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1
General introduction

Inflammatory rheumatic diseases and their first-line therapy
Rheumatoid arthritis (RA), psoriatic arthritis (PsA) and axial spondyloarthritis 
(axSpA), in this thesis summarized as inflammatory rheumatic diseases (IRD), 
are auto-immune diseases characterized by inflammation of the joints.1 In RA and 
PsA, the peripheral joints are the most affected, whereas inflammation of the axial 
joints is the predominant feature of axSpA.1-3 Both PsA and axSpA belong to the 
spectrum of spondyloarthritis (SpA), and differ in musculoskeletal and extraarticular 
manifestations from RA. When insufficiently treated, all three diseases can lead to 
pain, loss of functioning, and eventually to joint deformity and destruction.2 

The aim of pharmacological treatment of IRD is to achieve clinical low disease activity 
(LDA) or preferably remission: a state in which no disease activity is present and joint 
damage is prevented.4,5 It is common practice to define remission as a disease activity 
state using validated cut off values of  composite disease activity scores. For example, 
in RA remission can be defined as a Disease Activity Score in 28 joints with C-reactive 
protein (DAS28-CRP) ≤ 2.4 and in PsA as a Psoriatic Arthritis Disease Activity Score 
(PASDAS) ≤ 1.9.6,7 In some patients, remission is not an attainable target because of 
long-standing disease with joint damage, or specific comorbidities interfering with 
a composite score, such as increased joint pain scores with fibromyalgia. In these 
patients, LDA can be an acceptable alternative target, which is defined as a somewhat 
higher disease activity score (for example DAS28-CRP ≤ 2.9 or PASDAS ≤ 3.2).4-7 

For reaching the treatment target, the treat-to-target approach is advised, as with 
this strategy the treatment target can be achieved more rapidly while also increasing 
functional outcomes, compared to routine care.8 The treat-to-target approach 
includes frequent measurements of disease activity (every 1-3 months in case of 
active disease), the definition of the treatment target (LDA or remission), the use 
of a valid disease activity measurement tool (such as DAS28-CRP or PASDAS), 
and, most importantly, adjustment of the current therapy when the treatment  
target is not yet reached.4,5 As soon as the treatment target is reached, follow-up 
measurements can be performed up to every 6 months.4,5 

Among the first-line therapy of IRDs, two important groups of drugs can be distinguished: 
nonsteroidal anti-inflammatory drugs (NSAIDs) and conventional synthetic disease-
modifying antirheumatic drugs (csDMARDs). For both RA and PsA, csDMARDs are 
advised as first-line therapy because of their disease-modifying effect, whereas 
NSAIDs can be used as add-on therapy for symptom relief.9,10 The preferred first 
csDMARD for both diseases is methotrexate (MTX), effective in reducing musculo-
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skeletal symptoms, and, in case of PsA, also skin symptoms.11,12 As first-line therapy 
for axial inflammation in axSpA, only NSAIDs have shown to be effective against axial 
symptoms and radiographic progression, and are thus advised.13-15 However, in axSpA 
patients with peripheral arthritis, the csDMARDs sulfasalazine and methotrexate 
can be of additional value.14,15  

Second-line therapy: biological and targeted synthetic DMARDs
With the arrival of the biological and targeted synthetic DMARDs (bDMARDs and 
tsDMARDs, respectively) since 1999,16 the pharmacological treatment options for  
IRD have vastly expanded. bDMARDs are proteins that are either made from,  
or contain components of living organisms, such as a monoclonal antibody or a soluble 
receptor. Because of their protein base, only parenteral administration is possible. 
Contrary to the bDMARDs, tsDMARDs are of a chemical origin and can be administered 
orally. Both types of drugs interact with a specific part of the immune system, for 
example by binding to cytokines, inhibiting signal transduction, preventing activation 
of immune cells, or inducing apoptosis. Both bDMARDs and tsDMARDs can be combined 
with a csDMARD to increase effectiveness of antirheumatic treatment.12

The b/tsDMARDs investigated in this thesis can be divided further into subclasses 
with different working mechanisms and indications, as shown in Table 1. Regarding 
bDMARDs, tumour necrosis factor (TNF) inhibitors, drugs inhibiting the cytokine 
TNF-alpha, are the most commonly used.17,18 Examples of TNF-inhibitors include 
adalimumab and etanercept, and apart from IRD, they are also used for the treatment 
of inflammatory bowel diseases and psoriasis, among others.19 Apart from the TNF-
inhibitors, the bDMARDs also include medication with other working mechanisms, 
such as IL-6 inhibition, IL-12/23 inhibition, IL-17 inhibition, T-cell activation prevention, 
and B-cell depletion.20,21 For tsDMARDs, drugs inhibiting two pathways have been 
developed: the Janus kinase pathway (JAK-inhibitors) and the phosphodiesterase-4 
pathway (PDE-4 inhibitors).20,21 

All aforementioned b/tsDMARDs are effective in reducing disease activity, slowing 
down radiological progression and improving daily functioning and are therefore 
used as second-line therapy for IRD after failure of one or multiple first-line therapy 
drugs.15,22-24 With the large number of therapies available, remission or LDA has 
become an achievable goal for the majority of patients using a treat-to-target approach.  
A cross-sectional study of PsA patients showed remission in approximately 65% of 
patients25, and for RA, LDA or remission is achievable for 75 to 80 percent of patients.26 
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However, b/tsDMARD therapy comes with some disadvantages, either general or drug- 
specific. General disadvantages of b/tsDMARDs are for example an increased infection 
risk27, requirement of subcutaneous or intravenous administration (for bDMARDs), 
and high costs (6-12 times more expensive than csDMARDs), whereas drug-specific 
disadvantages include an injection site reactions for subcutaneous bDMARDs, an 
increased cardiovascular risk for JAK-inhibitors, and a reduced vaccination response 
due to rituximab.27,28 In this thesis, I will further focus on two of these disadvantages: 
reduced vaccination response for rituximab and high costs of b/tsDMARD therapy. 
I will further elaborate on these disadvantages and explain how these might be 
reduced by further optimisation of treatment strategies with these drugs. 

(Lower dosed) rituximab and vaccination response
Rituximab (RTX), belonging to the bDMARDs, is a chimeric monoclonal antibody drug 
targeting CD20 positive B-cells. Originally, it was developed for the treatment of 
non-Hodgkin’s lymphoma but thereafter, RTX has also been shown to be safe and 
efficacious in the treatment of different auto-immune diseases, among which 
RA.29,30 Some advantages of RTX compared to the other b/tsDMARDs could be its 
long treatment interval (one infusion per six to nine months), the relative safety and 
low costs, and high therapy adherence due to intravenous treatment.

Table 1. Biological and targeted synthetic DMARDs categorised by mode of action*

Mode of action Drugs Registered for

bDMARDs

TNF-alpha inhibition adalimumab, certolizumab pegol, 
etanercept, golimumab, infliximab

RA, PsA, axSpA

IL-6 inhibition sarilumab, tocilizumab RA

IL-12/23 inhibition ustekinumab PsA

IL-17 inhibition ixekizumab, secukinumab PsA, axSpA

T-cell activation inhibition abatacept RA, PsA

B-cell depletion rituximab RA

tsDMARDs

JAK inhibition baricitinib, filgotinib, tofacitinib, 
upadacitinib

RA, PsA, axSpA

PDE4 inhibition apremilast PsA

*Only includes the b/tsDMARDs further discussed in this thesis.  
TNF: tumour necrosis factor, IL: interleukin, JAK: janus kinase, PDE4: phosphodiesterase-4. 
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The CD20 antigen is present on almost all types of B-cells, from precursor B-cells until 
B-cells differentiating into plasma cells, except for mature plasma cells.31 Although 
anti-CD20 therapy does not affect mature plasma cells, the production of new plasma 
cells is reduced by depletion of the precursor cells.31 During infections, plasma cells 
are responsible for the humoral response, which includes the production of anti-
gen-specific antibodies. The production of these antibodies are not only induced 
during infection but also after vaccination, and therefore, RTX might also have an 
impairing effect over time on vaccination response. Indeed, a systematic literature 
review on influenza and pneumococcus vaccines showed a non-significantly lower 
humoral response after vaccination for people using RTX compared to people  
using other DMARDs.32 Furthermore, additional studies investigated response  
after vaccination against the Severe Acute Respiratory Syndrome Coronavirus 2 
(SARS-CoV-2) during the Coronavirus disease-19 (COVID-19) pandemic. These studies 
also found a significantly lower humoral response rate for RTX compared to other 
DMARDs.33-35 Lower dosing and a longer time between RTX infusion and vaccinations 
are factors which may improve the humoral response after vaccination. 

Regarding dosing, the authorised dosing schedule for RTX in the treatment of RA is 
two infusions of 1000 mg two weeks apart (2x 1000 mg) every six months, slightly 
lower than the dosing schedule for non-Hodgkin’s lymphoma. However, in one of the 
RA registration trials, a dose of 2x 500 mg showed similar clinical efficacy to 2x 1000 
mg.36 This was later confirmed by several RCTs and a systematic review, showing that 
lower dosed RTX, 1x 1000 mg or 2x 500 mg every six months, indeed had similar 
efficacy and reduced toxicity compared to the registered dose.37 Consequently, the 
European rheumatology society (EULAR) recommends using 1x 1000 mg RTX.9 

The randomised controlled REDO-study investigated efficacy of ultra-low dose RTX, 
1x 500 or 1x 200 mg, for continued treatment in patients with RA responding well  
to low-dose RTX.38 Although this study could not establish formal non-inferiority 
between ultra-low dose and standard low-dose RTX, maintenance of response  
on ultra-low doses was demonstrated for a majority of patients together with 
significantly fewer infections.38 Based on this outcome, it would be of interest to 
investigate if ultra-low dose RTX also has a positive effect on the vaccination response, 
leading to increased protection against the SARS-CoV-2 virus in this vulnerable group. 
Also, the effect of RTX dose on the effectiveness of a booster vaccination would be  
of interest, in case of insufficient response after the standard doses.

Regarding timing of vaccination after RTX therapy, the European guideline recommends  
to vaccinate at least six months after and at least four weeks before the next 
rituximab cycle.28 This recommendation can easily be implemented for elective 
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vaccinations such as travel vaccinations, but is more difficult in case of more acute 
vaccinations, for example vaccinations during the SARS-CoV-2 pandemic, or a tetanus 
vaccination because of potential exposure. However, the recommendation of timing 
is merely based on expert opinion and, therefore, additional evidence on the timing of 
vaccination in RTX patients is required. Additionally, if humoral response is less 
impaired after ultra-low dose RTX, the timing of vaccination may be less important 
when using these doses. 

Therefore, the aims of the first part of this thesis were:

•	 To investigate the effect of rituximab dosing and timing on humoral response against 
COVID-19 after two vaccinations in patients treated with rituximab (chapter 2);

•	 To investigate the effect of rituximab dosing on persistence of humoral response 
after two COVID-19 vaccinations (chapter 3);

•	 To investigate the effect of rituximab dosing and timing on seroconversion after a 
third COVID-19 vaccine dose in patients treated with rituximab (chapter 3).

Cost-effective use of b/tsDMARDs
As previously explained, a good level of disease control can be achieved in the majority 
of patients using the available b/tsDMARDs, and thus considerations other than 
controlling disease activity become more relevant. An important consideration in 
this context should be the costs of treatment. In the Netherlands, the overall health 
care expenditures are expected to increase until 2060 with approximately 2.8 percent  
per year every years, according to the calculation of the Dutch National Institute for 
Public Health and the Environment (RIVM).39 Hospital care receives the largest part of  
the total health care budget (around 96 billion euros in 2060), partly due to increasing 
costs of (new) therapies. 

Roughly estimated, b/tsDMARDs are around six to twelve times more expensive per 
year (2000 to 12000 euros per patient per year (pppy)) in the Netherlands than 
csDMARD therapy (200 to 1000 euros pppy).40 This is partly due to the more expensive 
production process (for bDMARDs) but mainly to the current market structure. As b/
tsDMARDs are relatively new on the market, a significant number of the drugs 
mentioned in table 1 are still patented. The patented drugs without alternative drugs in 
the same subclass (e.g. abatacept, ustekinumab) are in the first market structure 
phase, also known as the monopoly phase, in contrast to the patented drugs with 
subclass alternatives (e.g. JAK-inhibitors, IL-6 inhibitors), belonging to the oligopoly 
phase (figure 1).41 The TNF-inhibitors are in the third market structure phase, the 
competitive phase, in which there are a small number of similar drugs available.41  
For bDMARDs, these similar drugs are called ‘biosimilars’, defined as highly similar to 
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another biological medicine (the ‘originator’) already marketed in the EU.42 A progress  
in market structure phase leads to cost reduction due to competition, with current  
b/tsDMARDs in phase 1 priced around 12000 euros pppy in contrast to 2000-3000 euros  
for those in phase 3. 

Clinicians can reduce costs by prescribing b/tsDMARDs efficiently and effectively. 
Therefore, strategies that reduce health care costs without affecting clinical effectiveness, 
also known as cost-effective strategies, are needed. Cost-effectiveness is defined as 
the estimated costs of a specific treatment in relation to its expected benefits, which 
can also be expressed as the effectiveness of therapy divided by the costs (figure 2).43 
Using this expression, cost-effectiveness can be increased in multiple ways, either by 
reducing costs, increasing effectiveness, or both. 

So far, various strategies for more cost-effective use of b/tsDMARDs have been 
investigated, among which dose reduction and biosimilar use. For biosimilars 
specifically, there are consensus-based recommendations for use in clinical practice 
available.44 However, an overview of all available and potential strategies on 
cost-effective use of b/tsDMARDs has not yet been composed. Moreover, evidence 
and consensus-based recommendations on all strategies, such as those available for 
biosimilars, are needed to guide cost-effective use of b/tsDMARDs in clinical 
rheumatology care. 

A previously explored strategy is disease activity-guided dose optimisation, in which 
the dose of a b/tsDMARD is stepwise reduced in patients with LDA or remission, by 
either reducing the dose or increasing the interval between doses. This strategy 
requires tight monitoring of the disease activity, so that the dose of b/tsDMARD can 

Figure 1. Phases of market structure (based on: Van der Erf et al.41)

Figure 2. Cost-effectiveness

1. Monopoly 2. Oligopoly 3. Competitive 4. Multi-source

No therapeutic 
alternatives available.

Therapeutic equivalent 
alternatives available. 

Generic/biosimilar 
versions available.  

Various generics 
long-term available.

EffectivenessCost-effectiveness = 
Costs 
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be increased when needed. Disease activity-guided dose optimisation has shown to 
be non-inferior on disease activity and cost-effective compared to continuation of  
b/tsDMARDs,45-47 for example in the randomized controlled DRESS-study with an 
extension study up to 3 years.48,49 However, results on the effectiveness and safety 
longer than three years are not yet available. Those results could for example give 
insight in the long-term disease activity and drug dose, the relevance of a subsequent  
dose optimisation attempt, and the effect of dose optimisation on radiographic joint 
progression. 

An promising strategy is increasing drug exposure of the b/tsDMARD by interference 
with the pharmacokinetics of the drug. Examples are enhancement of drug absorption, 
inhibition of drug excretion, or inhibition of drug metabolism, the latter also named 
pharmacokinetic boosting.50 Pharmacokinetic boosting is already used in the 
treatment of the human immunodeficiency virus (HIV), by inhibiting the cytochrome 
P450 isoenzyme 3A (CYP3A).50,51 This enzyme is involved in the metabolism of several 
antiretroviral drugs, and when these drugs are combined with a registered CYP3A-
inhibiting drug, such as cobicistat or ritonavir, the dose interval of these drugs can  
be halved.50,51 Tofacitinib, one of the JAK-inhibitors, is also metabolized by the 
CYP3A-enzyme, and therefore the strategy of pharmacokinetic boosting could 
potentially be applied to tofacitinib treatment.52

Consequently, the aims of the second part of this thesis were:

•	 To provide an overview of strategies for cost-effective use of b/tsDMARDs and to 
formulate evidence and consensus-based recommendations on this subject 
(chapter 4);

•	 To investigate efficacy and safety of disease activity-guided dose optimisation of 
TNF-inhibitors in rheumatoid arthritis up to 10 years (chapter 5);

•	 To investigate the bioequivalence of pharmacokinetic boosting of tofacitinib with 
cobicistat (chapter 6).
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Aim and outline of this thesis

In summary, this thesis consists of the following chapters:

•	 A prospective cohort study assessing the effect of dosage and timing of (ultra-)low 
dose  rituximab on humoral response against COVID-19 after 2 vaccinations in RA 
patients (chapter 2);

•	 A follow-up study of the previously mentioned cohort investigating the efficacy of 
a third COVID-19 vaccine including the associations of RTX dosage and timing, and 
the persistence of humoral response against COVID-19 (chapter 3).

•	 A scoping review and Delphi study for development of consensus-based points- 
to-consider on strategies for cost-effective use of b/tsDMARDs in RA, PsA, and 
axSpA (chapter 4);

•	 An observational follow-up of the DRESS-study investigating 10-year effectiveness 
of disease activity-guided dose optimisation of b/tsDMARDs in RA (chapter 5);

•	 A pharmacokinetic crossover study assessing bioequivalence of tofacitinib with 
cobicistat once daily to tofacitinib twice daily (chapter 6).

•	 A general discussion of the abovementioned chapters (chapter 7);
•	 A summary of the thesis (chapter 8). 
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Abstract

Objectives
Humoral response to vaccines in rheumatoid arthritis (RA) patients treated with 
rituximab (RTX) in standard dosages (≥1000mg) is decreased. Ultra-low dosages 
(500 or 200mg) may have better response. Also, timing after latest RTX infusion 
may be an important variable. We aimed to investigate the influence of RTX dosage 
and timing on response to COVID-19 vaccination in RA patients.

Methods
A single-centre observational study (n=196) investigated the humoral response, 
measured by total Ig anti-COVID-19 assay (positive response ≥1.1), 2-6 weeks 
after complete COVID-19 vaccination. A multivariable logistic regression model 
was built to study the effect of RTX dosage and time between latest rituximab and 
vaccination on response, adjusting for age and methotrexate use.

Results
After two-dose vaccination, the response rate was significantly better for patients 
receiving 200 mg (n=31, 45%) rituximab compared with 1000 mg (n=98, 26%; OR 
3.07, 95% CI 1.14 to 8.27) and for each additional month between latest rituximab 
and vaccination (OR 1.67, 1.39 to 2.01).

Conclusion
Both increased time between latest rituximab infusion and complete vaccination, 
and 200 mg as latest dose were associated with a better response to COVID-19 
vaccination and should be considered when trying to increase vaccine response 
after rituximab in RA patients. 
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Introduction

Since the beginning of 2020, the SARS CoV-2 virus rapidly spread around the world, 
causing widespread coronavirus disease-19 (COVID-19) infections. Although the risk 
of severe SARS-CoV-2 is not increased for patients with rheumatoid arthritis (RA) in 
general,1 RA patients treated with rituximab (RTX) do have an increased risk.2 
Treatment with rituximab also impairs humoral response to both COVID-193-6 and 
non-COVID-19 vaccines.7 Thus, for optimal prevention of COVID-19 in this patient 
group, increasing vaccine response is of utmost importance.

Two factors could conceptually influence vaccine response in patients treated with 
RTX: RTX dose and vaccination timing. The effect of RTX on severity of infection and 
vaccination response has been shown for standard doses only (1000-2000 mg per 
cycle). However, data from a randomised controlled study shows that ultra-low dose 
rituximab, 500 or 200 mg per cycle, has similar efficacy, and halves infection risk.8 
Therefore, it would be of interest to investigate humoral response to COVID-19 
vaccines after these ultra-low doses.

Recent studies on COVID-19 vaccination with small RTX populations suggest an 
association between longer time since latest RTX infusion at first vaccination and 
better humoral response.3,4,9 Again, these studies only described patients receiving 
full dose RTX, indicating the importance of data on ultra-low dosed rituximab.

The Dutch nationwide COVID-19 vaccination effort started in the spring of 2021. This 
provided us the opportunity to study the effects of RTX dose and relative timing of 
vaccination on humoral response to COVID-19 vaccination in our large cohort of RA 
patients using regular and ultra-low dose RTX.

Patients and methods

Patients
All RA patients aged ≥ 16 years of the Sint Maartenskliniek (Nijmegen, the Netherlands) 
were invited to participate in the cohort, if i) they received at least one dose of 
rituximab (200 mg, 500 mg, or 1000 mg) in the year prior to their first dose of COVID-19 
vaccination and ii) COVID-19 vaccination was performed according to the registered 
dose and interval. The RTX dose was based on the treating physician’s discretion. 

At the time of the study, the Dutch national vaccine programme included four 
vaccines against COVID-19, of which three were two-dose regimens: BNT162b2 



24

(Comirnaty; Pfizer-BioNtech), ChAdOx1 nCoV-19 (Vaxzevria; AstraZeneca) and CX-024414 
(Spikevax; Moderna), and one single-dose: Ad.26.COV2.S (COVID-19 vaccine Janssen).10 
If a COVID-19 infection had occurred in the six months prior to first vaccination, the 
Dutch government also approved one dose of a two-dose vaccine as fully vaccinated.11

This study has been approved by the ethics committee (CMO Arnhem-Nijmegen, 
2021-7406) and the competent authority (CCMO, NL76709.091.21). The study protocol 
was registered in the Netherlands Trial Register (NL9342) before start. All participants 
provided written informed consent.

Study design
Relevant demographics and RA disease characteristics were obtained at study 
inclusion (Supplementary Text 1). Also, we recorded relevant treatment character-
istics including concomitant csDMARD use, prednisolone use, current b/tsDMARD, 
cumulative RTX dose, and dosage and date of the latest RTX administration. Details 
on a previous COVID-19 infection (including date of positive test) and COVID-19 
vaccination (type and dates) were provided by the participant. For humoral response 
assessment, blood samples were drawn two to six weeks after the second COVID-19 
vaccination.3,12 Total immunoglobulin levels (IgT, including IgA, IgG and IgM) against 
COVID-19 were measured in serum using a CE marked diagnostic ELISA assay (Wantai 
SARS-CoV-2 Ab assay®, Beijing Wantai Biological BV, Beijing, China).13 Test results 
were reported by the laboratory as negative (index number <1), borderline (0.9-1.1) or 
positive (≥ 1.1), in accordance with the cut-off points by the manufacturer.13,14

Statistical analysis
Descriptive statistics were appropriately used to assess group characteristics. 
Fisher’s Exact Test was used to univariately assess difference between the three 
dosage groups, and univariable logistic regression between a previous COVID-19 
infection and IgG-levels, and humoral response. Variables were used in the multi- 
variate model with highest associations in the univariate analysis or with prognostic 
value according to previous literature (Supplementary Table 1). We used a rule of 
thumb of 10 events per variable included in the multivariable model. A multivariable 
logistic regression model was built using humoral response 2-6 weeks after last 
vaccination as dependent variable, dose of latest RTX and time between latest  
RTX and first vaccination as central determinants and corrected for age, csDMARD 
use and prednisolone use. A cut-off point of ≥ 1.1 of the IgT index number was used  
to dichotomise the outcome. All data were entered in an electronic data capture 
database (Castor EDC, Amsterdam, Netherlands) and subsequently exported to StataIC 
(version 13, StataCorp LLC, TX, USA) for statistical analyses. 
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Results

Patients
Between April 7 and July 15, 2021, 376 patients were asked to participate. 259 (69%) 
provided written informed consent. Post vaccination serology was taken in 196 (52%) 
patients. Of these 196 participants, 31 (16%) received 200 mg rituximab as latest dose, 
67 (34%) 500 mg and 98 (50%) 1000 mg, including one participant with 2x 1000 mg. 

Baseline characteristics
Baseline demographic and clinical data were similar in the three groups (200 mg, 500 
mg and 1000 mg) (Table 1). The median time between latest RTX and first vaccination 
was 128 days (IQR 90-165). Most patients received the BNT162b2 vaccine (n=153, 78%), 

Table 1. Baseline characteristics

Total 
(n=196)

200mg 
(n=31)

500mg 
(n=67)

1000mg# 
(n=98)

Age (years) ‡ 68 ± 11 66 ± 11 68 ± 12 64 ± 11

Female sex 138 (70) 16 (52) 55 (82) 67 (68)

Disease duration (years)† 15 (8-23) 17 (9-25) 16 (8-23) 13 (5-21)

RF and/or ACPA positive 165 (84) 29 (94) 58 (87) 78 (80)

Concomitant csDMARD use 112 (57) 18 (58) 35 (52) 59 (60)

Methotrexate 65 (33) 10 (32) 21 (31) 34 (35)  

Hydroxychloroquine 20 (10) 4 (13) 5 (7) 11 (11)  

Sulfasalazine 10 (5) 1 (3) 3 (4) 6 (6)  

Azathioprine 7 (4) 2 (6) 3 (4) 2 (2)

Leflunomide 6 (3) 1 (3) 1 (1)  4 (4)

Multiple 4 (2) 0 (0) 2 (3) 2 (2)  

Concomitant prednisolone use 36 (18) 2 (6) 7 (10) 27 (28)

Duration of rituximab use (years) ‡ 4.7 ± 3.4 6.2 ± 3.2 4.7 ± 2.9 4.3 ± 3.7

Days between rituximab & 1st vaccine† 128 
(90-165)

126 
(86-161)

131 
(86-171)

128 
(93-162)

Vaccine type

BNT162b2 (BioNTech/Pfizer) 153 (78) 26 (84) 56 (84) 71 (72)

ChAdOx1 nCoV-19 (AstraZeneca) 30 (16) 5 (16) 7 (10) 18 (18)

CX-024414 (Moderna) 13 (6) 0 (0) 4 (6) 9 (9)

Prior documented COVID infection 20 (10) 2 (6) 8 (12) 10 (10)

Either displayed as number (percentage), median (interquartile range)† or mean ± standard deviation‡. 
# Includes 1 patient treated with 2x 1000mg.
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followed by the ChAdOx1 nCoV-19 (n=30, 16%) and CX-024414 (n=13, 6%). No patients 
in the 200 mg group received the CX-024414 vaccine. A total of 20 (10%) reported a 
previous COVID-19 infection, of which five patients (25%) only received one vaccine 
dose.

Factors associated with vaccination response
Fifty-five patients (28%) had a vaccination response positive antibody test (IgT≥1.1). 
In the univariate analysis, lower dosage and later timing were associated with 
vaccination response (p<0.05) (Supplementary Table 1). Compared to the 1000 mg 
group, a positive vaccination response was significantly more frequent in the 200 mg 
group (26% versus 45% (p=0.045)) but not for 500 mg (26% versus 24%, p=0.856). 
Response rate was 29% (45/153) for the BNT162b2 vaccine, 20% (6/30) for the ChAdOx1 
nCoV-19 vaccine and 31% (4/13) for the CX-024414 vaccine. A previous COVID-19 
infection had a nonsignificant higher chance of a positive vaccination response 
(9/20, 45% versus 46/175, 26%, p=0.11). In the participants with a previous COVID-19 
infection, response rate was 46% (7/15) for participants who received two-dose 
vaccination, and 40% for one-dose (2/5). 

The multivariable model including time between latest rituximab infusion and first 
vaccination, age, concomitant csDMARD use, and prednisolone use confirmed the 
association between vaccination response and low dose RTX (200 mg group versus 
1000 mg (OR 3.07 [95% CI 1.55 to 8.27, p=0.03]). The time between most recent infusion 
and first vaccination was positively associated with higher chance of vaccination 
response in the multivariable model (per month OR 1.67 [95% CI 1.39 to 2.01, p<0.0001], 
see figure 1). 
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Discussion

This study is the first to show that 200 mg RTX in RA patients is associated with a 
significantly better humoral response to COVID-19 vaccines than higher dosages (500 
mg and 1000 mg) of RTX. Also, timing the vaccination longer after the RTX infusion 
yields significantly better vaccination response, confirming data in the literature.3,4,9

Although this study is the largest cohort investigating humoral response to COVID-19 
vaccines in RA patients using (ultra-low dose) RTX, this study has some limitations. 
First, a relatively small number of patients received 200 mg. Nonetheless, statistically 
significant factors were identified. Another limitation may be the lack of a comparison 
group of RA patients with other DMARDs. However, COVID-19 vaccination response in 
patients with other DMARDs and has been extensively investigated in other studies 
and the focus of the study was different RTX dosages, not co-DMARDs.3,5 Last, 
because of study feasibility, only one surrogate vaccination response outcome was 
investigated, namely humoral response, and not T-cell response nor clinical vaccine 
efficacy. A clear cut-off in amount of protective antibodies measured by commercial 

Figure 1.  Cumulative humoral response on COVID-19 vaccination per dosage group, corrected 
for relevant confounders.
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assays is yet unclear, however the assay used in this study has been clinically 
validated.13,15 Besides, T-cell response is associated with humoral response.9 Therefore,  
we think that the differences in vaccination response could indeed translate to 
differences in clinical vaccine efficacy.

Based on our findings, two recommendations can be formulated. First, COVID-19 
vaccination should be timed as late as possible after the latest rituximab infusion, 
preferably more than one rituximab cycle (6 months). Second, RTX should be dosed  
as low as possible, preferably 200 mg. The safety and feasibility of this dosage is 
supported by high quality evidence.8,16

Some important questions remain, including the effects of a third booster vaccination 
in patients who did not show response to the first vaccination, and the optimal timing 
for RTX retreatment after the vaccination. Also, it would be important to see whether 
these differences between dose and timing on vaccination response can be extra- 
polated to COVID-19 infection risk and infection outcome. Last, it would be of interest  
to investigate how long vaccination response lasts.
In conclusion, COVID-19 vaccination response can be improved in RTX treated RA 
patients by adjusting the dose and time between rituximab treatment and vaccination.
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Supplementary data

Supplementary text 1. Relevant demographics and disease characteristics obtained
Relevant demographics obtained for this study: gender, age, tobacco use (current/
past/never), alcohol use (current/past/never), previous COVID-infection including 
date and severity (no symptoms/mild symptoms/fever/hospitalization/ICU admission), 
and relevant comorbidities (multiple possible): hypertension/diabetes/obesity/ischemic 
heart disease/asthma or COPD/CVID (common variable immunodeficiency disorder)/
haematologic malignancy/other).

Relevant RA disease characteristics obtained for this study: year of RA diagnosis, 
rheumatoid factor positivity, ACPA (anti-citrullinated protein antibodies) positivity, 
presence of erosions, extra-articular manifestation of RA, immunoglobulin levels 
including date and IgA/IgG/IgM subtypes (if previously measured), and last DAS28 
before first vaccine including its relevant variables (any available): swollen joint 
count, tender joint count, VAS global disease activity by patient, ESR, CRP.  
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Supplementary table 1. univariate logistic regression of included variables  
with response (IgT 2-6 weeks after last vaccination ≥ 1.1) as dependent variable, 
sorted by P-value.

Variable P-value OR 95% CI

Days between latest RTX and 1st vacc <0.0001 1.02 1.01-1.02

Current use of RTX 0.004 0.27 0.11-0.66

IgG-levels [n=149] 0.008 1.24 1.06-1.46

Latest RTX dose of 200mg (vs 1000mg) 0.041 2.40 1.04-5.57

Second latest RTX dose of 200mg 0.059 2.39 0.97-5.87

Previous COVID infection 0.084 2.29 0.89-5.89

Last DAS28 before 1st vaccine 0.111 0.77 0.56-1.06

ACPA positivity 0.117 1.90 0.85-4.26

IgA-levels [n=149] 0.149 1.19 0.94-1.50

Concomitant csDMARD use 0.156 0.64 0.34-1.19

Current smoking 0.193 0.47 0.15-1.46

Concomitant oral prednisolone use 0.207 0.56 0.23-1.37

AstraZeneca vaccine (vs Pfizer) 0.297 0.6 0.23-1.57

Extra-articular manifestation of RA 0.386 0.56 0.15-2.06

Years of RTX use 0.398 1.04 0.95-1.14

Age 0.418 0.99 0.96-1.02

Concomitant MTX use 0.450 0.77 0.39-1.52

RF and/or ACPA positivity 0.461 1.41 0.57-3.48

Presence of relevant comorbidity 0.523 0.81 0.43-1.54

Gender 0.548 1.23 0.63-2.40

Current alcohol use 0.577 1.20 0.63-2.27

Cumulative RTX dose 0.582 1.00 1.00-1.00

RF positivity 0.608 1.22 0.57-2.63

IgM-levels [n=149] 0.625 1.26 0.50-3.14

Years since RA diagnosis 0.784 1.00 0.97-1.03

Latest RTX dose of 500mg (vs 1000mg) 0.812 0.92 0.44-1.89

Presence of erosions 0.850 0.96 0.61-1.51

Moderna vaccine (vs Pfizer) 0.918 1.07 0.31-3.64

Second latest RTX dose of 500mg 0.922 1.04 0.48-2.23

Days between last vaccination and IgT 0.945 1.00 0.96-1.04
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Abstract

Objectives 
In patients with rheumatoid arthritis (RA) treated with (ultra-)low dose rituximab 
(RTX), we investigated the association of dosing and timing of RTX on sero
conversion after third COVID-19 vaccination, and the persistence of humoral 
response after a two-dose vaccination.

Methods
In this monocentre observational study, patients from the COVAC cohort were 
included in the third vaccine analysis if humoral response was obtained 2-6 weeks 
after third vaccination in previous non-responders, and in the persistence analysis  
if a follow-up humoral response was obtained before third vaccination in previous 
responders. Dichotomization between ‘positive’ and ‘negative’ response was based  
on the assay cut-off. The association between latest the RTX dose before first 
vaccination, timing between latest RTX and vaccination, and response was analysed 
with univariable logistic regression.

Results
Of the 196 patients in the cohort, 98 were included in the third vaccine analysis 
and 23 in the persistence analysis. Third vaccination response was 19/98 (19%) and 
higher for 200 mg RTX users (5/13, 38%) than 500 and 1000 mg (7/37, 19% and 7/48, 
15%, respectively). Non-significant trends were seen for higher response with lower 
dosing (200 versus 1000 mg: OR 3.66, 95% CI 0.93-14.0) and later timing (per month 
since infusion: OR 1.16, 0.97-1.35). Humoral response persisted in 96% (22/23) and 
in 89% (8/9) of patients who received RTX between the two measurements.

Conclusion
Repeated vaccination as late as possible after the lowest RTX dose possible seems 
the best vaccination strategy. A once positive humoral response after COVID-19 
vaccination persists irrespective of intercurrent rituximab infusion.
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Introduction

The coronavirus disease-19 (COVID-19) pandemic has led to large numbers of COV-
ID-19-related hospitalizations and death. Several vaccines against COVID-19 are 
available, which have shown to induce humoral and cellular response and to reduce 
the risk and severity of COVID-19. Rheumatoid arthritis (RA) patients treated with 
rituximab (RTX) have both an increased risk of COVID-19 hospitalization1 and a 
reduced humoral response after two-dose vaccination,2 when compared to other 
disease modifying antirheumatic drugs (DMARDs). Therefore, to optimise management  
of COVID-19 risk in these patients, it is important to identify strategies for increasing 
response in this population.

Previously we demonstrated that both use of an ultra-low dose of 200 mg RTX and a 
longer time between latest RTX and vaccination are associated with positive humoral 
response after two-dose vaccination, with the effect of timing also confirmed by a 
recent meta-analysis.3,4 Now that (at least) a third dose vaccination has been advised  
for these patients, it is of interest whether these factors also positively influence 
humoral response after follow-up COVID-19 vaccines. Previous studies found a 
seroconversion in ~20% of patients, but mostly included patients treated with 
registered dose RTX (≥1000 mg).5-7

Additionally, there is scarce data on humoral response persistence in RA patients 
treated with rituximab. So far, persistence of humoral response after two-dose 
vaccination was investigated in one study, which found a persistence rate of 88% 
after 6 months in a population with a median dose of 1000 mg RTX.7

Therefore, we aimed to investigate the association of dosing and timing of RTX on 
humoral response after three dose vaccination in previous non-responders, and the 
persistence of an initial positive humoral response after two dosages of the COVID-19 
vaccination in RA patients treated with (ultra-)low dose RTX.  

Patients and methods

Study design and participants
This is a follow-up study of the RTX-COVAC cohort in which we demonstrated that 
the humoral response after two-dose COVID-19 vaccination in rheumatoid arthritis 
patients treated with (ultra-) low dose rituximab is dependent on both dosage and 
timing.4 In the current study, the first aim was to investigate the efficacy of a third 
vaccine and the second to investigate persistence of response after two-dose 
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COVID-19 vaccination. Patients were included in the first analysis if they had a
negative humoral response after two doses, had received a third COVID-19 vaccination 
and had drawn a blood sample 2-6 weeks thereafter (‘third dose sample’). Patients 
were included in the second analysis if they had a previous positive humoral response 
and have drawn a blood sample ≥ 6 weeks after second SARS-CoV-2 vaccination but 
before the third vaccination (‘persistence sample’). All participants provided written 
informed consent. This study was registered at the Netherlands Trial Registry 
(www.trialregister.nl, NL9342). The follow-up study took place from June 2021 to 
January 2022 in the Sint Maartenskliniek, Nijmegen, the Netherlands and was 
approved by the local ethics committee (CMO Arnhem-Nijmegen, 2021-7406).

Procedures
All participants received their COVID-19 vaccinations through the Dutch national 
vaccine programme. For the first two vaccinations, patients in the cohort either 
received BNT162b2 (Comirnaty; Pfizer-BioNtech), ChAdOx1 nCoV-19 (Vaxzevria; 
AstraZeneca), or mRNA-1273 (Spikevax; Moderna). For the third vaccination, only the 
mRNA vaccines BNT162b2 and mRNA-1273 were approved for RTX patients in the 
Netherlands. 

Relevant demographics and RA disease characteristics were obtained at baseline. 
Also, we recorded relevant treatment characteristics including concomitant 
conventional synthetic DMARD (csDMARD) use, prednisolone use, current biological/
targeted synthetic DMARD (b/tsDMARD), cumulative RTX dose, and dosage and date  
of the latest RTX administration. Details on a previous COVID-19 infection (including 
date of positive test, and dichotomized between before or after second vaccination) 
and COVID-19 vaccination dates were provided by the participant. 

The ‘persistence samples’ were evaluated using the Wantai SARS-CoV-2 Ab assay 
measuring ratio of total immunoglobulin (IgT) with a cut-off of positive (≥ 1.1).8 Most 
samples of the ‘third dose sample’ were evaluated with the prementioned assay, 
however, not all patients were able to visit our clinic during the established time 
frame. Therefore, humoral response measured with routinely used and validated 
assays at a local laboratory was also accepted, and results were categorised as either 
‘positive’ or ‘negative’ based on assay specific cut-offs. Follow-up of patients ended 
after the last blood sample was drawn for the study.

Outcomes
The main outcomes of the study were to assess the proportion of patients with a 
seroconversion after third vaccination and the association with dosing and timing  
of rituximab, and the proportion of patients with persistence of humoral response 
after second vaccination. 
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Statistical analysis
All eligible patients from the first study were included.4 Three dosage groups (200 mg,  
500 mg, and 1000 mg) were defined based on the last received RTX dose before first 
vaccination, similar to our first study. We used a dichotomous outcome to assess 
seroconversion, based on the cut-off of ≥ 1.1 of the IgT index number for the Wantai 
assay, and for other assays we used the dichotomous outcome as provided by the 
local laboratory.8 Descriptive statistics were appropriately used to assess group 
characteristics. 

We used the ‘third dose sample’ (figure 1) for the efficacy after third vaccine analysis. 
Fisher’s Exact Test was used to test the differences between the vaccine types on 
third vaccine efficacy. To assess the associations between dosing and timing on 
humoral response in the ‘efficacy after third vaccine analysis’, we used univariable 
logistic regression with humoral response 2-6 weeks after third vaccination as 
dependent variable, and latest RTX dose before baseline and time between latest  
RTX and first vaccination as central determinant. 

The ‘persistence sample’ was used for the secondary analysis, investigating persistence o 
f humoral response. All data were entered in an electronic data capture database 
(Castor EDC, Amsterdam, Netherlands) and subsequently exported to StataIC 
(version 13, StataCorp LLC, TX, USA) for statistical analyses. 

Results

Patients
At total of 98 patients provided a ‘third dose sample’ for third vaccine analysis and 23 
a ‘persistence sample’ for persistence analysis (Figure 1). The baseline characteristics 
of the patients included in this study are displayed in Supplementary Table 1. 

Factors associated with seroconversion after a third vaccine dose
Third vaccinations took place between 5 October 2021 and 9 January 2022. RTX dose 
at baseline did not differ between before and after the respective vaccinations in 
89% of patients. The median time between second and third vaccination was 145 
days (IQR 130-160). Samples for third vaccine efficacy were drawn in 98 patients 2-6 
weeks after third vaccination and took place between 28 October 2021 and 9 February 
2022. Of the 98 patients, 13 (13%) had received 200 mg as latest RTX dose before first 
vaccination, 37 (38%) 500 mg, and 48 (49%) 1000 mg (Table 1). 
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Nineteen patients (19%) reached a positive response after third vaccination, of which 
two had a COVID-19 infection between second and third vaccination. Response rates 
were numerically higher for patients who received AstraZeneca as the first two 
COVID-19 vaccines (5/19, 26%) versus the Pfizer and Moderna vaccines (combined; 
10/79, 13%, p=0.16). 

Between 200 mg and 1000 mg as latest rituximab dose for first vaccination, the 
percentage of humoral response after third vaccination was higher for the 200 mg 
group (5/13, 38%) versus the 1000 mg group (7/48, 15%) although not significantly  
(OR 3.66, 95% CI 0.93 to 14, p=0.06). Between 500 mg and 1000 mg, response rates 
were similar: 19% (7/37) versus 15% (7/48), respectively (OR 1.37, 95% CI 0.43 to 4.3, 
p=0.59). These values were similar when analysing with the latest RTX dose before 
third vaccination. 

The median time between third vaccination and the latest RTX treatment was 138 
days (IQR 111-156) for responders and 119 days (IQR 91-147) for non-responders, 
resulting in a non-significant association between humoral response and timing (OR 
1.16, 95% CI 0.97 to 1.35 per month increased time, p=0.10). 

Figure 1. Study flow chart

* for third vaccine analysis: non-response after two vaccines and blood sample taken 2-6 weeks after third 
vaccination. for persistence analysis: previous response after two vaccines and follow-up blood sample 
taken after second COVID-19 vaccination but before third vaccination.

22 (96%) had a persistence of 
humoral response

23 were included in the
persistence analysis

(‘persistence sample’) 

196 patients included in 1st publication

98 were included in the
third vaccine ef�cacy analysis

(‘third dose sample’) 

75 performed no follow-
up samples or not in the 
requested time period*  

19 (19%) had a seroconversion
after third vaccination

121 eligible for follow-up analyses
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Humoral response persistence  
Samples for humoral response persistence were drawn between 30 June and 4 
November 2021, with a median time after second vaccination of 83 days (IQR 66-122). 
Detectable response persisted in 96% (22/23; Table 2). Nine patients with a previous 
positive response had received a RTX dose between both samples, of which four a 
dose of 1000 mg (44%), three 500 mg (33%), and two 200 mg (22%). Response persisted 
in 8/9 patients who retrieved intercurrent rituximab (89%), except for one patient 
who received 500 mg. 

Discussion

Our main results illustrate that humoral response after third vaccination occurs in a 
relevant proportion of patients who did not respond to earlier vaccination. Also, with 
a similar odds ratio as in our first study4 – although not significantly so due to a 
smaller study population – humoral response was associated with 200 mg RTX and 
longer time between RTX infusion and vaccination. Additionally, we have shown that 
persistence of humoral response is very high even in context of intercurrent RTX 
infusions.

Table 1. Third vaccine efficacy

RTX dose*
(mg)

Positive response
n(%)

Negative response
n(%)

Total

200 5 (38%) 8 (62%) 13

500 7 (19%) 30 (81%) 37

1000 7 (15%) 41 (85%) 48

Total 19 79 98

Displayed as number (percentage). *Latest RTX dose before first COVID-19 vaccination

Table 2. Humoral response persistence

RTX dose* 
(mg)

Positive response
n(%)

Negative response
n(%)

Total

200 5 (100%) 0 (0%) 5

500 5 (83%) 1 (17%) 6

1000 12 (100%) 0 (0%) 12

Total 22 1 23

Displayed as number (percentage). *Latest RTX dose before first COVID-19 vaccination
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The association between 200 mg RTX and positive response after two-dose and 
three-dose vaccination could be explained by faster B-cell repletion. Previous studies 
showed that B-cell repopulation is associated with humoral response,3,9 and that 
B-cell numbers are non-significantly higher at six months after a dose of 200 mg RTX 
compared to 1000 mg.10 Unfortunately, B-cell counts were not performed in our 
current study. We also found a non-significant higher response rate after third 
vaccination for patients receiving AstraZeneca for the first two vaccinations in 
comparison to Pfizer or Moderna. This may be explained by the beneficial effect of a 
heterologous booster,11 as only mRNA vaccines were approved for third vaccination.

A limitation of this study is the smaller sample size compared to the first study, 
possibly leading to reduced power. Also, T-cell measurements were not performed 
which may lead to an underrepresentation of responders in our study, as T-cell 
responses are present in the majority of RTX patients after two-dose vaccination.12 
To extend this, the optimal outcome would of course be the COVID-19 occurrence, but 
this would require a longer follow-up, more patients, and is dependent on COVID-19 
incidence in the population. Of note, this study did not include patients with other 
diseases in which RTX is used, therefore extrapolation of our recommendations to 
treatment with RTX in general may be difficult. 

Based on the results of our study, repeated vaccination as late as possible after the 
lowest RTX dose possible seems the best vaccination strategy. Once seroconversion  
is achieved, humoral response persists despite rituximab continuation.
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Supplementary data

Supplementary table 1.  Baseline characteristics

Third vaccine 
analysis (n=98)

Persistence 
analysis (n=23)

Age (years) ‡ 66 ± 11 66 ± 10

Female sex 69 (70) 15 (65)

Disease duration (years)† 17 (8-25) 19 (9-27)

RF and/or ACPA positive 78 (80) 20 (87)

MTX use 36 (37) 10 (43)

Concomitant prednisolone use 19 (19) 2 (8)

Duration of rituximab use (years) ‡ 4.8 ± 3.1 4.2 ± 3.0

Latest RTX dose before first vaccination

200 mg 13 (13) 5 (22)

500 mg 37 (38) 6 (26)

1000 mg 48 (49) 12 (52)

Days between RTX and 1st vaccine† 119 (83-154) 175 (135-225)

Type of first 2 vaccinations

BioNTech/Pfizer 76 (78) 18 (78)

AstraZeneca 15 (15) 2 (9)

Moderna 7 (7) 3 (13)

Either displayed as number (percentage), median (interquartile range)† or mean ± standard deviation‡.
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Abstract

Objectives 
To develop evidence-based points-to-consider for cost-effective use of biological 
and targeted disease modifying antirheumatic drugs (b/tsDMARDs) in the treatment 
of inflammatory rheumatic diseases, specifically rheumatoid arthritis, psoriatic 
arthritis and axial spondyloarthritis.

Methods
Following EULAR procedures, an international task force was formed, consisting 
of 13 experts in rheumatology, epidemiology, and pharmacology from seven 
European countries. Twelve strategies for cost-effective use of b/tsDMARDs were 
identified through individual and group discussion. For each strategy, PubMed 
and Embase were systematically searched for relevant English-language 
systematic reviews and, for 6 strategies, additionally for RCTs. Thirty systematic 
reviews and twenty-one RCTs were included. Based on the evidence, a set of 
overarching principles and points-to-consider was formulated by the task force 
using a Delphi procedure. Level of evidence (1a-5) and grade (A-D) were determined 
for each point-to-consider. Individual voting on the level of agreement (LoA; 
between 0 (completely disagree) and 10 (completely agree)) was performed 
anonymously.

Results
The task force agreed on five overarching principles. For ten of twelve strategies, 
the evidence was sufficient to formulate ≥1 point-to-consider, leading to 20 in 
total, regarding response prediction, drug formulary use, biosimilars, loading doses, 
low-dose initial therapy, concomitant csDMARD use, route of administration, 
medication adherence, disease activity guided dose optimisation and non-medical 
drug switching. Ten points-to-consider (50%) were supported by level 1 or 2 
evidence. The mean LoA (SD) varied between 7.9 (1.2) and 9.8 (0.4).

Conclusion
These points-to-consider can be used in rheumatology practices and complement 
inflammatory rheumatic diseases treatment guidelines to incorporate cost-
effectiveness in b/tsDMARD treatment.
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Introduction

In the last two decades, pharmacological treatment options for inflammatory rheumatic 
diseases (IRD), including specifically rheumatoid arthritis (RA), psoriatic arthritis 
(PsA) and axial spondyloarthritis (axSpA), have vastly expanded. In particular, the 
biological and targeted synthetic disease modifying antirheumatic drugs (bDMARDs 
and tsDMARDs, respectively) have taken an important place in IRD treatment, 
as they have shown to reduce disease activity, slow down radiological progression 
and improve daily functioning.1-3

Although b/tsDMARD therapy is effective, it has disadvantages, such as adverse 
events, the need for parenteral administration (for bDMARDs), and high costs. 
Concerning the costs, b/tsDMARDs are substantially more expensive per year than 
conventional synthetic DMARDs (csDMARDs),4 are used by an increasing number of 
patients, and in principle require chronic use. With the arrival of biosimilars, some 
bDMARDs have become somewhat less expensive,5 but their impact on a pressured 
healthcare budget remains. 

When following the current disease specific recommendations, many patients can 
reach good disease control. Therefore, the current challenge for clinicians is not only 
controlling the disease, but also achieving this in the most cost-effective way, 
to provide optimal rheumatology care from a societal perspective. This viewpoint  
has been adopted in the EULAR RA recommendations as follows: “RA incurs high 
individual, medical and societal costs, all of which should be considered in its 
management by the treating rheumatologist”.6 However, specific recommendations 
or points-to-consider on how to optimize cost-effectiveness have not been 
formulated.

Cost-effectiveness, expressed as the effect on health divided by the costs of an 
intervention, can be improved by either increasing effectiveness or reducing costs.7 
So far, several strategies for improving cost-effectiveness of b/tsDMARDs have been 
investigated, with dose reduction and biosimilar use being the most systematically 
studied.8,9 Concerning the use of biosimilars, recommendations for clinical practice 
have been formulated by Kay et al.9 However, to facilitate that clinicians and 
rheumatology practices choose the optimal strategy in their specific situation, a 
systematic overview of all (possible and attempted) strategies to optimise cost-
effectiveness with points-to-consider for all strategies, including less-known options,  
is needed. 
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Therefore, the aim of this project was to provide a systematic overview of evidence 
regarding strategies aimed at improving cost effective use, and to develop international, 
consensus based, interdisciplinary points-to-consider on cost-effective prescribing 
of b/tsDMARDs in IRD from a societal perspective.

Methods

These consensus- and evidence-based points-to-consider were developed for individual 
rheumatologists or groups of rheumatologists (e.g., in a hospital). They were designed  
to be applicable across different health care systems. For development of the 
points-to-consider, we used the EULAR standardized operating procedure for 
recommendations10 and the additional EULAR guidance on methodology.11 Of note, 
where the word ‘rheumatologist’ is used, the task force means any rheumatology  
health care provider prescribing b/tsDMARDs, including amongst others rheumatology 
trainees, and in some countries also nurse specialists and physician assistants.  
For the definition of cost-effectiveness, we used an adapted version of the NICE-
definition: ““Guideline recommendations should be based on the estimated costs  
of the interventions or services in relation to their expected health benefits (that is, 
their ‘cost effectiveness’), rather than on the total cost or resource impact of 
implementing them.”7

Task force
In September 2020, an international interdisciplinary task force of 13 experts from 
seven European countries was formed for this study, consisting of 7 rheumatologists 
(DA, RA, KC, JBG, JDI, DM and PV), 1 pharmacist (AV), 1 epidemiologist-health technology 
assessment expert (PMJW), 1 research fellow (CJTvdT), 1 epidemiologist (LMV),  
1 pharmacist-clinical pharmacologist (BJFvdB), and 1 rheumatologist-epidemiologist 
(AAdB). The steering committee, consisting of CJTvdT, BJFvdB, LMV, and AAdB, 
performed the scoping review and hosted the task force meetings. All task force 
members were involved in formulating the points-to-consider and voting for level  
of agreement.

Phase I: Scope and strategies
In October and November 2020, one-to-one open interviews with all members of  
the task force were performed by CJTvdT to identify all relevant strategies on 
cost-effective use of b/tsDMARDs (Figure 1). Thereafter, in November 2020, an online 
kick-off meeting took place to reach consensus on the included b/tsDMARDs (table 1),  
the definition of a strategy for cost-effective use, the included strategies with their 
definitions, and the protocol of the scoping review. A study was considered eligible if  
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it included: patients with RA, PsA or axSpA, (planning to be) treated with b/tsDMARDs 
[Population], comparison of treatment with and without a strategy [Intervention/
Comparison], and any of the following outcomes: cost-effectiveness, costs, efficacy, 
safety, or patient reported outcomes (PROMs) [Outcome]. Of note, formal cost-
effectiveness assessment was considered the primary outcome for our review. 
However, when not available, a more informal approach for assessing costs and 
resource use in relation to effectiveness outcomes was performed. Only systematic 
literature reviews (SLRs) and randomized controlled trials (RCTs) were included, 
to search for available high-quality evidence and to conserve feasibility. Moreover,  
the panel agreed on two further limitations: 1) publications in English only, as this 
was the only language understood by every participant in the project, and 2) studies 
published in 2000 or thereafter, since we did not expect any relevant publications 
beforehand.  

Phase II: Existing evidence
PubMed and Embase were systematically searched for each strategy using a 
two-step approach: an initial search for SLRs by filtering for systematic reviews in 
both PubMed and Embase, and a second search for RCTs for the remaining research 
gaps by adding the Cochrane high sensitivity RCT search string in both PubMed and 
Embase.12 In addition, reference lists of included articles were screened for relevant 
studies. In general, the search string consisted of three parts: [IRDs] AND [drugs]  
AND [strategy]. The first part [IRDs] was identical for all strategies, and the second 
part [drugs] for every strategy except for route of administration, of which this part  
only focussed on drugs with multiple administration routes available (ABA, IFX, TCZ). 

Figure 1. Study phases

SLR: systematic literature review, RCT: randomized controlled trial.

One-to-one interviews: conduct the list of strategies for cost-effective use 

Kick-off meeting: group consensus on aim, strategies, and scoping review protocol

Scoping review: systematically search for SLRs and RCTs per strategy

Delphi rounds: formulate overarching principles and points-to-consider

Ph
as

e 
I

Ph
as

e 
II

Ph
as

e 
III



50

Ta
bl

e 
1

. I
nc

lu
de

d 
dr

ug
s 

w
it

h 
ab

br
ev

ia
ti

on
 a

nd
 th

ei
r i

nd
ic

at
io

ns
, a

ut
ho

ri
se

d 
do

se
, i

nt
er

va
l a

nd
 ro

ut
e 

of
 a

dm
in

is
tr

at
io

n

D
ru

g
A

bb
r.

In
di

ca
ti

on
 fo

r 
R

A
, P

sA
, a

xS
pA

? 
(E

M
A

)
R

oA

Au
th

or
is

ed
 d

os
in

g 
sc

h
em

e 
(E

M
A

)
D

if
fe

re
n

t  
re

gi
st

ra
ti

on
 fo

r  
FD

A?
Lo

ad
in

g 
do

se
M

ai
n

te
na

n
ce

 d
os

e

Ab
at

ac
ep

t
AB

A
R

A
, P

sA
IV

W
ei

gh
t-

ba
se

d 
in

fu
si

on
 a

t  
w

ee
k 

0,
 2

, 4

W
ei

gh
t-

ba
se

d 
in

fu
si

on
 e

ve
ry

 4
 w

ee
ks

: 
<

 6
0

 k
g 

50
0

 m
g,

 6
0

-1
0

0
 k

g 
75

0
 m

g,
  

>
 1

0
0

 k
g 

10
0

0
 m

g

N
o

SC
W

ei
gh

t-
ba

se
d 

in
fu

si
on

 
1

25
 m

g/
w

ee
k

N
o

Ad
al

im
um

ab
AD

A
R

A
, P

sA
, a

xS
pA

SC
N

on
e

4
0

 m
g/

2
 w

ee
ks

N
o

Ap
re

m
ila

st
AP

R
Ps

A
or

al
N

on
e

30
 m

g 
on

ce
 d

ai
ly

 
N

o

Ba
ri

ci
ti

ni
b

B
AR

I
R

A
or

al
N

on
e

4
 m

g 
on

ce
 d

ai
ly

Ye
s,

 2
 m

g 
on

ce
 d

ai
ly

C
er

to
liz

um
ab

 
pe

go
l

CE
R

R
A

, P
sA

, a
xS

pA
SC

4
0

0
 m

g 
at

  
w

ee
k 

0,
 2

, 4
20

0
 m

g/
2

 w
ee

ks
 o

r 4
0

0
 m

g/
4

 w
ee

ks
.

N
o

Et
an

er
ce

pt
ET

N
R

A
, P

sA
, a

xS
pA

SC
N

on
e

50
 m

g/
w

ee
k

N
o

Fi
lg

ot
in

ib
FI

LG
R

A
or

al
N

on
e

20
0

 m
g 

on
ce

 d
ai

ly
N

ot
 a

va
ila

bl
e 

in
 U

S

G
ol

im
um

ab
G

O
L

R
A

, P
sA

, a
xS

pA
SC

N
on

e
50

 m
g/

m
on

th
. I

f w
ei

gh
t i

s 
>1

0
0

 k
g 

 
an

d 
re

sp
on

se
 is

 in
su

ffi
ci

en
t:

 in
cr

ea
se

 
to

 1
0

0
 m

g/
m

on
th

.

N
o

In
fli

xi
m

ab
IF

X
R

A
, P

sA
, a

xS
pA

IV
D

is
ea

se
-b

as
ed

  
m

g/
kg

 in
fu

si
on

 a
t 

w
ee

k 
0,

 2
, 6

3
 m

g/
kg

 e
ve

ry
 8

 w
ee

ks
 fo

r R
A;

  
5

 m
g/

kg
 e

ve
ry

 8
 w

ee
ks

 fo
r P

sA
  

an
d 

ax
Sp

A
.

N
o

R
A

, P
sA

, a
xS

pA
SC

1
20

 m
g/

2
 w

ee
ks

N
ot

 a
va

ila
bl

e 
in

 U
S

Ix
ek

iz
um

ab
IX

E
Ps

A
, a

xS
pA

SC
16

0
 m

g 
at

 w
ee

k 
0

8
0

 m
g 

ev
er

y 
4

 w
ee

ks
N

o

Ri
tu

xi
m

ab
R

TX
R

A
IV

N
on

e
10

0
0

 m
g/

6
 m

on
th

s
N

o

Sa
ri

lu
m

ab
SA

RI
R

A
SC

N
on

e
20

0
 m

g/
2

 w
ee

ks
N

o

Se
cu

ki
nu

m
ab

SE
CU

Ps
A

, a
xS

pA
SC

15
0

 m
g 

at
 w

ee
k 

0,
 

1
, 2

, 3
, 4

15
0

 m
g/

m
on

th
N

o

To
ci

liz
um

ab
TC

Z
R

A
IV

N
on

e
8

 m
g/

kg
 e

ve
ry

 4
 w

ee
ks

 (m
ax

. 8
0

0
 m

g)
Ye

s,
 4

 m
g/

kg
.

SC
N

on
e

16
2

 m
g/

w
ee

k
Ye

s,
 1

62
 m

g/
2

 w
ee

ks
 if

 
w

ei
gh

t <
 1

0
0

 k
g

To
fa

ci
ti

ni
b

TO
FA

R
A

, P
sA

, a
xS

pA
or

al
N

on
e

5
 m

g 
tw

ic
e 

da
ily

 o
r 1

1
 m

g 
XR

  
on

ce
 d

ai
ly

N
o

U
pa

da
ci

ti
ni

b
U

PA
R

A
, P

sA
, a

xS
pA

or
al

N
on

e
15

 m
g 

on
ce

 d
ai

ly
N

o

U
st

ek
in

um
ab

U
ST

Ps
A

SC
45

 m
g 

at
 w

ee
k 

 
0,

 4
. 9

0
 m

g 
if 

 
w

ei
gh

t >
 1

0
0

 k
g.

45
 m

g/
1

2
 w

ee
ks

. 9
0

 m
g 

if 
w

ei
gh

t  
>

 1
0

0
 k

g
N

o

Ab
br

.: a
bb

re
vi

at
io

n 
(a

s u
se

d 
in

 th
is

 p
ub

lic
at

io
n 

an
d 

th
e 

su
pp

le
m

en
ta

ry
 d

at
a)

, E
M

A:
 E

ur
op

ea
n 

m
ed

ic
in

es
 a

ge
nc

y,
 IV

: i
nt

ra
ve

no
us

, R
A:

 rh
eu

m
at

oi
d 

ar
th

ri
ti

s,
 P

sA
: p

so
ri

at
ic

 
ar

th
ri

ti
s,

 R
oA

: r
ou

te
 o

f a
dm

in
is

tr
at

io
n

, S
C

: s
ub

cu
ta

ne
ou

s,
 S

pA
: s

po
nd

yl
oa

rt
hr

it
is

, U
S:

 U
ni

te
d 

St
at

es
, X

R
: e

xt
en

de
d 

re
le

as
e



51Points-to-consider on cost-effective use of b/tsDMARDs

4

Ta
bl

e 
1

. I
nc

lu
de

d 
dr

ug
s 

w
it

h 
ab

br
ev

ia
ti

on
 a

nd
 th

ei
r i

nd
ic

at
io

ns
, a

ut
ho

ri
se

d 
do

se
, i

nt
er

va
l a

nd
 ro

ut
e 

of
 a

dm
in

is
tr

at
io

n

D
ru

g
A

bb
r.

In
di

ca
ti

on
 fo

r 
R

A
, P

sA
, a

xS
pA

? 
(E

M
A

)
R

oA

Au
th

or
is

ed
 d

os
in

g 
sc

h
em

e 
(E

M
A

)
D

if
fe

re
n

t  
re

gi
st

ra
ti

on
 fo

r  
FD

A?
Lo

ad
in

g 
do

se
M

ai
n

te
na

n
ce

 d
os

e

Ab
at

ac
ep

t
AB

A
R

A
, P

sA
IV

W
ei

gh
t-

ba
se

d 
in

fu
si

on
 a

t  
w

ee
k 

0,
 2

, 4

W
ei

gh
t-

ba
se

d 
in

fu
si

on
 e

ve
ry

 4
 w

ee
ks

: 
<

 6
0

 k
g 

50
0

 m
g,

 6
0

-1
0

0
 k

g 
75

0
 m

g,
  

>
 1

0
0

 k
g 

10
0

0
 m

g

N
o

SC
W

ei
gh

t-
ba

se
d 

in
fu

si
on

 
1

25
 m

g/
w

ee
k

N
o

Ad
al

im
um

ab
AD

A
R

A
, P

sA
, a

xS
pA

SC
N

on
e

4
0

 m
g/

2
 w

ee
ks

N
o

Ap
re

m
ila

st
AP

R
Ps

A
or

al
N

on
e

30
 m

g 
on

ce
 d

ai
ly

 
N

o

Ba
ri

ci
ti

ni
b

B
AR

I
R

A
or

al
N

on
e

4
 m

g 
on

ce
 d

ai
ly

Ye
s,

 2
 m

g 
on

ce
 d

ai
ly

C
er

to
liz

um
ab

 
pe

go
l

CE
R

R
A

, P
sA

, a
xS

pA
SC

4
0

0
 m

g 
at

  
w

ee
k 

0,
 2

, 4
20

0
 m

g/
2

 w
ee

ks
 o

r 4
0

0
 m

g/
4

 w
ee

ks
.

N
o

Et
an

er
ce

pt
ET

N
R

A
, P

sA
, a

xS
pA

SC
N

on
e

50
 m

g/
w

ee
k

N
o

Fi
lg

ot
in

ib
FI

LG
R

A
or

al
N

on
e

20
0

 m
g 

on
ce

 d
ai

ly
N

ot
 a

va
ila

bl
e 

in
 U

S

G
ol

im
um

ab
G

O
L

R
A

, P
sA

, a
xS

pA
SC

N
on

e
50

 m
g/

m
on

th
. I

f w
ei

gh
t i

s 
>1

0
0

 k
g 

 
an

d 
re

sp
on

se
 is

 in
su

ffi
ci

en
t:

 in
cr

ea
se

 
to

 1
0

0
 m

g/
m

on
th

.

N
o

In
fli

xi
m

ab
IF

X
R

A
, P

sA
, a

xS
pA

IV
D

is
ea

se
-b

as
ed

  
m

g/
kg

 in
fu

si
on

 a
t 

w
ee

k 
0,

 2
, 6

3
 m

g/
kg

 e
ve

ry
 8

 w
ee

ks
 fo

r R
A;

  
5

 m
g/

kg
 e

ve
ry

 8
 w

ee
ks

 fo
r P

sA
  

an
d 

ax
Sp

A
.

N
o

R
A

, P
sA

, a
xS

pA
SC

1
20

 m
g/

2
 w

ee
ks

N
ot

 a
va

ila
bl

e 
in

 U
S

Ix
ek

iz
um

ab
IX

E
Ps

A
, a

xS
pA

SC
16

0
 m

g 
at

 w
ee

k 
0

8
0

 m
g 

ev
er

y 
4

 w
ee

ks
N

o

Ri
tu

xi
m

ab
R

TX
R

A
IV

N
on

e
10

0
0

 m
g/

6
 m

on
th

s
N

o

Sa
ri

lu
m

ab
SA

RI
R

A
SC

N
on

e
20

0
 m

g/
2

 w
ee

ks
N

o

Se
cu

ki
nu

m
ab

SE
CU

Ps
A

, a
xS

pA
SC

15
0

 m
g 

at
 w

ee
k 

0,
 

1
, 2

, 3
, 4

15
0

 m
g/

m
on

th
N

o

To
ci

liz
um

ab
TC

Z
R

A
IV

N
on

e
8

 m
g/

kg
 e

ve
ry

 4
 w

ee
ks

 (m
ax

. 8
0

0
 m

g)
Ye

s,
 4

 m
g/

kg
.

SC
N

on
e

16
2

 m
g/

w
ee

k
Ye

s,
 1

62
 m

g/
2

 w
ee

ks
 if

 
w

ei
gh

t <
 1

0
0

 k
g

To
fa

ci
ti

ni
b

TO
FA

R
A

, P
sA

, a
xS

pA
or

al
N

on
e

5
 m

g 
tw

ic
e 

da
ily

 o
r 1

1
 m

g 
XR

  
on

ce
 d

ai
ly

N
o

U
pa

da
ci

ti
ni

b
U

PA
R

A
, P

sA
, a

xS
pA

or
al

N
on

e
15

 m
g 

on
ce

 d
ai

ly
N

o

U
st

ek
in

um
ab

U
ST

Ps
A

SC
45

 m
g 

at
 w

ee
k 

 
0,

 4
. 9

0
 m

g 
if 

 
w

ei
gh

t >
 1

0
0

 k
g.

45
 m

g/
1

2
 w

ee
ks

. 9
0

 m
g 

if 
w

ei
gh

t  
>

 1
0

0
 k

g
N

o

Ab
br

.: a
bb

re
vi

at
io

n 
(a

s u
se

d 
in

 th
is

 p
ub

lic
at

io
n 

an
d 

th
e 

su
pp

le
m

en
ta

ry
 d

at
a)

, E
M

A:
 E

ur
op

ea
n 

m
ed

ic
in

es
 a

ge
nc

y,
 IV

: i
nt

ra
ve

no
us

, R
A:

 rh
eu

m
at

oi
d 

ar
th

ri
ti

s,
 P

sA
: p

so
ri

at
ic

 
ar

th
ri

ti
s,

 R
oA

: r
ou

te
 o

f a
dm

in
is

tr
at

io
n

, S
C

: s
ub

cu
ta

ne
ou

s,
 S

pA
: s

po
nd

yl
oa

rt
hr

it
is

, U
S:

 U
ni

te
d 

St
at

es
, X

R
: e

xt
en

de
d 

re
le

as
e



52

The outcomes were not included in the search string, but checked for in the title/
abstract screening. Further information on the search strategies and searches is 
included in the supplementary data.

Title/abstract screening was performed by two steering committee members separately. 
Disagreements were discussed by the two reviewers until agreement was reached, 
or, if persistent, were resolved by the vote of another steering committee member. 
If more than five SLRs were accepted after title/abstract screening, full-texts of 
recent SLRs (published in 2019 or thereafter) were screened first. Full-texts of older 
reviews were only screened in case of research gaps. Full-text screening combined 
with Risk of Bias (RoB) assessment was performed by the same reviewers as title/
abstract screening independently, using AMSTAR-2 for SLRs13 and the Cochrane RoB 
tool 2 for RCTs.14 The data extraction form was designed by LMV and CJTvdT. CJTvdT 
performed the data-extraction.

Phase III: Consensus 
The steering committee drafted a first version of the overarching principles and 
points-to-consider, the latter including level of evidence (LoE) and grade of 
recommendation (GR), based on the underlying evidence. Thereafter, a summary of 
the evidence and the proposed points-to-consider were communicated to all task 
force members prior to the meetings. In total, five online task force Delphi meetings 
took place between June and December 2021. In the first meeting, the overarching 
principles were discussed and accepted with ‘no objection’ during the meeting.  
In the following meetings, we discussed content and phrasing of the definitive 
points-to-consider. Also, LoE and GR were determined, in accordance with the EULAR 
additional guidance.11 If consensus was reached on the formulation of the point- 
to-consider in the group meeting, task force members were asked afterwards by 
e-mail to vote on its level of agreement (LoA). LoA score ranged from 0 (completely 
disagree) to 10 (completely agree), based on the 2014 EULAR SOP.10 
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Results

Phase I: Scope and strategies
The task force formulated a definition for strategies of cost-effective b/tsDMARD use 
(see Box 1). Of note, we assumed that the diagnosis of the patients should be 
sufficiently certain.

Box 1. Definition for strategies of cost-effective b/tsDMARD use

“Strategies on the level of an individual patient or a hospital, concerning cost-effective 
prescribing1 or use of biological and targeted synthetic DMARDs in the treatment of 
rheumatoid arthritis, psoriatic arthritis or axial spondyloarthritis.” 

1 �includes the indication, selection, dose, interval, route of administration and monitoring of the drug, 
and any co-medication interfering pharmacokinetically or -dynamically.

 
The task force identified four distinct ways for a strategy to increase cost-effective-
ness (“benefits”): 1) a direct reduction of drug price per mg, 2) a lower drug quantity 
needed (dose/interval), 3) lower direct additional non-medication costs (e.g., day care 
costs for infusion), and 4) improved efficacy or safety, or reduced patient burden. 
Furthermore, the task force identified twelve strategies: 1) response prediction, 2) 
drug formulary policy, 3) biosimilar/generic drug use, 4) avoid dose loading, 5) initial 
lower dose, 6) optimizing pharmacokinetic exposure, 7) combination therapy, 8) 
route of administration, 9) drug wastage, 10) medication adherence, 11) disease 
activity guided dose optimisation (DAGDO), and 12) non-medical drug switching. An 
overview of the strategies including their definition and potential benefits is 
displayed in table 2.

Phase II: Existing evidence
The SLR searches, performed on 24-02-2021 and 1-11-2021 (initial lower dose), 
identified 1104 publications. Of those, 57 were accepted after title-abstract screening. 
After full-text screening, 30 SLRs in total could be included. For five strategies, no 
systematic reviews could be included. Except for the strategy biosimilar/generic drug 
use, additional RCT searches were performed for the other 11 strategies between 
22-03-2021 and 17-11-2021, identifying 4804 publications. Of those, 25 were accepted 
after title-abstract screening and eventually 21 full-text publications were included 
for six strategies. For four strategies no articles could be accepted, including: drug 
formulary policy, optimizing pharmacokinetic exposure, reducing drug wastage and 
non-medical drug switching (excluding biosimilar transitioning). The searches, output 
flowcharts per strategy, and extracted data are included in the supplementary data.
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Phase III: Consensus
In the Delphi meetings, the task force agreed on five overarching principles and 
twenty points-to-consider (see table 3), which are explained in the following 
paragraphs. The overall mean LoA was 8.9 (range 7.9-9.7). Of the 240 votes received, 
four times a 5 was voted (2%), five times a 6 (2%) and nine times a 7 (4%). All other 
votes were ≥8. Except for the strategy ‘avoid dose loading’, all other strategies 
required only one Delphi meeting to agree with the completeness of the search and 
to reach consensus on the phrasing of the recommendation. Regarding the strategy 
‘avoid dose loading’, the task force requested for an additional search in the ‘summary 
of the product characteristics’ of the included drugs but no additional information 
was found.

Overarching principles
A.	� Treatment choices must be based on shared decision making between  

the patient and the rheumatologist.
RA, PsA and axSpA are diseases with a chronic course and require chronic treatment 
in the vast majority of patients. Shared decision making can enhance medication 
adherence, by adapting treatment to a patient’s personal life/preferences, leading to 
increased satisfaction and control of treatment.

B. 	�Treat-to-target is the cornerstone of b/tsDMARD based treatment in RA, PsA 
and axSpA.

The treat-to-target (T2T) approach comprises tight monitoring of disease activity for 
evaluation of treatment. This approach is recommended for RA, PsA and axSpA.15-17 
T2T should be the standard background strategy for b/tsDMARD treatment. 

C. 	�Cost-effectiveness considerations are an important aspect of treatment, and 
rheumatologists should have a leading role regarding this.

Currently, there are many drugs available for inflammatory arthritis. As most of these 
drugs are comparable in efficacy and safety, we believe that cost-effectiveness 
should be an additional selection criterium. Antirheumatic treatment has a significant 
impact on the rheumatology health care budget and as explained further in this 
paper, multiple strategies for more cost-effective use are available. Moreover, we 
believe that rheumatologists should have a leading role in this, because of their 
knowledge, training, experience, and direct involvement in b/tsDMARD prescription 
and the hospital’s drug formulary. 
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Table 2. Definition of strategies and how cost-effectiveness can be optimised

Strategy Definition Benefit(s)*

Response prediction To use a predictor for optimizing any drug use 
intervention, such as drug selection, drug dose 
reduction or drug discontinuation.

4

Drug formulary policy To prescribe b/tsDMARDs in a preferential order 
for the rheumatology practice, primarily based on 
effectiveness and safety but in case of equality  
also on cost-effectiveness.

1

Biosimilar/generic  
drug use

To (allow the) start of or transition to the best value 
drug variant (biosimilar/generic or originator) of a  
b/tsDMARD

1

Avoid dose loading To avoid the loading dose (initial higher dose than 
maintenance dose) that is part of authorised dosing

2, 4

Initial lower dose To use a lower dose than the authorised dose in the 
maintenance phase

2, 4

Optimizing 
pharmacokinetic 
exposure

To improve exposure to the b/tsDMARD by 
influencing pharmacokinetic parameters

2, 4

Combination therapy To choose for either combined treatment of a  
b/tsDMARD with a csDMARD or monotherapy of  
a specific b/tsDMARD

2, 3, 4

Route of 
administration

To start with or to transition to the most cost-
effective route of administration for bDMARDs of 
which multiple routes are available.

2, 3, 4

Drug wastage To reduce wastage of the b/tsDMARD to reduce  
total amount of drug needed.

2, 3

Medication adherence To improve the extent to which a person’s 
medication intake corresponds with agreed 
treatment decisions with the health care provider

3, 4

Disease activity guided 
dose optimisation

To gradually reduce drug dosage or lengthen the 
interval of the b/tsDMARD to the minimal effective 
dose or discontinuation guided by the disease 
activity

2, 4

Non-medical drug 
switching

To switch patients to another more cost-effective 
b/tsDMARD (within or between classes), excluding 
biosimilars, to reduce drug costs.

1

*1. A direct reduction of drug price per mg; 2. A lower needed drug quantity (dose/interval); 3. Lower direct 
additional drug costs; 4. Improved efficacy or safety, or reduced patient burden.
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D. 	Reimbursement policies should cover cost-effective use of pharmacological 
treatments, both on- and off-label, when it is evidence based and supported by 
(inter)national guidelines.

Some of these recommendations require off-label use of b/tsDMARDs, for example a 
reduced dose, a prolonged interval or removal of a loading dose. We acknowledge 
that off-label use of medication is sometimes not included in reimbursement policies  
or not financially beneficial for the hospital while this could have multiple advantages 
regarding outcomes and/or costs at a societal level. We believe that every opportunity 
for healthcare cost reduction (without significant impact on the quality of care) should  
be taken advantage of for the preservation of affordable healthcare. We therefore 
advocate that reimbursement policies, either from governments or healthcare insurance 
companies,  include off-label medication use in case of proven added value. We consider 
these recommendations a first step towards removing barriers for providing cost- 
effective care. 

E. 	 Bio-originators and approved biosimilars are considered similar, and thus all 
recommendations apply equally to bio-originators and biosimilars.

As further explained in the supplementary text of the fourth recommendation (on 
biosimilar/generic drug use), we consider bio-originators and approved biosimilars 
clinically similar, in agreement with the ACR RA guideline.17 Therefore, all points-to- 
consider apply equally to biosimilars.

Consensus recommendations
Response prediction
1.  �Therapeutic drug monitoring of b/tsDMARDs in patients with RA, PsA and axSpA is not 

advised because of absence of evidence on efficacy and safety.
Therapeutic drug monitoring (TDM) is a clinical practice in which adjustments of 
dose and/or interval are made based on drug serum levels and/or antidrug antibodies 
(ADAb).18 One can distinguish ‘proactive TDM’ in which drug levels and/or ADAb are 
measured with the aim to proactively adjust treatment, regardless of the clinical 
response, and ‘reactive TDM’ in which drug levels and/or ADAb are measured in case 
of loss of efficacy or side effects.18 A recent systematic review on clinical effectiveness 
of TDM of anti-TNF in RA found one clinical study on this subject but could not draw 
conclusions because of serious risk of bias of this study.19 We found another RCT 
(NORDRUM I), which compared proactive TDM of induction of infliximab treatment 
to standard care and did not find a difference in clinical remission at week 30.20 Based 
on the available evidence, the task force concluded that TDM can currently not be 
advised because of absence of evidence on superiority.
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2.  �Using other predictors for either choosing or tapering a particular b/tsDMARD is not 
advised because none have demonstrated superiority to standard care.

Other predictors could include either biomarkers, genetic markers or clinical markers. 
Disease activity was not included as a clinical marker because T2T is already 
incorporated in the overarching principles and disease activity-based tapering in the 
DAGDO section. Four systematic reviews found no clinical test-treatment trials with 
these markers.21-24 A RCT on circulating TNF-alpha levels as a predictor for increasing 
infliximab dosage in RA found no differences in sustained remission.25 Therefore, 
using other predictors for selecting or tapering a b/tsDMARD is not advised. 

Drug formulary policy
3.  �Rheumatologists might consider to adopt and use a drug formulary for their practice, 

primarily based on effectiveness and safety, and cost-effectiveness thereafter.
A drug formulary is a preferred order of b/tsDMARDs, established for a hospital, 
region or country. Formularies provide a structure for safe, rational and cost-effective 
drug use. As formularies uniformalise and prioritize drug therapy strategies, they  
are also an important instrument for cost-conscious procurement of the medication. 
We found no supporting SLRs or RCTs on this topic. However, as these points-to-
consider aim to inform rheumatologists on incorporating cost-effectiveness in their 
practice, and drug formulary policy was seen as an important strategy, the task force 
agreed on a point-to-consider based on expert opinion only.

Biosimilar/generic drug use
4.  �A biosimilar, if approved by a drug regulating authority in a highly regulated area, 

should be preferred if it is the most cost-effective version of the drug.
Biosimilars are available for an increasing number of bDMARDs, and from 2027 on, 
generic drug variants of tsDMARDs can also be expected. We found two systematic 
reviews supporting the use of biosimilars but both of low-quality.26,27 As mentioned 
in the introduction, the expert group of Kay et al. has formulated consensus-based 
recommendations for biosimilar use in clinical care.9 The current point-to-consider is 
directly adapted from one of their overarching principles, which states that approved 
biosimilars in highly regulated areas are neither better nor worse in efficacy and 
non-inferior in safety to bio-originators. Our task force agreed on this principle with the 
addition that initiating therapy with a biosimilar can contribute to cost-effectiveness.

5.  �A single transition from a bio-originator to one of its biosimilars should be considered 
if it contributes to the cost-effectiveness of the treatment.

There is high-quality evidence available for the efficacy and safety of a single 
transition from bio-originator to biosimilar. Twelve RCTs regarding transitioning of 
infliximab (6), adalimumab (5), and etanercept (1) were included in three systematic 
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reviews, which demonstrated efficacy and safety of a single switch.28-30 Furthermore, 
transitioning is also supported by the recommendations of Kay et al.9 Regarding 
multiple switching, there was no evidence available at the time of the systematic 
search. Therefore, only a single transition is included in the second point-to-consider. 

Avoid dose loading
6.  �When initiating abatacept or certolizumab in RA, or secukinumab in PsA or axSpA, 

rheumatologists might consider to initiate treatment using the maintenance dose, as 
dose loading has not shown superior efficacy.

7.  �For the other b/tsDMARDs, there is no information on the effect of dose loading. 
Therefore, these drugs should be used as authorised.

A loading dose is a higher initial dose given at the beginning of a treatment course 
with the aim to achieve steady-state concentrations of a drug earlier in time, 
especially when a drug has a long half-life. For six bDMARDs, a loading dose is advised 
(table 1). The task force advocates that a loading dose should not be used when 
superiority on effectiveness has not been demonstrated in a head-to-head study. A 
systematic review on this subject found comparative studies with/without loading 
dose for abatacept and certolizumab in RA, and secukinumab in both PsA and axSpA.31 
The authors concluded that there is insufficient evidence on superiority of dose 
loading for these drugs. For the other drugs authorised with a loading dose, no 
comparative studies were found. Thus, the task force concluded that for the 
aforementioned drugs, a regimen without loading dose could optimize cost-effec-
tiveness. However, these drugs were studied and authorised with loading dose, and 
therefore the decision should be made carefully and with shared decision to the 
patient. For the other drugs, more research is required to evaluate additional value of 
the loading dose. 

Initial lower dose
8.  �In RA, low-dose rituximab (1*1000mg or 2*500mg per cycle) has similar efficacy and 

less toxicity compared to authorised-dose rituximab (2*1000mg) and should thus be 
preferred over the authorised dose.

For some b/tsDMARDs, an initial dose lower than the authorised dose may be as 
efficacious. The authorised dose of rituximab is two infusions of 1000mg (14 days 
apart) every six months (2*1000 mg). An updated systematic review of Bredemeier et 
al. based on three RCTs concluded that there were no significant differences between 
2*1000mg and 1*1000mg rituximab in the primary efficacy outcomes.32 Moreover, 
1*1000mg rituximab was associated with a lower incidence of first infusion reactions. 
Based on this systematic review, 1*1000 mg could be advised over 2*1000 mg for the 
treatment of rheumatoid arthritis.
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9.  �In patients with RA, rheumatologists might start with the lower dose of baricitinib or 
tocilizumab because of a more favourable safety and/or cost-effectiveness profile.

For both tocilizumab and baricitinib, the authorised doses in the EU and the US are 
different. Baricitinib is dosed as 2 mg daily for RA in the US, in contrast to 4 mg daily in 
the EU, and tocilizumab as 162 mg every 2 weeks (SC) or 4 mg/kg (IV) in the US, in 
contrast to 162 mg weekly (SC) or 8 mg/kg (IV) in the EU. Although no formal 
cost-benefit study has been performed between the two regimens, the task force 
suggests that, based on the evidence,33-36 these lower doses could also be used as 
initial dose in European clinical practice. The use of baricitinib 2 mg might not lead to 
lower drug costs due to flat pricing of 2 and 4 mg tablets. As lower-dosed tocilizumab 
was associated with numerically lower infection rates, and fewer cases of hypercho-
lesterolemia and neutropenia,34 this regimen could especially be suitable for patients 
with safety concerns. 

Combination therapy
Combining a b/tsDMARD with a csDMARD is known to increase effectiveness of therapy 
and drug survival, and therefore cost-effectiveness. For this strategy, we specifically 
looked for evidence on starting a b/tsDMARD with or without concomitant csDMARD. 

10.  �In patients with RA, rheumatologists should combine the b/tsDMARD with metho- 
trexate to maximise efficacy; in patients who cannot use methotrexate as comedication, 
IL-6 pathway inhibitors and JAK inhibitors might be preferred over other bDMARDs.

For RA, there is high quality evidence supporting combination therapy. A meta-analysis 
investigated studies comparing b/tsDMARD treatment with and without methotrexate 
and found significantly better efficacy outcomes (ACR20/ACR50 response) for 
combination therapy for all bDMARDs.37 For tsDMARDs, this effect was not significant. 
Two other reviews specifically investigated tocilizumab and found comparable 
ACR20 responses38 and effectiveness measured with PROMs.39 Regarding sarilumab, 
no specific evidence was found. In the 2019 EULAR recommendations, combination 
therapy is advised for all b/tsDMARDs, and therapy with a IL-6 inhibitor or a 
JAK-inhibitor alone, if combination therapy is not possible.6 We formulated the 
point-to-consider in line with the EULAR RA recommendation but with a specific 
focus on methotrexate instead of csDMARDs, based on the available evidence. In 
addition, a dose of 10 mg MTX weekly may be sufficient for the effect.40

11.  �For patients with PsA or axSpA, combination therapy of a TNF-inhibitor with metho- 
trexate cannot be advised, because increased efficacy compared to TNF-inhibitor 
monotherapy is not shown.

For PsA and axSpA, two systematic reviews on combination therapy of TNFi41,42 
found no additional effect of combination therapy on efficacy outcomes. However, 
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the drug survival of TNFi, specifically infliximab, seemed somewhat better when 
combined with methotrexate in PsA according to registry data.41 The current EULAR 
guideline on management of PsA therefore advises to continue methotrexate, but to 
reduce the dose in good responders. We advise, in the light of cost-effectiveness, to 
taper the csDMARD to full discontinuation when the bDMARD is efficacious, although 
stopping the csDMARD when starting the bDMARD is an alternative possibility.

12.  �For patients with PsA or axSpA, combination therapy of non-TNF inhibitors with metho- 
trexate cannot be advised because of absence of evidence on efficacy and safety.

We found no systematic reviews or RCTs on combination therapy for non-TNFi in 
psoriatic arthritis or axial spondyloarthritis. Therefore, an expert opinion point-to- 
consider was formed in which combination therapy for non-TNFi in these diseases 
was not advised. 

Route of administration
13.  �For patients with RA, non-inferiority of subcutaneous versus intravenous treatment 

of abatacept, infliximab and tocilizumab has been shown, and thus rheumatologists 
can choose the most cost-effective route of administration when initiating one of 
those drugs.

For abatacept, infliximab and tocilizumab, both an intravenous and subcutaneous 
formulation are available which may differ in yearly medication costs. However, 
intravenous administration of the medication comes with additional costs for 
day-care treatment. Both routes of administration for those three drugs have shown  
to be non-inferior regarding efficacy and without differences in safety.43-45 Therefore,  
we advise that a rheumatologist chooses the most cost-effective route of administration, 
whenever possible. 

14.  �For patients with RA, a single switch from subcutaneous to intravenous tocilizumab 
or vice versa did not affect efficacy or safety, and thus rheumatologists might 
consider this for cost-effectiveness reasons.

The extension of the SUMMACTA study investigated switching from intravenous to 
subcutaneous tocilizumab or vice versa in a subpopulation and found maintained 
efficacy and similar safety profiles.46 For abatacept and infliximab, this has not yet 
been investigated. Therefore, the current point-to-consider is that a switch in route 
of administration might be advised for tocilizumab to increase cost-effectiveness.
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Table 3. Overarching principles and consensus-based points-to-consider

Overarching principles

A.	 Treatment choices must be based on shared decision making between the patient and 
the rheumatologist.

B.	 Treat-to-target is the cornerstone of b/tsDMARD based treatment in RA, PsA and axSpA.

C.	 Cost-effectiveness considerations are an important aspect of treatment, and 
rheumatologists should have a leading role regarding this.

D.	 Reimbursement policies should cover cost-effective use of pharmacological treatments, 
both on- and off-label, when it is evidence based and supported by (inter)national guidelines.

E.	 Bio-originators and biosimilars are considered similar, and thus all recommendations 
apply equally to bio-originators and biosimilars.

Points-to-consider LoE GR LoA 

Response prediction

1.	 Therapeutic drug monitoring[1] of b/tsDMARDs in patients 
with RA, PsA and axSpA is not advised because of absence of 
evidence[2] on efficacy and safety.

5 D 8.3±1.4 
(6-10)

2.	 Using other predictors for either choosing or tapering a 
particular b/tsDMARD is not advised because none have 
demonstrated superiority to standard care.

5 D 8.3±1.0
(7-10)

Drug formulary policy*

3.	 Rheumatologists might consider to adopt and use a drug 
formulary for their practice, primarily based on effectiveness 
and safety, and cost-effectiveness thereafter.

5 D 9.1±1.0
(7-10)

Biosimilar/generic drug use

4.	 A biosimilar, if approved by a drug regulating authority in a 
highly regulated area, should be preferred if it is the most 
cost-effective version of the drug.

1b A 9.8±0.39
(9-10)

5.	 A single transition from a bio-originator to one of its 
biosimilars should be considered if it contributes to the cost-
effectiveness of the treatment.

1b A 9.4±0.51
(9-10)

Avoid dose loading

6.	 When initiating abatacept or certolizumab in RA, or 
secukinumab in PsA or axSpA, rheumatologists might  
consider to initiate treatment using the maintenance dose,  
as dose loading has not shown superior efficacy.

1b B 8.5±1.5
(5-10)

7.	 For the other b/tsDMARDs, there is no information on the 
effect of dose loading. Therefore, these drugs should be used 
as authorised.

5 D 9.4±1.0
(7-10)

Initial lower dose

8.	 In RA, low-dose rituximab (1*1000mg or 2*500mg per cycle) 
has similar efficacy and less toxicity compared to authorised-
dose rituximab (2*1000mg) and should thus be preferred  
over the authorised dose.

1a A 9.3±1.3
(6-10)
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Table 3. Continued

Points-to-consider LoE GR LoA 

Initial lower dose

9.	 In patients with RA, rheumatologists might start with the 
lower dose[3] of baricitinib or tocilizumab because of a more 
favourable safety and/or cost-effectiveness profile.

 4 D 7.9±1.2
(5-10)

Combination therapy

10.	 In patients with RA, rheumatologists should combine the  
b/tsDMARD with methotrexate to maximise efficacy;  
in patients who cannot use methotrexate as comedication, 
IL-6 pathway inhibitors and JAK-inhibitors[4] might be 
preferred over other bDMARDs.

1a
2a[4]

A 9.5±0.78 
(8-10)

11.	 For patients with PsA or axSpA, combination therapy of a 
TNF-inhibitor with methotrexate cannot be advised, because 
increased efficacy compared to TNF-inhibitor monotherapy is 
not shown.

1a A 8.4±1.3 
(5-10)

12.	 For patients with PsA or axSpA, combination therapy of non-
TNF inhibitors with methotrexate cannot be advised because 
of absence of evidence on efficacy and safety.

5 D 8.7±1.2 
(6-10)

Route of administration

13.	 For patients with RA, non-inferiority of subcutaneous 
versus intravenous treatment of abatacept, infliximab and 
tocilizumab has been shown, and thus rheumatologists can 
choose the most cost-effective route of administration when 
initiating one of those drugs.

1b A 9.5±0.52
(9-10)

14.	 For patients with RA, a single switch from subcutaneous to 
intravenous tocilizumab or vice versa did not affect efficacy or 
safety, and thus rheumatologists might consider this for cost-
effectiveness reasons.

2b C 8.9±1.0
(7-10)

Medication adherence

15.	 Rheumatologists should take adherence into account in the 
management of their patients by using the current points to 
consider[5] to manage non-adherence of b/tsDMARDs.

5 D 9.5±0.52 
(9-10)

Disease activity guided dose optimisation

16.	 For patients with RA in whom the treatment target is reached 
and sustained, rheumatologists should consider disease 
activity guided dose optimisation of anti-TNF drugs.

1 A 9.6±0.90
(7-10)

17.	 For patients with RA in whom the treatment target is reached 
and sustained, rheumatologists might consider disease 
activity guided dose optimisation of IL-6 inhibitors, rituximab, 
baricitinib or abatacept.

1b B 8.8±0.87
(7-10)

18.	 For patients with axSpA[6] and PsA[7] in whom the treatment 
target is reached and sustained, rheumatologists might consider 
disease activity guided dose optimisation of anti-TNF drugs.

1a[6]

5[7]
B[6]

D[7]
8.2±1.1
(6-10)



63Points-to-consider on cost-effective use of b/tsDMARDs

4

Medication adherence
15.  �Rheumatologists should take adherence into account in the management of their 

patients by using the current points to consider to manage non-adherence of  
b/tsDMARDs.

Even the most perfectly prescribed drug cannot have its desired effect in the case of 
non-adherence. Therefore, medication adherence should be included in points-to- 
consider for cost-effectiveness. We did not find any supporting systematic reviews or 
RCTs on this topic but refer to the current EULAR points to consider on non-
adherence,47 which can help rheumatologists to manage non-adherence.

Disease activity guided dose optimisation (DAGDO)
Disease activity guided dose optimisation (DAGDO, also known as tapering) is a 
strategy that includes a stepwise dose reduction (often by interval lengthening 
between injections) with or without complete discontinuation as final step. According 
to the task force, DAGDO should also fulfil the following criteria: 1) following the 
treat-to-target principle with regular visits (every 1-3 months or up to every 6 months  
if there is sustained remission), 2) measurement of disease activity with a valid tool,  
3) agreement on treatment target (remission or low disease activity), and 4) switching/

Table 3. Continued

Points-to-consider LoE GR LoA 

Disease activity guided dose optimisation

19.	 Rheumatologists can use any disease activity guided dose 
optimisation scheme, as none is preferential based on the 
evidence.

5 D 8.9±1.4
(5-10)

Non-medical drug switching*

20. Non-medical switching within or between b/tsDMARD classes 
is not advised because of absence of evidence on efficacy and 
safety.

5 D 9.7±0.65 
(8-10)

LoE: level of evidence; GR: grade of point-to-consider; LoA: level of agreement on a numeric rating scale 
from 0 (completely disagree) to 10 (completely agree), displayed as mean ± standard deviation (range).
[1] �adjustments of dose and/or interval based on drug serum levels and/or antidrug antibodies.
[2] �Except for 1) proactive TDM (drug doses and timing of doses are based on serum drug levels) of infliximab 

in RA, PsA and axSpA, and 2) dose increase of infliximab based on baseline TNF-a for RA, this has not 
shown superiority (both level of evidence 1b, strength B).

[3] �2mg once daily for baricitinib; and 4 mg/kg (IV)† or 162mg every 2 weeks (SC)† for tocilizumab, all three 
authorised doses in the United States. †Only for patients with a body weight < 100kg

[4] �Lower LoE for baricitinib
[5] �Ritschl V, et al. Ann Rheum Dis. 2020.58

[6]+[7] different LoE and GR for PsA and axSpA 
* No evidence (SLR or RCT) found for this strategy.
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intensifying treatment if treatment target is not reached. DAGDO should only be 
performed when the treatment target is sustained, defined as a ≥3 months on target 
with ≥2 formal disease activity measurements.

16.  �For patients with RA in whom the treatment target is reached and sustained, rheuma
tologists should consider disease activity guided dose optimisation of anti-TNF drugs.

17.  �For patients with RA in whom the treatment target is reached and sustained, rheuma
tologists might consider disease activity guided dose optimisation of IL-6 inhibitors, 
rituximab, baricitinib or abatacept.

DAGDO of TNF-inhibitors in RA is supported by two systematic reviews8,48 and should 
therefore be considered in patients in which the treatment target is reached and 
sustained. DAGDO of abatacept and tocilizumab is also supported by two reviews48,49  
but with less evidence compared to TNF-inhibitors. Dose reduction of rituximab  
(to 1*500 or 1*200 mg every six months) was investigated in a double-blinded RCT 
and advised by the authors, although formal non-inferiority criteria were not met.50  
A study investigating dose reduction of baricitinib to 2 mg found that many patients 
could maintain control of disease activity, and if not, disease control could be 
recaptured with return to 4 mg.51

18.  �For patients with axSpA and PsA in whom the treatment target is reached and 
sustained, rheumatologists might consider disease activity guided dose optimisation 
of anti-TNF drugs.

Evidence on DAGDO of TNFi in axSpA has been included in two low-quality reviews, 
supporting step-wise tapering of these drugs.49,52 One review also looked into  
DAGDO of PsA, but was not able to draw conclusions because of absence of evidence.49 
Therefore, the point-to-consider for PsA is expert opinion level only. 

19.  �Rheumatologists can use any disease activity guided dose optimisation scheme, as 
none is preferential based on the evidence.

An expert opinion point-to-consider was formulated on the dose reduction scheme. 
Although no scheme is preferential, the task force advises dose reduction by interval 
lengthening in 1-4 steps with or without complete discontinuation, for example 
100%-50%-0% or 100%-66%-50%-33%-0%. Whenever a flare or loss of disease 
control occurs, it is advised to return to last effective dose.

Non-medical drug switching
20.  �Non-medical switching within or between b/tsDMARD classes is not advised because 

of absence of evidence on efficacy and safety.
Non-medical drug switching is drug switching for other reasons than (loss of ) 
efficacy, side effects or adherence, for example to reduce drug costs.53 For these 
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recommendations, this includes switching within or between a drug class but 
excludes non-medical biosimilar transitioning (which is addressed as a separate 
strategy). We found no supporting evidence on this topic. Therefore, non-medical 
drug switching is not advised and should be further investigated. Of note, when a 
drug is not available temporarily or definitively, which was the case for example for 
tocilizumab, sarilumab and abatacept in COVID times, non-medical switching cannot 
be avoided and should be offered of course.

Discussion

In this study, we were able to identify twelve strategies for cost-effective use of b/
tsDMARDs in IRD: response prediction, drug formulary policy, biosimilar/generic drug 
use, avoid dose loading, initial lower dose, optimizing pharmacokinetic exposure, 
combination therapy, route of administration, drug wastage, medication adherence, 
disease activity guided dose optimisation, and non-medical drug switching. 
Moreover, we formulated high-quality clinical points-to-consider for the majority of 
those strategies, based on an extensive literature review and stakeholder engagement. 
These points-to-consider can be used in addition to the recommendations for 
management of RA, PsA or axSpA and are broadly applicable across many healthcare 
environments.

Our points-to-consider have some limitations. First, we did not include patient 
representatives to our task force, but we would fully recommend this for an updated 
version. Second, because of feasibility, we only included systematic reviews and RCTs  
as a consequence of which we could have missed some important non-randomized 
clinical studies. For the strategy of initial lower dose specifically, our plan was to look 
in registration data of all b/tsDMARDs to check for lower effective doses tested in 
phase 1 and 2 trials, but this was deemed not feasible. Third, most included systematic 
reviews were of low or critically low AMSTAR-2 quality. Nevertheless, we were able to 
combine multiple reviews with high-quality RCTs to form high-quality points-to-
consider. Fourth, we mainly focused on drug costs as the main cost-component of 
cost-effectiveness and might have missed other important costs which can influence 
cost-effectiveness of therapy. Also, net drug costs fluctuate over time which may 
affect the points-to-consider. Last, because of contextual differences in health care 
systems and reimbursement policies across countries, the generalizability of these 
points-to-consider may be limited in certain contexts.  

Although we could form points-to-consider for most strategies, some research gaps 
have been identified through the scoping review. An important one is less overall 



66

evidence for PsA and axSpA compared to RA at the time of our search, for example for 
DAGDO and combination therapy. Moreover, for four strategies there was no SLR or 
RCT evidence available. A research agenda is included in the supplementary data 
(supplementary box 1). Of note, important studies have been published after our 
search which could not be included when formulating the points-to-consider, such as 
the NOR-DRUM B study and a DAGDO RCT in PsA and axSpA.54,55

Changes in b/tsDMARD prices require these points-to-consider to be kept under 
review and, if necessary, updated. As an increasing number of b/tsDMARDs will lose 
their patent and thus the possibility for biosimilar or generic drug variants becomes 
available, this might lead to increased competition and lower drug prices. However, 
the drug losing patent protection does not equate to direct availability of a biosimilar, 
for example for rituximab (4 years after patent expiry), and tocilizumab and abatacept 
(no biosimilars available yet). Also, new b/tsDMARDs are still entering the market, 
leading to an increased number to choose from and more price competition. Finally, 
some points-to-consider are of value to the patient also when leaving costs out of the 
equation, for example lower-dosed rituximab for the same effect but with less 
infusion time and side effects. Therefore, we think that these points-to-consider on 
cost-effectiveness will remain of value and require an update in the future. 

In conclusion, healthcare costs are spiralling up, and yet we have a finite financial 
envelope. For clinicians to provide the best care to the greatest number, it is our 
responsibility to be cognisant of costs and use high-cost medications wisely. This 
framework of strategies and corresponding points-to-consider for cost-effective use 
of b/tsDMARDs in IRD can be a starting point to incorporate cost-effectiveness into 
clinical care.
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Section 1. Additional information on the search strategy
In general, the search string consisted of three parts: [IRDs] AND [drugs] AND 
[strategy]. The first part [IRDs] was identical for all strategies, and the second part 
[drugs] for every strategy except for route of administration, of which this part only 
focussed on drugs with multiple administration routes available (ABA, IFX, TCZ). 
Within each part, we combined both MeSH terms and title/abstract of the relevant 
keywords for PubMed, and Emtree terms and explode for Embase. If an additional 
search for RCTs was performed, only the relevant IRDs and drugs were included in  
the [IRDs] and [drugs] queries. For the SLR search, we filtered for ‘systematic reviews’ 
or ‘reviews’. For the RCT search, we added the Cochrane maximum sensitivity  
search string.

Section 2. Core searches
Search string for inflammatory rheumatic diseases (IRD)
IRD – PubMed 
(arthritis, rheumatoid[MeSH Terms]) OR (arthritis, psoriatic[MeSH Terms]) OR 
(ankylosing spondylitis[MeSH Terms]) OR (Rheumatoid arthritis[Title/Abstract]) OR 
(Psoriatic arthritis[Title/Abstract]) OR (axial spondyloarthritis[Title/Abstract]) OR 
(spondyloarthritis[Title/Abstract]) OR (ankylosing spondylitis[Title/Abstract]) OR 
(auto immune rheumatic disease*[Title/Abstract]) OR (immune-mediated inflammatory 
disease*[Title/Abstract])

IRD – Embase 
1.	 rheumatoid arthritis/
2.	 exp rheumatoid arthritis/
3.	 psoriatic arthritis/
4.	 ankylosing spondylitis/
5.	 exp spondylarthritis/
6.	 rheumatoid arthritis.ti,ab,kw.
7.	 psoriatic arthritis.ti,ab,kw.
8.	 ankylos* spondyl*.ti,ab,kw.
9.	 spondyl?arthr*.ti,ab,kw.
10.	 AIRD.ti,ab,kw.
11.	 autoimmune rheumat* disease.ti,ab,kw.
12.	 IMID.ti,ab,kw.
13.	 immune-mediated inflammatory disease.ti,ab,kw.
14.	 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13

Search string for b/tsDMARDs
The searches are divided in ‘drug name’ and ‘drug class’. For the part [drugs] we 
combined ‘drug name’ with ‘drug class’ using AND.
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Drug name – PubMed
(((((((((((((((((((((((((((((((((adalimumab[MeSH Terms]) OR (certolizumab pegol[MeSH 
Terms])) OR (etanercept[MeSH Terms])) OR (infliximab[MeSH Terms])) OR (usteki-
numab[MeSH Terms])) OR (rituximab[MeSH Terms])) OR (abatacept[MeSH Terms])) 
OR (adalimumab[Title/Abstract])) OR (certolizumab[Title/Abstract])) OR (golimumab
[Title/Abstract])) OR (infliximab[Title/Abstract])) OR (tocilizumab[Title/Abstract])) OR 
(sarilumab[Title/Abstract])) OR (ustekinumab[Title/Abstract])) OR (secukinumab
[Title/Abstract])) OR (ixekizumab[Title/Abstract])) OR (rituximab[Title/Abstract])) OR 
(abatacept[Title/Abstract])) OR (tofacitinib[Title/Abstract])) OR (baricitinib[Title/
Abstract])) OR (upadacitinib[Title/Abstract])) OR (filgotinib[Title/Abstract])) OR (apremilast
[Title/Abstract])) OR (golimumab[Supplementary Concept])) OR (tocilizumab
[Supplementary Concept])) OR (sarilumab[Supplementary Concept])) OR (secukinumab
[Supplementary Concept])) OR (ixekizumab[Supplementary Concept])) OR (tofacitinib
[Supplementary Concept])) OR (baricitinib[Supplementary Concept])) OR (upadacitinib
[Supplementary Concept])) OR (filgotinib[Supplementary Concept])) OR (apremilast
[Supplementary Concept])) OR (etanercept[Title/Abstract])

Drug class – PubMed
(((((((((((((((((((((((((((((((((((((((((((((((tumor necrosis factor inhibitors[MeSH Terms]) OR 
(janus kinase inhibitors[MeSH Terms])) OR (phosphodiesterase 4 inhibitors[MeSH 
Terms])) OR (TNF inhibitor*[Title/Abstract])) OR (TNF Antagonist*[Title/Abstract])) 
OR (TNF blocker[Title/Abstract])) OR (bDMARD[Title/Abstract])) OR (tsDMARD[Title/
Abstract])) OR (biological agent*[Title/Abstract])) OR (biologicals[Title/Abstract])) OR 
(biological drug*[Title/Abstract])) OR (biological medication[Title/Abstract])) OR 
(biologics[Title/Abstract])) OR (targeted small molecules[Title/Abstract])) OR (janus 
kinase inhibitor*[Title/Abstract])) OR (JAK inhibitor*[Title/Abstract])) OR (Phospho
diesterase 4 inhibitor*[Title/Abstract])) OR (PDE 4 inhibitor*[Title/Abstract])) OR 
(PDE4 inhibitor[Title/Abstract])) OR (IL6R inhibitor*[Title/Abstract])) OR (IL-6R 
inhibitor*[Title/Abstract])) OR (IL6R blocker*[Title/Abstract])) OR (IL-6R blocker*[Title/
Abstract])) OR (IL6R antagonist*[Title/Abstract])) OR (IL-6R antagonist*[Title/
Abstract])) OR (anti IL6[Title/Abstract])) OR (anti IL-6[Title/Abstract])) OR (IL12/23 
inhibitor*[Title/Abstract])) OR (IL-12/23 inhibitor*[Title/Abstract])) OR (IL12/IL23 
inhibitor*[Title/Abstract])) OR (IL-12/IL-23 inhibitor*[Title/Abstract])) OR (IL12/23 
blocker*[Title/Abstract])) OR (IL-12/23 blocker*[Title/Abstract])) OR (IL-12/IL-23 
blocker*[Title/Abstract])) OR (IL12/23 antagonist*[Title/Abstract])) OR (IL-12/IL-23 
antagonist*[Title/Abstract])) OR (anti IL12/23[Title/Abstract])) OR (anti IL-12/23[Title/
Abstract])) OR (anti IL-12/IL-23[Title/Abstract])) OR (anti IL12/IL23[Title/Abstract])) OR 
(IL17 inhibitor*[Title/Abstract])) OR (IL-17 inhibitor*[Title/Abstract])) OR (IL17 
blocker*[Title/Abstract])) OR (IL-17 blocker*[Title/Abstract])) OR (IL17 antagonist*
[Title/Abstract])) OR (IL-17 antagonist*[Title/Abstract])) OR (anti IL17[Title/Abstract])) 
OR (anti IL-17[Title/Abstract])
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Drug name – Embase
1.	 adalimumab.ti,ab,kw. or exp adalimumab/
2.	 etanercept.ti,ab,kw. or exp etanercept/
3.	 golimumab.ti,ab,kw. or exp golimumab/
4.	 infliximab.ti,ab,kw. or exp infliximab/
5.	 certolizumab pegol.ti,ab,kw. or exp certolizumab pegol/
6.	 certolizumab.ti,ab,kw.
7.	 tofacitinib.ti,ab,kw. or exp tofacitinib/
8.	 baricitinib.ti,ab,kw. or exp baricitinib/
9.	 filgotinib.ti,ab,kw. or exp filgotinib/
10.	 tocilizumab.ti,ab,kw. or exp tocilizumab/
11.	 sarilumab.ti,ab,kw. or exp sarilumab/
12.	 secukinumab.ti,ab,kw. or exp secukinumab/
13.	 ustekinumab.ti,ab,kw. or exp ustekinumab/
14.	 ixekizumab.ti,ab,kw. or exp ixekizumab/
15.	 abatacept.ti,ab,kw. or exp abatacept/
16.	 rituximab.ti,ab,kw. or exp rituximab/
17.	 upadacitinib.ti,ab,kw. or exp upadacitinib/
18.	 apremilast.ti,ab,kw. or exp apremilast/
19.	 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18

Drug class – Embase
1.	 tumor necrosis factor inhibitors.ti,ab,kw. or exp tumor necrosis factor inhibitor/
2.	 exp tumor necrosis factor antibody/
3.	 exp Janus kinase inhibitor/ or janus kinase inhibitor*.ti,ab,kw.
4.	 exp phosphodiesterase IV inhibitor/ or phosphodiesterase 4 inhibitor*.ti,ab,kw.
5.	 bDMARD*.ti,ab,kw.
6.	 tsDMARD*.ti,ab,kw.
7.	 biological*.ti,ab,kw.
8.	 biological drug*.ti,ab,kw.
9.	 biologics.ti,ab,kw.
10.	 JAK inhibitor*.ti,ab,kw.
11.	 PDE4 inhibitor*.ti,ab,kw.
12.	 IL6R inhibitor*.ti,ab,kw.
13.	 IL6R blocker*.ti,ab,kw.
14.	 IL6R antagonist*.ti,ab,kw.
15.	 anti IL6.ti,ab,kw.
16.	 exp interleukin 12 antibody/
17.	 IL 23 inhibitor*.ti,ab,kw.
18.	 IL17 inhibitor*.ti,ab,kw.
19.	 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18



75Points-to-consider on cost-effective use of b/tsDMARDs

4

Cochrane search for RCTs with maximum sensitivity
RCT search – PubMed
((((((((randomized controlled trial[Publication Type]) OR (controlled clinical trial[Pub-
lication Type])) OR (randomized[Title/Abstract])) OR (placebo[Title/Abstract])) OR 
(drug therapy[MeSH Subheading])) OR (randomly[Title/Abstract])) OR (trial[Title/
Abstract])) OR (groups[Title/Abstract])) NOT ((animals[MeSH Terms]) NOT 
(humans[MeSH Terms]))

RCT search – Embase
1.	 Randomized controlled trial/
2.	 Controlled clinical study/
3.	 random$.ti,ab.
4.	 randomization/
5.	 intermethod comparison/
6.	 placebo.ti,ab.
7.	 (compare or compared or comparison).ti.
8.	 ((evaluated or evaluate or evaluating or assessed or assess) and (compare or 

compared or comparing or comparison)).ab.
9.	 (open adj label).ti,ab.
10.	 ((double or single or doubly or singly) adj (blind or blinded or blindly)).ti,ab.
11.	 double blind procedure/
12.	 parallel group$1.ti,ab.
13.	 (crossover or cross over).ti,ab.
14.	 ((assign$ or match or matched or allocation) adj5 (alternate or group$1 or 

intervention$1 or patient$1 or subject$1 or participant$1)).ti,ab.
15.	 (assigned or allocated).ti,ab.
16.	 (controlled adj7 (study or design or trial)).ti,ab.
17.	 (volunteer or volunteers).ti,ab.
18.	 human experiment/
19.	 trial.ti.
20.	 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or  

18 or 19
21.	 (random$ adj sampl$ adj7 (“cross section$” or questionnaire$1 or survey$ or 

database$1)).ti,ab. not (comparative study/ or controlled study/ or randomi?ed 
controlled.ti,ab. or randomly assigned.ti,ab.)

22.	 Cross-sectional study/ not (randomized controlled trial/ or controlled clinical study/  
or controlled study/ or randomi?ed controlled.ti,ab. or control group$1.ti,ab.)

23.	 (((case adj control$) and random$) not randomi?ed controlled).ti,ab.
24.	 (Systematic review not (trial or study)).ti.
25.	 (nonrandom$ not random$).ti,ab.
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26.	 Random field$.ti,ab.
27.	 (random cluster adj3 sampl$).ti,ab.
28.	 (review.ab. and review.pt.) not trial.ti.
29.	 we searched.ab. and (review.ti. or review.pt.)
30.	 update review.ab.
31.	 (databases adj4 searched).ab.
32.	 (rat or rats or mouse or mice or swine or porcine or murine or sheep or lambs or 

pigs or piglets or rabbit or rabbits or cat or cats or dog or dogs or cattle or bovine 
or monkey or monkeys or trout or marmoset$1).ti. and animal experiment/

33.	 Animal experiment/ not (human experiment/ or human/)
34.	 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or 29 or 30 or 31 or 32 or 33
35.	 20 not 34

Section 3. Response prediction
Strategy specific search
PubMed search
(predictive value of tests[MeSH Terms]) OR (response prediction[Title/Abstract])  
OR (personalized treatment[Title/Abstract]) OR (prediction[Title/Abstract]) OR  
(drug monitoring, therapeutic[MeSH Terms]) OR (drug monitoring[MeSH Terms])  
OR (therapeutic drug monitoring[Title/Abstract]) OR (drug level[Title/Abstract]) OR 
(serum level[Title/Abstract])

Embase search
predictive value/ or response prediction.ti,ab,kw. or personalized treatment.ti,ab,kw. 
or predict*.ti,ab,kw. or drug monitoring/ or therapeutic drug monitoring.ti,ab,kw. or 
drug level.ti,ab,kw. or serum level.ti,ab,kw.
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Strategy output
The flow diagram for the search strategy of systematic literature reviews for response 
prediction:

The flow diagram for the search strategy of randomized controlled trials for response 
prediction:
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Included SLRs

Author Year PICO Drugs Study 
quality 

Amstar score

Tikhonova[1] 2021 P: patients with RA
I: treatment 
decisions based on 
drug levels or anti-
drug antibodies
C: regular treatment
O: clinical or patient 
related outcomes

anti-TNF Moderate 1=yes, 2=yes, 
3=no, 4=partial 
yes, 5=yes, 6=yes, 
7=yes, 8=yes, 
9=yes, 10=yes, 
11=0, 12=0, 13=yes, 
14=yes, 15=0, 
16=yes

Pouw[2] 2019 P: patients with PsA
I: biomarkers
C: not clearly 
mentioned
O: not clearly 
mentioned

bDMARDs Low 1=no, 2=no, 3=no, 
4=partial yes, 
5=no, 6=no, 7=no, 
8=no, 9=no, 10=no, 
11=0, 12=0, 13=no, 
14=no, 15=0, 
16=yes.

Schlager[3] 2019 P: RA, receiving  
b/tsDMARD
I: discontinuation of 
the b/tsDMARD in 
remission or LDA
C: continuation
O: % remaining in 
remission or LDA, to 
identify predictors.

bDMARDs Critically 
low

1=yes, 2=no, 3=no, 
4=no, 5=yes, 6=no, 
7=no, 8=partial 
yes, 9=yes, 10=no, 
11=0, 12=0, 13=no, 
14=yes, 15=0, 
16=yes

Tweehuysen[4] 2018 P: RA treated with 
bDMARD
I: biomarker
C: no biomarker
O: successful 
dose reduction or 
discontinuation

bDMARDs Moderate 1=yes, 2=no, 
3=yes, 4=partial 
yes, 5=yes, 6=yes, 
7=partial yes, 
8=partial yes, 9=0, 
10=no, 11=0, 12=0, 
13=yes, 14=yes, 
15=0, 16=no.

Ingegnoli[5] 2011 P: RA starting an  
anti-TNF drug
I: genetic 
polymorphism in 
TNF, interleukin, 
interferon gamma  
or TGF beta.
C: not clearly 
mentioned
O: not clearly 
mentioned.

anti-TNF Critically 
low

1=no, 2=no, 3=no, 
4=no, 5=no, 6=no, 
7=no, 8=no, 9=no, 
10=no, 11=0, 12=0, 
13=no, 14=no, 
15=0, 16=no.
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Section 4. Drug formulary policy
Strategy specific search
PubMed search
((drug formulary[title/abstract]) OR (drug policy[title/abstract]))

Embase search
exp drug formulary/ or exp health care policy/ or drug formulary policy.ti,ab,kw. or 
drug formulary.ti,ab,kw. or drug policy.ti,ab,kw.

Included RCTs
Full RCT search performed.

Author Year Acronym PICO Drugs RoB-2 
conclusion 

Syversen[6] 2021 NOR-
DRUM A

P: patients with RA, PsA, 
axSpA initiating IFX 
treatment
I: IFX TDM: serum trough 
levels entered in eCRF which 
provides recommended dose 
and interval
C: standard clinical practice
O: % clinical remission at 
week 30

IFX Some 
concerns

Tanaka[7] 2020 RRRR P: RA, active disease despite 
MTX
I: IFX dose reduction at 
14 weeks based on TNF-a 
antigen level
C: standard IFX, no dose 
reduction
O: % patients who sustained 
discontinuation at week 54.

IFX Some 
concerns
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Strategy output
The flow diagram for the search strategy of systematic reviews for ‘drug formulary 
policy’:

The flow diagram for the search strategy of randomized controlled trials for ‘drug 
formulary policy’: 

Included SLRs
None of the found publications matched our research question and could be included. 

Included RCTs
None of the found publications matched our research question and could be included. 

Section 5. Biosimilar/generic drug use
Strategy specific search
PubMed search
((biosimilar pharmaceuticals[MeSH Terms]) OR (biosimilar[Title/Abstract])) OR (follow-on 
biologics[Title/Abstract])

Embase search
exp biosimilar agent/ or biosimilar*.ti,ab,kw. or follow-on biologic*.ti,ab,kw.
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Strategy output
The flow diagram for the search strategy of systematic reviews for ‘Biosimilar/generic 
drug use’:

Included SLRs

Author Year PICO Drugs Study 
quality 

Amstar score

Kim[8] 2021 P: RA, PsA, axSpA
I/C: not entirely clear, 
they mention the 
keywords: biosimilar, 
adalimumab, 
etanercept, 
infliximab, rituximab
O: effectiveness

bDMARDs Critically 
low

1=no, 2=no, 
3=yes, 4=partial 
yes, 5=yes, 6=no, 
7=partial yes, 
8=partial yes, 
9=no, 10=no, 
11=0, 12=0, 13=no, 
14=yes, 15=0, 
16=yes
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Included RCTs
None, our research question was answered after the SLR search.

Included SLRs (Continued)

Author Year PICO Drugs Study 
quality 

Amstar score

Luttropp[9] 2020 P: inflammatory 
arthritis
I/C: bio-originator 
to biosimilar switch, 
bio-originator to 
bio-originator or 
biosimilar to bio-
originator.
O: switch or 
discontinue 
treatment

bDMARDs Low 1=yes, 2=no, 
3=yes, 4=partial 
yes, 5=no, 6=no, 
7=yes, 8=yes, 9=no, 
10=no, 11=0, 12=0, 
13=yes, 14=yes, 
15=0, 16=yes

Feagan[10] 2019 P: RA, PsA, axSpA
I/C: bio-originator 
to biosimilar switch, 
bio-originator to 
bio-originator or 
biosimilar to bio-
originator.
O: efficacy, safety, 
immunogenicity

IFX Critically 
low

1=yes, 2=no, 
3=yes, 4=partial 
yes, 5=no, 6=no, 
7=partial yes, 
8=partial yes, 
9=no, 10=no, 
11=0, 12=0, 13=no, 
14=yes, 15=0, 
16=yes

Cantini[11] 2019 P: RA
I/C: not entirely 
clear, they mention 
biosimilars of 
adalimumab, 
etanercept and 
infliximab
O: efficacy and safety

ADA, ETN, 
IFX

Critically 
low

1=yes, 2=no, 3=yes, 
4=no, 5=no, 6=no, 
7=no, 8=no, 8=no, 
9=no, 10=no, 
11=0, 12=0, 13=no, 
14=yes, 15=0, 
16=yes

Mezones-
Holguin[12]

2019 P: RA, PsA, axSpA
I: switch to biosimilar 
infliximab
C: continuation with 
originator
O: efficacy and safety

IFX Critically 
low

1=yes, 2=no, 3=no, 
4=no, 5=yes, 6=yes, 
7=no, 8=partial 
yes, 9=yes, 1=no, 
11=0, 12=0, 13=no, 
14=yes, 15=0, 
16=no

Numan[13] 2018 P: RA, PsA, axSpA
I/C: double-blind RCT 
in which multiple 
biosimilar/bio-
originator switches 
are perfomed.
O: immunogenicity, 
patient-level

anti-TNF Critically 
low

1=no, 2=no, 3=yes, 
4=no, 5=yes, 
6=no, 7=partial 
yes, 8=partial 
yes, 9=no, 10=no, 
11=0, 12=0, 13=no, 
14=yes, 15=0, 
16=no
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Section 6. Avoid dose loading
Strategy specific search
PubMed search
(dose loading[Title/Abstract]) OR (loading dose[Title/Abstract])

Embase search
(dose loading or loading dose).ti,ab,kw.

Strategy output
The flow diagram for the search strategy of systematic literature reviews for dose 
loading:

Included RCTs
None. The SLR covered our research question regarding bDMARDs. We performed an 
additional search regarding tsDMARDs but found no hits in either PubMed or Embase.

Included SLRs

Author Year PICO Drugs Study 
quality 

Amstar score

Geurts-
Voerman[14]

2020 P: RA, PsA, axSpA
I: dose loading
C: no dose loading
O: efficacy (disease 
activity)

CER, IFX, 
ABA, SEC 
or UST

Critically 
low

1=yes, 2=no, 
3=yes, 4=yes, 
5=yes, 6=no, 
7=yes, 8=partial 
yes, 9=no, 10=no, 
11=0, 12=0, 13=no, 
14=yes, 15=0, 
16=yes.
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Section 7. Initial lower dose
Strategy specific search
PubMed search
(low-dose*[Title/Abstract]) OR (low-dosage*[Title/Abstract]) OR (reduced-dose*
[Title/Abstract]) OR (reduced-dosage*[Title/Abstract]) OR (half-dose*[Title/Abstract])

Embase search
1.	 (low adj3 dose?).ti,ab,kw.
2.	 (reduc* adj3 dose?).ti,ab,kw.
3.	 (low* adj3 dosage?).ti,ab,kw.
4.	 (reduc* adj3 dosage?).ti,ab,kw.
5.	 (half adj3 dose?).ti,ab,kw.
6.	 1 or 2 or 3 or 4 or 5
7.	 exp low dose/
8.	 6 or 7
9.	 limit 8 to (human and english language and embase)

Strategy output
The flow diagram for the search strategy of systematic literature reviews for initial 
lower dose:
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The flow diagram for the search strategy of randomized controlled trials for initial 
lower dose:

Included SLRs

Author Year PICO Drugs Study 
quality 

Amstar score

Weng[15] 2021 P: RA with 
inadequate 
response to at least 
one DMARD
I: JAK-inhibitors 
(including bari 2 & 4)
C: bDMARDs
O: efficacy and 
safety

BARI Critically 
low

1=yes, 2=yes, 
3=no, 4=no, 
5=yes, 6=yes, 
7=no, 8=partial 
yes, 9=yes, 10=no, 
11=yes, 12=no, 
13=no, 14=yes, 
15=yes

Bae[16] 2018 P: RA
I: SAR 200 mg (mono 
or with MTX)
C: SAR 150 mg 
+ MTX, other 
bDMARD, or MTX 
mono
O: Clinical efficacy 
and tolerability

SAR Low 1=yes, 2=no, 
3=yes, 4=partial 
yes, 5=no, 6=yes, 
7=no, 8=partial 
yes, 9=no, 10=no, 
11=yes, 12=yes, 
13=yes, 14=yes, 
15=no, 16=yes.
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Included SLRs (Continued)

Author Year PICO Drugs Study 
quality 

Amstar score

Bredemeier 
(update)[17]

2015 P: RA
I: low-dose RTX 
(1*1000 or 2*500)
C: registered dose 
RTX (2*1000)
O: efficacy

RTX Critically 
low

1=yes, 2=no, 
3=no, 4=yes, 
5=yes, 6=yes, 
7=no, 8=no, 
9=yes, 10=no, 
11=yes,12=yes, 
13=yes, 14=yes, 
15=yes, 16=yes

Bredemeier[18] 2014 P: RA
I: low-dose RTX 
(1*1000 or 2*500)
C: registered dose 
RTX (2*1000)
O: efficacy

RTX Critically 
low

1=yes, 2=no, 
3=no, 4=yes, 
5=yes, 6=yes, 
7=no, 8=no, 
9=yes, 10=no, 
11=yes,12=yes, 
13=yes, 14=yes, 
15=yes, 16=yes

Included RCTs
Full RCT search performed.

Author Year Acronym PICO Drugs RoB-2 
conclusion 

Tada[19] 2012 PRECEPT P: RA
I: ETN 25 mg/week
C: ETN 50 mg/week
O: radiographic damage at week 52

ETN Low

Tanaka[20] 2011 - P: RA and inadequate response  
to MTX
I: TOFA 2dd 1, 3, 5 or 10 mg + MTX
C: placebo + MTX
O: ACR20 response rate at week 12

TOFA Some 
concerns

Smolen[21] 2008 OPTION P: RA and inadequate response  
to MTX
I: TCZ 4 mg/kg + MTX or TCZ  
8 mg/kg + MTX
C: placebo + MTX
O: ACR20 response rate at week 24

TCZ Some 
concerns

Maini[22] 2006 CHARISMA P: RA and inadequate response to 
MTX
I: TCZ 2 mg/kg + MTX, TCZ 4 mg/kg + 
MTX or TCZ 8 mg/kg + MTX
C: placebo + MTX
O: ACR20 response rate at week 16

TCZ Some 
concerns
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Section 8. Optimizing pharmacokinetic exposure
Strategy specific search
PubMed search
(((bioavailability[MeSH Terms]) OR (drug metabolism[Title/Abstract]) OR (drug 
excretion[Title/Abstract]) OR (drug absorption[Title/Abstract]) OR (drug distribution
[Title/Abstract])) OR (pharmacokinetics[MeSH Terms]))

Embase search
exp drug bioavailability/ or exp pharmacokinetics/ or exp drug metabolism/ or exp 
drug absorption/ or exp drug distribution/ or exp drug excretion/ or bioavailability.
ti,ab,kw. or pharmacokinetics.ti,ab,kw. or drug metabolism.ti,ab,kw. or drug absorption.
ti,ab,kw. or drug distribution.ti,ab,kw. or drug excretion.ti,ab,kw.

Strategy output
The flow diagram for the search strategy of systematic literature reviews for pharma
cokinetics:
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 The flow diagram for the search strategy of randomized controlled trials for pharma-
cokinetics:

Included SLRs
None of the found publications matched our research question and could be included. 

Included RCTs
None of the found publications matched our research question and could be included. 

Section 9. Combination therapy
Strategy specific search
PubMed search
((Combination therapy[Title/Abstract]) OR (Combin*[Title/Abstract])) AND ((metho-
trexate[Title/Abstract]) OR (leflunomide[Title/Abstract]) OR (sulfasalazine[Title/
Abstract]) OR (hydroxychloroquine[Title/Abstract]) OR (azathioprine[Title/Abstract]) 
OR (methotrexate[MeSH Terms]) OR (leflunomide[MeSH Terms]) OR (sulfasala-
zine[MeSH Terms]) OR (hydroxychloroquine[MeSH Terms]) OR (azathioprine[MeSH 
Terms])  (sulfasalazine[Title/Abstract]) OR (hydroxychloroquine[Title/Abstract]) OR 
(azathioprine[Title/Abstract]) OR (methotrexate[MeSH Terms]) OR (leflunomide
[MeSH Terms]) OR (sulfasalazine[MeSH Terms]) OR (hydroxychloroquine[MeSH 
Terms]) OR (azathioprine[MeSH Terms]))
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Embase search
1.	 exp methotrexate/ or exp leflunomide/ or exp salazosulfapyridine/ or exp hydroxy

chloroquine/ or exp azathioprine/ or methotrexate.ti,ab,kw. or leflunomide.ti,ab,kw. 
or salazosulfapyridine.ti,ab,kw. or hydroxychloroquine.ti,ab,kw. or azathioprine.
ti,ab,kw.

2.	 (combination therapy or combin*).ti,ab,kw.
3.	 1 and 2

Strategy output
The flow diagram for the search strategy of systematic reviews for ‘Combination 
therapy’:
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The flow diagram for the search strategy of randomised controlled trials for 
‘Combination therapy’:

Included SLRs

Author Year PICO Drugs Study 
quality 

Amstar score

Paul[23] 2020 P: RA
I: monotherapy of ABA
C: combination therapy 
of ABA + csDMARD or 
multiple csDMARDs
O: efficacy and safety

ABA Critically 
low

1=yes, 2=no, 
3=no, 4=partial 
yes, 5=yes, 6=yes, 
7=partial yes, 
8=partial yes, 
9=yes/no, 10=no, 
11=no, 12=yes, 
13=no, 14=no, 
15=no, 16=no.
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Included SLRs (Continued)

Author Year PICO Drugs Study 
quality 

Amstar score

Donahue[24] 2019 P: RA
I/C: head-to-head RCTs, 
nRCTs and prospective 
controlled cohort 
studies on bDMARD 
monotherapy or 
combination therapy 
for a network meta-
analysis.
O: Efficacy, PROMs, 
safety

bDMARDs Critically 
low

1=yes, 2=no, 3=yes, 
4=no, 5=yes, 6=yes, 
7=yes, 8=partial 
yes, 9=yes, 10=no, 
11=yes, 12=no, 
13=no, 14=yes, 
15=yes, 16=yes.

Tarp[25] 2019 P: RA
I: combination therapy 
of bDMARD + MTX
C: monotherapy of 
bDMARD
O: ACR50, AEs

bDMARDs + 
tofa

Low 1=yes, 2=no, 3=no, 
4=partial yes, 
5=yes, 6=yes, 7=yes, 
8=no, 9=yes, 10=no, 
11=yes, 12=yes, 
13=yes, 14=yes, 
15=no, 16=yes

Teitsma[26] 2016 P: RA
I: TCZ monotherapy
C: TCZ combination 
therapy
O: efficacy and safety

TCZ Critically 
low

1=yes, 2=no, 3=no, 
4=no, 5=yes, 6=yes, 
7=no, 8=yes, 9=yes, 
10=no, 11=yes, 
12=no, 13=no, 
14=yes, 15=yes, 
16=yes.

Behrens[27] 2015 P: PsA
I: TNFi + MTX
C: TNF monotherapy
O: efficacy, safety, 
immunogenicity

anti-TNF Critically 
low

1=yes, 2=no, 3=no, 
4=no, 5=no, 6=no, 
7=no, 8=partial yes, 
9=no, 10=no, 11=0, 
12=0, 13=no, 14=no, 
15=0, 16=no

Lin[28] 2014 P: axSpA
I: TNFi + MTX
C: TNFi monotherapy  
or TNFi + placebo
O: efficacy, safety, 
PROMs, radiographic 
damage

anti-TNF Low 1=yes, 2=no, 3=no, 
4=no, 5=no, 6=yes, 
7=no, 8=partial 
yes, 9=yes, 10=no, 
11=yes, 12=yes, 
13=yes, 14=yes, 
15=no, 16=yes.

Jansen[29] 2014 P: RA
I/C: bDMARD 
monotherapy and 
combiniation therapy  
or placebo
O: PROMs

bDMARDs Critically 
low

1=yes, 2=no, 3=no, 
4=no, 5=no, 6=no, 
7=no, 8=no, 9=no, 
10=no, 11=yes, 
12=no, 13=no,  
14=no, 15=no, 16=no
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Included RCTs
An additional RCT search was performed for the following questions:
-	 Combination therapy of tsDMARDs
-	 Recent information on PsA (from 2015)
-	 Recent information on axSpA (from 2015)

Author Year Acronym PICO Drugs RoB-2 
conclusion 

Westhovens[30] 2021 FINCH-3 P: active RA, no DMARDs 
used
I: FIL 200 mg + MTX, FIL 200 
mg mono or FIL 100 mg + 
MTX
C: MTX
O: ACR20 response rate at 
week 24

FILG Some 
concerns

Mease[31] 2019 SEAM-PsA P: active PsA, no DMARDs 
used
I: ETN + MTX or ETN + 
placebo
C: MTX + placebo
O: ACR20 response rate at 
week 24

ETN Low

Strand[32] 2019 ORAL 
strategy

P: active RA despite MTX 
therapy
I: TOFA 2dd 5 mg mono or 
+ MTX
C: ADA + MTX
O: ACR50 response rate at 6 
months (F), PROMs (S)

TOFA Low

Fleischmann[33] 2017

Van der Heijde[34] 2018 RA-BEGIN P: active RA, no DMARDs 
used
I: BARI 4 mg monotherapy 
or + MTX
C: MTX monotherapy
O: ACR20 response rate 
at week 24 (F), PROMs (S), 
radiographic damage (vdH)

BARI Some 
concernsSchiff[35] 2017

Fleischmann[36] 2017
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Section 10. Route of administration
Strategy specific search
For this strategy, we only sought for articles concerning infliximab, abatacept and 
tocilizumab, since those drugs both have an intravenous and subcutaneous route of 
administration registered.

PubMed search (add this search to ‘IRD’)
(((subcutan*[title/abstract]) AND (intraven*[title/abstract])) AND ((((((infliximab
[MeSH Terms]) OR (abatacept[MeSH Terms])) OR (tocilizumab[Supplementary 
Concept])) OR (infliximab[Title/Abstract])) OR (abatacept[Title/Abstract])) OR (tocili-
zumab[Title/Abstract])))

Embase search (add this search to ‘IRD’)
1.	 exp infliximab/ or exp abatacept/ or exp tocilizumab/ or infliximab.ti,ab,kw. or 

abatacept.ti,ab,kw. or tocilizumab.ti,ab,kw.
2.	 exp subcutaneous drug administration/ or subcutan*.ti,ab,kw.
3.	 exp intravenous drug administration/ or intraven*.ti,ab,kw.
4.	 1 and 2 and 3

Strategy output
The flow diagram for the search strategy of systematic literature reviews for route of 
administration:
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The flow diagram for the search strategy of randomized controlled trials for route of 
administration:

Included SLRs

Author Year PICO Drugs Study 
quality 

Amstar score

Caporali[37] 2021 P: RA
I/C: combine efficacy 
and safety data of IFX 
sc with historical data 
on IFX iv, ADA, ETN
O: Efficacy, safety

IFX Moderate 1=yes, 2=no, 
3=yes, 4=partial 
yes, 5=yes, 6=no, 
7=yes, 8=partial 
yes, 9=yes, 10=no, 
11=yes, 12=yes, 
13=yes, 14=yes, 
15=no, 16=no.

Included RCTs
Full RCT search performed.

Author Year Acronym PICO Drugs RoB-2 
conclusion 

Westhovens[38] 2021 - P: active RA and inadequate 
response to MTX
I: IFX sc 120 mg every 2 weeks 
from week 6 (after IV loading 
dose on week 0 and 2)
C: IFX IV 3 mg/kg every 8 
weeks
O: Efficacy, PROMs, 
pharmacokinetics

IFX Low
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Included RCTs (Continued)
Full RCT search performed.

Author Year Acronym PICO Drugs RoB-2 
conclusion 

Burmester[39] 2016 SUMMACTA 
extension

P: SUMMACTA participants
I/C: SC group: randomization 
11:1 to continue sc or 
switch to iv; IV group: 
randomization 2:1 to 
continuation of iv or switch 
to sc.

TCZ Some 
concerns

Ogata[40] 2014 MUSASHI P: active RA and inadequate 
response to previous tx
I: TCZ sc 162 mg every 2 
weeks
C: TCZ iv 8 mg/kg every 4 
weeks
O: ACR20 response rate

TCZ Some 
concerns

Burmester[41] 2014 SUMMACTA P: active RA and inadequate 
response to csDMARD
I: TCZ sc 162 mg once weekly
C: TCZ iv 8 mg/kg every 4 
weeks
O: ACR20 response rate

TCZ Low

Iwahashi[42] 2014 - P: RA and inadequate 
response to MTX
I: ABA sc 125 mg/week
C: ABA iv 10 mg/kg every 4 
weeks
O: ACR20 response rate, 
safety, pharmacokinetics 
and immunogenicity.

ABA Low

Genovese[43] 2011 ACQUIRE P: active RA and inadequate 
response to MTX
I: ABA sc 125 mg/week
C: ABA iv 10 mg/kg every 4 
weeks
O: ACR20 response rate, 
safety, immunogenicity.

ABA Low
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Section 11. Drug wastage
Strategy specific search
PubMed search
(redispens*[Title/Abstract]) OR (waste[Title/Abstract]) OR (wastage[Title/Abstract]) 
OR (compounding[Title/Abstract]) OR (dispens*[Title/Abstract]) OR (spillage[Title/
Abstract]) OR (reuse[title/abstract]) OR (unused[title/abstract])

Embase search
(redispens or waste or wastage or compound* or dispens* or spillage or reuse or 
unused).ti,ab,kw.

Strategy output
The flow diagram for the search strategy of systematic literature reviews for drug 
wastage:

The flow diagram for the search strategy of randomized controlled trials for drug 
wastage:
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Included SLRs
None of the found publications matched our research question and could be included. 

Included RCTs
None of the found publications matched our research question and could be included.

Section 12. Medication adherence
Strategy specific search
PubMed search
(medication adherence[MeSH Terms]) OR (medication adherence[Title/Abstract])  
OR (drug adherence[Title/Abstract]) OR (adherence[Title/Abstract]) OR (patient 
compliance[Title/Abstract]) OR (medication compliance[Title/Abstract]) OR (drug 
compliance[Title/Abstract]) OR (non adherence[Title/Abstract]) OR (medication 
persistence[Title/Abstract]) OR (drug persistence[Title/Abstract]) OR (administration, 
self[MeSH Terms]) OR (self injection[Title/Abstract]) OR (self administration[Title/
Abstract])

Embase search
medication compliance/ or adherence.ti,ab,kw. or patient compliance.ti,ab,kw. or 
compliance.ti,ab,kw. or non adherence.ti,ab,kw. or medication persistence.ti,ab,kw. 
or drug persistence.ti,ab,kw. or self administration.ti,ab,kw. or self injection.ti,ab,kw.
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Strategy output
The flow diagram for the search strategy of systematic literature reviews for 
medication adherence:

The flow diagram for the search strategy of randomized controlled trials for 
medication adherence:
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Included SLRs
None. None of the found publications matched our research question and could be 
included. 

We formed an expert opinion point-to-consider only, referring to the current EULAR 
points to consider for management of non-adherence, because the evidence we 
found was very limited and not general enough to form a point-to-consider by itself.

Included RCTs
Full RCT search performed.

Author Year Acronym PICO Drugs RoB-2 
conclusion 

Gutermann[44] 2021 - P: axSpA patients with stable 
disease activity for 6 months 
and treatment with sc 
bDMARD
I: Pharmacist’ educational 
interview
C: Regular care
O: Change in patients’ 
knowledge score about sc 
bDMARD management 
at month 6, change in 
medication possession rate.

bDMARD Low
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Section 13. Disease activity guided dose optimisation (DAGDO)
Strategy specific search
PubMed search
(((((((((((((titrat*[Title/Abstract]) OR (down titrat*[Title/Abstract])) OR (reduc*[Title/
Abstract])) OR (dose reduc*[Title/Abstract])) OR (dose de-escalat*[Title/Abstract])) 
OR (discontinu*[Title/Abstract])) OR (dose taper*[Title/Abstract])) OR (taper*[Title/
Abstract])) OR (spac*[Title/Abstract])) OR (cessat*[Title/Abstract])) OR (stop*[Title/
Abstract])) OR (withdraw*[Title/Abstract])) OR (dose titrat*[Title/Abstract])) OR 
(interval widen*[Title/Abstract])

Embase search
exp drug dose reduction/ or taper*.ti,ab,kw. or dose reduc*.ti,ab,kw. or down titrat*.
ti,ab,kw. or reduc*.ti,ab,kw. or dose de-escalat*.ti,ab,kw. or discontinu*.ti,ab,kw. or 
dose taper*.ti,ab,kw. or spac*.ti,ab,kw. or cessat*.ti,ab,kw. or stop*.ti,ab,kw. or 
withdraw*.ti,ab,kw. or dose titrat*.ti,ab,kw. or interval widen*.ti,ab,kw.

Strategy output
The flow diagram for the search strategy of systematic reviews for ‘DAGDO’:



101Points-to-consider on cost-effective use of b/tsDMARDs

4

The flow diagram for the search of RCTs for ‘DAGDO in PsA, with the addition of the 
RTX RCT’:

The flow diagram for the search of RCTs for DAGDO of tsDMARDs:
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Included SLRs

Author Year PICO Drugs Study 
quality 

Amstar score

Lawson[45] 2021 P: axSpA treated with 
TNFi
I: dose reduction
C: maintenance of 
standard dose
O: efficacy, safety, QoL

TNFi High 1=yes, 2=yes, 
3=yes, 4=yes, 
5=yes, 6=yes, 
7=partial yes, 
8=yes, 9=yes, 
10=yes, 11=yes, 
12=no, 13=yes, 
14=yes, 15=yes, 
16=yes

Vasconcelos[46] 2020 P: RA
I: reducing or spacing 
bDMARD
C: dose maintenance of 
bDMARD
O: efficacy, safety, 
radiographic 
progression

ABA, ADA, 
CER, ETN, 
TCZ

Moderate 1=yes, 2=no, 
3=yes, 
4=partial yes, 
5=yes, 6=yes, 
7=partial yes, 
8=yes, 9=yes, 
10=yes, 11=yes, 
12=yes, 13=yes, 
14=yes, 15=yes, 
16=yes

Vinson[47] 2020 P: RA
I: tapering (dose 
reduction or spacing)
C: continuation
O: serious infections 
and AEs

bDMARDs, 
JAKi

Critically 
low

1=yes, 2=no, 
3=yes, 
4=partial yes, 
5=yes, 6=no, 
7=yes, 8=no, 
9=yes, 10=no, 
11=yes, 12=no, 
13=no, 14=yes, 
15=yes, 16=yes

Verhoef[48] 2019 P: RA and LDA
I: down-titration of 
anti-TNF
C: usual care
O: efficacy, functioning, 
costs, safety and 
radiographic 
progression

anti-TNF Moderate 1=yes, 2=no, 
3=yes, 4=yes, 
5=yes, 6=yes, 
7=yes, 8=yes, 
9=yes, 10=yes, 
11=0, 12=0, 
13=yes, 14=yes, 
15=0, 16=yes.

Edwards[49] 2017 P: RA, PsA, axSpA
I: tapering
C: not clearly mentioned
O: efficacy, patient 
perspective

bDMARDs Critically 
low

1=no, 2=no, 
3=no, 4=partial 
yes, 5=yes, 
6=yes, 
7=no, 8=no, 
9=no,10=no, 
11=0, 12=0, 
13=no, 14=yes, 
15=0, 16=no
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Included SLRs (Continued)

Author Year PICO Drugs Study 
quality 

Amstar score

Navarro-
Compan[50]

2016 P: axSpA
I: discontinuation or 
tapering
C: maintaining dose of 
anti-TNF
O: flare or change 
on disease activity 
parameters.

ADA, ETN, 
IFX

Critically 
low

1=yes, 2=no, 
3=yes, 
4=partial yes, 
5=yes, 6=yes, 
7=yes, 8=yes, 
9=no, 10=no, 
11=0, 12=0, 
13=yes, 14=yes, 
15=0, 16=no

Included RCTs

Author Year Acronym PICO Drugs RoB-2 
conclusion 

Coates[51] 2021 SPIRIT-P3 P: participant in the 
SPIRIT-P3 study (PsA, 
biologic-naïve, treated with 
IXE in the study for 36 weeks)
I: continuation of IXE 80 
mg/2 weeks
C: switch to placebo
O: time to relapse

IXE Low

Verhoef[52] 2019 REDO P: RA patients on RTX with 
low disease activity for at 
least 6 months
I: dose reduction to 200 mg 
or 500 mg RTX
C: continuation of 1000 mg 
RTX
O: change from baseline in 
DAS28-CRP at 3 and 6 months

RTX Low

Takeuchi[53] 2018 - P: RA, treated with BARI 4 mg 
in phase 3 trials
I: dose reduction to BARI 2 mg
C: continuation of BARI 4 mg
O: proportion maintaining 
CDAI ≤ 10 at 3 months

BARI Some 
concerns
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Section 14. Non-medical drug switching
Strategy specific search
PubMed search
(drug switch*[Title/Abstract]) OR (drug transition*[Title/Abstract])

Embase search
drug substitution/ or drug switch*.ti,ab,kw. or drug transition*.ti,ab,kw.

Strategy output
The flow diagram for the search strategy of systematic reviews for ‘nonmedical drug 
switching’:

The flow diagram for the search strategy of RCTs for ‘nonmedical drug switching’:

Included SLRs
None of the found publications matched our research question and could be included. 

Included RCTs
None of the found publications matched our research question and could be included. 
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Section 15. Research agenda

Supplementary box 1. Research agenda

1.	 Is optimizing pharmacokinetic exposure of b/tsDMARDs possible?
2.	 Does the use of a drug formulary policy contribute to cost-effectiveness?
3.	 How can wastage of b/tsDMARDs be reduced?
4.	 Is non-medical drug switching efficacious, safe and acceptable for patients?
5.	 What are effective strategies to improve medication adherence of b/tsDMARDs?
6.	 What predictors for choosing or tapering a b/tsDMARD are effective?
7.	 Does combination therapy of non-TNFi with MTX (or another csDMARD) for PsA and 

axSpA have additional value on efficacy and drug survival, compared to monotherapy?
8.	 Does combination therapy of sarilumab with MTX (or another csDMARD) in RA have 

additional value on efficacy and drug survival, compared to monotherapy?
9.	 Is switching from intravenous to subcutaneous administration or vice versa of 

infliximab effective and safe?
10.	 Is subcutaneous administration of rituximab effective and safe in RA? 
11.	 What is the most effective DAGDO strategy in IRD?
12.	 What is the long-term effectiveness and safety of DAGDO in IRD?
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Abstract

Objectives 
To investigate safety and effectiveness of disease activity-guided dose optimisation  
of TNF-inhibitors in rheumatoid arthritis over 10 years.  

Methods
Observational long-term extension of a randomised study of participants who 
completed the 3-year extension of the DRESS-study. After the randomised phase 
(month 0-18), disease activity-guided dose optimisation was allowed for all. Main 
outcomes were mean time-weighted DAS28-CRP; biological and targeted synthetic 
anti-rheumatic drug (b/tsDMARD) use per year as proportion of daily defined 
dose; proportion of patients reaching discontinuation; durability, effectiveness of 
subsequent dose reduction attempts; and radiographic progression between 3 
and 10 years using the Sharp-van der Heijde score.

Results
170 patients were included of whom 127 completed 10-year follow-up. The mean 
disease activity remained low (DAS28-CRP 2.13, 95% confidence interval 2.10 to 
2.16), whilst the b/tsDMARD dose reduced from 97% at baseline (95% CI 96% to 
99%, n=170) to 56% at year 10 (49% to 63%, n=127). 119 of 161 participants (74%) 
with an optimisation attempt reached discontinuation, with a median duration of 
7 months (interquartile range 3 to 33 months), and 25 participants never had to 
restart their b/tsDMARD (21%, 14% to 29%). The mean dose reduction after dose 
optimisation was 48% (n=159) for the first optimisation attempt and 33% for 
subsequent attempt (n=86). Of the 86 participants, 41 (48%) had radiographic 
progression exceeding the smallest detectable change (5.7 units), and progression 
was associated with disease activity, not b/tsDMARD use.

Conclusion
Long-term disease activity-guided dose optimisation of TNF-inhibitors in rheumatoid 
arthritis, including discontinuation and multiple tapering attempts, remains safe 
and effective.  
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Introduction

Tumour necrosis factor inhibitors (TNFi) have shown to be effective and safe in the 
treatment of rheumatoid arthritis (RA),1 but have drawbacks, including infusion or 
injection site reactions, a somewhat higher risk of serious infections,2 and high costs.3 
In patients with controlled RA, these drawbacks can be reduced using disease activi-
ty-guided dose optimisation. This includes a stepwise decrease of the TNFi dose (with 
or without discontinuation as final step) together with treat-to-target, so that 
treatment can be intensified in case of a flare.4

The ‘Dose REduction Strategy of Subcutaneous TNF inhibitors’ (DRESS) study was the 
first randomised controlled study in RA investigating disease activity-guided dose 
optimisation of adalimumab or etanercept compared with continuation over a period  
of 18 months.5 In this study, non-inferiority regarding major flare risk between the 
groups was shown, and dose reduction or discontinuation was found to be possible in the 
majority of patients of the dose optimisation group. Interestingly, the radiographic 
progression was slightly higher in the dose optimisation group and, specifically in this 
group, associated with increased disease activity, but not with TNFi dose.5,6

The extension of the DRESS study investigated effectiveness and safety of dose 
optimisation up to three years, with dose optimisation allowed for both groups.7  
No differences were seen in major flare incidences or disease activity, nor in radio- 
graphic progression. Moreover, the cost-effectiveness of dose optimisation was 
confirmed.8 Following the DRESS study, effectiveness of TNFi dose optimisation is 
confirmed in several systematic reviews,9 and supporting data also exist on tapering of 
other disease-modifying antirheumatic drugs (DMARDs)10,11 and in other inflammatory 
diseases.12-14 Consequently, for RA, a recommendation on dose optimisation was 
included in the current EULAR guideline, stating that in patients in sustained 
remission without glucocorticoid use, dose reduction of any DMARD (biological 
DMARDs (bDMARDs), targeted synthetic DMARDs (tsDMARDs) and/or conventional 
synthetic DMARDs (csDMARDs)) may be considered.1 

Because of the chronic nature of RA, longer-term data (> 3 years) on dose optimisation 
are of importance. The most important outcomes of interest for dose optimisation 
would be disease activity, b/tsDMARD use, radiological outcomes, and the interrelation 
between these three key variables. Also, it is debated whether a discontinuation 
attempt should be part of a dose optimisation strategy,1 and it is not clear whether 
repeated dose optimisation attempts over time are a sensible approach. Therefore, 
this study aimed to assess 10-year outcomes of TNFi dose optimisation in RA in a 
cohort of patients originally included in the DRESS study.
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Materials & Methods

Study design and participants
This is a 10-year observational extension study of the DRESS study, a randomised 
controlled, open-label, non-inferiority trial which compared disease activity-guided 
dose optimisation of TNFi with dose continuation in patients with RA. An extensive 
description of the inclusion criteria and the rationale of the study are described 
elsewhere.5,15 In short, RA patients treated with stable adalimumab or etanercept  
for ≥ 6 months with stable low disease activity on at least two consecutive visits  
were included. 

For the current study, participants of the DRESS study were included if they had 
completed the 3-year extension study. We collected pseudonymised data on patient-, 
disease- and treatment characteristics from the electronic health records from the 
Sint Maartenskliniek (locations Nijmegen, Boxmeer, Geldrop and Woerden) from 
January 2015 to October 2022, and combined this with data from the earlier 
publications. The local ethics committee provided exemption for this follow-up study 
(METC Oost-Nederland; 2023-16202), as ethical approval for this type of study is not 
required under Dutch law.

Procedures
During the 18-month intervention phase, patients were treated following a standardised 
treat-to-target protocol with visits every three months.5,15 Disease activity was 
assessed with the DAS28-CRP.(16) Patients in the dose optimisation group with 
DAS28-CRP ≤ 3.2 received stepwise dose reduction by increasing the interval of 
adalimumab or etanercept. The dose optimisation protocol contained the following 
steps, displayed as percentage of the current daily dose to the defined daily dose 
(%DDD): 100% - 66% - 50% - 0% (full discontinuation). In case of a flare, the dose was 
increased to the last effective dose or, in case of a flare at full dose, treatment was 
switched to another biological DMARD (bDMARD). Flare definition was a DAS28-CRP 
increase from baseline of > 1.2, or as an increase of > 0.6 with a current DAS28-CRP ≥ 3.2.16 

During the extension phase (month 18-36), disease activity-guided dose optimisation 
was encouraged for all participants. After the extension phase, it became standard of 
care for all RA patients in the Sint Maartenskliniek with sustained low disease activity 
(LDA) or remission.17 The dose optimisation protocol was slightly adjusted with an 
extra step (33% of DDD) before discontinuation, resulting in the following protocol: 
100% - 66% - 50% - 33% - 0%. Also, since March 2015, the more stringent cut-offs 
validated for DAS28-CRP for remission (DAS28-CRP < 2.4) and LDA (DAS28-CRP < 2.9) 
have been used.18 During the observational follow-up, patients were treated by their 
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Figure 1. Study flowchart

*Represents the number of patients with 1 DAGDO attempt. †Represents the number of patients with 
≥1 discontinuation attempt. At least one disease activity measurement was required to be included in  
the analyses. DAGDO: disease activity–guided dose optimization; DRESS: Dose REduction Strategy of 
Subcutaneous TNF inhibitors study; LTE: long-term extension study (3 year follow-up); TNFi: TNF inhibitor
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Completed original DRESS 
study (n=59)
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Completed DRESS LTE (n=113) Completed DRESS LTE (n=57)
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Lost to follow-up (n=2)
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own rheumatologist, and treatment changes were based on shared decision making 
between patient and rheumatologist. 

Outcomes
For this extension study, we defined the following descriptive study outcomes: 
1) TNFi dose, b/tsDMARD dose and disease activity over time, 2) proportions of patients 
with a first and second dose optimisation attempt, and the effectiveness of those 
attempts, 3) proportion of patients with, and duration of the first discontinuation 
attempt, and 4) radiographic progression between 3 and 10 years. 

The TNFi and other b/tsDMARD dose over time was defined as the mean time-weighted 
ratio of the current dose to the DDD per subsequent year after baseline. Adalimumab 
40mg/2 weeks, and etanercept 50mg/week were used as 100% of DDD (Supplementary 
Table 1). We used the trapezoid method to calculate the mean time-weighted drug 
use. Drug survival was defined as the use of the current b/tsDMARD until start of a 
new b/tsDMARD or censoring. Time after discontinuation of the current b/tsDMARD 
was still considered drug survival including the start of a glucocorticoid and/or a 
csDMARD, as long as no other b/tsDMARD was started. The disease activity over time 
was defined as the mean-time weighted DAS28-CRP, also calculated with the 
trapezoid method. 

For both the dose optimisation and discontinuation attempts, only the first episode 
of the original DRESS TNFi use was used (until switch to another b/tsDMARD). A dose 
optimisation attempt was defined as the moment of initiation of the dose optimisation 
protocol up until the first dose increase or censoring. For example, when a patient 
was using full dose of TNFi (100% of the DDD) at the start of the study, the moment of 
starting 66% of DDD was marked as start of the dose optimisation attempt. If the 
same patient was using 66% of DDD after the first dose optimisation attempt (due to 
a persistent flare at 33%) but re-attempted 33% of DDD at a later time point, the 
initiation of 33% was also marked as a dose optimisation attempt. The effectiveness 
of dose optimisation attempts were operationalised as change in %DDD after 1.5 
years (in line with the extension study). Additionally, we calculated the proportions  
of patients with a lower dose, full discontinuation and stable dose. 

The first discontinuation attempt was defined as reaching a %DDD of 0% for the first 
time. The duration of a discontinuation attempt was defined as the time from 
reaching 0% until restart of the same or another b/tsDMARD. Use of concomitant 
antirheumatic drugs (csDMARDs, NSAIDs, glucocorticoids) was allowed and noted. 
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We assessed radiographic progression between 3 years and 10 years of the hands and 
feet, using the radiographs taken at the end of the DRESS extension study as 3 years,7 
and radiographs taken (in routine care) between June 2021 and January 2023 as 
10-year time point. The radiographs were scored pairwise by two readers (CvdT and 
NvH), blinded for disease activity and medication use, but in a known sequential 
order, using the modified Sharp-van der Heijde score (SvdH, range 0 – 448).(19) The 
3-year radiographs were re-scored for this study. We calculated the mean progression 
in SvdH between 3 and 10 years and per year, as well as the proportion of patients 
exceeding (1) the smallest detectable change (SDC), calculated with the 95% levels of 
agreement method(20) and (2) a score of 0.5 SvdH units representing minimal 
radiographic progression.5 In addition, as we found a relationship between radiographic 
progression and mean time-weighted DAS28-CRP with effect modification of TNFi 
%DDD in the first 1.5 years of the DRESS study,6 we studied the relationship between 
disease activity on progression, and b/tsDMARD dose on progression, in a multi-
variable logistic regression analysis containing all three variables. 

Statistical analysis
We performed no formal sample size analysis, as we used  all eligible DRESS study 
participants. The last available DAS28-CRP measurement of each patient before 
November 1st, 2022, was used as the censoring date. For the exploratory outcomes, 
descriptive statistics of mean ± standard deviation and median (interquartile range) 
were used depending on their distribution. For percentages, the 95% confidence 
interval (CI) was calculated where appropriate. 

Durations of drug survival and discontinuation were analysed with Kaplan-Meier 
analyses. For radiographic progression, logistic regression was used for studying  
the relationship between radiographic progression, %DDD and disease activity. 
Progression exceeding the SDC was used as the cut-off point (progression yes/no)  
for the dependent variable with mean-time weighted DAS28-CRP and b/tsDMARD 
%DDD as independent variables. Results were displayed as odds ratios (OR) with  
95% CI. Stata/IC version 13.1 (StataCorp, College Station, TX, USA) was used for the 
statistical analyses.



118

Results

Participants
Of the 180 patients randomised in the original DRESS-study, 170 patients (94%) 
completed the 36 months follow-up (original randomisation: 113 disease activi-
ty-guided dose optimisation and 57 usual care). No objections against pseudonymous 
data use were received, thus data of all 170 patients could be included in this study 
(Figure 1). A total of 127 patients completed 10-year follow-up (Figure 1), and the 
median follow-up time was 10.0 years (interquartile range (IQR) 9.3-10.3). The patient 
characteristics are displayed in Table 1. 

Medication use and disease activity 
At DRESS-study baseline, the used TNF-inhibitor (DRESS TNFi) was etanercept for 112 
patients and adalimumab for 58 patients. The median drug survival of the DRESS 
TNFi from study baseline was 8.9 years (min to max: 0.50 – 10.7 years) and was similar 
for etanercept (median 8.5 years) and adalimumab (median 9.3 years). At their last 

Table 1. Baseline characteristics

Total (n=170)

General characteristics

Female sex 109 (64)

Age at baseline (years) 59 ± 10

Active smoker at baseline 44 (26)

Body Mass Index at baseline (kg/m2) 26.7 ± 4.6

Disease characteristics

Disease duration at baseline (years) 10 (6 - 16)

Rheumatoid factor positive 136 (80)

ACPA positive 124 (73)

Erosive disease at baseline 96 (61, n=158)

DAS28-CRP score at baseline 2.18 ± 0.69

Treatment characteristics

TNFi at baseline (etanercept/adalimumab) 112/58

Duration of DRESS TNFi use (years) 3.4 ± 2.4

Concomitant csDMARD use at baseline 113 (66)

≥ 1 previous TNFi used 62 (37, n=166)

DRESS randomisation (dose optimisation/usual care) 113/57

Either displayed as mean ± standard deviation, median (interquartile range) or number (percentage).
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available measurement, 55 patients (32%) were still using their DRESS TNFi, 60 patients 
(36%) used another b/tsDMARD and another 55 patients (32%) had discontinued  
their DRESS TNFi without starting a new b/tsDMARD. Of the 55 patients without  
b/tsDMARD at that time, 29 patients were using a csDMARD, 2 patients oral 
prednisolone, 4 patients both a csDMARD and prednisolone, and 20 patients were 
DMARD-free. Throughout the study, 60 of 170 patients changed to a different  
b/tsDMARD from their original DRESS TNFi.

The proportion of the mean DRESS TNFi dose in relation to the daily defined dose 
(%DDD) decreased from 97% at baseline (95% CI 96% - 99%, n=170) to 49% at year 5 
(95% CI 42% - 56%, n=129, see Figure 2). At year 10, the %DDD remained stable: 51% 
(43% - 59%, n=85). The same pattern was found for all b/tsDMARDs (including the 
DRESS TNFi) with a decrease from 97% at baseline (96% - 99%, n=170) to 56% at year 
10 (49% - 63%, n=127, see also Figure 2). 

Figure 2. Mean drug dose relative to the daily defined dose per year

Represents the drug dose relative to the daily defined dose (%DDD) per subsequent year (for all b/
tsDMARDs and DRESS TNFis), and the proportion of patients on DRESS TNFi using co-medication (for 
csDMARD and prednisolone) Number also applicable for csDMARD and prednisolone. b/ts DMARD: 
biologic/targeted synthetic DMARD; csDMARD: conventional synthetic DMARD; DRESS: Dose REduction 
Strategy of Subcutaneous TNF inhibitors study; TNFi: TNF inhibitor

0 1 2 3 4 5 6 7 8 9 10
all b/tsDMARDs 97% 65% 62% 58% 57% 56% 57% 55% 55% 56% 56%
n b/tsDMARD 170 170 170 170 163 157 153 146 142 132 127
DRESS TNFi 97% 65% 61% 55% 53% 49% 50% 49% 49% 49% 51%
csDMARD 65% 63% 62% 64% 66% 66% 65% 68% 70% 71% 71%
prednisolone 3,5% 4,1% 5,3% 6,1% 4,6% 2,8% 7,9% 0,9% 1,0% 1,1% 6,3%
n DRESS TNFi* 170 170 167 159 145 129 121 110 104 92 85
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The mean time-weighted disease activity measured with DAS28-CRP throughout  
the study was 2.13 (95% CI 2.10 – 2.16). An overview of the MTW DAS28-CRP per study  
year is displayed in Figure 3.

Dose optimization attempts
One hundred and sixty-one patients (161/170, 95%) had at least 1 dose optimisation 
attempt of their DRESS TNFi during the study. The median number of dose 
optimisation attempts per patient was 2 (range 0-5). 159/161 patients had at least  
1.5 years of follow-up of their first dose optimisation attempt available. When 
comparing the DRESS TNFi dose after 1.5 years to the dose at the start of the first 
optimisation attempt in these patients, 70 used a lower dose (44%), 46 had reached 
full discontinuation (29%), and 43 used a similar dose (27%). The mean %DDD 
reduction was 48% ± 38%.

Ninety-nine patients (99/161, 61%) had a second dose optimisation attempt. The median 
time between the start of the first and second attempt was 2.7 years (IQR 1.7 – 4.2 
years). The starting dose for the second dose optimisation attempt was full dose 
(%DDD = 100%) for 60 patients (61%) and a tapered dose (%DDD < 100%) for 39 (39%). 
The time between the first and second attempt was not associated with a successful 
second attempt (no restart or dose increase during study period; OR 0.92, 95% CI 
0.73-1.18). 86/99 patients had at least 1.5 years of follow-up of their second dose 

Figure 3. Mean time-weighted disease activity per year measured with DAS28-CRP
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optimisation attempt available. When comparing the DRESS TNFi dose after 1.5 years  
to the dose at the start of the second optimisation attempt in these patients, 44 used  
a lower dose (51%), 18 had reached full discontinuation (21%), and 24 used a similar 
dose (28%). The mean %DDD reduction was 33% ± 37%.

Discontinuation attempts
Of the 161 patients with a dose optimisation attempt, 119 (74%) attempted dis
continuation of the DRESS TNFi at least once (Figure 1). At the time of their first 
discontinuation attempt, 65 patients (56%, 65/119) used a csDMARD as comedication, 
3 oral glucocorticoids (3%) and 2 both a csDMARD and oral glucocorticoid (2%). 
The median glucocorticoid dose at that time was 5 mg daily (n=5), with one patient 
being on a short course of 30 mg for 7 days.

The median duration of the first discontinuation attempt was 7 months (IQR 3 – 33 
months). The survival of the first discontinuation attempt is displayed in Figure 4. 
Thirteen patients (11%, 13/119) started extra comedication during this discontinuation 
period: 10 patients started a csDMARD and 3 started oral glucocorticoids.

Figure 4. Survival of first discontinuation attempt of the DRESS TNFi in years.

The upticks represent censored subjects. DRESS: Dose REduction Strategy of Subcutaneous TNF inhibitors 
study; TNFi: TNF inhibitor
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Twenty-five patients (21%, 25/119) never had to restart their TNFi or another b/
tsDMARD after their first discontinuation attempt throughout the study period.  
The median observed time in discontinuation of these patients was 73 months 
(IQR 30 – 111 months). At the end of follow-up, 12 of these patients (48%) were using  
a csDMARD, 1 oral prednisolone (4%), and 12 were DMARD-free (48%). 

Radiographic joint damage
Eighty-six patients had radiographs at both year 3 and 10 available. The median SvdH 
score at 3 years was 25.8 units (IQR 10.0 - 53.5). The median progression was 5.5 units 
(IQR 2.5 – 13.0, see table 2). Forty-one patients (48%) had a progression exceeding the 
SDC (5.7 units), and 78 patients (91%) progression exceeding the minimal radiographic 
progression (0.5 units, supplementary figure 1). 

In the regression analysis, a higher mean time-weighted DAS28-CRP was significantly 
associated with reaching progression equal to the SDC or more (OR 3.71 per increased 
point of DAS28-CRP, 95%-CI 1.31 to 10.56, p=0.014), whereas a relevant association 
with the b/tsDMARD %DDD could not be demonstrated (OR 0.42 for a %DDD of 100% 
compared to 0%, 95%-CI 0.07 to 2.49, p=0.34). 

Discussion

This 10-year study on effectiveness and safety of disease activity-guided dose 
optimisation of TNFi in RA patients showed four key results that are reassuring but 
require some attention. First, we found a stable low disease activity over a 10-year 
period while only using half of the TNFi dose. Second, a subsequent dose reduction 
attempt also leads to a relevant reduction in b/tsDMARD use, albeit less reduction 

Table 2. Radiographic outcomes between 3 and 10 years of follow-up

Study participants (n=86)

Progression total SvdH score 5.5 (2.5 – 13)

Progression SvdH score per year 0.8 (0.4 – 1.8)

Progression erosion score 2 (0.5 – 5.5)

Progression joint space narrowing 3.5 (1.5 – 8.5)

Progression > SDC (5.7 units) 41 (48)

Progression > 0.5 units 78 (91)

Either displayed as median (IQR) or number (percentage). SvdH: Sharp-van der Heijde, SDC: smallest 
detectable change.
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compared to the first attempt. Third, the inclusion of a discontinuation attempt in the 
dose optimisation strategy seems sensible as it does not lead to long term disease 
deterioration, and because b/tsDMARD free remission for a relevant period is possible 
in a non-negligible number of patients. Last, there was a relevant progression of joint 
damage for half of the patients, although limited,  which was not associated with 
bDMARD use or dose, but seemed partly driven by higher disease activity. 

Our study has several strengths. It is the largest study on disease activity guided dose 
optimisation of b/tsDMARDs in RA with the longest follow-up time and with solid 
data quality and low attrition. Also, treat-to-target was adequately performed in this 
study, demonstrated by several indicators of protocol adherence. This also enabled 
us to analyse the effects of dose and disease activity independently.

However, our study has some limitations. First, especially for the radiographs, there is 
a significant proportion of data missing (49% missing). This reduces precision and 
might have induced bias, as radiographs possibly have been performed more often in 
patients with more complaints and/or more active disease who were more likely 
to visit the clinic, leading to an overestimation of the radiographic progression.  
Of note, the proportion of missing data for the clinical outcomes (disease activity and 
b/tsDMARD dose) was low for this retrospective design and long follow-up duration. 
Second, some DAS28-CRP measurements were missing at the start of dose optimisation  
or discontinuation. Assuming that the measurements are performed more often in 
presence of complaints, the disease activity may therefore be somewhat over
estimated. Last, precision was not always enough to exclude all relevant effect sizes, 
especially for the radiographic outcomes.

To interpret the radiographic progression seen in our study, there is no suitable direct 
control group available. Recent studies reporting radiographic progression in RA in 
cohorts with over ≥5 years of follow up without dose optimisation found a somewhat 
lower mean progression than our study: 1.8 - 3.1 SvdH units for 5 years follow-up and 
2.5 - 3.8 SvdH units for 10 years compared to 5.5 SvdH units in our study.21,22 However, 
this difference seems mainly due to the higher joint space narrowing sub-score in our 
study compared to other studies,22-24 which is probably caused by a much longer 
disease duration at baseline in our study (10 years versus 5-8 months), resulting in 
more effect of primary osteoarthritis on the progression score. Of note, the median 
progression found of 5.5 SvdH units over 7 years was approximately the same as the 
previously suggested minimal clinically important difference (MCID) for one year 
progression.25 Similarly to the original DRESS study, we found an association between 
radiographic progression and a higher DAS28-CRP, suggesting that radiographic 
progression is driven by disease activity.6 Although we found no significant effect of 
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b/tsDMARD dose on radiographic progression in this study, a smaller effect cannot be 
ruled out because of the limited sample size and therefore this requires further study. 

Although this is a topic of debate, our study found indications of a positive risk-benefit 
ratio for the inclusion of discontinuation in a dose optimisation attempt. This is 
demonstrated by the stable low disease activity over time, the long drug survival 
after restart, and the finding that one-fifth of patients can stay without TNFi for a 
longer time. The perception that discontinuation is a suboptimal strategy mainly 
stems from randomised trials in which direct discontinuation from full dose without 
the opportunity to restart was inferior to continuation of full dose, as well as trials 
with short-term flares as primary outcome.26,27 However, a strategy of stopping and 
restarting when needed is different from stopping without taking effects of restarting 
into account, and this difference should be appreciated. Therefore, we recommend  
a careful stepwise dose reduction with adequate monitoring of disease activity for 
the selection of a subgroup of patients in whom a discontinuation attempt might  
be fruitful.

Another interesting finding is the additional value of a subsequent dose optimisation 
attempt after approximately 2.5 years. Although the mean dose reduction was lower 
in the follow-up attempt (33% versus 48%), the proportion of patients after 1.5 years 
on either a lower dose or full discontinuation was similar for both attempts (73% 
versus 72%). The effectiveness of the subsequent attempt suggests that the b/
tsDMARD need over time may vary in a patient, possibly caused by a fluctuation in 
disease severity. Of note, this finding could also be explained by patient and/or 
physician factors, such as stricter requirements for dose escalation (not in case of 
subjective complaints), or more positive beliefs on dose optimisation. All in all, 
we suggest a follow-up dose optimisation attempt in all patients after approximately 
2.5 years, as it has shown to be safe and can lead to additional dose reduction. 

While we investigated several aspects of long-term effectiveness of disease activity-
guided dose optimisation, some research gaps remain. A possible beneficial effect of 
long-term dose optimisation on adverse effects of TNFi such as infections could be  
of importance. Also, the long-term effectiveness of disease activity-guided dose 
optimisation for other drugs and diseases would be of interest, as it has been shown 
effective for other drugs in RA,10,11,28 as well as in other diseases.10,12-14 

In conclusion, over a period of 10 years, disease activity-guided dose optimisation of 
TNF-inhibitors in RA leads to a significant dose reduction while maintaining disease 
control. A discontinuation attempt seems sensible to include, and subsequent dose 
optimisation attempts after ~2.5 years can lead to additional dose reduction. A strict 
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treat-to-target seems important to limit radiographic progression. These findings  
are important to guide more specific dose optimisation recommendations in the 
future regarding how to perform dose optimisation, and how to monitor outcomes  
to ensure safety.
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Supplementary data

Supplementary table 1. Daily defined dose of the included biological and targeted 
synthetic DMARDs

Biological DMARDs

Abatacept 125 mg every 7 days

Adalimumab 40 mg every 14 days

Certolizumab pegol 200 mg every 14 days

Etanercept 50 mg every 7 days

Golimumab 50 mg every 30 days

Rituximab 1000 mg every 182 days

Sarilumab 200 mg every 14 days

Tocilizumab 162 mg every 7 days

Targeted synthetic DMARDs

Baricitinib 4 mg every day

Tofacitinib 10 mg (2*5) every day

Supplementary figure 1. Probability plot

SDC: smallest detectable change, SvdH: Sharp-van der Heijde. Solid line: no progression, broken line: SDC 
of 5.7 points, triangle line: probability.
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Abstract

Background
Tofacitinib is a Janus Kinase (JAK) inhibitor used in the treatment of rheumatoid 
arthritis (RA) and psoriatic arthritis (PsA), dosed as 5 mg twice daily. It is primarily 
metabolized by the cytochrome P-3A (CYP3A) enzyme, and therefore the 
manufacturer recommends to halve the dose when using CYP3A-inhibiting 
comedication. Combining half-dose tofacitinib with a registered CYP3A-inhibitor 
(cobicistat) could reduce costs and improve patient experience.

Objectives 
Primary: bioequivalence of tofacitinib 5 mg combined with cobicistat once daily 
(QD; intervention) to tofacitinib 5 mg twice daily (BID; control). Secondary: safety, 
patient preference (7-point Likert scale at study end), and predicted differences in 
disease activity (DAS28-CRP and probability of ACR20-response) using a validated 
exposure-response model.

Design
Open-label, cross-over pharmacokinetic study

Methods
We included patients with RA or PsA, treated with tofacitinib 5mg BID for ≥ 14 days 
without co-medication affected by CYP3A-inhibition. Pharmacokinetic sampling 
was performed at baseline and after 2-6 weeks of intervention treatment. 
Bioequivalence was defined as 90%-CI of the average tofacitinib concentration 
(Cavg,ss; intervention to control) falling between 80-125%, assessed by non-linear 
mixed effects modelling.

Results
Between 16 September 2019 and 15 January 2021, 30 patients were included, of 
whom 25 completed both PK-measurements. The tofacitinib Cavg,ss was 85% (90% 
CI: 75-96%). No serious adverse events occurred. Patient preference was 56% for 
intervention versus 18% for control. No relevant differences in median predicted 
disease activity were found (DAS28-CRP: 0.03, 95% CI -0.16 to 0.22; ACR20: -0.01, 
-0.07 to 0.05).

Conclusion
Due to slightly lower tofacitinib concentrations during intervention treatment, 
pharmacokinetic bioequivalence could not formally be established. However, pharma-
cokinetic boosting may be an attractive strategy for cost reduction of tofacitinib, 
because of its safety, similar predicted pharmacodynamics and patient preference.
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Introduction

Janus Kinase (JAK) inhibitors are effective and safe drugs in the treatment of both 
rheumatoid arthritis (RA) and psoriatic arthritis (PsA).1 The first approved JAK-inhibitor 
was tofacitinib, which significantly reduces arthritis symptoms and decreases 
radiological progression in both conditions.2,3 Initially, tofacitinib was only available 
as 5 mg twice daily (BID), but more recently once daily (QD) therapy with tofacitinib 
has become available by authorization of an 11 mg extended-release (XR) tablet. 
Interestingly, the approval of this XR tablet was entirely based on model-based 
prediction of the efficacy of this new formulation, using a small pharmacokinetic 
study and an existing exposure-response model.4

 
However, tofacitinib treatment is associated with high costs. Yearly costs per patient 
for tofacitinib 5 mg BID varied between 13,000 euros in the European Union and 
43,000 euros in the United States in 2018.5 Since its patent will not expire until 2028, 
innovative strategies are needed to provide effective but cost-effective treatment in 
the upcoming years. 

For tofacitinib, an opportunity can be found in its metabolism, which is primarily 
executed by the cytochrome P450 isoenzyme 3A (CYP3A).6 Indeed, the manufacturer 
advises to halve the dose of tofacitinib when co-administered with a strong CYP3A 
inhibiting drug, such as ketoconazole.6 Therefore, tofacitinib treatment could be 
decreased to 5 mg QD if deliberately combined with such an inhibitor, a strategy 
called ‘pharmacokinetic boosting’.

Pharmacokinetic boosting, by means of CYP3A inhibition, is a concept that is widely 
applied in human immunodeficiency virus (HIV)-treatment, to reduce pill burden and 
pharmacokinetic variability.7 Cobicistat is an approved pharmacokinetic booster 
used for HIV treatment. It strongly inhibits CYP3A metabolism in the intestines as 
well as the liver and is otherwise pharmacologically inactive.8 In the Netherlands, the 
costs for cobicistat are €1.09 per tablet, approximately one-twelfth of tofacitinib.9,10 
As cobicistat has a well-tolerated safety profile,11 it can be a safe and efficacious drug 
to boost tofacitinib, and substituting tofacitinib BID for tofacitinib with cobicistat QD 
could lead to a significant cost reduction. 

Apart from the near 50% cost reduction, boosted tofacitinib therapy could have other 
advantages. First, drug adherence could be improved as this is negatively associated 
with dose frequency.12 Moreover, it could have a positive impact on the interpatient 
pharmacokinetic variability, because CYP3A significantly varies between humans13 
and the addition of a CYP3A inhibitor in combination with a reduced dose could thus 
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stabilize tofacitinib exposure on population level. A possible drawback includes 
interactions with other CYP3A substrates.   

In summary, tofacitinib-cobicistat combination therapy can be an interesting 
strategy to reduce costs and improve patients’ experience with tofacitinib. As the 
results of the population pharmacokinetic analysis in patients with PsA were similar 
to those of patients with RA, these populations can be combined in a pharmacokinetic 
study.6 Therefore, the aim of our study was to investigate the bioequivalence of 
tofacitinib combined with cobicistat QD versus tofacitinib BID in patients with RA 
and PsA, and to explore effects on modelled pharmacodynamics.  

Methods

Study design
This was an open-label, non-randomized, within-group crossover study with the aim 
to investigate the bioequivalence of tofacitinib 5 mg (Xeljanz®) with cobicistat 150 mg 
(Tybost®) QD (intervention) and tofacitinib 5 mg BID (control), performed in the Sint 
Maartenskliniek (Nijmegen, The Netherlands). In addition to the bioequivalence study, 
the effect of pharmacokinetic boosting on treatment outcome was predicted using  
a validated pharmacokinetic-pharmacodynamic model This model was previously 
used by the manufacturer to obtain marketing authorization for extended-release 
tofacitinib 11 mg, with the aim to predict efficacy based on pharmacokinetics only.4 
The reporting of this study conforms to the STROBE guideline.14

Participants
We recruited patients (aged ≥ 16 years) from the outpatient rheumatology clinic of 
the Sint Maartenskliniek. Inclusion criteria were 1) a diagnosis of either RA or PsA 
(according to relevant classification criteria15-17 or a clinical diagnosis), and 2) current 
use of tofacitinib 5 mg BID for ≥ 2 weeks. If tofacitinib was used for > 3 months, 
a sufficient clinical response was also required, defined as a Disease Activity Score  
28 using C-reactive protein (DAS28-CRP) of < 2.9 or a judgment of low disease activity 
by a rheumatologist. We excluded individuals with a known intolerance to cobicistat 
or with co-medication affected by the CYP3A-enzyme. Therefore, participants’ 
co-medication (including over-the-counter medication) was checked by a pharmacist 
before inclusion, using a predefined list of contra-indicated medication composed for 
this study (Supplementary table 1). Some contra-indicated drugs could be replaced 
with a similar drug to enhance study participation, e.g. replacing simvastatin with 
pravastatin (Supplementary table 1). The use of (methyl)prednisolone, also affected 
by CYP3A, was accepted in a dose of ≤ 10 mg oral daily (prednisolone) or as an injection 
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of ≤ 120 mg intramuscular (methylprednisolone) during the study. Concomitant 
treatment with conventional synthetic disease modifying antirheumatic drugs 
(csDMARDs) such as methotrexate or leflunomide, or with non-steroidal anti-inflam-
matory drugs (NSAIDs) was also accepted. To exclude other CYP3A involvement, 
patients were asked at the start of each PK sampling day whether they had used 
grapefruit juice or Saint John’s Wort in the week prior.  

Procedures
The study consisted of an inclusion visit to obtain informed consent and to collect 
patient characteristics, followed by two sampling days to measure tofacitinib 
concentrations of both treatment regimens (figure 1). The first sampling day was 
planned at pharmacokinetic steady-state after ≥ 2 weeks use of tofacitinib 5 mg BID. 
After this sampling day, participants switched treatment to tofacitinib 5 mg and 
cobicistat 150 mg QD, ingested simultaneously. Then, after 2-6 weeks, another 
sampling day was performed. This time window was chosen to ensure that steady 
state of the new regimen was reached but to limit the exposure to a new medication 
regimen. Medication adherence was monitored throughout the study with pill count 
and a study medication diary. After this sampling day, the study ended for a 
participant.

At inclusion, we obtained data for demographics, disease and treatment characteristics 
and smoking history. On the sampling days, plasma samples were drawn pre-dose 
and at 0.5, 1, 2, 3, 4, 6, 9, 12, and 24-hours post-dose (24-hours intervention treatment 
only). We chose these time points to assess the area under the plasma concentration- 
time curve (AUC) of the full dosing interval on sufficient time points, in accordance 
with the European Medicines Agency (EMA).18 Samples were collected in 3 mL labelled 

Figure 1. Study visits and measurements

PK-sampling, pharmacokinetic sampling; TOFA, tofacitinib.

Informed consent
Demographics
Disease characteristics
Treatment characteristics

PK-sampling TOFA
Disease activity
Laboratory assessment
Adverse events

PK-sampling TOFA
Disease activity
Laboratory assessment
Adverse events
Patient preference

1st sampling day
2nd sampling day

Study inclusion

0-6 weeks 2-6 weeks

Tofacitinib 5 mg BID Tofacitinib 5 mg + cobicistat 150 mg QD

Study
end 
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lithium heparin tubes without gel and stored at -40°C. At the end of the study, 
tofacitinib concentrations were measured in batch with a validated bioanalytical 
assay.

Moreover, clinical and laboratory parameters, and adverse events were collected at 
the sampling days. Clinical assessments included height (1st sampling day only), 
weight, blood pressure, and DAS28-CRP and its components: swollen joint count 
(SJC), tender joint count (TJC), patient global assessment on disease activity (VAS), 
patient global assessment on pain (VAS pain), and physician global assessment on 
disease activity (VAS physician). Laboratory assessments included: erythrocyte 
sedimentation rate (ESR), C-reactive protein (CRP), alanine aminotransaminase 
(ALAT), total blood count, and creatinine. Adverse events were asked by a research 
nurse or physician and registered using the Common Terminology Criteria for Adverse 
Events (CTCAE) version 5 (Supplementary table 2).19 Patient preference was 
measured at the second sampling day. Patients were asked to fill in a 7-point Likert 
scale for the question ‘Which medication regimen do you prefer?’ of which one end 
represented ‘very strong preference for tofacitinib BID’, the middle ‘no preference’ and  
the other end ‘very strong preference for tofacitinib combined with cobicistat QD’. 

Outcomes
The primary aim was to investigate the bioequivalence of the average tofacitinib 
concentration in steady state (Cavg,ss) of tofacitinib 5 mg and cobicistat 150 mg QD 
compared to tofacitinib 5 mg BID. The Cavg,ss, defined as the AUC divided by the dosing 
interval, was chosen as primary outcome for investigating bioequivalence as it best 
describes clinical efficacy of tofacitinib.4 Bioequivalence was defined as the 90% 
confidence interval (CI) of the Cavg,ss geometric mean ratio (GMR) falling between 
80-125%.

Secondary outcomes included DAS28-CRP (measured on both sampling days), 
adverse events, patient preference (measured by a 7-point Likert scale on the last 
sampling day), and description of relevant pharmacokinetic parameters (clearance, 
bioavailability, and volume of distribution).
DAS28-CRP and adverse events were descriptively measured to timely assess safety 
and efficacy signals. Last, we predicted the effect of pharmacokinetic boosting on 
relevant pharmacodynamics on a population level, including the DAS28-CRP score 
and the American College of Rheumatology definition of 20% improvement of disease 
(ACR20 response).
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Statistical analysis
Sample size calculation
The “Two One-Sided t-Tests (TOST) for (Bio)equivalence Studies” package version 
1.4-6 in R statistics v3.4.3 was used for the sample size calculation, because of the 
Cavg,ss as primary endpoint for the study. We assumed a bioequivalence ratio of 1, 
standard bioequivalence margins and a known 27% coefficient of variance in AUC/
Cavg, based on the phase IIb dose ranging study of tofacitinib.20 This led to a number 
of 28 patients needed to show bioequivalence with a 90% power and a significance 
level of 5%. To account for drop-out, we chose to include 30 patients.

Pharmacokinetic analysis
The pharmacokinetic analysis was performed by means of non-linear mixed effects 
modelling. In short, we fitted a one compartment pharmacokinetic model with zero 
order oral absorption and first order elimination previously developed by the 
manufacturer21 to the obtained rich pharmacokinetic data of this study. Pharmaco
kinetics were allometrically scaled to a standard body weight of 70 kg.22 Estimated 
glomerular filtration at baseline was investigated as a covariate for clearance. 
The effect of cobicistat coadministration was estimated as a binary covariate for 
clearance and bioavailability, as well as intra-individual variability on clearance. 
From the pharmacokinetic model, the individual empirical Bayes’ estimate for the 
Cavg,ss of tofacitinib was obtained in absence and presence of cobicistat and used to 
test equivalence on the primary end point, by means of a two one-sided test (TOST) 
procedure.23 The intervention regimen was considered pharmacokinetically 
bioequivalent to the control regimen if the 90% confidence interval of the geometric 
mean ratio entirely fell between 80% and 125%, in accordance with the EMA 
guideline.18 Of note, we erroneously reported equivalence margins of 75% to 125% in 
the trial register, this was adjusted post-hoc to comply with guidelines. Only the 
patients who completed both sampling days were included in the primary analysis, 
so that both tofacitinib regimens could be compared.

Measured outcomes 
Clinical efficacy in the study was evaluated with the mean difference in DAS28-CRP 
for both RA and PsA patients, measured on both sampling days. Safety was evaluated 
by descriptive analysis of the adverse events using StataIC (version 13, StataCorp LLC, 
TX, USA), categorized by the CTCAE v5.19 Patient preference was evaluated by 
calculating the proportion of patients that preferred tofacitinib BID (Likert scale 
score 1-3), had no preference (score 4), and that preferred tofacitinib with cobicistat 
QD (score 5-7). Only the patients who actually used the combination therapy were 
included in these secondary analyses. 
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Predicted clinical outcomes
For evaluation of the effect of pharmacokinetic boosting on DAS28-CRP and 
probability of ACR20 response improvement on a population level, we performed a 
Monte Carlo simulation (n=1000 in a cross-over study) of the both outcomes at 
maximum efficacy, using the NONMEMV7.4 software package (ICON plc, Dublin, 
Ireland). In this simulation, we used the pharmacokinetic parameters from our study 
and the pharmacokinetic-pharmacodynamic model as described by Lamba et al, 
previously used for model-informed development and registration of the XR 
formulation of tofacitinib.4 We predicted the median values and 95% confidence 
intervals (2.5th-95th percentiles of the predicted clinical outcome measure including 
both inter-individual variability as parameter uncertainty) of the DAS28-CRP score 
and the probability of ACR20 response for both study regimens. An increase of 0.6 in 
DAS28-CRP score and a 10% reduced probability of ACR20 were considered clinically 
relevant.21,24

Results

Inclusion
Study inclusion took place between 16 September 2019 and 15 January 2021, and 
study measurements were performed up until 10 March 2021. Eighty-nine patients 
were assessed for eligibility, and thirty patients (34%) were included (figure 2). 
Twenty-seven participants completed at least one sampling day and were included  
in the baseline and secondary analyses. Of the three excluded participants, two 
discontinued tofacitinib because of side effects, and the third withdrew informed 
consent because of fear for side effects of cobicistat. Of the 27 participants included 
in the baseline analyses, two could not be included in the primary analyses.  
One patient discontinued tofacitinib before the second sampling day could be 
performed due to COVID-19 lockdown. Patient preference was still collected, because 
combination therapy was used by this patient. The second patient was excluded due 
to a protocol violation (tofacitinib and cobicistat QD administered in the evening 
instead of the morning). 

The baseline characteristics of participants are displayed in table 1. Median follow-up 
times were 14 days (range 14-49 days, n=26) for the intervention regimen, and 27 days 
(range 1-171 days, n=27) for the control regimen. Eighty-two (22/27) percent of the 
participants were tofacitinib starters (use ≤ 3 months).
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Outcomes
Pharmacokinetic bioequivalence
The median tofacitinib Cavg,ss was 19.0 ng/ml (interquartile range (IQR) 14.1-24.3) for 
tofacitinib 5 mg BID, and 15.7 (14.0-19.3) for tofacitinib 5 mg with cobicistat 150 mg QD. 
The geometric mean ratio of tofacitinib Cavg,ss for tofacitinib with cobicistat QD 
compared to tofacitinib BID was 85%, with its 90% CI being 75-96%. Thus, the 
bioequivalence criteria were not met (figure 3).

Measured clinical outcomes
Disease activity measured by DAS28-CRP remained stable throughout this short-term 
study: the change between both sampling days was 0.04 (95% CI -0.50 to 0.59, 
intervention to control, n=26; table 2). 
No serious adverse events occurred during the study. One patient had to temporarily 
discontinue tofacitinib with cobicistat because of heart failure but these could be 
restarted without reoccurrence of symptoms after three weeks. The most frequently 

Figure 2. Study flow chart

*Included in secondary analyses

30 included

89 patients assessed for eligibility

27 completed �rst sampling day*

2 discontinued tofacitinib
1 withdrew informed consent 

38 did not meet inclusion criteria

26 completed both sampling days

1 discontinued tofacitinib

25 included in primary analysis

1 protocol violation

21 not willing to participate

51 were invited to participate
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reported adverse events (AEs) during the intervention regimen were musculoskeletal, 
gastrointestinal, and neurological (supplementary table 2). Both gastrointestinal and 
neurological AEs were reported more frequently during intervention than control 
treatment, for which nausea (n=5) and headache (n=3) were the most reported 
subcategories. Except for the known and small creatinine increase during cobicistat 
use,25 safety laboratory parameters did not differ between sampling days (table 2). 
We concluded that therefore no major efficacy and safety concerns were observed 
after switch.

Table 1. Baseline characteristics

Participants (n=27)

Age (years) 59 (49-67)

Female gender 15 (56%)

Weight (kg) 85 ± 21

GFR calculated by CKD-epi (ml/min/1.73m2) 88 (73-90)

Disease

·	 RA 17 (63%)

·	 RF and/or ACPA positive (RA only) 14 (82%)

·	 PsA 10 (37%)

Disease duration (years) 11 (4-18) 

Tofacitinib use ≤ 3 months 22 (81%)

DAS28CRP at first sampling day 3·27 ± 1·41

Concomitant csDMARD use 8 (30%)

·	 methotrexate 4 (15%)

·	 leflunomide 4 (15%)

Previous biological or targeted synthetic DMARDs (n) 3 (2-4)

Adaptations made to comedication interacting with CYP3A4 prior to inclusion  
(multiple adaptations possible)

·	 simvastatin/atorvastatin replaced by pravastatin 5 (19%)

·	 amlodipine replaced by hydrochlorothiazide 1 (4%)

·	 amlodipine replaced by enalapril 1 (4%)

·	 metoprolol replaced by bisoprolol 1 (4%)

Either displayed as number (percentage), mean ± standard deviation or median (interquartile range) 
unless indicated otherwise. Percentages were calculated over the total number of participants unless 
indicated otherwise. GFR = glomerular filtration rate. CKD-epi = chronic kidney disease epidemiology 
collaboration. RA = rheumatoid arthritis. RF = rheumatoid factor. ACPA = anti-citrullinated protein 
antibodies. PsA = psoriatic arthritis. DAS28-CRP = disease activity score based on 28 joints and C-reactive 
protein level. csDMARD = conventional synthetic disease modifying anti-rheumatic drug.
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cobicistat QD over tofacitinib BID, 18% preferred tofacitinib monotherapy, and 26% 
had no preference (figure 4).

Pharmacokinetic parameters
The parameters describing the pharmacokinetics of tofacitinib and the respective 
relative standard errors of estimates (RSE) were as follows: baseline apparent oral 
clearance (in absence of renal function) was 14.6 l/h (RSE 23%), which increased by 
0.0531 l/h per ml/min increase in eGFR (RSE 54%). Baseline clearance decreased with 
39.1% (RSE 10%) as a result of boosting. Relative oral bioavailability increased by 23% 
(RSE 6%) as a result of boosting. Volume of distribution was estimated to be 91.4 l 
(RSE 7%). Duration of absorption could not be estimated due to very rapid absorption 
and limited sampling during the absorption phase, and was therefore fixed to 0.352 h, 
based the population pharmacokinetic parameters of the manufacturer.21 The in-
ter-individual variability in clearance was estimated to be 31% (RSE 29%). The in-
ter-individual variability in relative bioavailability with and without pharmacokinetic 
boosting was 21% (RSE 73%) and 32.2% (RSE 30.9%), respectively.

Figure 3. Assessment of bioequivalence

Geometric mean ratio with 90% confidence interval of the tofacitinib Cavg,ss (tofacitinib 5 mg BID 
compared with tofacitinib 5 mg and cobicistat 150 mg QD) represented as horizontal line. Equivalence 
margins are represented as vertical dotted lines at 80% and 125%.

Figure 4. Patient preference

Visual representation of the 7-point Likert scale, with the percentage represented by the length of the bar. 
Very strong to somewhat preference for tofacitinib BID (score 1–3), neutral (score 4) and somewhat to very 
strong preference for tofacitinib with cobicistat QD (score 5–7). COBI, cobicistat; TOFA, tofacitinib.

60% 70% 80% 90% 100% 110% 120% 130% 140%

Ratio of tofacitinib + cobicistat QD to tofacitinib BID 
on tofacitinib Cavg

TOFA 5mg BID TOFA 5mg + COBI 150mg QDNeutral

1 2 3 4 5 6 7
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Predicted clinical outcomes
The predicted median DAS28-CRP at maximum drug effect was 3.59 (95% confidence 
interval, reflecting both interindividual variability and variable uncertainty, 3.14-3.96) 
for the tofacitinib with cobicistat QD versus 3.55 (3.06-3.95) for tofacitinib BID.  
The median difference in predicted DAS28-CRP was 0.03 (-0.16 to 0.22, intervention-
control; Supplementary figure 1A). The predicted ACR20 response was 64% 
(54%-74%) for the intervention versus 65% (54%-75%) for control, leading to a 
difference of -0.01 (-0.07 to 0.05; Supplementary figure 1B). These differences were 
not considered as clinically relevant differences, because our predefined clinical 
relevance margins (an increase of 0.6 in DAS28-CRP score and/or a 10% reduced 
probability of ACR20) were not met.

Table 2. Efficacy and safety parameters on both sampling days

TOFA BID
(n=27)

TOFA + COBI QD
(n=26)

DAS28-CRP 3.27 ± 1.41 3.18 ± 1.19

DAS28-ESR 3.27 ± 1.25 [n=25] 3.29 ± 1.36

Swollen joint count (0 - 28) 1 (0 - 2) 0 (0 - 2)

Tender joint count (0 - 28) 2 (0 - 5) 2 (0 - 3)

VAS global (mm) 40 (20 - 60) 40 (20 - 60)

VAS pain (mm) 40 (30 - 60) 40 (28 - 60) [n=24]

VAS physician (mm) 40 (25 - 50) 30 (20 - 55) [n=25]

CRP (mmol/l) 2 (1 - 10) 5 (2 - 13)

ESR (mm/h) 10 (5 - 27) [n=25] 15 (5 - 30)

Haemoglobin (mmol/l) 8.4 (7.5 – 8.8) 8.5 (7.8 – 8.9)

Leukocytes (109/l) 7.3 (5.7 – 8.4) 8.2 (6.2 – 9.3)

Thrombocytes (109/l) 241 (203 – 270) 231 (207 – 308)

Creatinine (µmol/l) 72 (59 - 87) 80 (74 – 92)

ALAT (U/l) 24 (17 – 31) 25 (17 – 30)

Either displayed as number (percentage), mean ± standard deviation or median (interquartile range). 
Percentages were calculated over the total number of participants unless indicated. TOFA = tofacitinib, 
COBI = cobicistat. DAS28 = disease activity score based on 28 joints. CRP = C-reactive protein. ESR = 
erythrocyte sedimentation rate. VAS global = patient’s global assessment of disease activity on a visual 
analogue scale. VAS pain = patient’s global assessment of pain. VAS physician = physician’s global 
assessment of disease activity. ALAT = alanine aminotransferase.
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Discussion

We found a slightly lower tofacitinib Cavg,ss for the tofacitinib 5mg with cobicistat 
150mg QD to tofacitinib 5 mg BID, therefore pharmacokinetic bioequivalence could 
not be confirmed. However, because of the very comparable pharmacokinetics, no 
relevant differences in predicted DAS28-CRP and ACR20-response and a clear patient 
preference, pharmacokinetic boosting seems to be an attractive strategy for 
cost-effective use of tofacitinib.

This study has several strengths. As it is a multiple-dose study conducted in patients 
with RA and PsA instead of healthy volunteers, both tolerability and patient  
preference data can be optimally generalised. Also, rich pharmacokinetic sampling  
was performed in this study, so that the Cavg,ss of tofacitinib could be adequately 
estimated. Other strengths include low drop-out and missing rates, again under- 
scoring the high acceptability of tofacitinib with cobicistat. Lastly, the used boosting 
drug, cobicistat, is safe, inexpensive and also available in non-high-income countries 
because of its coadministration with antiretroviral drugs. 
There are some limitations that should be considered. First, it should be noted that 
this study was designed to assess pharmacokinetic bioequivalence and that clinical 
outcomes (disease activity) were only measured descriptively. Although we predict 
the minimal changes in pharmacokinetics are of negligible clinical impact, prospective 
evaluation is warranted. Second, the number of participants is just below the 
predefined sample size calculation, perhaps also driving the failure to prove 
bioequivalence. Third, the majority of patients in this study only recently (< 1 month) 
started with tofacitinib. Combined with a short follow-up this makes it difficult to 
study effects on disease activity. However, the predicted clinical efficacy seemed 
unaffected by the slightly lower exposure, as measured with  a robust and validated 
pharmacokinetic-pharmacodynamic model.4 This model was previously used to 
obtain marketing authorisation for the extended release formulation of tofacitinib 
based on a pharmacokinetic study only, similar to our study.

All in all, we expect that this tofacitinib-cobicistat combination therapy can be of 
value in clinical practice. The phase IIb dosing study of tofacitinib showed effective 
response to 3 mg BID, but a dosage of 5 mg BID was chosen as standard because of a 
small difference in a secondary outcome (anaemia).20 Because of the potentially 
serious side effects of tofacitinib, such as risk on venous thromboembolism, it may be 
postulated that lower tofacitinib exposure is even preferable. Moreover, we found 
comparable clinical efficacy and safety, and the majority of patients preferring this 
combination regimen. With the advantages of a once-daily regimen, but around 
40-50% lower costs than the extended release formulation, we think this combination 
therapy is suitable to reduce costs of tofacitinib therapy.  
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A complicating factor of pharmacokinetic boosting may be unwanted drug-drug 
interactions with co-medication. During the screening phase of our study, the use of 
co-medication affected by CYP3A was the main reason for exclusion, especially 
cardiovascular drugs, used by a considerable part of patients with inflammatory 
arthritis. Therefore, use of cobicistat requires adequate assessment by the patient’s 
pharmacist. During the study however, replacement of co-medication with non-CYP 
drugs to enable study participation was accepted by a notable proportion of patients 
(see table 1), and that most patients were aware that they used a drug with a higher  
risk of interactions. In addition, since polypharmacy and drug-drug interactions  
with cobicistat are frequent in HIV patients, many lessons can be learned from this 
field, for example by using a website designed for HIV-treatment to assess drug-drug 
interactions when initiating cobicistat.26      

Future research on this strategy should include a larger study with longer follow-up 
with disease activity as primary outcome. Also, the safety of the combination therapy 
should be monitored over a longer period of time, with a specific focus on musculo-
skeletal, gastrointestinal and neurological adverse events. Last, costs and quality  
of life should be assessed throughout the study so that formal cost-effectiveness 
analyses can be performed. 

In conclusion, our study shows that pharmacokinetic boosting is not pharmaco
kinetically equivalent but shows similar predicted efficacy. Therefore, it remains an 
attractive and feasible strategy to reduce costs and dosing frequency of tofacitinib  
in RA and PsA.
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Supplementary data

Supplementary table 1. List of the 75 most commonly interactions with either 
cobicistat or tofacitinib and the action to be taken for patients on this drug when 
assessing eligibility

Drug name Action to be taken

Alprazolam Exclusion from study

Alfentanil Exclusion from study

Alfuzosine Exclusion from study

Amfetamines Exclusion from study

Amiodaron Exclusion from study

Apixaban Exclusion from study

Atomoxetine Exclusion from study

Atorvastatin Replace with pravastatin

Bosentan Exclusion from study

Budesonide If used orally, exclusion from study, otherwise 
patient can be included

Calcium antagonists Exclusion from study

Cinacalcet Exclusion from study

Chloorpromazine Exclusion from study

Clarythromycine Exclusion from study

Clorazepinic acid Exclusion from study

Colchicine Exclusion from study if used as maintenance 
medication, replace with NSAIDs or prednisone if 
used as needed

Contraceptives with ethinylestradiol Use alternative contraceptives

Ciclosporine Exclusion from study

Darifenacine Exclusion from study

Diazepam Exclusion from study

Digoxin Exclusion from study

Disopyramide Exclusion from study

Dexamethason Exclusion from study

Ergotamine Discuss use with patient, include if possible

Erythromycine Exclusion from study

Etoposide Exclusion from study

Everolimus Exclusion from study

Fentanyl Exclusion from study
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Supplementary table 1. Continued

Drug name Action to be taken

Flecainide Exclusion from study

Phosphodiesterase inhibitors Exclusion from study

Guanfacine Exclusion from study

Ketoconazol Exclusion from study

Kinine Exclusion from study

Irinotecan Exclusion from study

Itraconazol Discuss use with patient, include if possible

Ivabradine Exclusion from study

Ivacaftor Exclusion from study

Quinidine Exclusion from study

Lidocaine Exclusion from study

Lomitapide Exclusion from study

Lurasidone Exclusion from study

Maraviroc Exclusion from study

Metformine Exclusion from study

Metoprolol Exclusion from study

Midazolam Exclusion from study

Olaparib Exclusion from study

Palbociclib Exclusion from study

Panobinostat Exclusion from study

Paroxetin Exclusion from study

Pethidine Exclusion from study

Piroxicam Exclusion from study

Pimozide Exclusion from study

Propafenon Exclusion from study

Pyrimethamine Exclusion from study

Quetiapine Exclusion from study

Rivaroxaban Exclusion from study

Rosuvastatine Replace with pravastatin (if possible)

Saquinavir Exclusion from study

Sertraline Exclusion from study

Simvastatine Replace with pravastatin

Sirolimus Exclusion from study

Sonidegib Exclusion from study
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Supplementary table 1. Continued

Drug name Action to be taken

Tamoxifen Exclusion from study

Tacrolimus Exclusion from study

Tamsulosine Exclusion from study

Tetrabenazine Exclusion from study

Ticagrelor Exclusion from study

Tolvaptan Exclusion from study

Trazodon Exclusion from study

Trabectedin Exclusion from study

Tyrosine kinase inhibitors Exclusion from study

Venetoclax Exclusion from study

Venflaxine Exclusion from study

Vinblastine Exclusion from study

Vincristine Exclusion from study

(source: KNMP-kennisbank (consulted March 6th, 2018)

Supplementary figure 1. Predicted differences in disease activity (DAS28; 1A) and response 

(ACR20 criteria fulfilment; 1B)
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Supplementary table 2.  Incidence rates of adverse events classified by CTCAE

Category TOFA + COBI QD  
(1.35 person-years)

TOFA BID 
(3.13 person-years)

Ear and labyrinth disorders 0 (0) 1 (0.32)

Eye disorders 0 (0) 2 (0.64)

Gastrointestinal disorders 8 (5.9) 3 (0.96)

General disorders and administration 
site conditions

3 (2.2) 3 (0.96)

Infections and infestations 0 (0) 2 (0.64)

Injury, poisoning and procedural 
complications

1 (0.74) 2 (0.64)

Investigations 0 (0) 1 (0.32)

Metabolism and nutrition disorders 1 (0.74) 1 (0.32)

Musculoskeletal and connective 
tissue disorders

14 (10) 20 (6.39)

Nervous system disorders 7 (5.2) 5 (1.60)

Psychiatric disorders 2 (1.5) 2 (0.64)

Respiratory, thoracic and mediastinal 
disorders

2 (1.5) 2 (0.64)

Skin and subcutaneous tissue 
disorders

1 (0.74) 1 (0.32)

Vascular disorders 0 (0) 3 (0.96)

Total 39 (29) 48 (15)

Displayed as number (incidence rate per person-year). CTCAE = common terminology criteria for adverse 
events (version 5 used in study), TOFA = tofacitinib, COBI = cobicistat.
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General discussion

Optimisation of b/tsDMARD treatment in inflammatory arthritis is a fascinating but 
very broad topic, as demonstrated with the different subjects in the previous 
chapters. Therefore, I chose a few specific issues for further discussion. I will finish 
this chapter with conclusions, implications for clinical practice and recommenda-
tions for future research. 

The following topics are further discussed in this chapter: 
·	 The optimal use and position of rituximab treatment in rheumatoid arthritis.
·	 Implementation of the recommendations for cost-effective use of b/tsDMARDs.
·	 The future of pharmacokinetic boosting of tofacitinib in clinical care.

The optimal use and position of rituximab treatment in  
rheumatoid arthritis
The findings of the studies from this thesis on COVID-19 vaccination in rheumatoid 
arthritis (RA) patients using rituximab (chapter 2 and 3) include an improved 
humoral vaccine response when using a rituximab dose of 200 mg, and increasing 
time between vaccination and latest rituximab dose. In addition, the second cohort 
study (chapter 3) showed seroconversion for a relevant proportion after a third 
vaccination, and found persistence of response, irrespective of intercurrent rituximab 
treatment. The most notable finding is that vaccination response can be improved in 
rituximab users by timing of the vaccination relative to the rituximab infusion, but 
also by dose reduction and repeated vaccination. Additionally, because of the 
humoral impairment of rituximab, the studies supports the importance of optimizing 
the vaccination status before initiating therapy. This is important, since the starting 
dose of rituximab currently is 1000 mg, and this dosage is associated with significant 
impairment of humoral response. Together with new evidence emerging in the last 
years, I think it is important to re-evaluate the use of rituximab for RA in clinical 
practice, with the focus on in whom, how and when it should be used. Concerning 
how rituximab treatment should be given, I will focus on dosing and route of 
administration. Of note, different strategies also exist on retreatment of rituximab 
(on flare, treat to target, fixed interval) and on use of concomitant DMARDs, but are 
outside the scope of this thesis and discussion.

Regarding dosing, the recommended schedule in the current European Alliance of 
Associations for Rheumatology (EULAR) guideline is a 1x 1000/2x 500 mg infusion per 
cycle.1 However, a step-down retreatment regimen inspired by the REDO study  is 
also possible: a starting dose of 1000 mg, followed by treat-to-target based 
retreatment with 500 mg and 200 mg.2 Now, the question arises whether 200 mg can 
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be the first retreatment dose, because of similar disease control found between 200 
mg and 500 mg, the beneficial effects on humoral response as demonstrated in 
chapter 2 and 3, and a significant lower infection risk found in the REDO study.2 The 
extension of the REDO study found a median yearly rituximab dose of 889 mg for the 
group who initiated retreatment at 200 mg, and 915 mg for the group at 500 mg.3 This 
suggests that an effective retreatment scheme in most patients consist of around 
500 mg every six months, but with large interindividual variation. Therefore, a 
step-down regimen to six-monthly 200 mg to find the lowest effective dose seems 
sensible. Another question is if an initial dose of 500 mg instead of 1000 mg would be 
sufficient to control active RA (a starting dose of 200 mg seems insufficient based on 
the previous discussion). Evidence in favour of initial 500 mg RTX includes a 
retrospective study among 166 seropositive RA patients finding low disease activity 
or remission at 12 weeks after an initial dose of 500 mg rituximab in the overall 
majority of patients.4 Additionally, some case reports showed full B-cell depletion 
when initiating treatment with lower doses while maintaining sufficient response 
rates.5-7 To further strengthen the hypothesis of a lower initial rituximab dose, a 
controlled study comparing starting with 1000 mg and 500 mg rituximab in RA would 
however be welcomed. Until then, starting with 1000 mg seems a solid choice, 
followed by treat-to-target tapering to 200 mg every 6 months. 

Next, regarding the route of administration, subcutaneous administration would – if 
efficacy and safety is similar – be preferable over intravenous administration. 
Subcutaneous treatment would save infusion facility requirements (and consequently 
costs), reduce patient burden, and infection rates might putatively be lower as 
rituximab serum peak levels would be much lower. During my PhD, I was involved in 
setting up a study investigating bioequivalence of subcutaneous (336 mg, taking into 
account a bioavailability of 70%) compared to intravenous administration of 200mg 
rituximab in patients with RA which is currently running.8 In summary, with the 
current data, I would advise a starting dose of 1000 mg rituximab for RA, followed by 
treat-to-target based retreatment of respectively 500 mg and 200 mg. In the future, 
this regimen might change to a lower starting dose of 500 mg intravenously, followed 
by subcutaneous injections of 336 mg. 

Subsequently, I will discuss the relative position of rituximab in relation to other b/
tsDMARDs for treatment of RA. Originally, rituximab was registered as second-line b/
tsDMARD therapy, thus after treatment failure with TNF-inhibitors.9 Although the 
EULAR guideline does no longer prefer one b/tsDMARD subclass over another to start 
with,1 TNF-inhibitors are still the most commonly used as first choice b/tsDMARD,10 
probably because they were first available, have subcutaneous administration, and 
are registered for multiple inflammatory rheumatic diseases. As the effectiveness of 
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rituximab is equal to the other b/tsDMARDs,11,12 I will argue in the next paragraphs 
that rituximab would be a good alternative for first choice b/tsDMARD, based on 
safety, patient friendliness and costs. 

Regarding safety, I would like to address three related concerns: infection risk, duration  
of humoral impairment, and risk for hypogammaglobulinemia. In observational studies, 
the infection risk of authorised dose rituximab therapy (2x 1000 mg every 6 months) 
seems compared to other b/tsDMARDs associated with a somewhat higher overall 
risk for non-serious infections but not for serious infections.13-16 However, these 
results may be affected with confounding by indication, as historically rituximab  
was used as a last resort drug. In the head-to-head studies, infection risks are similar 
for rituximab versus other bDMARDs or placebo, even for the authorised dose.17,18 
Specific infections associated with rituximab are severe COVID-19, hepatitis B or C 
reactivation, and – standing out the most - progressive multifocal leukoencephalopathy 
(PML).13,19 PML, an often fatal central nervous system infection which is frequently 
mentioned as concern, has however a very low incidence rate of 2.56 per 100,000 RA 
patients.20 Moreover, this incidence rate is found only in patients with full-dose 
rituximab and other PML risk factors, together with a background risk of 0.5 in 
100,000 non-rituximab users. When further comparing rituximab to other b/
tsDMARDs, the risk for serious infections is about 1.2 times lower compared to 
tocilizumab, the risk for herpes zoster about two times lower compared to JAK-
inhibitors, and it has not been associated with an increased reactivation risk of 
tuberculosis, in contrast to TNF-inhibitors.13,14,21 All in all, the infectious profile of 
rituximab is at least comparable to TNF-inhibitors, and possibly favorable for 
rituximab when using lower retreatment doses. 

The second concern is the prolonged B-cell depletion caused by rituximab, so that it 
might not be stopped easily on short notice. This long depletion leads to some degree 
of humoral impairment, thus leading to an impaired vaccination response and 
possibly a high infection risk. Indeed, B-cell recovery takes up to 1 year after authorized 
dose rituximab (2x 1000mg every 6 months),22 but are on average at pre-existent 
levels at 6 months with lower doses (200-1000 mg every 6 months).23 
Infection risk on itself seems dose related, as demonstrated with an lower infection 
incidence rate for 200 mg rituximab compared to 1000 mg (rate ratio 0.44 (95% CI 
0.22-0.88)).2,24 Also, for rituximab doses ≥ 500 mg, infections seem to occur mainly 
early in the six monthly infusion cycle.24,25 This suggests a dose-dependent effect for 
overall infection risk (area-under-the-curve), and an additional peak-level related 
effect for dosages ≥ 500 mg. The same applies to vaccination effectiveness, as shown 
with the effect of timing on humoral response in chapter 2 and 3. Thus, low-dose 
rituximab leads to fewer humoral impairment than high dose, and most probably 
only significant for doses ≥ 500 mg in the first three months.
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The last concern is that patients on rituximab have a risk to develop hypogamma
globulinemia (HGG). The risk of HGG after long-term rituximab use is indeed increased. 
However, HGG itself seems not associated with an increased infection rate,25-27 and  
is therefore not a clinically important issue for rituximab use in RA. Furthermore, 
HGG after rituximab is mostly mild and associated with a higher cumulative rituximab 
dose and not a longer rituximab treatment duration per se.28,29 Therefore, I would 
advise to strive for the lowest possible dose, as this reduces the duration of humoral 
impairment and the risk for HGG.

When looking at patient friendliness, research on patient preferences regarding to 
DMARDs identified three important preference subgroups: based on chance of clinical 
effectiveness, based on route of administration, and a balanced group between  
the two.30 Unfortunately, clinical effectiveness of a specific b/tsDMARD cannot (yet) 
be predicted for an individual patient, as explained in chapter 4, but route of 
administration can definitely be considered when selecting a drug. For patients, 
rituximab has the benefit of a low administration frequency compared to TNF-inhibitors, 
but requires infusion time in the hospital. Therefore, presenting both rituximab and 
TNF-inhibitors as first b/tsDMARD can increase shared decision making, letting 
patients choose the b/tsDMARD most suitable for them. When considering the total 
yearly costs, the cost of rituximab therapy is inflated by additional in-hospital 
infusion costs compared to subcutaneous bDMARDs.31 This difference can decrease 
in the future with the availability of (equally priced) subcutaneous administration.

All in all, availability of rituximab maybe in the more earlier phase of RA can be 
advocated, as it is comparable in efficacy to other b/tsDMARDs, together with a  
good safety profile, the benefit of a low administration frequency, and low costs.  
For optimal use, a treat-to-target step-down treatment regimen of 1000 mg – 500 mg – 
200 mg should be followed, which may be even further reduced in the future. Possible 
specific disadvantages of rituximab when compared to other b/tsDMARDs can be 
minimised by the following measures: (1) physicians should strive for the lowest 
possible dose, as a lower dose reduces the harms of rituximab treatment, (2) the 
vaccination status should be optimised before starting rituximab and during 
treatment vaccinations should preferably be given a few weeks before the next 
infusion, and (3) rituximab therapy should – just like other drugs -be timely 
discontinued in case of ineffectiveness or prolonged deep remission. In the future, 
disadvantages of rituximab may be additionally reduced with subcutaneous 
administration, which could further improve treatment for patients with RA. 
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Implementation of recommendations on cost-effective use
Although clinical guidelines are the translation of evidence to clinical practice, the 
process does not end with their publication. For the introduction of guidelines, three 
stages have been identified: development, dissemination, and implementation.32,33 
The recommendations resulting from chapter 4 has completed the stage of 
development by its publication, and the stage of dissemination has been initiated 
with presentations on (inter)national rheumatology congresses. Consequently, 
I would like to focus on the implementation, to increase its use in clinical practice. 

The most important question is how to implement recommendations on cost-
effectiveness in general. Usually, recommendations are focused on improving 
diagnostics or therapy which are directly beneficial to the patient, therefore leading 
to incentives for patients as well as physicians to act on them. Moreover, in many 
cases recommendations are developed on behalf of (inter)national scientific 
organization(s), which improves the findability and increases their use because of the 
authority of these organisations towards professionals. Still, adherence to these 
regular recommendations is far from optimal, for example demonstrated in a study 
investigating rheumatologists’ adherence to a RA guideline with an adherence 
between 21 and 72 percent.34 In contrast to standard recommendations, our recom-
mendations on cost-effectiveness may be even more difficult to implement, because 
they have more benefit for society than for the individual patient, while physicians 
and patients are expected to take action. Also, they currently lack endorsement from 
any professional association such as the EULAR or the Dutch Society for Rheumatology 
(NVR), possibly leading to limited findability and credibility. Therefore, I propose that 
two general actions should be taken to increase implementation of the recommen-
dations on cost-effective use. First, the importance of cost-effectiveness should be 
propagated to (inter)national organizations within rheumatology to reach physicians 
and patients, preferably resulting in task forces, statements, and references to our 
publication in their guidelines. Second, for an update of the recommendations, 
endorsement of (inter)national rheumatology organizations should be sought to 
increase authority and findability.

In the next paragraphs, I will explore barriers for implementation of specific recom-
mendations from chapter 4 and identify ways to overcome these, using a theoretical 
framework designed to improve guideline implementation focusing on multiple 
levels.35 According to this ‘Knowledge-Attitude-Behaviour Framework’ of Cabana and 
colleagues, knowledge of the guideline influences the attitude towards the guideline 
which in its’ turn affects the behaviour (figure 1).36 Apart from these factors, external 
barriers, guideline factors and environmental factors can influence behaviour or 
attitudes towards a guideline. Therefore, the authors advise to assess and address 
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barriers across all categories so that strategies that promote guideline implementation 
and adherence can be developed.36 

Concerning the strategy disease activity-guided dose optimization, we demonstrated 
in chapter 5 long-term effectiveness and safety of dose optimization with TNF- 
inhibitors in RA. In addition, we showed that this strategy can include multiple 
tapering attempts as well as full discontinuation as final step. Regarding the attitude 
towards dose optimization, it was shown that patients with RA express an overall 
positive attitude, specifically those with controlled disease, a shorter disease 
duration, and without comedication.37-39 As their main concern is the risk of a disease 
flare with uncontrollable symptoms, patients value shared decision making with the 
possibility of a dose increase when a flare occurs.37,39 Interestingly, physicians have 
the same concerns as patients, but with a much lower willingness to start dose 
optimization (36% versus 63%),38 and initiate conversations on dose optimization 
less often.40 Lack of motivation may be an important barrier for physicians, as it 
might lead to a disease flare in a currently stable situation. Furthermore, dose 
optimization requires more effort for the physician in informing the patient, changing 
medication, and managing flares, which disincentives them to do so. An important 
benefit from dose optimization heads towards the healthcare insurers, another 
important stakeholder, as healthcare costs reduce. For the other strategies on lower 
dosing, specifically lower dosing of rituximab, lack of motivation also seems to be 
involved. For example, the comparable effectiveness of lower dosed rituximab 
(1* 1000 mg instead of 2* 1000mg) has been known for over a decade,41 but has not 
yet been implemented in all rheumatology clinics.

Figure 1. Sequences of potential barriers for guideline adherence of the Cabana framework

(free to: Cabana et al.36)
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A possible solution for the ‘lack of motivation’-barrier is more support for the 
physician. For example, a pilot study investigated a combination of education, 
feedback, local protocol development and individualized treatment advice, and 
found an improved adherence to dose reduction at 1 year post-intervention.42 
However, the planned follow-up randomised trial with this combined intervention 
could not take place because potential hospital participants demanded financial 
benefit as a condition for participation, and health care payers were not included to 
organise such a “shared savings” model. Perhaps, physicians and healthcare insurers 
should therefore collaborate, with the latter creating an incentive (e.g., extra 
consultation time) for the first when dose optimization is adequately performed. 
Another solution for dose optimization and lower-dosed rituximab might be to create 
more awareness among patients, as they directly benefit because of lower medication  
use and possibly a lower risk of side effects. To do so, we need to identify patients’ 
information needs and their preferences for channels through which to receive this 
information. For lower dosing of rituximab specifically, sharing preparation and 
infusion protocols may remove external barriers. 

Two other strategies, avoid dose loading and route of administration, seem to have 
their specific barriers. On the strategy of avoid dose loading, the recommendation is 
based on one review from some of the authors of chapter 4. Readers could see this as 
a certain belief of the authors, leading to lack of credibility, although they could also 
consider them as the experts on a certain topic, because of their relevant publications. 
Nevertheless, more comparative studies on the added value of dose loading are 
required, specifically for the b/tsDMARDs without current evidence, as it affects  
the level of evidence and therefore could prevent lack of agreement. Regarding route 
of administration, the recommendation advises rheumatologists to use the most 
cost-effective form of infliximab, tocilizumab and abatacept in their hospital. 
However, for successful implementation, it is necessary to have insight in drug costs,  
other costs, and revenue related to infusion facilities. To my knowledge, physicians 
are often not aware of this, thus lack of insight can be an important barrier to follow 
this recommendation. Also, one man’s costs are another man’s revenue, and this can 
play a role for example in the relation dose reduction to drug discounts or infusion 
facility reimbursements. Physicians could collaborate with their hospital pharmacists 
and healthcare insurers to effectively compare cost-effectiveness of various routes 
of administration in order to make informed choices.

Last, I would like to discuss our recommendation to use a drug formulary policy, for 
which implementation could be affected by patient factors. As the discount on drug 
price often increases with the volume of drug bought, the use of a drug formulary 
policy would reduce societal drug costs through higher discounts on the preferred 
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drugs. However, from the physicians’ and patient’s perspective, a drug formulary 
policy limits their freedom to choose, and the possibility of shared decision making.  
It is difficult to completely remove these barriers, but there may be two methods  
to address them. The first method is carefully explaining the patient the following 
topics. First, the drug formulary is primarily based on medical grounds (effectiveness, 
tolerability, safety, experience, route of administration), leading to broad experience 
with the drugs early in the sequence. Only in the second place, choices are made 
based on economic arguments. Second, it is designed as a guidance to use in the 
majority of patients, thus motivated deviation is possible. Last, the why and how of 
cost-effective use at this point of their treatment course should explained, as 
involvement in treatment decisions is a positive factor towards agreement.37 The 
second method for reducing the barriers may be standardisation of a drug formulary 
on a country instead of hospital level, such as in Norway and Denmark, thereby make 
treatment equal across all hospitals. In this system, physicians are strongly advised to 
follow the country’s preference policy and use the country’s registered biosimilar, but 
may deviate from the sequence in individual cases.43 As a result, total b/tsDMARD 
costs in the period 2010-2019 in Norway have been reduced by 47%, and treatment 
with b/tsDMARDs has become more available at a lower cost.43 However, standardi-
sation also has a serious disadvantage. For b/tsDMARDs later in the preferential drug 
order with a lower quantity, the Dutch market would be less attractive, and therefore 
this system could further increase drug shortages. Because of the potential effects 
on availability of b/tsDMARDs of the second method, I would suggest focussing on 
the first method of explanation.

Overall, implementation of recommendations on cost-effective use does not auto-
matically follow. It requires ownership from physicians and patients, and tailored 
solutions to overcome the barriers for the different strategies. To summarize, (inter)
national scientific organizations should convey the importance of cost-effectiveness, 
preferably by statements, task forces or guidelines. Regarding the sequence of 
knowledge, physicians could collaborate with healthcare insurers and pharmacists 
to learn about prices of the different b/tsDMARDs and administration routes. 
Regarding attitude, a way to overcome barriers could be to inform patients about 
dose optimization and lower-dosed rituximab because of their benefits. Regarding 
external barriers, healthcare insurers could provide important incentives by sharing 
benefits of cost-effective use (“shared savings”), thus aligning incentives for all 
stakeholders. In addition, the recommendations on cost-effective use of b/tsDMARDs 
should preferably be regularly updated under the umbrella of international rheumatology 
organizations, to remain applicable in clinical care, because of increasing evidence 
on strategies and introduction of new b/tsDMARDs.
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The future of pharmacokinetic boosting of tofacitinib in clinical care
In chapter 6, we investigated pharmacokinetic (PK) boosting of tofacitinib and 
concluded that it may be an effective strategy for reducing costs and dose frequency 
in inflammatory arthritis. In the following subsection, I will argue what (follow-up) 
research is needed for effective implementation for the study in chapter 6 and 
boosting studies in general. 

Although the current indications for tofacitinib (and other JAK-inhibitors) are more 
limited than during the study of chapter 6, PK boosting of tofacitinib may still be 
useful in clinical care. A surveillance study investigating the incidence of cardiovascular 
events and cancer between TNF-inhibitors and tofacitinib, found an increased risk for 
tofacitinib compared to adalimumab.44 Therefore, the European Medicines Agency 
(EMA) and the Food and Drug Administration (FDA) do no longer recommend 
treatment with JAK-inhibitors in the following subgroups: patients aged 65 years 
older or above, patients with an increased risk of major cardiovascular problems or 
cancer, and current or past smokers.45 Furthermore, they advise a dose reduction in 
patients at risk of a venous thromboembolism, cancer or major cardiovascular 
problems,45 but do not further specify this. I would suggest a maximum dose of 5 mg 
twice daily for inflammatory arthritis, but preferably lower. Nonetheless, tofacitinib 
still is a safe and effective tsDMARD for patients without cardiovascular risk factors, 
and the lower tofacitinib levels with PK boosting could possibly reduce the risk in 
patients with cardiovascular risk factors. As the peak incidences of RA and 
cardiovascular diseases (40-60 years) overlap,46,47 pharmacokinetic boosting may be 
more relevant in diseases with an onset on younger age, such as psoriatic arthritis, 
axial spondyloarthritis, and ulcerative colitis.48,49

Regarding the value of PK boosting, the study in chapter 6 could not establish formal 
bioequivalence on tofacitinib serum levels due lower levels for the boosted regimen, 
and therefore requires further research before implementation. As no specific 
guideline on the design of PK boosting studies exists, the EMA drug bioequivalence 
guideline is mostly used, which advises a randomised, two-period, two-sequence 
single-dose crossover design with a wash-out period of at least five half-lives, 
preferably performed in healthy volunteers.50 However, both the single-dose and the 
healthy volunteer aspects are not suitable for boosting studies. A single-dose study  
is designed for measuring peak and trough levels, whereas boosting studies mainly 
compare regimens with different dosing interval, leading to incomparable pharma-
cokinetic curves. Relevant pharmacokinetic parameters for PK boosting studies are 
often the area-under-the-curve (AUC) or the Cavg to compare the direct exposure, 
which require multiple dose studies with steady state. Furthermore, various factors 
can lead to a different exposure between healthy volunteers and patients, such as 
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co-medication, age (affecting renal clearance), and differences in pharmacokinetic 
parameters, such as a decreased absorption rate in active inflammatory bowel 
disease.   

A recent review on PK boosting suggests a two-step trial design, including a 
multiple-dose, open-label bioequivalence study in patients as the first step, with the 
advice to perform an interim analysis to check whether dose adaptation needs to be 
performed.51 The second step should be a clinical study to determine effectiveness 
and safety by either a double-arm randomised study or single-arm compared to a 
historical cohort.51 I agree with the authors that the study design in the first step is 
more suitable for PK boosting studies. However, I do not agree with performing 
another clinical study if two regimens are pharmacokinetically equivalent, because 
of a lack of equipoise and therefore time consuming and costly. In this case, I would 
advise pharmacodynamic modelling instead, comparable to the registration of the 
extended release tofacitinib, in which equivalent pharmacokinetics were established, 
although in healthy volunteers, and equivalent pharmacodynamics were predicted.52

For pharmacokinetically non-equivalent regimens based on a slightly lower boosted 
drug level, such as the study in chapter 6, I agree that a second clinical study is 
desirable for effective implementation since such a regimen can still be clinically 
equivalent. First, additional pharmacodynamic modelling in the study of chapter 6 
suggested equal effectiveness. Of note, this is the same model as used for the 
registration of extended-release tofacitinib 11 mg daily.52 Second, in the phase 2 
study of tofacitinib, both tofacitinib 3 mg twice daily and 5 mg daily demonstrated 
clinical effectiveness compared to placebo, but 5 mg twice daily was chosen as 
standard dose because of slightly better secondary outcomes (numerically higher 
haemoglobin levels).53 With the currently available safety data on tofacitinib, the 
lower tofacitinib dose in the boosted regimen might even be a solution instead of a 
problem. The study design I would propose is an open-label non-inferiority study on 
disease activity between tofacitinib twice daily and tofacitinib with cobicistat once 
daily in patients with inflammatory arthritis with a duration of at least 6 months. 
Preferably, this would be a multicentre study including current tofacitinib users with 
clinical response to reduce the chance on ineffectiveness of tofacitinib.

In conclusion, there might still be a window of opportunity for pharmacokinetic 
boosting of tofacitinib in patients with a low cardiovascular risk. This subgroup of 
patients also has fewer (cardiovascular) comedications, which will reduce the chance 
of drug-drug interactions. In my opinion, effectiveness of a boosting regimen would  
be sufficiently proven in case of 1) equivalence on a relevant pharmacokinetic 
outcome (AUC or Cavg) in a short pharmacokinetic study together with predicted 
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equivalent pharmacodynamics, or 2) non-equivalence on pharmacokinetics because 
of slightly lower drug levels, but equivalence on a relevant pharmacodynamic outcome 
(disease activity) using a clinical study with a follow-up of at least 6 months. Therefore, 
I would propose a clinical follow-up study on pharmacokinetic boosting of tofacitinib 
before initiating implementation. 

Conclusions and implications for clinical practice
The research chapters and general discussion of this thesis result in the following 
conclusions and implications for clinical practice:

·	 Vaccination response in rituximab users can be improved with a lower dose 
(preferably 200 mg) and increasing time between latest rituximab dose and 
vaccination. In case of insufficient vaccination response, a third vaccination yields 
a better humoral response. 

·	 Rituximab is a safe and effective biological DMARD for the treatment of RA, 
especially when vaccination status is optimised before start, and when rituximab 
is dosed as low as possible.

·	 Cost-effective use of b/tsDMARDs in inflammatory arthritis can be optimized 
when following the recommendations of our new “points to consider”.

·	 Implementation of this guideline can be improved by involving (inter)national 
scientific organizations, involving patients and collaboration between physicians 
and healthcare insurers.

·	 Disease activity-guided dose optimization of TNF-inhibitors is long-term effective 
and safe, and can include discontinuation as well as multiple tapering attempts.

·	 Pharmacokinetic boosting of tofacitinib is potentially useful in younger patients 
without (cardiovascular) comedications, but a clinical study is required to confirm 
clinical effectiveness.
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Future research
Based on the chapters of this thesis, further exploration is needed on the following 
topics:

·	 Subcutaneous administration of ultra-low dose rituximab in RA could increase 
opportunities for rituximab therapy and should therefore be investigated. 

·	 A study comparing 500mg rituximab with 1000mg as initial therapy could further 
optimise treatment with rituximab.

·	 Prospective clinical studies on the (lack of) added value of dose loading could 
provide more real-world evidence and therefore strengthen implementation. 

·	 The recommendations on cost-effective use of b/tsDMARDs should be regularly 
updated, preferably under EULAR umbrella, because of the increasing evidence for 
the different strategies and the introduction of new b/tsDMARDs. 

·	 Implementation research on cost-effectiveness guidelines should be initiated, for 
example with a survey amongst patients and rheumatologists.

·	 Pharmacokinetic boosting of tofacitinib should be evaluated in a clinical study in 
inflammatory arthritis patients before implementation.
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Summary

Biological and targeted synthetic disease-modifying anti-rheumatic drugs (b/
tsDMARDs) are used for the treatment of inflammatory arthritis, which in this thesis 
includes rheumatoid arthritis (RA), psoriatic arthritis (PsA), and axial spondyloarthritis 
(axSpA). b/tsDMARDs have shown to be effective in reducing disease activity, slowing 
down radiological progression, and improving daily functioning. However, these drugs 
also have their disadvantages, either general (for all b/tsDMARDs) or drug-specific. 
Examples are high costs for the originator bDMARDs as general disadvantage, and as 
drug-specific disadvantage a reduced vaccination response for rituximab. Further 
optimisation of b/tsDMARD treatment can help decrease these disadvantages. 

Regarding rituximab, optimisation of dosing and timing could increase humoral 
response after vaccination. Ultra-low dose rituximab for retreatment in RA (200mg 
or 500mg every 6 months) has shown to be effective for the majority of patients and 
with significant less infections compared to standard low-dose (1000mg every 6 
months), but might also increase humoral response after vaccination. Moreover, the 
timing of vaccinations during rituximab therapy (prior to the next rituximab infusion) 
is merely based on expert opinion, whereas information on precise timing is 
important for vaccinations during clinical care and a (next) pandemic.

Regarding costs, more cost-effective use of b/tsDMARDs is warranted. So far, various 
strategies for cost-effective use have been investigated separately, but a comprehensive 
general overview was not available yet. Also, one of the most important cost-effective 
strategies of b/tsDMARDs is disease activity-guided dose optimisation, but long-term 
effects (longer than 3 years) of this strategy are unknown. An interesting new strategy  
for cost-effective use to explore is interference with the drug pharmacokinetics, 
specifically by inhibiting drug metabolism, also called ‘pharmacokinetic boosting’. 
Tofacitinib, the most widely used tsDMARD, is known to be metabolised by the 
enzyme CYP3A, which would make it suitable to be boosted with a CYP3A-inhibitor, 
cobicistat.

Overall, this resulted in the following aims of this thesis:
·	 To investigate the effect of rituximab dosing and timing on humoral response 

against COVID-19 after two vaccinations in RA patients treated with rituximab 
(chapter 2);

·	 To investigate the effect of rituximab dosing on persistence of humoral response 
after two COVID-19 vaccinations (chapter 3);

·	 To investigate the effect of rituximab dosing and timing on seroconversion after a 
third COVID-19 vaccination in patients treated with rituximab (chapter 3).
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·	 To provide an overview of strategies for cost-effective use of b/tsDMARDs and  
to formulate evidence- and consensus-based recommendations on this subject 
(chapter 4);

·	 To investigate the long-term (10 year) efficacy and safety of disease activity-guided 
dose optimisation of Tumour Necrosis Factor inhibiting drugs (TNF-inhibitors) in 
RA (chapter 5);

·	 To investigate the bioequivalence of pharmacokinetic boosting of tofacitinib with 
cobicistat in patients with RA or PsA (chapter 6).

Chapter 2: Humoral response to coronavirus disease-19 vaccines is dependent 
on dosage and timing of rituximab in patients with rheumatoid arthritis 
For the prospective cohort study of chapter 2, we included individuals with 
rheumatoid arthritis who had received two vaccinations against COVID-19 and were 
treated with at least one dose of rituximab in the year prior to vaccination. The main 
objective was the presence of sufficient humoral response 2-6 weeks after the second 
vaccination, defined as the total immunoglobulin (IgT) against COVID-19 above the 
assay cut-off (> 1.1).We recorded additional patient- and treatment characteristics 
such as the rituximab dose, the date of latest rituximab administration, co-medication  
and previous COVID-19 infections. In total, we included 196 individuals, of whom  
31 (16%) received 200 mg as latest rituximab dose, 67 (34%) 500 mg, and 98 (50%) 
1000 mg. Fifty-five patients (28%) had a humoral response, and response was more 
prevalent in the 200 mg group than the 1000 mg group (45% versus 26%). In the 
multivariable model adjusted for dosing, timing, age, and concomitant use of 
csDMARDs and prednisolone, there was a likewise significant association between 
200 mg rituximab and presence of response (odds ratio 3.07, 95% confidence interval 
1.55-8.27). Moreover, we found an association between longer time between latest 
rituximab and vaccination response which was also demonstrated in the multi-
variable model (1.67 per month increased time, 1.39-2.01). We concluded that 
(COVID-19) vaccination should be preferred at least 6 months after rituximab 
treatment, and that rituximab should be dosed as low as possible. 

Chapter 3: Seroconversion after a third COVID-19 vaccine is affected by rituximab 
dose but persistence is not in patients with rheumatoid arthritis
The study of chapter 3 was a follow-up of the cohort study of chapter 2, and consisted 
of analysis of seroconversion after a third vaccine and a persistence analysis. We 
included participants without humoral response (IgT against COVID-19 ≤ 1.1) after 
two vaccinations in the third vaccine analysis, and participants with a positive 
response after two vaccinations in the persistence analysis. The main outcomes were 
(1) the proportion patients with seroconversion 2-6 weeks after a third vaccination in 
previous non-responders, and (2) the proportion of response persistence before the 
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third vaccination in previous responders. Additionally, we investigated the 
associations with dosing and timing in the third vaccine analysis. Of the original 196 
participants in the cohort, 98 could be included in the third vaccine analysis and 23 in 
the persistence analysis. In the third vaccine analysis, seroconversion occurred in 
19/98 participants (19%) and was higher for 200 mg versus 1000 mg rituximab users 
(38% versus 15%). We found non-significant trends for higher response for 200 mg 
versus 1000 mg (odds ratio 3.66, 95% CI 0.93-14.0) and for later timing (1.16 per month 
increased time, 0.97-1.35). In the persistence analysis, 96% (22/23) of all participants 
maintained their humoral response after three months, of whom  89% (8/9) of 
participants had received rituximab in between the measurements. This study 
showed that repeated vaccination seems useful in patients with a previous 
non-response, and that the response persisted irrespective of rituximab retreatment. 

Chapter 4: Points to consider for cost-effective use of biological and targeted 
synthetic DMARDs in inflammatory rheumatic diseases: results from an 
umbrella review and international Delphi study
The study of chapter 4 resulted in a clinical guideline for cost-effective use of b/
tsDMARDs. For this study, we formed an international task force of 13 experts on 
rheumatology, epidemiology and pharmacology from seven European countries. 
One-to-one interviews with all of the experts led to twelve different strategies on 
cost-effective use of b/tsDMARDs. Systematic literature searches were performed  
to identify randomized controlled trials and systematic reviews for all of the 
strategies. Thereafter, Delphi rounds took place to formulate the recommendations 
(points-to-consider) with their level of evidence (LoE, 1-5) and grade of recommendation, 
followed by anonymous online voting for the level of agreement (LoA, range 0-10). In 
total, 20 points to consider were formulated for ten different strategies, with an 
overall mean LoA of 8.9. Ten of the twenty recommendations had a high LoE (level 1 or 
2, 50%). Examples of points-to-consider with a high LoE are: (1) biosimilars are 
considered equal to bio-originators, and a single switch from bio-originator to 
biosimilar can be performed safely if contributing to cost-effectiveness; (2) the 
loading dose can be removed for abatacept or certolizumab in RA, and secukinumab 
in PsA/axSpA, as it does not lead to superior efficacy; and (3) disease activity-guided 
dose optimisation is strongly advised for TNF-inhibitors in RA/PsA/axSpA, as well as 
for other b/tsDMARDs in RA. 

Chapter 5: Disease activity–guided dose optimization including discontinuation 
of TNF-inhibitors in rheumatoid arthritis is effective for up to 10 years:  
an observational follow-up of the DRESS study 
The long-term extension of the randomised controlled DRESS study is described in 
chapter 5. The aim of this study was to investigate 10-year effectiveness and safety 
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of disease activity-guided dose optimisation, specifically by (1) TNF-inhibitor dose, b/
tsDMARD dose and disease activity over time, (2) proportions of patients with a first 
and second dose optimization attempt, and the effectiveness of these attempts, 
(3) proportion of patients with, and duration of the first discontinuation attempt, and  
(4) radiographic progression between 3 and 10 years. We included the 170 patients 
who completed the 3-year extension of the DRESS study. Of these 170 patients, 127 
(75%) completed 10-year follow-up. Over time, the time-weighted disease activity 
remained low (DAS28-CRP 2.13, 95% confidence interval 2.10-2.16), while a dose 
decrease was observed for both TNF-inhibitors (97% of daily defined dose at baseline 
to 51% at year 10) as well as all b/tsDMARDs (97% to 56%). The mean dose reduction 
1.5 years after the start of the attempt was 48% (n=159) of the first attempt and 33% 
(n=86) for the second attempt. Full discontinuation was reached by 119 of 161 
participants (74%) with a median duration of 7 months, and 25 (21%) remained in dis-
continuation for the rest of the observational period. Radiographic progression 
exceeding the smallest detectable change (5.7 Sharp-van der Heijde units) was found 
in 48% (41/86). We found an association between radiographic progression and a 
higher disease activity, but not with a lower b/tsDMARD dose. We concluded that 
disease activity-guided dose optimisation remains effective over 10 years, and that 
the inclusion of a discontinuation attempt and subsequent dose optimization 
attempts can be of additional value in this strategy. However, effective treat-to-
target needs to be maintained to minimise radiographic progression. 

Chapter 6: Pharmacokinetic boosting to enable a once-daily reduced dose of 
tofacitinib in patients with rheumatoid arthritis and psoriatic arthritis 
Chapter 6 included a pharmacokinetic boosting study in which we compared a 
combination regime of tofacitinib 5 mg and cobicistat 150 mg once daily (intervention) 
to tofacitinib 5 mg twice daily (control). The primary objective was bioequivalence, 
defined as the 90% confidence interval (CI) of the average tofacitinib concentration 
(Cavg,ss; intervention to control) falling between 80% and 125%. Secondary objectives 
included safety, patient preference and modelled pharmacodynamics (disease 
activity, measured with DAS28-CRP and ACR20 response) with a previously validated 
exposure-response model. We included patients with RA and PsA currently using 
tofacitinib 5 mg twice daily for at least 2 weeks and without co-medication affected 
by CYP3A inhibition. Samples to measure tofacitinib concentration were taken at 
baseline and after 2-6 weeks of intervention treatment. We included 30 patients, of 
whom 25 completed the study. Bioequivalence was not formally met because 
tofacitinib levels were slightly lower in the intervention group compared to the 
control group  (Cavg,ss 85%, 90%-CI: 75-96%). Moreover, we found no safety concerns, 
a considerable patient preference for boosted therapy (56% for intervention versus 
18% for control), and no relevant differences in predicted disease activity. We 



177Summary

8

concluded that although boosted tofacitinib therapy is not fully pharmacologically 
equivalent to tofacitinib twice daily, it may still be an attractive strategy for further 
research based on its safety, patient preference and predicted pharmacodynamics. 

Conclusions

This thesis showed multiple strategies for optimisation of biological and targeted 
synthetic DMARD therapy in inflammatory arthritis. Humoral response after 
COVID-19 vaccination in rituximab-treated patients is generally low, but significantly 
improved by lower dosing and a longer time between latest rituximab and vaccination 
(chapter 2 and 3). Humoral response after COVID-19 vaccination in rituximab-treated 
patients, is persistent and seems unaffected by subsequent rituximab treatment 
(chapter 3). Twelve different strategies for cost-effective use of b/tsDMARD in 
inflammatory rheumatic diseases were identified and twenty evidence- and expert- 
based points to consider were formulated on ten of these strategies (chapter 4). 
Disease activity-guided dose optimisation of TNF-inhibitors in rheumatoid arthritis 
leads to approximately halved TNF-inhibitor dose while maintaining low disease 
activity over a period of 10 years (chapter 5). Both the inclusion of bDMARD dis
continuation, as well as repeated dose optimisation attempts seem useful in disease 
activity-guided dose optimisation (chapter 5). Last, although pharmacokinetic 
boosting of reduced-dose tofacitinib is not fully pharmacologically bioequivalent to 
standard-dose tofacitinib because of slightly lower tofacitinib serum levels, it may be 
equally effective in clinical practice based on a exposure-response modelling. 
Therefore, a follow-up clinical study is advised (chapter 6). 
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Zinniger en zuiniger omgaan met biologicals en 
JAK-remmers bij reumatische ontstekingsziekten

Reumatische ontstekingsziekten zijn ziekten waarbij de gewrichten en pezen ontstoken 
zijn door een eigen reactie van het lichaam. Daarom behoren deze ziekten tot de 
auto-immuunziekten. De ontstekingen in gewrichten en pezen hebben grote impact 
op patiënten door  verminderde beweeglijkheid van de gewrichten, pijn en verminderd 
functioneren. Dit proefschrift richt zich op drie reumatische ontstekingsziekten: 
reumatoïde artritis (RA), artritis psoriatica en axiale spondyloartritis. 

Over de tijd zijn er veel behandelingen voor deze ziekten ontwikkeld. De eerste stap in 
de behandeling van gewrichtsontstekingen is meestal behandeling met de klassieke 
reumaremmers, zoals methotrexaat en leflunomide. Wanneer deze behandeling 
onvoldoende werkt of teveel bijwerkingen geeft, wordt een biologische reumaremmer of 
JAK-remmer toegevoegd of in de plaats gegeven. Biologische reumaremmers, ook wel 
biologicals genoemd, beïnvloeden het afweersysteem en zijn gemaakt van eiwitten 
waardoor ze  alleen als infuus of injectie worden gegeven. Voorbeelden van biologicals 
zijn TNF-remmers, zoals adalimumab, en rituximab. JAK-remmers zijn chemische 
stoffen die reageren op de Janus kinase (JAK) route van het immuunsysteem en 
worden gegeven in tabletvorm. Voorbeelden van JAK-remmers zijn tofacitinib en 
baricitinib. De biologicals en de JAK-remmers zijn beiden zeer effectief voor de 
behandeling van reumatische ontstekingsziekten: ze verlagen de ziekteactiviteit, 
verminderen schade aan de gewrichten en verbeteren het functioneren.

Behalve voordelen, hebben deze groepen geneesmiddelen ook nadelen. Zo zijn ze zes 
tot twaalf keer duurder dan klassieke reumaremmers, geven ze een verhoogde kans 
op infecties en kunnen er huidreacties (pijn, roodheid) ontstaan op de plek van een 
injectie. Het geneesmiddel rituximab heeft daarnaast nog een eigen nadeel: je kunt 
minder goed antistoffen opbouwen na een vaccinatie. Het is daarom belangrijk om 
biologicals en JAK-remmers zinnig en zuinig in te zetten. Dit proefschrift gaat over  
het verbeteren van de behandeling met biologicals en JAK-remmers door: 1) het 
verbeteren van de vaccinatierespons tijdens behandeling met rituximab en 2) zuinig 
omgaan met deze geneesmiddelen, welke verder toegelicht worden in de volgende 
alinea’s.  

Eerdere studies naar de werkzaamheid van vaccinaties bij mensen die rituximab 
gebruiken onderzochten de hoge dosering (2 infusen van 1000 mg elk halfjaar) of 
standaard dosering rituximab (1 infuus van 1000 mg elk halfjaar). Sinds kort weten 
we dat we bij een deel van de rituximab gebruikers ook verder kunnen afbouwen, 
naar 500 mg of zelfs 200 mg per halfjaar. Omdat deze lage doseringen het afweer- 
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systeem minder sterk onderdrukken, kunnen vaccins mogelijk ook beter werken. 
Over het beste moment van vaccineren ten opzichte van de toediening van rituximab 
(timing) is nog weinig bekend. Het advies is om een vaccinatie pas een halfjaar na  
het laatste rituximab infuus te geven, maar dit is niet uitgebreid onderzocht.  
De onderzoeken in hoofdstuk 2 en hoofdstuk 3 gaan daarom over COVID-vaccinaties 
bij mensen met RA die rituximab gebruiken, waarin we het effect van dosis en timing 
van rituximab onderzoeken. 

In verschillende eerdere onderzoeken is al gekeken naar manieren om biologicals en 
JAK-remmers zuinig te gebruiken. Daarbij kijken we naar de werkzaamheid ten opzichte 
van de kosten, dit noemen we kosteneffectiviteit. Een overzicht van alle (mogelijke) 
strategieën met aanbevelingen hierover ontbreekt alleen nog. Het onderzoek in 
hoofdstuk 4 beschrijft de eerste richtlijn naar kosteneffectief omgaan met biologicals  
en JAK-remmers. Een belangrijke en bekende strategie het stapsgewijs en ziekte-
gestuurd afbouwen van de hoeveelheid geneesmiddel bij mensen met een rustige 
ziekte. Wanneer de ziekte toch actief wordt, kan de dosis van het geneesmiddel weer 
worden opgehoogd. Ziekte-gestuurd afbouwen van TNF-remmers bij RA is tot 3 jaar 
na start effectief gebleken. In hoofdstuk 5 onderzochten we de werkzaamheid van 
ziekte-gestuurd afbouwen van TNF-remmers bij RA over een nog langere periode, 
namelijk 10 jaar. Tenslotte zou het remmen van de afbraak van JAK-remmers in  
het lichaam een nieuwe strategie voor kosteneffectief behandelen kunnen zijn. 
JAK-remmers worden namelijk afgebroken door een enzym (CYP3A) in de lever en er 
zijn specifieke geneesmiddelen op de markt die dit enzym remmen. Hierdoor blijven 
JAK-remmers langer in het lichaam aanwezig en kunnen patiënten mogelijk met een 
lagere dosering hetzelfde effect bereiken. Hoofdstuk 6 beschrijft een onderzoek 
naar de combinatie van de JAK-remmer tofacitinib met de enzymremmer cobicistat 
in mensen met RA en artritis psoriatica. 

Hoofdstuk 2: Werkzaamheid van de COVID-vaccinatie tijdens gebruik  
van rituximab
In hoofdstuk 2 onderzochten we de werkzaamheid van de COVID-vaccinatie bij met 
mensen met RA die rituximab gebruikten of hadden gebruikt. Mensen met RA konden 
meedoen aan het onderzoek als ze twee COVID-vaccinaties hadden gekregen en het 
afgelopen jaar behandeld waren met rituximab. Het doel van het onderzoek was het 
meten van de aanwezigheid van een vaccinatierespons twee tot zes weken na de 
tweede vaccinatie. Hiermee bedoelen we de aanwezigheid van antistoffen tegen 
COVID-19 in het bloed. Daarnaast verzamelden we andere gegevens over de 
deelnemers, zoals de datum en dosis van het laatste rituximab infuus, het gebruik 
van andere reumamedicatie en eerdere COVID infecties. 
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In totaal deden 196 mensen mee aan het onderzoek, van wie 31 voor de vaccinatie 
behandeld was met 200 mg rituximab, 67 met 500 mg en 98 met 1000 mg. We vonden 
antistoffen tegen COVID bij 55 van de 196 mensen (28%). Deze antistoffen waren 
vaker aanwezig bij de groep die behandeld was met 200 mg, namelijk bij 45% van de 
mensen behandeld met 200 mg in tegenstelling tot 26% van de mensen behandeld 
met 1000 mg. We konden ook een effect van het moment van vaccineren op 
aanwezigheid van antistoffen aantonen. De kans op aanwezigheid van antistoffen 
nam toe met elke maand die langer gewacht werd met vaccineren na het rituximab 
infuus. Samengevat laat dit onderzoek zien dat een dosis van 200 mg ten opzichte 
van 1000 mg en een langere tijd tussen infuus en vaccinatie beiden een positief effect 
hebben op de werkzaamheid van een COVID vaccinatie. 

Hoofdstuk 3: Het effect van een derde COVID-vaccinatie en het aanhouden  
van vaccinatierespons tijdens gebruik van rituximab  
Het onderzoek van hoofdstuk 3 is een vervolg op hoofdstuk 2. Het onderzoek van 
hoofdstuk 3 bestond uit twee deelonderzoeken. In het eerste deelonderzoek bekeken 
we of een derde vaccinatie zorgt voor het ontstaan van antistoffen tegen COVID, bij 
mensen uit het onderzoek van hoofdstuk 2 die na twee vaccinaties nog geen 
antistoffen hadden opgebouwd. Ook hierbij keken we naar het effect van dosis en 
timing van rituximab. In het tweede deelonderzoek keken we of de antistoffen een 
paar maanden later nog aanwezig waren, bij mensen die na twee vaccinaties wel 
antistoffen hadden opgebouwd. 

Van de 196 mensen uit het onderzoek van hoofdstuk 2, deden er 121 mee aan dit 
onderzoek: 98 aan het eerste deelonderzoek en 23 aan het tweede. Het eerste 
deelonderzoek liet zien dat 19 van de 98 mensen (19%) antistoffen tegen COVID 
ontwikkelde na de derde vaccinatie. Ook in dit onderzoek hadden een lagere rituximab 
dosis en een langere tijd tussen infuus en vaccinatie een positief effect op het krijgen 
van antistoffen. Het tweede onderzoek liet zien dat de antistoffen bij 22 van de 23 
mensen aanwezig bleven. Negen van de 23 mensen hadden tussen de twee antistof-
metingen een infuus met rituximab gehad, van wie acht hun antistoffen behielden. 
Dit onderzoek liet zien dat voor mensen die rituximab krijgen vervolgvaccinaties 
tegen COVID zinvol zijn, omdat bij elke vaccinatie weer een deel van de mensen 
antistoffen krijgt. Daarnaast laat dit onderzoek zien dat ook bij mensen die rituximab 
krijgen, de antistoffen tenminste enkele maanden in het bloed aanwezig blijven. 

Hoofdstuk 4: Richtlijn over kosteneffectief gebruik van biologicals en 
JAK-remmers
Hoofdstuk 4 beschrijft verschillende aanbevelingen over kosteneffectief gebruik 
van biologicals en JAK-remmers. Voor dit onderzoek verzamelden we een groep 
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experts op het gebied van reumatologie, epidemiologie en farmacologie uit zeven 
verschillende Europese landen. Als eerste hebben we een-op-een interviews gehouden 
met alle experts om de strategieën te vinden. De strategieën werden daarna  
gebruikt voor het literatuuronderzoek, waarbij we zochten naar literatuurstudies  
en gerandomiseerde studies. Het laatste deel bestond uit het opstellen van de 
aanbevelingen op basis van de gevonden literatuur. Voor elke strategie werd er 
gekeken of er een of meerdere aanbevelingen te maken waren. Daarna bepaalden we 
voor elke aanbeveling de sterkte van het wetenschappelijk bewijs (level of evidence, 
1A tot 5) en de sterkte van de aanbeveling (grade of recommendation, A tot D). Hierna 
werd er anoniem gestemd over de aanbevelingen, waarbij elke expert zijn of haar 
mate van overeenstemming aangaf (level of agreement, 0 tot 10). 

Er werden twaalf verschillende strategieën gevonden, waarbij we over tien strategieën  
in totaal twintig aanbevelingen konden opstellen. De gemiddelde overeenstemming 
van de aanbevelingen was 8,9. Tien van de twintig aanbevelingen hadden hierbij  
een hoge sterkte van wetenschappelijk bewijs (sterkte 1 of 2). Voorbeelden van 
aanbevelingen met een hoge sterkte van bewijs zijn: i. Het gebruiken van biosimilars, 
generieke varianten van biologicals; ii. Het weglaten van de oplaaddosis van de 
geneesmiddelen abatacept, certolizumab en secukinumab; en iii. Het ziekte-gestuurd 
afbouwen van TNF-remmers voor alle drie ontstekingsziekten en van alle biologicals 
bij RA.  

Hoofdstuk 5: Ziekte-gestuurd afbouwen van TNF-remmers in RA gedurende 
tien jaar
De DRESS studie is het eerste onderzoek naar ziekte-gestuurd afbouwen van 
TNF-remmers. Dit was een gerandomiseerd onderzoek van 1,5 jaar waarin mensen 
met RA via loting verdeeld werden tussen ziekte-gestuurd afbouwen van de 
TNF-remmer en doorgaan met de huidige dosering. De deelnemers van de DRESS 
studie zijn hierna nog 1,5 jaar gevolgd. In deze periode was ziekte-gestuurd afbouwen 
toegestaan bij alle deelnemers. Beide onderzoeken van de DRESS studie lieten zien 
dat ziekte-gestuurd afbouwen effectief en veilig is. 

Hoofdstuk 5 beschrijft een studie, waarin we de deelnemers aan het DRESS onderzoek 
volgden tot tien jaar vanaf het begin van het onderzoek. Hiervoor gebruikten we 
informatie over ziekteactiviteit en medicatie uit het patiëntendossier en beschikbare 
röntgenfoto’s. We hadden verschillende doelen met dit onderzoek. Als eerste 
onderzochten we de ziekteactiviteit en de gebruikte dosis van de TNF-remmer en 
andere biologicals over de tijd. Als tweede onderzochten we of een tweede poging tot 
afbouwen van de medicatie mogelijk was, wanneer de eerste afbouwpoging niet 
lukte. Als derde onderzochten we of het uiteindelijk stoppen van de biological 
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mogelijk was. Als laatste bekeken we het ontstaan van schade aan de gewrichten 
door afbouwen, waarvoor we röntgenfoto’s van de handen en voeten na 10 jaar 
hebben vergeleken met de foto’s na drie jaar. De deelnemers van het onderzoek 
waren de 170 mensen die het vervolgonderzoek van de DRESS studie tot drie jaar 
hadden afgerond. 

Het onderzoek liet zien dat de ziekteactiviteit laag over de periode van tien jaar, 
ondanks dat de dosering van de TNF-remmers gemiddeld met de helft werd afgebouwd. 
Van de 161 mensen die een afbouwpoging deden, kon 119 afbouwen tot stop (74%).  
De gemiddelde duur van de medicatiestop was zeven maanden, en 25 patiënten  
(21%) konden zelfs de rest van het onderzoek gestopt blijven. De gemiddelde 
röntgenschade die we vonden was laag. We vonden daarnaast een verband tussen 
hoge ziekteactiviteit en röntgenschade, maar niet tussen een lage dosis biological en 
röntgenschade. Op basis van dit onderzoek concluderen we dat ziekte-gestuurd 
afbouwen van TNF-remmers en andere biologicals veilig en effectief blijft gedurende 
tien jaar. Wel is het belangrijk om de ziekteactiviteit laag te houden, omdat een hoge 
ziekteactiviteit kan leiden tot röntgenschade van de handen en voeten. 

Hoofdstuk 6: Remmen van de afbraak van tofacitinib met de enzymremmer 
cobicistat
In hoofdstuk 6 onderzochten we het gebruik van een enzymremmer (cobicistat) in 
de behandeling met het geneesmiddel tofacitinib. De standaard dosering van tofacitinib  
is twee keer per dag een tablet van 5 mg . Omdat cobicistat de afbraak van tofacitinib 
remt, vergeleken we tofacitinib en cobicistat één keer per dag (interventie) met 
tofacitinib twee keer per dag (controle). We vergeleken de gemiddelde hoeveelheid 
tofacitinib in het bloed voor beide behandelingen. Daarnaast keken we naar 
bijwerkingen, voorkeur van de deelnemers en hebben we de ziekteactiviteit voor 
beide behandelingen berekend met een model. 

Aan het onderzoek hebben dertig mensen deelgenomen, die ten minste twee weken 
tofacitinib 5 mg twee keer per dag gebruikten voor de behandeling van hun RA of 
artritis psoriatica. Aan het begin van de studie werd met een aantal bloedafnames op 
één dag de hoeveelheid tofacitinib in het bloed bepaald. Na de bloedafnames gingen 
de deelnemers tofacitinib met cobicistat één keer per dag gebruiken. Na 2-6 weken 
werden opnieuw bloedafnames gedaan, zodat we de hoeveelheid tofacitinib in het 
bloed konden vergelijken. 

In totaal hebben 25 mensen het onderzoek afgemaakt. De gemiddelde hoeveelheid 
tofacitinib in het bloed was iets lager voor de combinatiebehandeling van tofacitinib 
met cobicistat. We vonden geen ernstige bijwerkingen tijdens het onderzoek. De 
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meerderheid van de deelnemers gaf de voorkeur aan de combinatiebehandeling. Ook 
de voorspelde ziekteactiviteit was niet verschillend voor de twee behandelingen. 
Onze conclusie was dat de behandeling van tofacitinib met cobicistat mogelijk de 
behandeling goedkoper en patiëntvriendelijker kan maken, ondanks de iets lagere 
bloedwaarden. Eerder onderzoek met tofacitinib liet namelijk zien dat een lagere 
dosis (3 mg twee keer per dag) mogelijk ook effectief is voor de behandeling van RA en 
artritis psoriatica. Uitgebreider onderzoek met de combinatie van tofacitinib en 
cobicistat is nodig om een verschil in werkzaamheid uit te sluiten.

Conclusies

In dit proefschrift onderzochten we verschillende manieren om de behandeling  
met biologicals en JAK-remmers bij reumatische ontstekingsziekten te verbeteren. 
De werkzaamheid van een COVID-vaccinatie bij mensen die rituximab gebruiken,  
kan worden verbeterd door een lagere dosering rituximab of een langere tijd tussen 
infuus en vaccinatie (hoofdstuk 2 en 3). De vaccinatierespons blijft aanwezig bij 
mensen die rituximab gebruiken, zelfs als er tussendoor een behandeling met 
rituximab is geweest (hoofdstuk 3). Twaalf verschillende strategieën voor kosten
effectief omgaan met biologicals en JAK-remmers werden gevonden, waarbij literatuur
onderzoek leidde tot twintig aanbevelingen over tien van deze strategieën voor de 
praktijk (hoofdstuk 4). Ziekte-gestuurd afbouwen van TNF-remmers bij mensen 
met RA leidt tot een halvering van de hoeveelheid geneesmiddel met een aanhoudend 
lage ziekteactiviteit (hoofdstuk 5). Tijdens het ziekte-gestuurd afbouwen zijn zowel 
afbouwen tot stop als herhaaldelijke afbouwpogingen van toegevoegde waarde 
(hoofdstuk 5). Tenslotte leidt de combinatietherapie van tofacitinib met cobicistat 
één keer daags tot een iets lagere hoeveelheid geneesmiddel in het bloed dan tofacitinib 
twee keer daags. Vervolgonderzoek is nodig om een verschil in werkzaamheid tussen 
beide behandelingen uit te sluiten (hoofdstuk 6). 
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Dit proefschrift is met de hulp van heel veel mensen tot stand gekomen, waarvoor ik 
iedereen die een bijdrage heeft geleverd hartelijk wil bedanken. In 2019 kwam ik in de 
Sint Maartenskliniek met het plan om een promotieonderzoek te doen, waarbij alleen 
het uitvoeren van de PRACTICAL-studie (hoofdstuk 6) al vast stond. Het schrijven van 
een proefschrift vanuit het oogpunt ‘medicatie’ in plaats van ‘een reumatologische 
aandoening’ waarbij ik zelf mocht meedenken over de projecten, is een hele leerzame 
en gave reis geweest. In het bijzonder wil ik een aantal mensen bedanken die bij 
hebben gedragen aan dit proefschrift. 

Allereerst dank aan alle patiënten die hebben deelgenomen aan de onderzoeken in dit 
proefschrift. Voor jullie interesse in groten getale voor het COVID-vaccinatie onder-
zoek, en jullie intensieve bijdrage met meerdere opnamedagen voor het PRACTICAL 
onderzoek.

Beste Alfons, van promovendi elders hoor ik vaak dat de eerste promotor afstandelijk  
en amper beschikbaar is, maar jij was juist het tegenovergestelde! Ik heb je ervaren als 
een betrokken begeleider die vaak het beste wist hoe mijn projecten ervoor stonden, 
die het beste en het hardst kon trekken aan inclusies die niet hard genoeg liepen en  
er was altijd tijd om te overleggen als ik dat nodig had. Bedankt ook voor je geduld  
met sommige epidemiologische principes waarbij ik de bocht wat te kort wilde nemen: het 
schaap dat aan een kant zwart is, is me inmiddels echt duidelijk geworden. Naast 
algemene onderzoeksvaardigheden waardeer ik het ook dat je me tijdens mijn PhD 
veel meer hebt bijgebracht, zoals het maken van begrotingen, het beoordelen van 
juridische contracten, gesprekken met subsidiegevers en het schrijven van een richtlijn 
met een internationale onderzoeksgroep. Als laatste waardeer ik dat het niet altijd 
inhoudelijk hoefde te zijn: ons overleg kon ook simpelweg even bijpraten in de binnen- 
tuin zijn of een rondje wandelen om de Maartenskliniek. 

Beste Bart, ik waardeer het erg dat het in overleg met jou altijd de vraag was hoe het 
met mij ging en of de werklast nog te doen was. Met name in het begin van mijn 
promotie hebben we uitgebreid samengewerkt om het INDIGO-project uit te denken, 
wat door de COVID helaas geen invulling meer heeft gekregen. Ik kijk met een positief 
gevoel terug op onze tekeningen van dosis-respons curves en excels met berekende 
farmacologische parameters. Ik ben erg blij dat jij mijn begeleider wilde zijn om zo 
wat klinisch farmacologische diepgang te geven aan mijn PhD-traject. Ook waardeer ik 
je betrokkenheid bij het Delphi-project met het vinden van Delphi members en het 
leiden van de digitale meetings. Ik hoop je in de toekomst weer tegen te komen bij 
mijn opleiding tot klinisch farmacoloog. 
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Beste Lise, bedankt voor je laagdrempelige betrokkenheid tijdens mijn PhD-traject. 
Met name aan het begin van het traject heb je me op gang getrokken, maar ook in het 
laatste stuk kon ik altijd even videobellen als ik ergens vastliep. Ik waardeer dat ik 
zorgvuldig onderzoek doen van je heb mogen leren, zoals het voorwerk bij de ethische 
commissie en lokale toetsing, maar ook juist documenteren en archiveren, wat mijn 
traject zeker makkelijker heeft gemaakt. Buiten het onderzoek om waren de diners en 
borrels op congressen altijd gezellig met jou!

Beste David, midden in de coronaperiode kreeg ik een nieuw project naar me toe-
geschoven wat jouw idee was, en wat voor een project! Bedankt voor je uitgebreide 
hulp hierbij, je gaf me altijd het idee dat we het samen deden in plaats van dat je mijn 
begeleider was. Door jouw inzet hebben we het razendsnel door de ethische toetsing 
gekregen, hierdoor tweehonderd patiënten kunnen includeren en heb ik ermee 
kunnen shinen op de NVR! Bedankt ook voor je regelmatige appjes om te vragen hoe 
het met me is en je enthousiasme over (kleine) mijlpalen, ook nu ik allang weg ben  
op de SMK. 

Beste Noortje, bedankt voor je enthousiasme en inzet bij het DRESS-project. Zeker de 
dataverwerking en analyses heb ik als erg pittig ervaren, maar jouw laagdrempelige 
en fijne begeleiding hielp mij om het licht aan het eind van de tunnel te blijven zien. 
Ook het beoordelen van röntgenfoto’s werd zo minder saai. Ik hoop later net als jou de 
reumatologie en klinische farmacologie te kunnen combineren en kijk er erg naar uit 
om onder jouw begeleiding de opleiding klinische farmacologie te volgen! 

Beste Rob, ook jij voelde echt als een begeleider voor mij tijdens het PRACTICAL-
project. Ik wil je bedanken voor je inzet bij de opnamedagen in het Radboud, het 
verwerken en analyseren van de monsters en mij een kijkje geven in farmacokinetisch 
modelleren.

Beste leden van de manuscriptcommissie, prof. Reinout van Crevel, prof. Sjoerd 
Repping en prof. Angelique Weel-Koenders, hartelijk dank voor het beoordelen 
van mijn proefschrift en het deelnemen aan de oppositie. 

My sincere thanks for all members of the Delphi study: Daniel Aletaha, Rieke Alten, 
Katerina Chatzidionysiou, James Galloway, John Isaacs, Denis Mulleman, 
Patrick Verschueren and Paco Welsing. Thank you for participating in all the online 
meetings for this new project in the midst of the COVID crisis, for which we could 
never meet in person. Thanks to your efforts, we wrote an excellent article with 
smooth publication. 
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Bedankt ook aan alle mede-promovendi van de reumatologie SMK tijdens (een deel 
van) mijn promotie: Celia, Iris Rose, Merel, Michelle, Tamara, Evy, Thomas, Nathan  
en Pauline. De altijd aanwezige support, gedeelde smart en dinsdagmiddag
wandelingen van de kamer heeft zeker positief bijgedragen aan dit proefschrift. 
Bedankt ook voor de gezelligheid op de tripjes naar de NVR Najaarsdagen en de  
EULAR in Kopenhagen. Nathan, bedankt voor je hulp bij de analyses van het COVID-  
en DRESS-project. Alle mooie figuren in mijn proefschrift zijn aan jou te danken! 
Thomas, bedankt voor het delen van Stata-trucjes, EndNote irritaties en onze 
schrijfmarathon voor de inleiding van het proefschrift. Ik hoop ook snel bij jouw 
promotie te kunnen zijn! 

Maike, door ons gedeelde promotieteam trokken we vanaf het begin al veel samen 
op. Je hebt me op zoveel manieren op weg geholpen tijdens mijn PhD: inhoudelijk 
door je uitstekende epidemiologie en statistiekkennis, sociaal door het managen  
van de samenwerking met Amsterdam en het managen van ons eigen promotieteam, 
en natuurlijk de gezellige kletsmomenten. Ik wens je heel veel succes met jouw 
laatste loodjes en kijk ernaar uit om bij jouw verdediging te zijn! 

Iris Rose, ik had me geen beter maatje kunnen wensen om samen een eilandje mee te 
zijn op de arts-onderzoekerskamer! We hebben lief en leed gedeeld over onderzoek, 
over poli, over supervisoren en de ethische commissie. Ook zou de arts-assistenten
vereniging van de SMK niet bestaan hebben zonder ons.. Je bent de hardste werker 
die ik ken, je enorme trial is een hele mooie basis voor een proefschrift. Ik ben heel 
blij dat jij mijn paranimf wilt zijn.  

Evy, ik ontmoette jou toen ik net een paar maanden bezig was op de SMK en jij 
bijkluste als onderzoeksassistent voordat je aan je co-schappen begon, bedankt  
voor die gezellige zomer! Ondertussen had je me bijna ingehaald met het afronden 
van je proefschrift en vond ik het super gezellig dat je er aan het einde van mijn SMK-
tijd weer was. Nog steeds kijk ik met veel verbazing en respect hoe je zo snel dat 
proefschrift afgerond hebt. Ik vind het super gezellig dat je me wilt ondersteunen  
als paranimf!

Ik wil alle reumatologen van de Sint Maartenskliniek bedanken voor de fijne 3,5 jaar 
tijd die ik op de SMK heb gehad. Bedankt voor de laagdrempelige supervisie en het 
gevoel dat wij ANIOS echt bij het team horen. Wanneer ik tijdens mijn opleiding nog 
eens langskwam in de SMK, voelde het weer als een warm bad. Daarnaast wil ik nog 
een paar reumatologen specifiek bedanken: Aatke, bedankt voor je hulp bij het 
DRESS-artikel en Sabien en Calin, jullie wil ik specifiek bedanken voor de inclusies 
van de PRACTICAL-studie!
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Ook de andere medewerkers op de Sint Maartenskliniek hebben bijgedragen aan  
de fijne tijd die ik heb gehad. Victor en Karin, bedankt voor jullie hulp bij de 
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