personalized 
treatment approach guided by predictive biomarkers.

As a result, prediction has gained a lot of attention in RA with knowledge agendas of 
national and international organizations addressing the topic. For instance, the latest 
research agenda from the European Alliance of Associations for Rheumatology 
(EULAR) includes the question: “Can we identify new biomarkers to stratify patients 
and predict therapeutic response or lack of response?” Meanwhile, the 2023 agenda 
of the Dutch Association for Rheumatology poses a similar question: “Which clinical 
and biological markers predict treatment response in rheumatoid arthritis?” 

Figure 2. Graphical representation of the design of (A) a diagnostic test accuracy study and (B) 
a test-treatment trial.

+
—

A

B

(A)

(B)
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In my opinion the currently applied T2T strategy, as outlined in the introduction of 
this thesis, can already be considered a highly personalized approach, using disease 
activity as clinical marker, for several reasons:

•	 Patient-specific treatment goals: In T2T, treatment is customized to meet individual 
patient goals, such as achieving remission or low disease activity. These targets are 
not universally applied but are instead tailored based on the patient’s disease 
activity, co-morbid conditions and personal preferences. This ensures that 
treatment objectives are aligned with the clinical circumstances of each patient.

•	 Frequent monitoring: A key element of T2T is the frequent monitoring of disease 
activity and thus treatment efficacy. Based on these assessments, treatment is 
adjusted to ensure that the patient is progressing toward the target (e.g., remission 
or low disease activity). Frequent monitoring allows for frequent modifications in 
therapy, making sure that the treatment is aligned with the patient’s disease state 
at that time.

•	 Change treatment based on response: The T2T strategy follows a stepwise approach 
in which treatment is adjusted based on the patient’s response to treatment and 
the target that was set. If the patient fails to reach the desired target, medication is 
changed or therapies are added. Additionally, if the target is achieved, medication 
can be tapered until the optimal dose for the individual is reached. This approach 
recognizes variability in treatment response between patients. 

•	 Patient-Centred Decision-Making: An overarching principle within the T2T strategy, 
also according to the EULAR, is that the patient is involved in the decision-making 
processes. This allows them to actively participate in setting treatment goals and 
choosing therapeutic options that suit them best. 

T2T can already be considered a form of personalized medicine, as it adapts the 
therapeutic approach to each patient’s evolving disease activity and goals, even in 
the absence of specific predictive biomarkers. Furthermore, this strategy has 
demonstrated superiority over routine management approaches (10). This raises  
the question whether predictive biomarkers can provide additional value beyond 
what is achieved through the T2T treatment strategy. Or, as framed in the first stage 
of Figure 1: “is there a need?”.

This question was addressed in Chapter 3 of this thesis, and the short answer is “yes”. 
While T2T is highly individualized through regular monitoring and treatment 
adjustments, predictive biomarkers could potentially further enhance personalization  
by allowing for earlier and more precise treatment choices. Biomarkers may help 
identify which patients are more likely to respond to specific therapies from the 
outset, reducing reliance on trial-and-error approaches. In our hypothetical scenario, 
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this led to achieving the treatment target of low disease activity or remission three 
months earlier compared to usual care. These findings are definitely of value to 
patients, and thus clinicians as well. 

However, I think there may be a more nuanced answer to this question, considering 
the second stage described in Figure 1. While predictive biomarkers within T2T RA 
treatment strategies demonstrate potential, their real-world impact is depending on 
several factors, including their accuracy and cost-effectiveness. Let’s first consider 
accuracy. Predictive accuracy is quantified through measures such as sensitivity, 
specificity, positive and negative predictive values, and likelihood ratios. These 
metrics are crucial because they determine how well a biomarker can correctly 
identify patients who will respond to treatment (sensitivity) and those who will not 
(specificity). In the hypothetical scenario discussed in Chapter 3, we utilized sensitivity 
and specificity values of 70%, which were considered the lower threshold for 
successful implementation in clinical practice. However, these sensitivity and 
specificity levels are already quite ambitious, as Chapter 2 revealed that none of the 
available biomarkers consistently achieved these accuracy levels. Thus, additional 
research is still required to identify a biomarker that has sufficient accuracy to 
meaningfully impact clinical care. 

This leads me to the second consideration: cost-effectiveness. Here, I do not aim to 
address the cost-effectiveness of implementing the biomarker itself but to adopt a 
broader perspective. Do the costs associated with developing an accurate predictor 
justify the potential added value? Despite substantial research efforts in this field, 
only a few biomarkers have successfully been integrated into current RA treatment. 
The latest EULAR guidelines list elevated acute phase reactant levels and the presence 
of rheumatoid factor or anti-CCP, particularly at high levels, as the only laboratory 
biomarkers worth measuring when determining subsequent treatment if the 
treatment target has not been achieved (11). These biomarkers have been established 
in clinical practice for quite some time. Furthermore, research budgets are limited, 
and combined with the increasing pressure on healthcare systems, it is imperative 
that researchers thoughtfully evaluate where to allocate these limited resources. 
Prioritizing areas that hold the most substantial benefit could significantly enhance 
the overall impact of research on rheumatological patient care. Instead of prediction, 
potential may for example lie in recognizing and effectively managing difficult-to-
treat RA patients. Prevalence of difficult-to-treat RA is estimated between 5.5% and 
27.5%, and these cases impose a considerable burden on healthcare systems (12). 
Additionally, more efforts could be directed toward the effective implementation  
of evidence based strategies and interventions into clinical practice while 
simultaneously de-implementing costly or ineffective diagnostic measures or 
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treatment options. Furthermore, treatment strategies for other inflammatory 
diseases have not been investigated as thoroughly as those for RA. For example, the 
application of T2T strategies for axial spondylarthritis and flare prediction in patients 
with gout remains underexplored. 

Finally, the future perhaps lies in progressing from treating disease activity to treating  
the disease itself. More recently, a number of promising options that are directed at 
cure instead of care have shown promising first results, such as CAR-T cell therapies 
and bispecific antibodies directed at autoreactive b-cells. When early results are 
confirmed, therapy is deemed safe and costs are deemed acceptable, these 
treatments have the potential to make every discussion about treat to target and 
prediction in RA irrelevant. 

In summary, I believe it is essential to carefully consider where to allocate available 
resources. Given the following points: 1) the already established effectiveness of T2T 
care in RA, 2) the absence of a reliable biomarker for response prediction in RA despite 
extensive research efforts, 3) the limited potential of such a biomarker to be 
significantly beneficial in clinical practice, and 4) the existence of other rheumatological 
research areas where greater gains can be achieved, I would advocate for directing 
resources toward alternative fields.

Application of TDM as a predictor in RA treatment
In this thesis, we conducted two studies examining the potential added value of TDM 
during different phases of RA treatment (Chapters 4 and 6), both of which did not 
demonstrate a clear added value. TDM, which involves measuring serum drug levels 
and detecting anti-drug antibodies, has been frequently proposed as a useful 
predictor in RA bDMARD treatment. The EULAR points-to-consider for therapeutic 
drug monitoring of biopharmaceuticals in inflammatory rheumatic and musculo-
skeletal diseases do not recommend proactive TDM, but state that reactive TDM 
could be considered in certain clinical situations (13). As stated, an important factor 
limiting wider adoption of TDM is the lack of both high quality trials addressing 
effectiveness and safety of TDM and robust economic evaluation. Therefore its 
adoption in rheumatology remains limited. TDM is more frequently used with certain 
small molecule drugs in conditions like epilepsy, psychiatric disorders, and infections; 
however appropriate cost-effectiveness analyses have often not been performed in 
these areas as well (14, 15). The application of TDM has been expanding in gastroen-
terology and dermatology, where the same immunomodulating drugs used in RA are 
employed. For instance, treatment guidelines for inflammatory bowel disease (IBD) 
suggest the use of reactive TDM to guide treatment changes in patients with active 
IBD who are receiving TNFi (16, 17). Interestingly, no clear prospective evidence on the 
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added value of TDM in present for IBD. While the American Gastroenterological 
Association (AGA) guideline frames their recommendation slightly more positive 
compared to RA by using ‘suggesting’ instead of ‘consider’, it also states that this 
recommendation is based on very low-quality evidence, indicating that the estimated 
effect may not fully reflect the true impact of TDM. Additionally, other guidelines in 
this field are more hesitant and do not recommend for or against the use of TDM (18).

But despite this corresponding lack of strong evidence, the view on TDM in the field of 
gastroenterology seems to differ somewhat from rheumatology. A possible reason 
was the more limited range of treatment options in IBD compared to RA. For example, 
three TNF inhibitors are authorized in ulcerative colitis (a form of IBD), compared to 
five for RA. Similarly, there are two JAK inhibitors approved for ulcerative colitis, 
whereas for RA there are four, along with other therapies like abatacept, rituximab, 
and IL-6 inhibitors. In RA, when a patient fails one treatment, the availability of 
multiple therapeutic options with different mechanisms of action may make it less 
critical to understand the precise reasons for treatment failure, as clinicians can 
switch to an alternative therapy. However, the number of treatment options for IBD is 
increasing, so this argument may have been valid in the past, but will no longer be the 
case in the future. A second difference between these two fields include that disease 
flares in IBD tend to cause more severe and irreversible damage compared to those in 
RA. While RA flares may result in joint erosions or, in some cases, an increased risk of 
cardiovascular disease, IBD flares can lead to serious complications such as fistulas, 
bowel perforations, and, in rare instances, mortality (17). Additionally, assessing 
disease activity in IBD presents significant challenges. Reliable measurements are 
often invasive, such as endoscopy, or they involve costly and labour-intensive 
methods, like abdominal ultrasound. Furthermore, non-invasive options, such as 
faecal calprotectin, are frequently prone to false-positive results, complicating 
accurate clinical evaluation (17). Another difference between these two fields is the 
application of dose escalation. In RA, if a patients fails to respond to their current 
treatment, it is recommended to switch therapies rather than increase the dose, as 
increasing the dose does not lead to a higher chance of response but does increase 
the risk of infections (11). In contrast, dose escalation is more common in IBD and has 
been shown to improve clinical outcomes to some extent (19-21). IBD guidelines also 
suggest dose adjustments based on TDM, making the practice of TDM in general 
more accepted in gastroenterology than in rheumatology (17). Additionally, recently 
the first ever randomized controlled test-treatment trials comparing proactive TDM 
with usual care in rheumatology were published, being NOR-DRUM A and B (22, 23). 
Interestingly, these trials were conducted in patients with different types of chronic 
immune-mediated inflammatory diseases, including rheumatic diseases like RA, PsA 
and axSpA, but also ulcerative colitis and Crohn disease. NOR-DRUM A was conducted 
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among patients initiating treatment with infliximab, but proactive TDM did not 
significantly improve clinical remission rates over 30 weeks. However, in NOR-DRUM 
B, which was conducted among patients undergoing maintenance therapy with 
infliximab, proactive TDM was found to be more effective than treatment without 
TDM in sustaining disease control without disease worsening. Specifically, 27 out of 
39 patients (69.2%) in the TDM group maintained disease control without worsening, 
compared to 22 out of 40 patients (55.0%) in the control group. The adjusted difference 
was 13.6% (–7.4% to 34.6%). The TDM algorithm used was the same for every disease, 
and also included dose increase. Unfortunately results do not show whether the 
actions taken by clinicians based on TDM differ between diseases. Since dose increase 
is not advised for RA, it is highly likely that for RA the TDM arm only differs from the 
control arm on the lower side: dose decrease.  Additionally, the clinical strategy 
applied in both the TDM and control arms is not clearly described, which raises 
concerns about the broader applicability of these results to a T2T setting. This brings 
us to one major challenge in test-treatment trials for TDM.

The control group in test-treatment trials 
Test-treatment randomized controlled trials compare multi-stage interventions by 
randomizing participants to different testing strategies with corresponding 
treatment algorithms and measuring patient outcomes post-treatment (Figure 2). 
However, these trials face significant practical challenges, for example in controlling 
for bias. One critical issue that often receives insufficient attention is the design of 
the control group. “Usual care” can vary widely depending on the country, hospital, or 
even individual clinicians. Therefore, it is crucial to standardize or clearly define the 
control arm’s treatment protocol to accurately assess the impact of the intervention. 
Researchers must specify what constitutes standard care in the control group to 
ensure valid comparisons.

In the NOR-DRUM B trial, the infliximab dose and any adjustments to dosing or 
intervals in the control arm were left to the discretion of the investigating physicians, 
meaning the control arm was (in contrast to the intervention arm) not standardized 
(23). Additionally, it was unclear whether strict T2T principles were applied in both 
groups. For the control arm it is unclear what specific treatment goals were set, or 
what criteria determined when treatment could be switched. These aspects were 
partly addressed for the intervention arm, where the therapeutic range was targeted 
at 3 to 8 mg/L, and an algorithm guided dose adjustments or treatment switches. 
However, it was unclear whether T2T principles were also applied in this context. 
Specifically, if a patient exhibited high disease activity despite maintaining accurate 
drug levels, it was unclear how this situation was managed. Additionally, it is unclear 
whether dose reduction was implemented in the control arm. Current EULAR 
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guidelines recommend to consider dose reduction of DMARDs after glucocorticoids 
are discontinued and remission is achieved. However, these recommendations were 
published after design of the trial, and it’s application varies widely between locations 
and clinicians. Still, unclarity about the clinical treatment algorithm applied in this 
trial make it complex to interpret its results. 

A similar challenge related to the control group was encountered in the ADDORA- 
switch trial. To address potential bias, we chose to base the control group’s treatment 
directly on the TNFi/non-TNFi ratio in the experimental group as explained in 
Chapter 6. This approach minimized discrepancies in the use of TNFi and non-TNFi 
drugs between the groups, ensuring that any observed differences were due to the 
TDM intervention itself, not variation in efficacy on a group level between drug 
classes. However, this also introduced a limitation: the allocation within the control 
group was still random, but the ratio of TNFi and non-TNFi was fixed, and this ratio 
might differ between usual care contexts. One factor that justified this decision in 
the ADDORA-switch trial was that by doing this, we were able to fully blind the study. 
Blinding is often difficult in test-treatment trials because test results must be 
interpreted by clinicians, potentially revealing the group assignment. This complicates 
efforts to eliminate performance and ascertainment bias, common challenges in 
test-treatment trials. 

Challenges and future directions for therapeutic drug monitoring in 
rheumatology
The hesitation of rheumatologists to apply TDM in routine rheumatological care 
aligns with current EULAR guidelines, which do not recommend proactive TDM—
routine, scheduled drug level testing regardless of a patient’s clinical condition. 
Instead, they do suggest that reactive TDM—testing in response to specific clinical 
situations—may be considered in select cases (13). A key challenge in adopting TDM is 
the lack of clear therapeutic drug concentration ranges for most biologics and 
diseases, despite available evidence linking drug levels to clinical outcomes to some 
extent (24). Moreover, much of the existing TDM research in rheumatology is based 
on observational studies or post hoc analyses of randomized controlled trials, which 
are generally considered lower-quality evidence. High-quality test-treatment RCTs 
comparing TDM with non-TDM based T2T strategies in RA are limited, and, as 
previously mentioned, such trials are tricky to design and interpret. Research also 
shows that test-treatment trials in general mostly produce negative results because 
the added clinical value of a test is often not present (25). The only two available 
Cochrane reviews on TDM, focusing on antiepileptic drugs for epilepsy and antiretro-
virals for HIV, found no clear evidence supporting routine serum drug level 
measurements (26, 27). This highlights the limited prior for positive value of routine 
use of TDM in other fields, including rheumatology.
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Looking ahead, the future of test-treatment trials may lie in modelling approaches, as 
discussed in this thesis. Before conducting resource-intensive trials to evaluate the 
added value of a predictor, (cost-)effectiveness can be explored through modelling. 
This allows for the careful selection of predictors with the greatest potential clinical 
benefit, while addressing potential trial design challenges, such as defining standard 
care, in advance.
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Achtergrond

Reumatoïde artritis (RA) is een chronische ziekte die zorgt voor ontstekingen in de 
gewrichten. Wereldwijd heeft ongeveer 0,25% van de mensen RA. Bij mensen met RA 
valt het immuunsysteem onterecht de gewrichten aan, waardoor zij last hebben van 
pijn, zwelling en stijfheid. Zonder behandeling kunnen de ontstekingen leiden tot 
beschadigingen aan het kraakbeen en de botten. Dit kan zorgen voor gewrichtsafwij-
kingen en functieverlies, waardoor RA patiënten soms ernstige fysieke beperkingen 
ervaren. De eerste symptomen treden vaak op in de kleine gewrichten, zoals die van 
de beide handen, polsen en voeten. Grotere gewrichten kunnen ook betrokken zijn, 
zoals de schouders, ellebogen en knieën. Mensen met RA hebben ook een grotere 
kans op andere ziektes, zoals hart- en vaatziekten. Daarnaast kunnen zowel de ziekte 
als de medicijnen zorgen voor een verhoogde kans op infecties en botontkalking.

De standaard behandeling van RA is gebaseerd op een ‘treat-to-target’-strategie. 
Deze strategie bestaat uit 3 onderdelen:
1.	 Er wordt een doel (‘target’) gesteld voor de ziekteactiviteit, zoals bijvoorbeeld een 

lage ziekteactiviteit of zelfs remissie (afwezigheid van ontsteking). 
2.	 De ziekteactiviteit wordt regelmatig gemeten. Dit gebeurt bijvoorbeeld met de 

Disease Activity Score met 28 gewrichten (DAS28-CRP). 
3.	 Als het doel niet wordt bereikt, wordt de behandeling aangepast. Net zolang tot 

het doel wel bereikt is. 

De behandeling van RA bestaat vooral uit medicijnen. De belangrijkste medicijnen 
zijn de anti-reumatische geneesmiddelen, deze worden DMARDs (disease-modifying 
anti-rheumatic drugs) genoemd. DMARDs remmen de ontstekingen en zorgen dat er 
minder schade aan de gewrichten optreedt. De behandeling begint meestal met 
klassieke DMARDs, met als belangrijkste medicijn methotrexaat. Als deze klassieke 
DMARDs niet goed genoeg werken, worden meer gerichte medicijnen ingezet. Dit zijn 
medicijnen die op een specifiek deel van het immuunsysteem ingrijpen, bijvoorbeeld 
biologische DMARDs of gerichte synthetische DMARDs. In mijn proefschrift gaat het 
vooral over deze biologische DMARDs. Belangrijke biologische DMARDs zijn de 
TNF-remmers. TNF is een stofje in het lichaam dat een belangrijke rol speelt bij de 
ontstekingen die optreden door RA. Zoals de naam al zegt, remmen TNF-remmers 
specifiek dit stofje, en daarmee onderdrukken zij de ontstekingen. Een voorbeeld van 
een TNF-remmer is het medicijn adalimumab. 

Veel patiënten hebben baat bij deze DMARD behandelingen, want 45-60% reageert 
goed op de eerste gekozen biologische DMARD. Dit betekent helaas ook dat 40 tot 
55% niet goed genoeg reageert. De volgende stap is om een andere behandeling te 
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proberen, tot dat een medicijn gevonden is dat wel werkt voor deze patiënt. Voor 
patiënten is dit vaak een tijdrovend en belastend proces, want voor de meeste 
medicijnen duurt het 3 tot 6 maanden voordat we goed kunnen beoordelen of het 
werkt. We willen graag zo snel mogelijk remissie bereiken, omdat we willen 
voorkomen dat mensen schade aan de gewrichten krijgen. Een zou dus mooi zijn als 
we vooraf kunnen voorspellen welk medicijn het beste werkt in een specifieke 
patiënt. 

Het voorspellen van behandelrespons
Het voorspellen van behandelrespons is een belangrijk onderwerp bij RA. Om te 
voorspellen kunnen we bijvoorbeeld gebruik maken van biomarkers. Biomarkers zijn 
kenmerken die je kunt meten in het lichaam, en die informatie geven over de 
gezondheid. Hierbij kun je bijvoorbeeld denken aan iets dat in het bloed of in 
gewrichtsvloeistof gemeten wordt, of een foto of scan die gemaakt wordt. Er is al een 
tijd veel aandacht voor biomarkers, maar er zijn er maar een paar die ook gebruikt 
worden in de klinische praktijk. Het gaat dan om enkele bekende markers, zoals 
reumafactor en anti-CCP-antilichamen.

In hoofdstuk 2 van mijn proefschrift hebben we een overzicht gemaakt van eerdere 
onderzoeken waarin gekeken werd of biomarkers konden voorspellen welke mensen 
goed zouden reageren op TNF-remmers. Hiervoor hebben we gezocht in drie weten-
schappelijke databases (tot en met september 2020). We vonden 41 onderzoeken, 
waarin 99 verschillende biomarkers onderzocht werden. Hiertussen zaten geen 
biomarkers die duidelijk konden voorspellen of iemand goed zou reageren op 
TNF-remmers. Allen één onderzoek liet een zwak positief voorspellende waarde zien 
voor anti-CCP-antilichamen.

Naast het bekijken van bestaande literatuur over biomarkers, hebben we in 
hoofdstuk 3 onderzocht wat een biomarker minimaal moet kunnen om de 
behandeling van RA te verbeteren. Een goede biomarker zou ervoor moeten zorgen 
dat patiënten sneller hun behandeldoelen bereiken, zoals minder ziekteactiviteit of 
zelfs remissie, dan met de standaardzorg. Om dit te testen, hebben we computermo-
dellen gebruikt. Hiermee kunnen we situaties nabootsen, ook als zo’n biomarker nog 
niet in de praktijk beschikbaar is. We hebben gekeken hoe een biomarker invloed kan 
hebben op uitkomsten zoals de tijd tot remissie, kosten, en hoeveel mensen hun 
medicatie kunnen afbouwen. De resultaten laten zien dat over een periode van 4 jaar, 
patiënten gemiddeld bijna 3 maanden langer in een betere toestand (lage ziekteacti-
viteit of remissie) zijn door het toevoegen van een goede biomarker. De biomarker 
strategie bleek een klein beetje goedkoper, vooral doordat patiënten iets sneller in 
remissie kwamen en daardoor eerder hun medicatie konden afbouwen. Medicatie-
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kosten waren verantwoordelijk voor het grootste deel van de kosten. Deze resultaten 
vertellen ons dat het gebruik van een biomarker in de behandeling van RA een 
toegevoegde waarde kan hebben, maar dat de verbeteringen klein zijn. Het succes 
van een biomarker hangt ook af van optimistische aannames, zoals een zeer goede 
testbetrouwbaarheid, of de uitslag direct bekend is, en niet te hoge kosten.

Therapeutic drug monitoring
Een specifieke biomarker waarvoor extra aandacht is in mijn proefschrift is het 
meten van medicijnspiegels, dat is de hoeveelheid medicijn in het bloed. Het meten 
van medicijnspiegels noemen we ook wel ‘Therapeutic Drug Monitoring’ (TDM). Dit 
kan voor bijvoorbeeld biologische DMARDs, zoals TNF-remmers. Onder TDM valt ook 
het meten van anti-medicijn-antistoffen. Dit zijn antistoffen die het lichaam 
aanmaakt tegen het medicijn, waardoor het minder goed zijn werking kan doen. Bij 
sommige medicijnen, zoals de biologische DMARDs adalimumab, infliximab en 
rituximab, zien we dat 15-30% van de patiënten deze antistoffen heeft. Deze 
antistoffen zorgen voor lagere medicijnspiegels in het bloed en hebben een relatie 
met slechtere behandeluitkomsten.

TDM kan nuttig zijn in situaties waarin er onzekerheid is over de behandeling. Een 
voorbeeld is dat we weten dat veel patiënten hun biologische medicijnen kunnen 
afbouwen of stoppen als de ziekte rustig is. Het afbouwen of stoppen heeft voordelen, 
omdat ook de bijwerkingen dan minder worden. Het lukt alleen helaas niet bij 
iedereen in dezelfde mate. Eerdere onderzoeken lieten zien dat 20-60% van de 
patiënten een tijdelijke opvlamming van de ziekte krijgt als zij hun medicijnen 
proberen af te bouwen. Dit betekent dat veel patiënten hun medicatie kunnen 
verminderen, maar dus niet iedereen. TDM zou kunnen helpen om de dosering beter 
af te stemmen op de patiënt. 

Daarom hebben we in hoofdstuk 4 gekeken of de medicijnspiegel in het bloed en 
antistoffen tegen het medicijn betrouwbare voorspellers zijn voor het succesvol 
afbouwen of stoppen van het medicijn rituximab. We vonden dat medicijnspiegels en 
antistoffen tegen het medicijn, maar ook andere variabelen zoals patiënt, ziekte en 
behandelkarakteristieken, niet voorspellend waren voor het succes van het 
afbouwen. Lagere doses rituximab gaven, zoals verwacht, wel lagere serum rituxi-
mab-spiegels.

Ondanks dat we het succes van afbouwen dus niet goed kunnen voorspellen, weten 
we wel dat het op groepsniveau goed kan. Daarom wordt het in behandelrichtlijnen 
wel aanbevolen om te proberen om de dosering af te bouwen als de ziekte rustig is. In 
de Sint Maartenskliniek doen we dit ook voor mensen die behandeld worden met 
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rituximab, een biologische DMARD. In hoofdstuk 5 hebben we gekeken of dit 
afbouwen van rituximab goed werkt in de praktijk. In dit onderzoek hebben we 
gekeken naar alle patiënten die in ons ziekenhuis behandeld werden met rituximab 
en die een stabiele lage ziekteactiviteit hadden. We zien dat het verlagen van de dosis 
voor veel patiënten mogelijk is. De gemiddelde dosis ging van 96% naar 57% en 
uiteindelijk 49%. Ook zien we dat deze patiënten op langere termijn geen hogere 
ziekteactiviteit hebben.

Een andere manier waarop je TDM zou kunnen gebruiken, is om de respons op de 
volgende behandeling te voorspellen, als de huidige behandeling onvoldoende werkt. 
Internationale richtlijnen zeggen dat je in dat geval over moet stappen naar een 
ander medicijn. Zij maken hierin geen verschil in medicijnen met een vergelijkbaar of 
met een ander werkingsmechanisme. TDM kan mogelijk helpen in het nemen van die 
beslissing. 

Adalimumab is een van de meest voorgeschreven TNF-remmers. De behandeling met 
adalimumab kan om verschillende redenen niet effectief zijn. Ten eerste zijn sommige 
patiënten van nature niet gevoelig voor TNF-blokkade. Er zit dan wel voldoende 
medicijn in het bloed, maar toch werkt het medicijn niet goed genoeg. In dat geval 
kan het overschakelen op een ander type medicijn veelbelovender zijn. Ten tweede 
kan de ontwikkeling van anti-medicijn-antistoffen ook een oorzaak zijn van falen van 
de behandeling. Bij ongeveer 30% van de patiënten die adalimumab gebruiken, maakt 
het lichaam antistoffen aan. Dit verlaagt de hoeveelheid van het medicijn in het 
bloed, en we zien dat voor deze groep mensen het medicijn minder effectief is. Deze 
mensen lijken dus eigenlijk niet goed blootgesteld aan de TNF-remmer, omdat het is 
weggevangen door de antistoffen. 

In hoofdstuk 6 is het protocol beschreven voor het ADDORA-switch onderzoek.  
Dit onderzoek is uitgevoerd in RA patiënten waarbij adalimumab onvoldoende 
werkte. In het ADDORA-switch onderzoek kijken we of we op basis van de medicijn
spiegel van adalimumab beter kunnen bepalen welk volgend medicijn we een patiënt 
moeten geven. We vergelijken dit met een controlegroep waarbij het vervolg medicijn 
willekeurig gekozen wordt, en we kijken of na 6 maanden er een verschil zit in de 
ziekteactiviteit van deze twee groepen. In hoofdstuk 7 zijn de resultaten van het 
ADDORA-switch onderzoek beschreven. Uit het onderzoek blijkt dat een behandeling 
op basis van de adalimumab spiegel niet beter was dan de willekeurig gekozen 
behandeling. Ook bleek dat we met de hoeveelheid adalimumab in het bloed niet 
goed kunnen voorspellen of een patiënt wel of niet goed reageert op het volgende 
medicijn. 
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Conclusies

Biomarkers lijken in theorie veelbelovend om te gebruiken in de behandeling van RA. 
In de onderzoeken in mijn proefschrift is het echter niet gelukt om hele duidelijke 
voordelen aan te tonen in de specifieke situaties waarin biomarkers werden getest.  
Er werden geen biomarkers gevonden die steeds hetzelfde (sterk) voorspellende 
effect hadden voor het effect van de behandeling met TNF-remmers (hoofdstuk 2). 
Een biomarker die de respons op behandeling in RA voorspelt, zou de huidige 
treat-to-target behandeling kunnen verbeteren. Deze verbeteringen in effectiviteit 
lijken echter bescheiden, en kostenbesparingen hangen vooral af van het vroeg 
afbouwen van medicatie (hoofdstuk 3). Lagere doses rituximab leidden tot lagere 
medicijnspiegels in het bloed, maar hadden geen invloed op de ontwikkeling van 
anti-medicijn-antistoffen. Daarnaast waren de medicijnspiegels, anti-medicijn-
antistoffen, B-cel-aantallen en patiënt-, ziekte- en behandelingskenmerken geen 
voorspellers voor een goede respons op lage doseringen rituximab (hoofdstuk 4). 
Dosisverlaging van rituximab in de klinische praktijk is goed mogelijk voor veel RA 
patiënten en leidt tot een flinke verlaging van de hoeveelheid geneesmiddel die 
gebruikt wordt (hoofdstuk 5). Tenslotte was het kiezen van een vervolgmedicijn op 
basis van adalimumab spiegel niet effectiever dan een willekeurige keuze bij 
RA-patiënten die niet reageerden op adalimumab. De adalimumab spiegel kon niet 
goed voorspellen of een patiënt goed zou reageren op zijn volgende medicijn 
(hoofdstuk 7).
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Research Data Management

For the research presented in this thesis, data was collected in the department of 
Rheumatology in the Sint Maartenskliniek and external hospitals participating in 
studies described in the chapters. Data was extracted from electronic patient records 
with use of SAS (Chapter 5) or by manual data extraction and storage in electronic 
Case Report Forms (eCRF) in Castor EDC (Chapters 4 and 7). Data was converged to 
STATA 17.0 (Chapter 4 and 5) or RStudio 14.4 (Chapter 7). Research Data Management 
was conducted according to the Findable, Accessible, Interoperable and Reusable 
(FAIR) principles. Within this section of my thesis I will provide a detailed description 
on how the FAIR principles were applied within the studies that were presented.

Ethics and privacy
This thesis is based on the results of research involving human participants (Chapter 
3, 4, 5, 7) or existing data from published papers (Chapter 2), which were conducted in 
accordance with relevant national and international legislation and regulations, 
guidelines, codes of conduct and Radboudumc policy. The recognized Medical Ethics 
Review Committee ‘METC Oost-Nederland’ has given approval to conduct these 
studies (file numbers: NL57520.091.16 (Chapter 4); NL69841.091.19 (Chapter 7)). The 
study presented in chapter 3 makes use of data from two other studies that each 
received ethical approval (BIO-TOP: NL47946.091.14, RA inception cohort: CMO 
2009/079). A statement that Chapter 5 was not subject to the Dutch Medical Research 
Involving Human Subjects Act (WMO), was obtained from the recognized Medical 
Ethics Review Committee ‘METC Oost-Nederland’ (case number 2020-6531). For 
studies in Chapter 4 and 7, patients provided written opt-in informed consent for use 
of the data. For Chapter 3 data were collected using opt-out procedures, for chapter 5 
obtaining informed consent from all patients was deemed unfeasible by the ethical 
review board due to the large number of patients, following Radboudumc guidelines. 
Privacy of the participants in the studies was warranted by using encrypted and 
unique identification codes. The encryption keys were stored on a secure network 
drive separate from the study data and were only accessible to members of the study 
team.

Data collection, storage and sharing
The manuscripts of chapter 2 and 6 were published open access, the manuscripts of 
chapter 3, 4 and 5 were published with restricted access, and the manuscript of 
chapter 7 is currently submitted.  

The data of chapter 2 is existing data from published papers, and is available via the 
published manuscripts. Data used in chapter 3 are existing data collected for the 
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BIO-TOP study and the RA inception cohort, and are available via the study 
coordinators. The data from chapters 4, 5 and 7 are not available for reuse via 
Radboudumc because Radboudumc is not the owner of the data and/or patients  
did not give permission to reuse or share their data. The metadata for chapters 4,  
5 and 7 are published in Data Sharing Collections (DSC’s) in the Radboud Data 
Repository. Contact details of the principal investigator and first author of the paper  
were added to the repositories. The datasets underlying these chapters are available 
for reuse for future research after a renewed permission by the participants is 
obtained. 

All data that was obtained is stored on department servers of the Sint Maartenskliniek. 
Non-electronic data is stored in a filing cabinet with keyed lock to prevent unauthorized 
access to the documents, at the research department of the Sint Maartenskliniek. 
Data was collected using structured electronical case report forms (Castor EDC) and 
stored in structured CSV file formats, resembling the METC filing format to ensure 
interoperability.

Data from the REDO trial (chapter 4) and ADDORA-switch trial (chapter 7) will be 
stored for 25 years after study termination. Data from the other studies will be saved  
for 15 years after study termination. Renewed permission of patients will be needed  
to re-use these data for future research.

Chapter DAC RDC DSC DSC licence

4 - - ru.rumc.redo_t0000186a_dsc_110 CC0

6 - - ru.rumc.addorasw_t0000185a_dsc_045 CC0

7 - - ru.rumc.rtxlowdo_t0000184a_dsc_400 CC0

DAC = Data Acquisition Collection, RDC = Research Documentation Collection, DSC = Data Sharing Collection
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Department: Research, Sint Maartenskliniek

PhD period: 01/11/2019 – 19/05/2025

PhD Supervisor(s): dr. A.A. den Broeder, prof. dr. B.J.F. van den Bemt

PhD Co-supervisor(s): dr. L.M. Verhoef, dr. N. van Herwaarden

Training activities Hours

Courses
Radboudumc - eBROK course  
(for Radboudumc researchers working with human subjects) (2020) 
RIHS - Introduction course for PhD candidates (2020) 
RIHS PhD introduction course (2020) 
IMM - Scientific Integrity (2020) 
Epidemiology journal club spring (2020) 
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BMS074 Teaching (2023) 
Training for nurses about science (2023) 
BMS074 Teaching (2024) 

14.00
15.00
14.00
16.00
16.00
14.00
8.00
14.00

Supervision of internships / other
Internship supervision master student medicine (2020) 
Meet the PhD week supervision (2022) 
WG supervision 2122 Research Project (2022) 
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Maike Wientjes werd op 27 april 1995 geboren te Enschede.  
Na het behalen van haar VWO diploma aan het Assink Lyceum 
in Haaksbergen begon zij in 2013 aan de opleiding Biomedische 
Wetenschappen aan de Radboud Universiteit Nijmegen. 
Na het behalen van haar bachelordiploma, vervolgde zij in 
2017 haar opleiding met de master Biomedical Sciences met 
hoofdvak Health Technology Assessment. Gedurende de master 
deed zij onderzoekservaring op tijdens haar stage bij de 

afdeling Reumatologie van het Radboudumc. Ze sloot de master af met een stage bij 
het Kennisinstituut van de Federatie Medisch Specialisten in Utrecht. 

Na afronding van haar opleiding is Maike in 2019 gestart als junior onderzoeker bij  
de Sint Maartenskliniek, op een promotietraject rondom het voorspellen van respons 
op verschillende anti-reumatische medicijnen bij patiënten met reumatoïde artritis. 
Dit traject werd begeleid door dr. Alfons den Broeder, prof. dr. Bart van den Bemt,  
dr. Lise Verhoef en dr. Noortje van Herwaarden, en heeft geleid tot het huidige 
proefschrift. Momenteel werkt Maike als onderzoeker en themaleider inflammatoire 
reumatische ziekten in de Sint Maartenskliniek. 
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Dankwoord

Bij de totstandkoming van dit proefschrift zijn veel mensen op verschillende manieren 
betrokken geweest die ik graag wil bedanken. Allereerst mijn promotieteam. 

Alfons, ooit kwam ik als student die een bijbaantje zocht de Sint Maartenskliniek 
binnenwandelen, en bijna 10 jaar later loop ik hier nog steeds rond. Dat is voor een 
groot deel aan jou te danken; jouw enthousiasme voor het onderzoek dat we hier 
doen bleek zeer aanstekelijk. Ik waardeer het enorm dat je altijd tijd maakt als dat 
nodig is en bereid bent om te sparren, of dat nou gaat over inhoud, ontwikkeling of 
mijn toekomst. Je bent een fantastische wetenschapper, veel kennis, gedreven en 
leergierig. Ik heb ontzettend veel geleerd van jouw kritische, maar pragmatische 
aanpak en kijk op onderzoek. Ik kijk ernaar uit om samen verder te werken binnen ons 
inflammatoire onderzoeksthema.

Bart, ik denk dat weinig promotoren zo betrokken zijn als Alfons en jij. Ik besef dat 
ik het daar heel erg mee getroffen heb tijdens mijn gehele promotietraject, van 
wekelijkse sparmomentjes over de review tot alle etentjes met de collega’s van Reade. 
Ik heb veel gehad (maar eigenlijk nog steeds) aan je raad en advies. Je voegt een 
welkome dynamiek toe aan het team, en meer dan eens heb ik gedacht: even vragen 
hoe Bart hiernaar kijkt. Ik vind het ongelofelijk knap hoe je al jouw verschillende 
werkzaamheden weet te combineren en daarbij toch toegankelijk en betrokken blijft.  
Ik heb altijd het gevoel gehad dat ik aan kon kloppen als dat nodig was, bedankt. 

Lise, gedurende de hele rit was je altijd betrokken en hielp me om de moed er in te 
houden. Soms met bemoedigende felicitatie kaartjes (mijlpalen moet je vieren!), 
soms met het aanhoren van de dagelijkse dingen als kamergenootjes. Je bent een 
ambitieuze onderzoeker en ik heb veel geleerd van jouw kritische kijk en precieze 
manier van werken. Zeker aan het einde van het traject was het fijn om laagdrempelig 
even met jou te kunnen sparren over de beste aanpak. Heel veel dank daarvoor!  
We hebben het altijd gezellig samen op uitjes of congressen (of we nou op het  
NVR feest staan of een airbnb delen in Milaan) en ik hoop dat we nog lang samen in 
W0.05 mogen bivakkeren! 

Noortje, ik vind het super leuk dat jij aangesloten bent bij mijn promotieteam. Je bent 
gedreven en een ontzettend harde werker, ik bewonder jouw aanpakkersmentaliteit 
en altijd kritische blik. Dit heeft in mijn boekje ook zeker geholpen om de laatste 
puntjes op de i te kunnen zetten, dus bedankt daarvoor. Ik ben heel trots op ons 
subsidie succes met het redo-jak project en kijk uit naar het verdere verloop van dit 
onderzoek de komende jaren. Met alle andere (toekomstige) ideeën hoop ik dat dit 
niet onze laatste blijft! 
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Graag wil ik de leden van de manuscriptcommissie hartelijk bedanken voor de tijd en 
moeite die zij hebben genomen om mijn proefschrift zorgvuldig te beoordelen.

Veel dank aan alle RA-patiënten die op verschillende manieren hebben deelgenomen 
aan de onderzoeken in dit proefschrift. Zonder hun bereidheid om deel te nemen, zou 
dit onderzoek niet mogelijk zijn geweest.

Tijdens mijn promotietraject heb ik verschillende stagiaires mogen begeleiden 
(Titia, Lenna, Jordy, Judith, Sophie en Rosa), en hebben verschillende onderzoeks
ondersteuners (Bente, Lenna, Marinke en Annemarie) geholpen met data-verzameling 
en invoer. Bedankt! 

Ook veel dank aan de verschillende kamergenootjes met wie ik de afgelopen jaren een 
kamer in het W-gebouw heb gedeeld, een aantal in het bijzonder. Maartje, een kamer 
delen met jou was een schot in de roos, al ligt het er misschien maar net aan wie je 
het vraagt. We hebben wat af gelachen, tot het punt dat onze buren zich afvroegen 
waarom er zoveel geluid uit onze kamer kwam. We delen absoluut hetzelfde gevoel 
voor humor – en voor funda parels – maar ook over epidemiologie en inhoud kunnen 
we goed sparren. Eind van de rit hebben we nu toch mooi beide ons boekje af. Eva en 
Nelleke, W0.05 werd wellicht niet altijd door iedereen tegelijk bewoond, maar het is 
fijn hoe we elkaar altijd vonden voor spontaan advies of gewoon even kletsen. Ik heb 
veel aan jullie gezelligheid en adviezen gehad in de laatste jaren! 

Daarnaast ook dank aan de andere collega’s in de Sint Maartenskliniek, zowel bij 
de reumatologie als bij research. Mede-promovendi van de reumatologie (Céleste, 
Thomas, Iris Rose, Merel, Evy, Pauline B, Noortje K, Pauline G, Amy, Nathan, 
Frouwke, Jeffrey, Lex, Michelle), Arjen de Boer, onderzoekers in het W-gebouw en 
reumatologen met belangstelling voor mijn onderzoek of hulp met het includeren 
van studiepatiënten: bedankt!

Dan mijn paranimfen: Michelle, dank je wel voor alle gezelligheid de afgelopen jaren. 
Of we nu samen op congres waren in Kopenhagen, ons in het zweet werkten bij de 
bootcamp, de vierdaagse vierden, of genoten van de vrijmibo’s – we hebben altijd 
lol en het maakte mijn promotietijd leuker (oké, al die burpees daargelaten). Maar 
eigenlijk waren het vooral de vele koffie’s, vaak op donderdagmiddag als we beide 
wellicht al meer met ons hoofd in het weekend zaten, die me weer energie gaven om 
verder te gaan. Ik heb hier ontzettend veel aan gehad. 
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Lieve Femke, ik vind het super leuk en bijzonder dat jij mijn paranimf bent. Als zussen 
schelen we een paar jaar, maar toch voel je altijd als een beste vriendin. In mijn ideale 
plaatje woonde je hier bij mij in Nijmegen om de hoek, helaas niet het geval, maar 
ik ben blij dat we elkaar toch met grote regelmaat zien en ik altijd bij je terecht kan. 
Bedankt dat jij, ook op deze dag, naast me staat!

Veel dank aan mijn lieve vriendinnen die altijd geïnteresseerd zijn, en voor plezier 
en afleiding zorgden wanneer dat nodig was. Mijn volleybalteam, oude tiemies 
(Cilla, Eline, Floor, Janne, Linda, Lotte, Marene, Marijntje, Mies, Neele, Nicole, Lieke, 
Marloes), wijnies (Sabine en Linda), Marlin, Silke, en een speciale shout out naar de 
thuiswerkclub voor alle support en snacks ( ja, jullie hebben mijn boekje gehaald!). 

Lieve pap en mam, bedankt voor jullie oneindige support en interesse in mijn werk, 
maar eigenlijk in alles wat ik doe. Ik heb het maar getroffen met zo’n fijn en gezellig 
thuis. Altijd staan jullie voor ons klaar, vroeger om me op te halen van de trein uit 
Nijmegen aan het einde van de studieweek, tegenwoordig met een kwast (mam) 
en hamer (pap) om te helpen klussen in ons huis (maar ook in die van Rien & Rianne 
en Femke & Peter, jullie zijn er maar druk mee). Lieve Rien en Rianne, Peter, bedankt 
voor jullie support en interesse, maar eigenlijk vooral voor alle gezelligheid op 
verjaardagen, feestdagen, weekendjes of dagjes weg, of gewoon random zondagen. 
Naast mijn eigen familie ook veel dank aan mijn lieve schoonfamilie.

Lieve Dicky; waar te beginnen? Heel veel dank voor je onvoorwaardelijke steun en 
liefde. Je toont altijd belangstelling voor mijn onderzoek, al moet je er soms ook 
helemaal gek van worden als ik niet over werk op kan houden. Inmiddels weet je zelf 
ook bijna alles van medicijnen met ingewikkelde namen. Ik ben gek op jou en alle 
avonturen die we samen meemaken, en ik kijk enorm uit naar onze toekomst. Alles 
is leuker met jou!
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