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9General introduction

1
Inflammatory rheumatic diseases and their treatment

Inflammatory rheumatic diseases (IRDs) are immune-mediated inflammatory diseases 
(IMIDs) that are characterised by pain and swelling of the joints (arthritis) and 
eventually joint damage. This thesis mainly focuses on rheumatoid arthritis (RA), but 
also includes other IRDs including psoriatic arthritis (PsA) and axial spondylarthritis 
(axSpA). RA is the most prevalent IRD with a worldwide prevalence of 0.25% but a 
higher prevalence of 0.35% is reported in Western Europe. (1, 2) 

IRD treatment focuses on reducing inflammation and thereby treating signs and 
symptoms and preventing (further) joint damage. The pharmacological treatment  
of IRDs consists of pain medication, including non-steroidal anti-inflammatory  
drugs (NSAIDs) and immunomodulatory medication (IA), including glucocorticoids 
and disease-modifying antirheumatic drugs (DMARDs). There are several classes of 
DMARDs, including conventional synthetic DMARDs (csDMARDs), biological DMARDs 
(bDMARDs) and targeted small molecules (tsDMARDs). csDMARDs are usually the first 
treatment option for both RA and PsA. If csDMARDs treatment results in insufficient 
disease control, a bDMARD or tsDMARD can be prescribed (with or without a 
concomitant csDMARD). For axSpA, bDMARDs are the first choice of DMARD 
treatment if NSAIDs are insufficient. (3-5) An overview of the various cs-, b- and 
ts-DMARDs and indication for RA, PsA and/or axSpA is shown in table 1. Table 1 also 
shows whether an agent is associated with an increased infection risk, which will  
be further discussed below.

IRDs, IA and infection risk

IA are very effective and have caused improvement in the treatment of various IRDs 
over the past twenty years. (6) However, there are some concerns about infection 
risks, and there is uncertainty about how to manage infections in these patients with 
regard to IA use. 

Regarding infection risk in IRD patients, it should first be noted that these patients 
already have an increased infection risk caused by their disease. (7) First, disease 
activity is associated with increased risk of (severe) infections for RA, but has also 
been demonstrated for other IMIDs including axSpA, inflammatory bowel diseases 
and psoriasis. (7-16) Additionally, certain comorbidities such as diabetes mellitus and 
chronic lung disease, and patient behaviour such as smoking can further contribute 
to an increased infection risk. (9, 13) 
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Table 1. Overview of DMARD /IA types and indications within rheumatology.

DMARD type Name Indication Infection risk

csDMARDs

Azathioprine RA -

Hydroxychloroquine RA -

Leflunomide RA, PsA -

Methotrexate RA, PsA -

Sulphasalazine RA -

bDMARDs

Anti CD20 Rituximab RA + (COVID-19)

IL1 blockers Anakinra RA + 

IL12/23 blockers Ustekinumab PsA +/-  

IL17 blockers Ixekizumab PsA, axSpA + (fungal infections)

Secukinumab PsA, axSpA + (fungal infections)

IL23 blockers Guselkumab PsA + 

Risankizumab PsA + 

IL6R blockers Sarilumab RA + 

Tocilizumab RA + 

T cell blocker Abatacept RA, PsA +/- 

TNF inhibitors Adalimumab RA, PsA, axSpA + (dose dependent?)

Infliximab RA, PsA, axSpA + (dose dependent?)

Golimumab RA, PsA, axSpA + (dose dependent?)

Certolizumab pegol RA, PsA, axSpA + (dose dependent?)

Etanercept RA, PsA, axSpA +/- 

tsDMARDs

JAK inhibitors Baricitinib RA + (herpes zoster)

Filgotinib RA + (herpes zoster)

Tofacitinib RA, PsA, axSpA + (herpes zoster)

Upadacitinib RA, PsA, axSpA + (herpes zoster)

PDE4 inhibitors Apremilast PsA -

DMARDs = disease modifying antirheumatic drugs, csDMARDs = conventional synthetic DMARDs, bDMARDs = 
biological DMARDs, IL = interleukin, TNF = tumour necrosis factor, tsDMARDs = targeted synthetic DMARDs, JAK 
= Janus kinase, PDE4 = phosphodiesterase-4, RA = rheumatoid arthritis, PsA = psoriatic arthritis, axSpA = axial 
spondylarthritis
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Glucocorticoids and csDMARDs
In addition, some IA are associated with increased infection risks. Glucocorticoids, 
especially in higher doses (≥10 mg per day) are associated with increased infection 
risks in patients with and without IRDs. (7, 9) Moreover, the long-term use of lower 
doses (up to 5 mg per day) of glucocorticoids is associated with increased infection 
risks as well (HR 1.32 (95% CI 1.18 to 1.47)). (7, 17) Infection risks for csDMARDs are in 
general low to absent. (7) For methotrexate, evidence is somewhat conflicting as 
some studies find no increased infection risk whereas others do. A large randomized 
controlled trial among healthy people to assess the effect of low-dosed methotrexate 
(15 to 20 mg per week) on cardiovascular risk, showed no differences in risk of severe 
infections (HR 1.02, 95% CI 0.69 to 1.50, for infections leading to death/intensive care 
admission, HR 1.10, 95% CI 0.91 to 1.32, for infections leading to hospitalization) and 
only a slightly higher rate of non-serious infections (HR 1.21, 95% CI 1.03 to 1.42, for 
mild infections for methotrexate compared to placebo. (18, 19)

bDMARDs
The use of bDMARDs is associated with a (dose dependent) increased infection risk. 
(20) Tumour necrosis factor inhibitors (TNFi), for example, are associated with 
increased serious infection risks when given in standard (OR 1.31, 95% CI 1.09 to 1.33) 
or high doses (OR 1.90, 95% CI 1.50 to 2.39), but low dosed TNFi are not (OR 0.93, 95% CI 
0.65 to 1.33). (20) Lower infection rates have been reported for etanercept compared 
to other TNFi. (21-23) Infection risks for other bDMARDs versus TNFi are similar, 
slightly higher (IL6R blockers; HR for serious infections 1.39, 95% CI 1.08 to 1.79, 
compared to etanercept) or slightly lower (abatacept; adjusted HR for serious 
infections 1.24, 95% CI 1.07 to 1.45, for etanercept versus abatacept, rituximab; RR of 
all infections 1.1, 95% CI 0.95 to 1.30, for rituximab with methotrexate versus 
methotrexate alone and ustekinumab; HR for serious infections 0.59, 95% CI 0.39 to 
0.90, versus TNFi). (7, 24, 25) Some bDMARDs are associated with specific infections, 
including for example an increased risk of Candida infections in patients treated with 
anti-IL 17 (aOR 2.44, 95% CI 1.40 to 4.25, versus ustekinumab), with higher risks in 
patients receiving higher doses. (26, 27) Additionally, monoclonal TNFi (adalimumab, 
infliximab and golimumab) are associated with increased risks of tuberculosis 
(reactivation) (aOR 2.49, 95% CI 1.45 to 4.25).(9, 28) 

A specific bDMARD of interest with regard to infection risk is rituximab. Rituximab - 
the only cell depleting bDMARD - is a monoclonal antibody targeting the CD20 
antigen found on B cells that can be used for the treatment of RA. The authorized 
(high) standard dose of rituximab is 2000 mg intravenously every six months, but 
standard low dose (1000 mg every six months) has been shown to be equally effective 
and is used in clinical practice as well. (29) A randomized controlled trial comparing 
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ultra-low doses of rituximab (500 or 200 mg every six months) to standard-low doses 
showed that ultra-low doses can be considered to treat RA patients who are in 
remission and already used standard-low dosed rituximab (REDO trial). (30) This trial 
found lower infection rates in patients receiving lower doses of rituximab, suggesting 
a dose-dependent infection risk. Moreover, a time-dependent infection risk has been 
suggested as well. One study reported lower infection risks over time (after rituximab 
infusion) in patients receiving rituximab for haematological malignancies and an 
increased risk of severe coronavirus disease 2019 (COVID-19) shortly after rituximab 
administration was seen in IRD patients. (31-33) Rituximab, and especially long-term 
treatment, is associated with B-cell depletion and low immunoglobulin levels (hypo
gammaglobulinemia). Hypogammaglobulinemia is found in approximately 20% of 
RA patients using rituximab and is associated with a slightly increased risk of (serious) 
infections in RA patients. (34, 35) Whether immunoglobulin levels should be monitored 
before and/or during rituximab treatment, remains a topic of debate. Both the EULAR 
and ACR do not recommend monitoring of immunoglobulin levels, but the British 
Society for Rheumatology and Rituximab Consensus Expert Committee do. (16, 29) 

In chapter 2, we conducted post-hoc analyses of the REDO trial mentioned above. 
We compared infection incidence rates between rituximab doses (standard-low and 
ultra-low doses) and over time (after rituximab infusion). Additionally, we assessed 
whether B-cell counts, immunoglobulin levels, neutrophil counts or IA use were 
mediating factors for this observed association between rituximab dose and infection 
risk. In chapter 3, we used a large retrospective cohort of RA patients that use(d) 
rituximab to further explore the dose- and time dependent infection risk for 
rituximab. In chapter 4, we assessed the prevalence of hypogammaglobulinemia in 
RA patients that use(d) rituximab and aimed to identify risk factors for hypogam-
maglobulinemia. 

tsDMARDs
tsDMARDs are relatively new agents and most evidence on infection risk comes  
from clinical trials or large registries. Patients included in clinical trials often do not 
fully reflect the general population, as they are usually younger and healthier.  
Also, clinical trials often have limited follow-up time. Observational data shows that 
the infection risk in tsDMARD use is comparable to infection risk in bDMARDs, except 
for a significantly higher risk of herpes zoster for Janus kinase inhibitors (JAKi)  
(HR 2.01, 95% CI 1.40 to 2.88, compared with abatacept). (36-38) Most studies focus 
on risk of severe infections and/or herpes zoster, but information on general infection 
risk in unselected real-world patients is scarce. Although maybe clinically less 
relevant, non-serious infections may cause a lot of burden to a patient but also to 
society in terms of work for example. In chapter 5, we therefore assess overall 
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infection (defined as at least requiring oral treatment) risk in JAKi compared to sub
cutaneously administered bDMARDs in a large cohort using a nationally representative 
prescription database.

In 2020 the world was confronted with a pandemic caused by the SARS-CoV-2 virus. 
(39) Information on risk of severe COVID-19 in IRD patients was initially very scarce 
and there were some concerns on this topic. Early studies showed no evident 
increased risks of (severe) COVID-19 in patients with IRDs. (40, 41) Later on, increased 
risks for severe COVID-19 were found in patients using glucocorticoids (glucocorti-
coids > 10 mg day versus no glucocorticoid use OR 1.69, 95% CI 1.18 to 2.41) or 
rituximab (versus methotrexate monotherapy OR 4.04, 95% CI 2.32 to 7.03). (13, 42-44) 
To contribute to knowledge on risk of severe COVID-19 in this potentially vulnerable 
patient population, we conducted an early (pre-vaccination) nested case control 
study to identify patient, disease and treatment characteristics that were associated 
with COVID-19 related hospitalisation and/or death (chapter 6). 

Management of IA treatment in case of infections 

Once an infection occurs, both clinicians and patients may face the same question: 
should the IA be continued or temporary interrupted? Most guidelines and Summaries 
of Product Characteristics (SmPCs) advice to temporary interrupt IA in case of an 
intercurrent (serious) infection, but direct evidence on this topic is absent. (43, 45) 
Theoretically, temporary interruption of IA should lead to a lower concentration of 
the IA and subsequently to a reduced immunosuppressive effect and better infection 
outcomes. However, temporary interruption of IA in case of an infection may not 
always be the best approach. Firstly, as many IA have long half-lives, interruption of 
the IA will not have an effect on the serum concentration while the infection is still 
ongoing. Also, interruption of IA can cause a disease flare, and higher disease activity 
is associated with increased infection risks, as well as glucocorticoids that are often 
used to treat disease flares. Ultimately, negative infection outcomes are often driven 
by excessive host response (e.g. severe COVID-19 or sepsis) rather than the pathogen 
itself. (46, 47) Many IA used for the treatment of various IRDs interfere in the cytokine 
pathways that are involved in inflammation, and can therefore be used to treat 
hyperinflammation caused by infections. 

There is no evidence comparing continuation versus temporary interruption of IA in 
case of an intercurrent infection in IRD (or any IMID) patients. Also, it is unclear what 
health care providers and patients think about this topic and why they would choose 
to either continue or temporary interrupt IA during an infection. There are some 
qualitative studies on perceived infection risk in IA use, but these do not elaborate on
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whether IA should be interrupted or continued. In chapter 7, we interviewed IMID 
patients and health care providers from different medical specialties to explore their 
perspective on continuation versus temporary interruption of IA during an infection. 
In chapter 8, we discuss the results of our randomized controlled trial in which we 
compared continuation versus temporary interruption of IA in case of an infection in 
IRD patients.

Outline of this thesis

To summarize, this thesis aims to 1) assess infection risk in patients with inflammatory 
rheumatic diseases, 2) investigate infection risk and the underlying mechanisms in 
rituximab and 3) assess whether immunomodulatory agents should be continued or 
interrupted in case of an infection. Based on these aims, this thesis consists of the 
following chapters.

Part 1. Rituximab, immunoglobulins and infection risk
	 Post-hoc analyses of the REDO trial to investigate a possible time and dose 

dependent infection risk of rituximab and to assess mediating factors between 
rituximab dose and infection risk (chapter 2)

	 A retrospective cohort study to further assess infection incidence and timing 
and dose dependency of infection risk in rituximab (chapter 3)

	 A cross-sectional study to determine the prevalence of and risk factors for 
hypogammaglobulinemia in RA patients that use rituximab (chapter 4)

Part 2. Infection risk in patients with inflammatory rheumatic diseases
	 A retrospective cohort study using a national prescription database to compare 

infection risk for JAKi tofacitinib and baricitinib to subcutaneous biological 
DMARDs (chapter 5)

	 A nested case control study to identify risk factors for COVID-19 hospitalization 
in patients with anti-rheumatic drugs (chapter 6)

Part 3. �Continuation versus temporary interruption of immunomodulatory 
agents during an infection

	 A qualitative interview study to explore patients’ and health care providers’ 
perspective on the use of immunomodulatory drugs during infections: an 
interview study (chapter 7)

	 A randomized controlled trial to assess the effect of continuation versus 
temporary interruption of IA in case of an infection (chapter 8)

Chapter 9 consists of a general summary and discussion about the results of this 
thesis and their relation to clinical practice, other research and the future.
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Abstract

Objectives
Rituximab (RTX) is a safe and effective treatment for RA. A dose-dependent infection 
risk was found in the REDO trial. Some studies associate RTX use with higher infection  
risks, possibly explained by low immunoglobulin levels and/or neutropenia. Additionally,  
a higher infection risk shortly after RTX infusion is reported. The objectives of this 
study were (i) to compare incidence rates of infections between doses and over time, 
and (ii) to assess B-cell counts, immunoglobulin levels, neutrophil counts and cortico
steroid/disease modifying rheumatic drug use as mediating factors between RTX 
study dose and infection risk.

Methods
Post hoc analyses of the REDO trial were performed. Infection incidence rates between 
RTX dosing groups and between time periods were compared using Poisson regression.  
A step-wise mediation analysis was performed to investigate if any of the factors 
mentioned above act as a mediator in the observed dose-dependent difference  
in infection risk.

Results
The potential mediators that were investigated (circulating B-cell counts, immuno
globulin levels, neutrophil counts and drug use) did not explain the dose-dependent 
infection risk observed in the REDO trial. Additionally, a trend towards a time- 
dependent infection risk was found, with higher infection rates shortly after RTX 
infusion.

Conclusions
These secondary analyses of the REDO trial confirmed the observed dose-dependent 
infection risk. Additionally, we found that infection risks were higher shortly after 
RTX infusion. However, a mediating pathway was not found.

Key messages
•	 Infection risk in RTX is dose dependent. A time-dependent infection risk was also 

demonstrated.
•	 We could not identify circulating B cells, immunoglobulins or neutrophils as mediators 

for this dose-dependent infection risk.
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Introduction

RA is a chronic autoimmune disease affecting up to 1% of the population. Autoreactive 
B-cells play a central role in its pathogenesis since autoantibodies precede its clinical 
onset by years [1]. Rituximab (RTX) is a biologic disease-modifying antirheumatic 
drug (bDMARD) targeting CD20-expressing B-cells and is a safe and effective 
treatment for RA. The registered dose is 2 × 1000 mg given 2 weeks apart, although 
nowadays 1 × 1000 mg/2 × 500 mg (standard low dose) is used in clinical practice as 
this has been shown to be equally effective [2].

Long-term RTX treatment can cause hypogammaglobulinaemia [HGG, defined as 
subnormal levels of immunoglobulin G (IgG), M (IgM) or A (IgA)], due to B-cell depletion 
[2, 3]. Additionally, some patients develop RTX-associated neutropenia [4]. Both HGG 
and RTX-associated neutropenia could theoretically lead to an increased infection 
risk in RTX users. Low IgG at baseline and RTX-associated neutropenia were found to 
be significant predictors of serious infection in the first 12 months of treatment, and 
for repeated RTX courses, HGG was shown to increase the risk of serious infections 
[5–8]. Most clinical trials generally find no additional infection risk for RTX in RA [6, 9, 
10]. However, observational studies that usually investigate longer treatment cycles, 
find infection rates up to 10.0 per 100 patient years, compared with 3.94 in clinical 
trials [6–9, 11].

RTX dosage and time since last infusion are other factors worth investigating, as 
infection risks are reported to be dose-dependent, and a dose-dependent infection 
risk has also been found in the ultra-low dose range [12]. In the double-blinded and 
randomized REDO study, comparing continued treatment with ultra-low doses of 
RTX (1 × 500 mg and 1 × 200 mg) with standard low dose, significantly lower infection 
rates were found in the ultra-low dose groups. With regard to time since last RTX 
infusion, data are scarce. However, a decreasing infection trend over time was found 
in haematological patients that received higher doses of RTX and concomitant 
oncolytic agents [13]. Additionally, higher risks of more severe COVID-19 were 
suggested shortly after RTX infusion in patients with inflammatory rheumatic 
diseases [14, 15].

In summary, RTX use may be associated with dose-dependent higher infection rates 
but it remains unclear how this effect is mediated. In order to investigate to what 
extent immunoglobulins, B-cells and neutrophil counts contribute to the observed 
dose-dependent infection risk in the REDO trial and to investigate whether there is a 
time-dependent infection risk, we performed a posthoc analysis of the REDO trial.
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Methods

Study design and participants
This study is a secondary, posthoc analysis of the REDO trial, a randomized controlled 
trial performed in five centres in the Netherlands [12]. REDO participants that 
previously agreed to be approached for future studies were asked for consent. This 
study was conducted in accordance with the Declaration of Helsinki. The local ethics 
committee (Commissie Mensgebonden Onderzoek region Arnhem-Nijmegen) evaluated 
this study (2020-6746) and an exemption was obtained as ethical approval for these 
types of studies is not required under Dutch law.

Outcomes
First, infection incidence rates between RTX dosing groups and infection incidence 
rates over time were compared. Second, a mediation analysis was performed to 
assess (i) circulating B-cell counts, immunoglobulin levels, presence of HGG (HGG 
defined as IgG <7.0 g/l and/or IgM <0.40 g/l and/or IgA <0.70 g/l) and neutrophil counts 
as mediators and (ii) oral corticosteroid use, corticosteroid injections and concomitant 
csDMARDs use as potential suppressors between RTX study dose and the incidence 
density of infections over 6 months (further explanation in Supplementary Data S1A, 
available at Rheumatology online). Infection outcomes, study doses, baseline patient 
characteristics and all potential mediators and suppressors were collected from the 
REDO dataset, except for immunoglobulin levels (IgA, IgM and IgG). Serum samples 
stored during the REDO trial were used to determine immunoglobulin levels at 
baseline, 3 months’ and 6 months’ follow-up. Data collection is further explained in 
Supplementary Data S1B (available at Rheumatology online).

Analyses
STATA/IC version 13.0 for Windows (StataCorp, College Station, TX, USA) was used. 
Multiple imputation using chained equations was performed to reduce bias and 
sample size reduction due to listwise deletion of patients with missing observations.

Infection incidence and rates over time
In addition to the Poisson regression performed in the REDO trial, comparing three 
dosing groups (1000, 500 and 200 mg), a Poisson regression model was used to test 
the association between infection incidence density and RTX study dose as a 
continuous variable. To compare infection rates over time, the study period was divided 
into three subsequent time intervals of 2 months (period 1, 2 and 3). A mixed-effects 
Poisson regression model was used to investigate the association between infection 
rate and time period. Random intercepts were estimated for the individual patients.
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Mediation analyses
A step-wise mediation analysis, based on the traditional approach by Baron and 
Kenny and adjusted upon practical examples by others, was performed (see 
Supplementary Data S1, available at Rheumatology online, for extended information).  
To test if RTX study dose caused differences in the potential mediators/suppressors  
over time, a repeated measures mixed model was fitted. Suppressor/mediator levels 
over time were the outcome variable in each repeated measures mixed model.  
The fixed effects were RTX study dose, time point and suppressor/mediator baseline 
levels (except for corticosteroid injections as there was no ‘baseline’ level). Random 
intercepts were estimated for the individual patients.

Results

Patient characteristics
Of the 142 original REDO patients, 133 provided informed consent (107 written 
informed consent, 26 orally). Post hoc, two patients were excluded, one due to 
receiving high-dose corticosteroids for immune thrombocytopenia and the other 
because of Sjögren’s disease, a condition associated with elevated immunoglobulin 
levels. Patient characteristics were similar between treatment groups (Supplementary 
Data S1, available at Rheumatology online).

Infection trends
As found in the REDO trial, RTX dose was significantly associated with the incidence 
density of infections over 6 months [incidence rate ratio 3.1 (95% CI 1.2, 7.9), P = 0.019]. 
Over 6 months, a total of 42 infections occurred in our study population. Most 
infections were mild to moderate and respiratory tract infections were most common. 
More information on infection characteristics is provided in the Supplementary 
Material (available at Rheumatology online).

Overall infection incidence rates were 96, 50 and 46 per 100 patient-years for period 
1 (0–2 months), period 2 (2–4 months) and period 3 (4–6 months), respectively. Most 
infections occurred during the first 2 months of follow-up (Fig. 1). Infection incidence 
densities showed a trend towards a decrease over time, with an incidence rate ratio 
of 0.52 (95% CI 0.25, 1.1; P = 0.082) for period 2 and 0.48 (95% CI 0.22, 1.1; P = 0.053) for 
period 3, compared with period 1.
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Figure 1. Infection incidence rates for 2-month intervals of the REDO trial

Table 1. Potential mediators/suppressors over time.

αa (95% CI) P-value

Mediator

  B-cell counts −0.57 (−2.1, 0.91) 0.45

  IgG levels 0.021 (−0.030, 0.071) 0.42

  IgM levels −0.00053 (−0.0084, 0.0073) 0.89

  IgA levels 0.0069 (−0.010, 0.024) 0.43

  HGG −0.019 (−0.23, 0.19) 0.86

  Neutrophil counts −0.025 (−0.12, 0.067) 0.60

Suppressor

  Oral corticosteroid use −0.12 (−3.4, 3.1) 0.94

  Corticosteroid injections −0.36 (−0.92, 0.20) 0.21

  csDMARD use −0.23 (−0.74, 0.28) 0.38

α: regression coefficient of study dose effect on mediators; numbers represent the estimated effect of RTX 
study dose on changes in potential mediators, e.g. per 100 mg change in RTX dose, B-cell counts decrease by 0.57 
cells/µl. csDMARD: conventional synthetic DMARD; HGG: hypogammaglobulinaemia; RTX: rituximab.
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Mediation analysis

None of the potential mediators or suppressors of interest were significantly 
influenced by RTX dose (Table 1). Therefore, none can be considered a mediator or 
suppressor between RTX dose and infection incidence.

Discussion

In this posthoc analysis of the REDO trial, significantly lower infection risks in lower 
RTX dosing groups were confirmed. However, an association with the hypothesized 
mediating factors could not be identified and the mechanism behind this dose- 
dependent infection risk remains unclear. Additionally, a time-dependent infection 
risk (with a higher risk shortly after RTX administration) was found, although it just 
did not reach statistical significance.

Our finding that infection risk in RTX users may be increased the first months after 
infusion is corroborated by emerging data on COVID-19 and timing of RTX infusion, as 
enhanced risks of severe disease are found shortly after RTX infusion [14, 15]. 
Moreover, impaired vaccination responses in RTX users have been reported, especially 
shortly after RTX administration [16]. To our knowledge, however, our study is the 
first to report infection incidence rates over time in RA patients. This finding may be 
partially explained by the administration of methylprednisolone prior to RTX infusion, 
as corticosteroids are known to increase infection risks [7]. However, infection rates 
were higher in the higher dosing groups, suggesting that at least part of the effect  
is caused by RTX and that this is dose-dependent.

The pathophysiological pathways that mediate the observed dose-dependent 
infection risk are not clear. A dose-dependent infection risk suggests association with 
serum RTX levels, but the main pharmacodynamic parameters further downstream 
(immunoglobulins, circulating B cells and neutrophils) are not part of this according 
to the results of our study. This may be due to the small sample size of the study, 
leading to insufficient power to detect possible mediation. Also, only circulating 
B-cells and neutrophils were measured. B-cells and neutrophils in peripheral tissues 
such as bone marrow, the spleen and lymph nodes may be affected by RTX as well 
and mediate the observed infection risk [17, 18]. Another potential, yet less likely 
explanation could be that there is mediation through pathways not involved in our 
analyses. For example, RTX may not only affect B-cell levels but also function, as it 
binds with B-cells [19]. Measuring B-cell counts, as was done in this study, does not 
provide any information on B-cell function. Another potential explanation could be 
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reduction of non-CD20+ B-cell counts and their derivatives (e.g. plasma cells). 
Especially in patients that have used RTX for longer periods of times, decreased levels 
of, for example, plasma cells are seen [3, 17]. Furthermore, CD4+ T cells are partially 
regulated by B-cells. RTX has been found to cause substantially lowered circulating 
CD4+ T cells in RA patients, and this may be associated with an increased infection 
risk [2, 20].
 
Strengths of this study include the randomized double-blind design of the REDO trial, 
minimizing the risk of confounding and bias. Moreover, this study is strengthened by  
its non-restrictive inclusion criteria, which ensures generalizability to the real-life RA 
population. A possible limitation is the relatively small sample size of our reference 
group (1000 mg) due to the 1–2–2 treatment allocation, which could have made our 
comparisons with the ultra-low dosing groups less precise. Another drawback is that, 
due to the fact that this posthoc analysis was not planned initially, new consent was 
needed. Eventually, the majority of the original participants (133 out of 142) gave 
consent.

In conclusion, these secondary analyses of the REDO trial confirm the observed 
dose-dependent infection risk. Additionally, we found that infection risks were higher 
shortly after RTX infusion. However, a mediating pathway was not found.

Acknowledgements
M.O., J.dL., N.dB., L.V. and A.dB. contributed to conception and design of the work. 
M.O., J.dL., R.T., W.vdW., M.K., L.vB. and L.V. contributed to data collection. M.O., J.dL., 
N.dB., L.V. and A.dB. contributed to data analysis and interpretation. M.O., J.dL., L.V. 
and A.dB. contributed to drafting the manuscript. All authors (M.O., J.dL., N.dB., R.T., 
W.vdW., M.T., M.K., L.vB., D.tC., L.V., A.dB.) contributed to critical revision of and 
attributed to the final manuscript.

Funding: The original REDO trial was funded by health insurance companies Centraal 
Ziekenfonds and Menzis. This secondary analysis was not externally funded.

Disclosure statement: The Sint Maartenskliniek (employer of M.O., J.dL., N.dB., D.tC., 
L.V. and A.dB.) has a patent Rituximab in Polymyalgia Rheumatica pending. M.O. 
reports research grants to the institution from Gilead. A.dB. reports: speakers fee and 
consultancy work for Galapagos, Abbvie; research grants to institution from Gilead, 
Pfizer, Lilly, Abbvie, Galapagos, Novartis and Sanofi; Rituximab related patent from 
institute (pending). J.dL., N.dB., R.T., W.vdW., M.N., M.K., L.G., D.tC. and L.V. report no 
competing interests.



29Rituximab and infection risk: dose dependency and mediation

2

Data availability statement
Deidentified data obtained, used and/or analysed during the current study are 
available from the corresponding author upon reasonable request.



30

References

1.	 van der Woude D, van der Helm-van Mil AHM. Update on the epidemiology, risk factors, and disease 
outcomes of rheumatoid arthritis. Best Pract Res Clin Rheumatol 2018;32:174–87.

2.	 Bredemeier M, Campos GG, de Oliveira FK. Updated systematic review and meta-analysis of 
randomized controlled trials comparing low- versus high-dose rituximab for rheumatoid arthritis. Clin 
Rheumatol 2015;34:1801–5.

3.	 Brinkman IH, van de Laar MAFJ, Jansen TL et al. The potential risk of infections during (prolonged) 
rituximab therapy in rheumatoid arthritis. Expert Opin Drug Saf 2011;10:715–26.

4.	 Salmon JH, Cacoub P, Combe B et al. Late-onset neutropenia after treatment with rituximab for 
rheumatoid arthritis and other autoimmune diseases: data from the AutoImmunity and Rituximab 
registry. RMD Open 2015;1:e000034.

5.	 Boleto G, Avouac J, Wipff J et al. Predictors of hypogammaglobulinemia during rituximab maintenance 
therapy in rheumatoid arthritis: a 12-year longitudinal multi-center study. Semin Arthritis Rheum 
2018;48:149–54.

6.	 van Vollenhoven RF, Emery P, Bingham CO3rd et al. Longterm safety of patients receiving rituximab in 
rheumatoid arthritis clinical trials. J Rheumatol 2010;37:558–67.

7.	 Gottenberg JE, Ravaud P, Bardin T et al. Risk factors for severe infections in patients with rheumatoid 
arthritis treated with rituximab in the autoimmunity and rituximab registry. Arthritis Rheum 
2010;62:2625–32.

8.	 Silva-Fernández L, De Cock D, Lunt M et al. ; BSRBR-RA Contributors Group. Serious infection risk after 1 
year between patients with rheumatoid arthritis treated with rituximab or with a second TNFi after 
initial TNFi failure: results from The British Society for Rheumatology Biologics Register for Rheumatoid 
Arthritis. Rheumatology (Oxford) 2018;57:1533-40.

9.	 Shi Y, Wu Y, Ren Y et al. Infection risks of rituximab versus non-rituximab treatment for rheumatoid 
arthritis: a systematic review and meta-analysis. Int J Rheum Dis 2019;22:1361–70.

10.	 Singh JA, Cameron C, Noorbaloochi S et al. Risk of serious infection in biological treatment of patients 
with rheumatoid arthritis: a systematic review and meta-analysis. Lancet 2015;386:258–65.

11.	 Md Yusof MY, Vital EM, McElvenny DM et al. Predicting severe infection and effects of hypogam-
maglobulinemia during therapy with rituximab in rheumatic and musculoskeletal diseases. Arthritis 
Rheumatol 2019;71:1812–23.

12.	 Verhoef LM, den Broeder N, Thurlings RM et al. Ultra-low doses of rituximab for continued treatment of 
rheumatoid arthritis (REDO study): a randomised controlled non-inferiority trial. Lancet Rheumatol 
2019;1:e145–53.

13.	 Nissen JC, Hummel M, Brade J et al. The risk of infections in hematologic patients treated with rituximab 
is not influenced by cumulative rituximab dosage—a single center experience. BMC Infect Dis 
2014;14:364.

14.	 Avouac J, Drumez E, Hachulla E et al. ; FAIR/SFR/SNFMI/SOFREMIP/CRI/IMIDIATE consortium and 
contributors. COVID-19 outcomes in patients with inflammatory rheumatic and musculoskeletal 
diseases treated with rituximab: a cohort study. Lancet Rheumatol 2021;3:e419–26.

15.	 Quartuccio L, Treppo E, Binutti M et al. Timing of rituximab and immunoglobulin level influence the risk 
of death for COVID-19 in ANCA-associated vasculitis. Rheumatology 2021;60:3476–7.

16.	 Spiera R, Jinich S, Jannat-Khah D. Rituximab, but not other antirheumatic therapies, is associated with 
impaired serological response to SARS-CoV-2 vaccination in patients with rheumatic diseases. Annals 
of the Rheumatic Diseases 2021;80:1357–9.

17.	 Leandro MJ. B-cell subpopulations in humans and their differential susceptibility to depletion with 
anti-CD20 monoclonal antibodies. Arthritis Res Ther 2013;15(Suppl 1):S3.

18.	 Ramwadhdoebe TH, van Baarsen LGM, Boumans MJH et al. Effect of rituximab treatment on T and B cell 
subsets in lymph node biopsies of patients with rheumatoid arthritis. Rheumatology (Oxford) 
2019;58:1075–85.

19.	 Taylor RP, Lindorfer MA. Drug insight: the mechanism of action of rituximab in autoimmune disease—
the immune complex decoy hypothesis. Nat Clin Pract Rheumatol 2007;3:86–95.

20.	 Lavielle M, Mulleman D, Goupille P et al. Repeated decrease of CD4+ T-cell counts in patients with 
rheumatoid arthritis over multiple cycles of rituximab treatment. Arthritis Res Ther 2016;18:253.



31Rituximab and infection risk: dose dependency and mediation

2

Supplementary data

A - Mediation analysis
Mediation analysis explores a causal relationship between two variables by 
identifying an intermediate variable. The traditional approach to mediation analysis 
by Baron and Kenny states three causal criteria for an intermediate variable to be 
considered a mediator between treatment and outcome (supplementary figure S1).1 
Mediation analysis was originally developed for social psychological research, but 
can be used in biomedical research as well.2-4 

Primarily, there has to be a significant relationship between the treatment and the 
outcome (supplementary figure S2A; path C). Secondly, the potential mediator has to 
be influenced by the treatment (path a). Lastly, introduction of the mediator in a 
model where the outcome is predicted by the treatment, has to decrease the 
predictive value of the treatment (path C > path c’). 

Supplementary Figure S1. Mediation analyses

Supplementary Figure S2A. 	 Supplementary Figure S2B.
Treatment outcome model with and	 Treatment outcome model with and
without a mediator	 without a suppressor
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Mediation has been amended with suppressors, i.e. negative mediators. Suppressors 
are intermediate variables that (partly) mask a treatment effect, and, when introduced  
to a treatment outcome model, increase the predictive value of the treatment 
(supplementary figure S2B; path C’>c). For example, higher RTX doses may lead to a 
decrease in use of corticosteroids and concomitant DMARDs. Use of corticosteroids  
and concomitant DMARDs is associated with increased infection risks5 6. Consequently,  
a decrease in their use can lead to lower infection risks, ‘masking’ or ‘suppressing’  
the effect of RTX on infection risks. Suppressors may mask or ‘suppress’ the effect  
of treatment on outcome. 

B - Data collection
Infections
During the REDO trial, all adverse events (AEs), including infections were registered. 
AEs were registered at every visit (baseline, 3 months, 6 months and if applicable 
unplanned visits) using the Common Toxicity Criteria for Adverse Events v4.0 (CTCAE) 
with explicit focus on infusion reactions and infections. Additionally, all reported AEs 
related to infections were assessed by three researchers (AdB, LV, KdL).

B-cells, immunoglobulins and neutrophil counts
Levels of B-cells and neutrophils were determined during the REDO trial at baseline, 
3 and 6 months follow-up. Immunoglobulin levels were not collected during the trial, 
however collected serum of participants was stored. Serum samples of patients that 
gave consent for the additional analyses were used to measure immunoglobulin 
levels at baseline, 3 and 6 months follow-up.

Imputation
Multiple imputation using chained equations (MICE) was performed to reduce bias 
and sample size reduction due to listwise deletion of patients with missing 
observations. Variables that were imputed, if missing, are disease activity (DAS28- 
CRP), leukocyte counts, neutrophil counts, B-cell counts and immunoglobulin levels.
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C -  Patient characteristics

Supplementary table S1. Patient characteristics.

1000mg (n=27) 500mg (n =52) 200mg (n=52)

Age 65 (59-71) 65 (56-70) 67 (57-75)

Sex (male) 11 (41%) 20 (38%) 14 (27%)

Rheumatoid factor (positive) 24 (89%) 43 (83%) 42 (81%)

aCCP (positive) 22 (85%) 43 (84%) 42 (84%)

Comorbidities
Cardiovascular disease
Previous severe infections

11 (41%)
4 (15%)

23 (44%)
9 (17%)

26 (50%)
10 (21%)

Disease duration (years) 15 (7-24) 12 (7-20) 12 (8-20)

Disease activity (DAS28-CRP)
Baseline
3 months
6 months

2.4 (0.93)
1.9 (1.6-2.8)
2.1 (0.68)

2.3 (0.95)
1.9 (1.4-2.8)
2.3 (0.85)

2.5 (1.1)
2.1 (1.5-3.2)
2.1 (0.92)

Duration of RTX use (years) 3 (2-7) 2 (1-5) 4 (2-6)

Most recent dose of RTX
1x1000mg
2x1000mg

24 (89%)
3 (11%)

49 (94%)
3 (6%)

51 (98%)
1 (2%)

Concomitant csDMARD use
Methotrexate
Leflunomide
Hydroxychloroquine
Other

19 (70%)
13 (68%)
2 (11%)
2 (11%)
4 (21%)

31 (60%)
20 (63%)
5 (16%)
6 (19%)
5 (16%)

32 (62%)
22 (67%)
6 (18%)
2 (6%)
6 (19%)

Oral corticosteroid use
Baseline
6 months

4 (15%)
3 (11%)

9 (17%)
9 (17%)

9 (17%)
9 (17%)

Oral corticosteroid dose (mg/day)
Baseline
6 months

4.4 (1.25)a

4.2 (1.4)
6.9 (2.4)
6.1 (2.5)

4.6 (1.8)
5.4 (2.7)

Leukocyte counts 
(cells per nL) [4.0-10]

6.3 (2.0) 6.4 (1.8) 6.1 (2.2) 

Neutrophil counts 
(cells per nL) [2.0-7.2]

5.0 (2.1) 5.2 (1.7) 4.8 (2.2) 

B-cell counts 
(cells per µL)

10 (2-35) 10 (2-28) 6 (0-30) 

IgG levels (g/L) [7.0-14] 9.6 (8.9-11) 9.5 (7.7-11) 9.0 (6.9-11)

IgM levels (g/L) [0.40-2.3] 0.70 (0.41-1.1) a  0.53 (0.36-0.80) 0.40 (0.26-0.75) 

IgA levels (g/L) [0.70-4.0] 2.1 (1.7-3.5) 2.0 (1.3-2.9) 2.1 (1.4-2.6)
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D – Infection characteristics
As mentioned in the manuscript, a total of 42 infections occurred in our study 
populations. Infection severity was defined according to the Common Terminology 
Criteria for Adverse Events version 5.0 (CTCAE 5.0). Most infections were mild to 
moderate (defined as grade 1 or 2 according to the CTCAE 5.0). Respiratory infections 
were most common. In supplementary table S2, infection characteristics are 
displayed (infection severity and type of infections). Whether these infections were 
caused by a viral, fungal or bacterial pathogen was unknown.

Supplementary Table S2. Infection characteristics.

1000mg (n=15) 500mg (n =15) 200mg (n=12)

Infection grade 
Grade 1
Grade 2
Grade 3
Grade 4/5

6 (40%)
7 (47%)
2 (13%)
0 (0%)

11 (73%)
3 (20%)
1 (7%)
0 (0%)

3 (25%)
8 (67%)
1 (8%)
0 (0%)

Types of infection
Respiratory 
Gastrointestinal
Musculoskeletal
Urogenital
Other

11 (73%)
1 (7%)
0 (0%)
3 (20%)
0 (0%)

10 (67%)
2 (13%)
1 (7%)
1 (7%)
1 (7%)

9 (75%)
1 (8%)
0 (0%)
2 (17%)
0 (0%)

Data are presented as number (N) and percentage (%). a is added if p < 0.05

Supplementary table S1. Continued.

1000mg (n=27) 500mg (n =52) 200mg (n=52)

HGG 6 (23%) a 23 (46%) 27 (53%) 

Recruiting centres
Sint Maartenskliniek
Radboud UMC
Ziekenhuisgroep Twente
Reade Amsterdam
Maasstad Ziekenhuis

18 (67%)
2 (7%)
4 (15%)
1 (4%)
2 (7%)

35 (67%)
4 (8%)
7 (13%)
3 (6%)
3 (6%)

38 (73%)
3 (6%)
8 (15%)
2 (4%)
1 (2%)

Characteristics at baseline unless stated otherwise.
Data are presented as number (N) and percentage (%), mean (SD) or median (IQR) as appropriate. Laboratory 
standards are shown for relevant variables. 
a is added if p < 0.05
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Abstract

Objectives
Rituximab (RTX) is a safe and effective treatment for RA. However, there are some 
concerns about infection risk and preliminary data suggest dose and time dependency. 
This study aims to determine the infection incidence in a large real-life population 
of RA patients using RTX, with special focus on (ultra-)low dosing and time since  
last infusion.

Methods
RA patients treated with 1000, 500 or 200 mg RTX per cycle between 2012 and 2021 at  
the Sint Maartenskliniek were included in a retrospective cohort study. Patient-, 
disease-, treatment- and infection characteristics were retrieved from electronic 
health records. Infection incidence rates, dose and time relations with RTX infusion 
were analysed using mixed-effects Poisson regression.

Results
Among 490 patients, we identified 819 infections in 1254 patient years. Most infections 
were mild and respiratory tract infections were most common. Infection incidence 
rates were 41, 54 and 71 per 100 patient years for doses of 200, 500 and 1000 mg. 
Incidence rate ratio (IRR) was significantly lower for 200 mg compared with 1000 mg 
(adjusted IRR 0.35, 95% CI 0.17, 0.72, P = 0.004). In patients receiving 1000 or 500 mg 
RTX, infections seemed to occur more frequently within the first two months after 
infusion compared with later on in the treatment cycle, suggesting an association 
with peak concentration.

Conclusion
Ultra-low dosing (200 mg) of RTX is associated with a lower risk of infections in RA. 
Future interventions focusing on ultra-low dosing and slow release of RTX (e.g. by 
subcutaneous administration) may lower infection risk.

Key messages
•	 Ultra-low dosing (200 mg) of rituximab is associated with lower infection risks.
•	 Infection rates seem higher shortly after rituximab infusion, suggesting an effect 

of a peak level.
•	 Future studies should focus on lowering the peak level through slow release and/or 

ultra-low dosing
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Introduction

RA can be treated with a variety of DMARDs, including biological DMARD (bDMARD) 
rituximab (RTX) that targets CD20+ B cells [1]. RTX is administered intravenously, 
preferably in combination with methotrexate or leflunomide [2]. The authorized 
(high) dose is 2X1000 mg given two weeks apart every cycle of six months. However, 
nowadays standard low doses of 2x500 mg and 1x1000 mg, respectively, every cycle 
of six months are often used in clinical practice. Moreover, ultra-low doses (1x500 mg 
or 1x200 mg every cycle of six months) have shown to be effective as well for 
continued treatment of RA patients who are in remission [2, 3]. 

There are some concerns about RTX associated infection risk [1, 4]. In a recent 
randomized controlled trial (RCT), ultra-low doses RTX resulted in a 50% reduction of 
infection incidence compared with standard low doses [2]. Furthermore, the infection  
risk seemed higher in the period directly after an RTX infusion compared with later in 
the treatment cycle [5, 6].

This dose and time-dependent infection risk of RTX is also seen in data on SARS-CoV-2. 
RA patients treated with RTX have a somewhat higher risk of serious SARS-CoV-2 
infection compared with RA patients treated with other bDMARDs, and this risk is 
also associated with a shorter time period between the last RTX infusion and first 
SARS-CoV-2 symptoms [6, 7]. Moreover, this dose and time-dependent infection risk 
is in line with recent vaccination data, as these data show better antibody response 
later in the treatment cycle and in patients receiving lower doses [8, 9].

Thus, RTX-induced infection susceptibility might be dose and infusion cycle time 
dependent. However, data concerning this topic is scarce, as ultra-low dosing has not 
been implemented widely in clinical practice. We therefore aimed to determine the 
infection incidence in a real-life population of RA patients using standard low or 
ultra-low dosed RTX, with a special focus on RTX dose and time since last infusion as 
predictors of infection.

Methods

Study design and patients
In this retrospective cohort study, RA patients who initiated treatment with standard 
low-dose RTX in the Sint Maartenskliniek (The Netherlands) between April 2012 and 
April 2021 were included. Patients that received standard high-dosed RTX were not 
included, as in the Sint Maartenskliniek, standard low-dosed RTX is used as the 
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starting dose. In case of remission, RTX treatment is tapered to ultra-low doses. Thus, 
patients could contribute to multiple dosing groups. All patients received the same 
dose of corticosteroids before RTX administration (regardless of RTX dose). Patients 
were followed from inclusion until February 2022 or until censoring due to loss to 
follow-up, switch to another b- or targeted synthetic DMARD (tsDMARD), interruption 
of RTX treatment (defined as receiving no new infusion within 12 months) or receiving 
immunosuppressive treatment for another indication (e.g. for a malignancy). Patients 
were excluded if they were censored within six months after inclusion except for 
patients that died.

Ethics
This study was conducted in accordance with the Declaration of Helsinki. The METC 
region Arnhem-Nijmegen judged this study (2020–6531) to be outside of the Medical 
Research Involving Human Subjects Act (WMO) registration. Part 2 of the Dutch law 
‘Wet op de geneeskundige behandelingsovereenkomst (WGBO)’ was used to justify 
the inclusion of patients without opt-in informed consent as it was not deemed 
reasonably feasible to obtain this from a relevant and a select proportion of patients.

Data collection
Relevant patient and disease characteristics were retrieved from the patients’ 
electronic health records. Treatment characteristics including use of corticosteroids, 
bDMARDs and conventional synthetic DMARDs (csDMARDs), dosages and dates of 
RTX infusions and cumulative RTX dose were recorded as well. Two infusions of RTX 
within 30 days were combined and considered as one dose within one cycle. Infection 
outcomes were extracted from the electronic health records by performing a manual 
chart review, which was enhanced with text mining results using a query containing 
terms associated with infection to increase sensitivity. A standard operating procedure 
(SOP) was used to guarantee that the manual chart review was performed uniformly, 
and uncertainties were discussed with MO and AdB. Registered administration of 
RTX is every six months, and therefore only infections that occurred ≤6 months  
after each RTX infusion were included. Infection severity and type were defined using 
the Common Terminology Criteria for Adverse Events version 5.0 (CTCAE 5.0) [10]. 
Grade 1–5 were classified as ‘overall infections’ and grade 3–5 were classified as 
‘serious infections’.

Statistical analysis
STATA/IC version 17.0 for Windows was used. Descriptive statistics were used to 
assess patient-, disease- and treatment characteristics. After Bonferroni correction, 
results of the analyses needed for the two main analyses (regarding dose and time) 
were considered statistically significant if P < 0.025.
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Infection incidence rates (IRs) were compared between the most recent RTX dose and 
time since last infusion using a mixed-effects Poisson regression analysis. Dosing 
categories were 1000 mg, 500 mg or 200 mg per treatment cycle. To compare IRs over 
time (since last infusion), the treatment cycle was arbitrarily divided into two-month 
intervals: 0–2 months, >2–4 months and >4–6 months. The results are reported as 
incidence rate ratios (IRR) with 95% CIs. A most recent RTX dose time period 
interaction term was added to the Poisson regression model on overall infections to 
adjust for effect modification. IRRs were adjusted for candidate confounders (see 
Supplementary Table S1, available at Rheumatology online). In case of missing data 
for exact start date of infection, BMI and disease activity score (DAS28-CRP), data was 
imputed (further explained in Supplementary Data S1, available at Rheumatology online).

Additionally, we compared IRs, type and severity of infections before and after the 
presence of SARS-CoV-2 in The Netherlands as prevention measures may have 
resulted in different exposure to pathogens. Infections that started before 1 January 
2020 were considered ‘before’ and infections that started after 1 January 2020 were 
considered ‘after’ the presence of SARS-CoV-2. IRs between these two periods were 
compared calculating IRRs and are reported with 95% CIs.

Results

Patient and infection characteristics
Between April 2012 and April 2021, 610 RA patients started their first ever RTX 
treatment in the Sint Maartenskliniek. In total, 490 patients were eligible for inclusion 
and included, resulting in 1254 patient years of follow-up (median follow-up time 
2 years). Patient characteristics are shown in Table 1.

We observed 819 infections, with IRs of 65 and 7.4 per 100 patient years for overall 
infections and serious infections, respectively. Most infections were mild and 
respiratory tract infections were most common. IRs differed between the period 
before and after the presence of SARS-CoV-2 in the Netherlands, with lower IRs after 
1 January 2020 (Supplementary Table S2, available at Rheumatology online).
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Dose and time dependency

Overall infections IRs were 41, 54 and 71 per 100 patient years for doses of 200 mg, 
500 mg and 1000 mg, respectively. Infection IRs were significantly lower for 200 mg in 
comparison to 1000 mg [adjusted IRR 0.35 (95% CI 0.17, 0.72, P = 0.004)]. Lower 
infection IRs were also seen for 500 mg compared with 1000 mg, although not 
significant [adjusted IRR 0.87 (95% CI 0.64, 1.18, P = 0.363)] (Supplementary Fig. S1A, 
available at Rheumatology online). IRs for serious infections were 5.7, 7.5 and 7.6 per 
100 patient years for doses of 200 mg, 500 mg and 1000 mg, respectively. No 
significant or relevant differences between RTX dose and IRs of serious infections 
were observed (Table 2).

Table 1. Patient characteristics.

Total (n=490)

Age 63 (54–71)

Sex (female) 346 (71%)

ACPA (positive) 360 (74%)

Rheumatoid factor (positive) 373 (76%)

Rheumatoid factor and/or ACPA positive 407 (83%)

Comorbidities

Diabetes 38 (8%)

Chronic lung disease 63 (13%)

BMIa 26 (23–30)

Disease duration (years) 8 (3–15)

Disease activity (DAS28-CRP)b 3.9 (1.2)

Prior use of biological DMARDs (%) 446 (91%)

Number of previous used biological DMARDs (n) 2 (1–3)

Cycles at the end of follow-up (n) 4 (2–8)

Concomitant use of conventional synthetic DMARDs (%) 354 (72%)

Concomitant use of oral corticosteroids (%) 91 (19%)

Follow-up time (years) 2.0 (1.0–3.8)

Data are n (%), mean (SD) or median (IQR) and measured at baseline unless stated otherwise.a 82 missing. b 45 
missing. DAS28-CRP: disease activity score in 28 joints based on CRP levels.
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Overall infection IRs were 72, 61 and 63 per 100 patient years for period 1 (0–2 months), 
period 2 (>2–4 months) and period 3 (>4–6 months), respectively (Supplementary Fig. 
S1B, available at Rheumatology online). However, this trend was modified by the last 
received dose of rituximab. In patients receiving 1000 and 500 mg RTX, a trend 
towards lower IRs later in the treatment cycle is indeed seen (Supplementary Fig. S1C, 
available at Rheumatology online). In patients receiving 200 mg compared with 
1000 mg, more infections are observed later in the treatment cycle (Supplementary 
Table S3, available at Rheumatology online). IRs of serious infections did not differ, 
with 7.7, 8.2 and 6.2 serious infections per 100 patient years for period 1, period 2 and 
period 3, respectively.

All IRRs for infection trends are provided in Table 2 and Supplementary Table S3, 
available at Rheumatology online.

Discussion

This retrospective cohort study shows that overall infection risk is significantly lower 
in RA patients recently treated with 200 mg (ultra-low dose) of RTX compared with 
the standard low-dose of 1000 mg. Furthermore, in patients recently treated with 
1000 and 500 mg RTX, infection risk seemed higher in the first two months after 
infusion.

The observed dose-dependent RTX infection risk is in line with previous studies on 
infection risk and SARS-CoV-2 vaccination response data [2, 8, 9]. However, it remains 
unclear which mechanisms mediate this dose-dependent infection risk. Mediating 
factors could be reduced peripheral B-cell counts and subsequently possible lower 
immunoglobulin levels. However, in a recent mediation analysis of an RCT studying 
ultra-low dosed RTX, this was not found [5]. Other possible explanations could be the 
effect of RTX on tissue B-cell counts, or B-cell function, interacting with CD4+ T cells, 
memory B cells and T helper (Th)-17 cells of which local Th-17 response has been found 
to be reduced in RA RTX users [5, 11]. Regarding time since infusion, the suggestion 
that the risk of overall infections is higher in the period directly after infusion 
compared with later in the treatment cycle also mirrors the aforementioned 
mediation analyses and data on SARS-CoV-2 disease and vaccination [5, 6, 8]. The 
mediating factor for this effect might be similar to the one observed with dose 
dependency, as the common pathway for both higher dose and shorter time since 
last infusion is a higher peak in serum RTX levels [12]. However, this was only seen for 
patients who last received 1000 or 500 mg RTX. In patients receiving 200 mg RTX, 
higher infection IRs were seen later in the treatment cycle. This could be due to higher 
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consumption of corticosteroids or slightly enhanced disease activity resulting in 
higher infection risk [2, 13, 14]. Disease activity could not be corrected for due to 
missing DAS28-CRP data. However, we did see an increase in the use of intramuscular 
corticosteroids towards the end of the treatment cycle in patients using 200 mg of 
RTX compared with patients using 1000 mg. This could be an indication of higher 
disease activity in these patients, although confounding by indication cannot be 
ruled out.

Strengths of this study include the long-term follow-up of a large real-life population 
of patients treated in routine care, contrary to clinical trials that often have a highly 
selected (healthy) population followed for a shorter amount of time. Also, to the best 
of our knowledge, these are the first real-life data on infection risks when using 
ultra-low dosed RTX. Finally, the observed lower IRs after the presence of SARS-CoV-2 
in The Netherlands underscore the validity of our study as this is to be expected due 
to prevention measures and lockdowns [15, 16].

Potential limitations of this study are associated with its retrospective design. First, 
infections may have been underestimated due to underreporting by rheumatologists  
or suboptimal recall from patients. Reassuringly, our IRs (for overall infections and 
especially serious infections) are in line with prospective trial and cohort data. Most 
studies report overall infection IRs towards 80 per 100 patient years, only slightly 
higher than our IR of 71 per 100 patient years in patients treated with 1000 mg RTX [1, 
17, 18]. Our rate of serious infections of 7.6 per 100 patient years in the 1000 mg group 
is within the range of previous studies that found 2.2–9.8 serious infections per 100 
patient years [19]. However, the number of serious infections was limited and 
therefore this study probably lacks power to show potential differences in serious 
infections between RTX doses or time after RTX administration. Furthermore, a slight 
underestimation of IRs would not be expected to differ between dosing groups, and 
we would therefore argue that risk of substantial bias (due to underreporting) is low. 
Second, exact start dates (and time since RTX infusion) were harder to determine, and 
therefore often missing. Prospective long-term studies with larger sample sizes are 
needed to assess the pattern in infection trends over time in different doses (and 
especially 200 mg) of RTX. Lastly, another limitation could be residual confounding as 
information on disease activity over time, vaccination status (e.g. against influenza, 
pneumococcal disease, SARS-CoV-2), smoking status and use of preventive antibiotics 
was not collected.

In conclusion, this study shows that treatment with ultra-low RTX doses reduces 
overall infection risk in RA patients. This adds to other benefits which include better 
vaccination response as seen for SARS-CoV-2, reduced infusion time, and lower costs. 
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Future research is still warranted to better understand the exact mediating patho-
physiological pathways of the dose- and potential time-dependent infection risk in 
RA. Should this indeed be the higher peak level shortly after infusion, future 
interventions should focus on ultra-low dosing and slow release of RTX (e.g. by 
subcutaneous administration of 200 mg RTX) [20]. In clinical practice, physicians 
should consider offering 500 mg and especially 200 mg RTX per cycle to RA patients in 
sustained remission, instead of continuing the 1000 mg dosage.
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Supplementary data

S1. Statistical analysis – imputation and confounders
Imputation
In absence of the exact date of an infection, the start date was imputed using single 
imputation based on the known start week, start month or period of infection (exact 
start date was known in 12.3%, start week in 36.3%, start month in 18.1%, start period 
in 33.3%). Multiple imputation using chained equations (MICE) of BMI and disease 
activity score (DAS28-CRP) at baseline was performed. 

Confounders
The mixed-effects Poisson analyses on infection incidence density and last received 
rituximab dose and time since last infusion were corrected for several candidate 
confounders. For the analysis on serious infections we selected confounders using 
forward selection, keeping in mind the rule of 10 (allowing 1 confounder per 10 events) 
(1). If adding a covariate to the basic model caused a change of more than 10% on the 
central determinant, the covariate was considered a confounder. Supplementary 
table 1 shows the confounders that each analysis was adjusted for.
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S2. Infection characteristics 

Supplementary Table S2. Incidence rates of infection characteristics, overall, 
before and after presence of SARS-CoV-2 in the Netherlands.

Overall Before 
Jan 1st 2020

After 
Jan 1st 2020

Crude IRR (95% CI)

Total infections 65 74 50 0.67 (0.57 to 0.79)

Infection grade

1 or 2 58 67 41 0.62 (0.52 to 0.73)

3 or 4 6.7 6.7 6.7 0.99 (0.61 to 1.6)

5 0.72 0.12 1.8 1.8 (0.023 to 140)

Types of infection

Respiratorya 32 41 16 0.38 (0.29 to 0.49)

Abdominal 3.0 3.5 2.0 0.57 (0.24 to 1.3)

Urogenital 9.6 12 5.8 0.49 (0.30 to 0.76)

Skin 7.5 8.6 5.6 0.65 (0.39 to 1.0)

SARS-CoV-2 6.0 N/A 17 N/A

Unknown 2.4 2.7 1.8 0.65 (0.25 to 1.5)

Otherb 5.1 6.6 2.4 0.37 (0.17 to 0.72)

a �excluding infections caused by SARS-CoV-2, b including musculoskeletal infections and infection of ear, nose 
and throat.

Data are presented as infections/100 patient-years. Infections are stratified based on the date of infection 
(before or after January 1st 2020).
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S3. Dose and time dependency

Supplementary Figure S1. Infection incidence rates per last received dose of RTX and time 
since last infusion.

A.

B.

C.
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Supplementary Table S3. Infection rates and time since last rituximab infusion 
and recent doses of RTX (in mg).

Last received dose 200 mg  500 mg  1000 mg 

Time since 
last infusion

0-2 months 2-4 months 4-6 months  0-2 months  2-4 months 4-6 months 0-2 months 2-4 months 4-6 months 

All infections

Infections (n)  8 15 13 54 37 38 255 207 192

Patient years 32.47 29.60 25.54 86.82 81.84 72.21 323.99 313.22 288.66

Incidence rate (n/100 patient years) 24.64 50.67 50.89 62.20 45.15 52.63 78.71 66.09 66.51

Adjusted IRR (95% CI)a 1.00 
(reference)

2.41 
(1.08 to 5.80)

2.40 
(0.97 to 5.91)

1.00 
(reference)

0.86 
(0.54 to 1.35)

0.98 
(0.62 to 1.54)

1.00 
(reference)

1.00 
(reference)

1.00 
(reference)

aAdjusted for confounders as shown in Supplementary Table S1.
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Supplementary Table S3. Infection rates and time since last rituximab infusion 
and recent doses of RTX (in mg).

Last received dose 200 mg  500 mg  1000 mg 

Time since 
last infusion

0-2 months 2-4 months 4-6 months  0-2 months  2-4 months 4-6 months 0-2 months 2-4 months 4-6 months 

All infections

Infections (n)  8 15 13 54 37 38 255 207 192

Patient years 32.47 29.60 25.54 86.82 81.84 72.21 323.99 313.22 288.66

Incidence rate (n/100 patient years) 24.64 50.67 50.89 62.20 45.15 52.63 78.71 66.09 66.51

Adjusted IRR (95% CI)a 1.00 
(reference)

2.41 
(1.08 to 5.80)

2.40 
(0.97 to 5.91)

1.00 
(reference)

0.86 
(0.54 to 1.35)

0.98 
(0.62 to 1.54)

1.00 
(reference)

1.00 
(reference)

1.00 
(reference)

aAdjusted for confounders as shown in Supplementary Table S1.
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Dear Editor, The biological DMARD (bDMARD) rituximab (RTX) is an mAb targeting 
the CD20 antigen. Long-term RTX treatment can lead to a decline in plasma cells and 
subsequent hypogammaglobulinemia (HGG). The reported prevalence of HGG in RTX 
using RA patients lies around 20%. Observational studies show a somewhat increased  
risk of (serious) infections in RA patients with HGG, and especially in patients with  
low IgG levels [1–4]. EULAR and the ACR do not advise monitoring of immunoglobulin 
levels, but the British Society for Rheumatology and Rituximab Consensus Expert 
Committee do [2, 4]. In clinical practice, it remains unclear whether and in which 
RTX-using RA patients immunoglobulin levels should be monitored, especially when 
using ultra-low dosing. We aimed to assess the prevalence of HGG in RA patients 
receiving different doses of RTX, including (ultra-)low doses (1000, 500 or 200 mg 
every 6 months). Additionally, we aimed to identify patient, disease and treatment 
characteristics associated with HGG in order to determine whether and in whom 
immunoglobulin levels should be monitored.

In this explorative cross-sectional study, patients with a clinical diagnosis of RA 
treated with RTX (currently or in the past) in the Sint Maartenskliniek (The 
Netherlands) between 2015 and 2020 were included. Immunoglobulin levels were 
measured in these patients between 2020 and 2022 in routine care. HGG was defined  
as IgG levels <7.0 g/l. Additionally, patient, disease and treatment characteristics 
were extracted from the electronic patient files. The association between candidate 
risk factors and HGG was assessed using logistic regression, and corrected for 
confounders. Candidate risk factors were age, sex, disease duration, RF and/or ACPA 
positivity, disease activity (using the DAS28-CRP measured closest to immunoglobulin 
measurement), BMI, use of CS (i.m. and orally administered CS in the year before 
immunoglobulin measurement), use of MTX in the year before immunoglobulin 
measurement, use of conventional synthetic DMARDs other than MTX in the year 
before immunoglobulin measurement, cumulative RTX dose, time since last RTX 
infusion and most recent RTX dose.

This study was conducted in accordance with the Declaration of Helsinki. The METC 
region Arnhem-Nijmegen judged this study (2021–7329) to be outside of the Dutch 
Medical Research Involving Human Subjects Act (WMO) registration. Part 2 of the 
Dutch law ‘Wet op de geneeskundige behandelingsovereenkomst (WGBO)’ was used 
to justify the inclusion of patients without opt-in informed consent since it was not 
deemed reasonably feasible to obtain this from a relevant and a select proportion 
of patients.



60

In total, 322 patients were included. Patient characteristics are displayed in Table 1. 
HGG was prevalent in 65 patients (20%), with severe HGG (IgG <4.0 g/l) in 7 patients 
(2.2%). Cumulative RTX dose in grams and age >65 years were significantly associated 
with a higher risk of HGG, whereas the use of MTX was associated with a lower risk of 
HGG. The adjusted odds ratio (aOR) for cumulative RTX dose was 1.14 (95% CI 1.07, 
1.20, P < 0.001), aOR for age > 65 years 2.07 (95% CI 1.15, 3.76, P = 0.016) and aOR for 
MTX use 0.31 (95% CI 0.15, 0.66, P = 0.002). 

Table 1. Patient characteristics.

Total (n = 322)

Age 67 (59–74)

Sex (female) 232 (72%)

RF (positive) 247 (77%)

ACPA (positive) 242 (75%)

RF and/or ACPA positive 268 (83%)

Disease duration (years) 15 (8.8–23)

Duration of RTX use (years) 4.8 (2.5–7.7)

Cumulative RTX dose (g) 6.2 (3.5–11)

Most recent RTX dose (mg) 1000 (500–1000)

Time since last RTX infusion (months) 3.6 (1.4–7.6)

Disease activity (DAS28-CRP)a 2.2 (1.6–3.1)

BMIb 26 (23–29)

Use of CSc 119 (37%)

Use of MTXd 94 (29%)

Use of csDMARDs other than MTXd 80 (25%)

IgG levels (g/l) 8.5 (7.3–11)

Hypogammaglobulinemiae 65 (20%)

Severe hypogammaglobulinemiaf 7 (2.2%)

Data are n (%), mean (s.d.) or median (IQR).
a DAS28-CRP measured closest to immunoglobulin measurement was used. b Eighty missing. c I.m. and orally 
administered CS in the year before immunoglobulin measurement. d Use of csDMARDs in the year before 
immunoglobulin measurement. e Defined as IgG levels <7.0 g/l; f Defined as IgG levels <4.0 g/l. RTX: rituximab; 
DAS28-CRP: disease activity score in 28 joints based on CRP levels; csDMARD: conventional synthetic DMARD.
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The prevalence of HGG in RTX using RA patients was considerable and corresponds 
with other studies; however, severe HGG remained rare [1–4]. MTX might have a 
protective effect on developing HGG, although confounding by indication cannot be 
ruled out [1, 5]. Additionally, groups at risk were easily identifiable (older patients, 
high cumulative dose). In clinical practice, monitoring of immunoglobulin levels 
might be reserved for risk groups such as older patients, patients with recurring 
infections and patients who have received high cumulative doses of RTX. Physicians 
should consider combining rituximab with MTX as MTX might have positive effects 
on immunoglobulin levels. (Ultra-)low dosing of RTX should be considered in all 
patients, because of the associated benefits such as lower infection risks, better 
vaccination response and lower costs [6, 7]. Future research should focus on 
immunoglobulin levels over time (during RTX treatment) and further investigate the 
association between the surrogate marker HGG and clinically relevant infections. 
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Abstract

Introduction
Rheumatoid arthritis (RA) is usually treated with disease modifying antirheumatic 
drugs (DMARDs), including biological DMARDs (bDMARDs) and more recently, Janus 
kinase inhibitors (JAKi). Randomized trials suggest similar infection risks for JAKi and 
bDMARDs, but real-world data are scarce.

Methods
From a nationally representative prescription database, adult RA patients starting a 
new JAKi or bDMARD between August 1st, 2018, and January 31st, 2021, were included. 
Prescriptions of antibiotic, antiviral or antifungal medication were used as proxy for 
infections. Infection incidence rates (IR) were compared between JAKi and bDMARDs 
and infection risks were estimated using multilevel Poisson regression adjusted for 
follow-up time and potential confounders and stratified for age < 65 and ≥ 65 years.

Results
In 14,989 patients, we identified 20,050 treatment episodes with either JAKi or 
bDMARDs. The infection IR was significantly higher in JAKi (48/100 patient years) 
compared bDMARDs (35/100 patient years, adjusted incidence rate ratio (IRR) 1.22, 
95% CI 1.12-1.33). More herpes zoster infections were seen in JAKi compared to 
bDMARDs (adjusted IRR 2.65, 95% CI 1.94-3.60). No significant differences in infection 
IRs were found comparing JAKi baricitinib and tofacitinib. In older patients, infection 
IRs were higher, but IRRs were similar between age groups.

Conclusion
In comparison to bDMARDs, JAKi are associated with a slightly higher infection risk 
and a higher risk of herpes zoster specifically. In older patients, infection IRs are 
higher but similar infection risks for JAKi and bDMARDs are observed. No differences 
in infection risk between tofacitinib and baricitinib were found.

Key points
•	 Compared to bDMARDs, JAKi are associated with a slightly higher infection risk for 

all ages
•	 An increased risk of herpes zoster in patients who use JAK inhibitors was confirmed
•	 No significant differences in infection incidence were found between tofacitinib 

and baricitinib
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Introduction

Rheumatoid arthritis (RA) can be treated with disease-modifying antirheumatic 
drugs (DMARDs), including biological DMARDs (bDMARDs) and targeted synthetic 
DMARDs (tsDMARDs). Janus kinase inhibitors (JAKi), a subset of tsDMARDs, are a 
relatively new class of agents [1]. JAKi and bDMARDs have been shown to be safe and 
effective; however, infection risk remains a concern [2, 3]. For instance, bDMARDs are 
associated with an increase in serious infections in RA compared to conventional 
synthetic DMARDs (csDMARDs) [3]. A systematic review indicated that serious 
infection rates for JAKi were similar to bDMARDs, although JAKi were associated with 
a higher risk of herpes zoster (HZ) [4, 5].

Data on infection risk in JAKi is mostly limited to clinical trials and registries. Clinical 
trials, however, do not fully reflect the general patient population as participants are 
a selected group and usually younger and healthier, potentially leading to a reduced 
observed infection risk. Also, precision is lower in clinical trials due to smaller study 
populations than can be achieved in observational studies. On the other hand, 
infection risk might be lower in the real world due to healthy survivor effects [6]. 
Furthermore, follow-up time is often longer in observational studies compared to 
clinical trials [7, 8]. Finally, most studies focus on serious infection risk and do not 
address overall infection risk. Therefore, large long-term observational studies are 
needed to compare overall infection risk in RA patients, particularly among older 
adults that resemble the population seen in clinical practice.

This study compared the risk of infections between JAKi and bDMARDs in RA patients 
using a nationwide prescription database in the Netherlands.

Methods

Study population and design
This is a retrospective cohort study, using IQVIA’s Real-World Data Longitudinal 
Prescription database. This database covers approximately 63% of all outpatient 
prescriptions dispensed in the Netherlands. An indication split model was used to 
select RA patients from the database (supplementary file S1). Adult RA patients (≥ 18 
years) who picked up a new prescription of a JAKi or bDMARD between August 1st, 
2018, and January 31st, 2021, were included. The minimum follow-up period was five 
half times of the bDMARD/JAKi (or 1 month in case five half times equals less than  
1 month) after the first pick-up, accounting for the time required to reach a steady 
state. Included agents and minimum follow-up times per agent are shown in 
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supplementary table S3. Inpatient medication was not included in the database; 
therefore, intravenously administered bDMARDs could not be included (rituximab, 
infliximab, abatacept and tocilizumab). Patients were followed from their index date 
(date of pick-up of the first prescription of new bDMARD/JAKi) until January 31st, 
2022, or until censoring (death, relocation or other reasons). For each patient, the 
study period was divided into periods of drug exposure to JAKi and bDMARDs (Fig. 1). 
Total follow-up time was defined as the period in which a patient was exposed to 
either a JAKi or bDMARD. This was calculated for each patient by combining all the 
identified exposure periods to JAKi and/or bDMARDs.

Outcomes
The primary outcome of this study was the incidence rate ratio (IRR) of infections per 
100 patient years during treatment with JAKi versus bDMARDs. The prescription of 
oral anti-infectious (antibiotic, antifungal and/or antiviral) therapy was used as a 
proxy for infection. One pick-up of one anti-infectious agent was considered one 
infection. Two pick-up moments within 1 week or two pick-ups of the same agent 
within 1 month were considered one infection.

In case of a switch from bDMARD to JAKi or vice versa, infections occurring within the 
defined follow-up time (supplementary table S3) after switching were considered 
occurring during the previous treatment. Infections occurring after the defined 
follow-up time were considered occurring during the new treatment. In case of 
overlap between these two periods (in case of a long half-time of the first used 
medication and a short half-time of the second), the infection counted for both 
treatments.

Additionally, patient characteristics age, sex and presence of comorbidities diabetes 
mellitus and chronic obstructive respiratory diseases were collected. These 
comorbidities were defined based on the pick-up of antidiabetic medication and 
inhalation corticosteroids. Also, the number of DMARD therapies in the 2 years  
prior to the index date (as a proxy for disease duration/severity) and concomitant  

Figure 1. Examples of periods of drug exposure.
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use of csDMARDs and oral glucocorticoids during the study period were recorded 
(concomitant use was defined as being used ≥ 50% of the time during a treatment 
episode). Ultimately, the percentage of the defined daily dose (DDD) was calculated.

Statistical analysis
Descriptive statistics were used to assess patient, disease, treatment and infection 
characteristics. Incidence densities of infections between these drug exposure 
periods were compared using multilevel Poisson regression analysis with adjustment  
for potential confounders (see supplementary file S2). The results are reported as  
IRR with 95% confidence intervals, with bDMARDs as the reference group. Stata 13  
for Windows was used for all analyses.

Several sub-analyses adjusted for confounders were performed for specific infections  
and age groups. First, we investigated the incidence rates of HZ between JAKi and 
bDMARD. HZ was defined as the use of acyclovir, famciclovir or valaciclovir. Second, 
we compared infection incidence rates between JAKi and different subgroups of 
bDMARDs separately (TNF-inhibitors (TNFi), IL6 receptor blockers and abatacept). 
Also, stratified results were calculated for age (< 65 years vs ≥ 65 years). As a sensitivity 
analysis, we compared overall infection incidence rates between JAKi and bDMARDs 
excluding HZ to assess overall non-HZ infection rates. Finally, we performed the main 
analyses with different cut-off levels for probability levels of RA diagnosis, as the 
machine learning model used a probability level per patient (used cutoff values:  
probability ≥ 0.5, ≥ 0.75, ≥ 0.9).

Ethics
Data was obtained from an existing prescription database. This database contains 
coded patient prescription records. No additional prospective visits, measurements 
or interventions were needed. The medical ethical committee METC region Arnhem-
Nijmegen judged that this study waived the need for further approval (file number 
2021–13123).

Results

Patient characteristics
In total, 14,989 patients were included. Patient and treatment characteristics are 
shown in Table 1. In Table 1, patients are divided into two categories: patients initiating  
a bDMARD and patients initiating a JAKi at their index date. It should be noted that 
patients can switch during the study period from a bDMARD to a JAKi and vice versa.  
This occurred in 5061 patients. These patients contributed to multiple treatment 
episodes.
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Infection incidence rates
Among 14,989 patients, 20,050 treatment episodes were identified, including 1965 
(10%) with JAKi (2336 patient years) and 18,085 (90%) with bDMARDs (24,981 patient 
years). The most frequently used JAKi were baricitinib (50%) and tofacitinib (45%). 
TNFi were the most frequently used bDMARDs (80%).

Table 1. Patient and treatment characteristics (at index date, unless stated otherwise).

All patients Patients 
initiating 
bDMARD 
treatment at 
index date

Patients 
initiating JAKi 
treatment at 
index date

N 14,989 13,872 1117

Age (years), mean (SD) 60.0 (14.2) 60.0 (14.2) 60.2 (13.4)

Sex, n (% female) 10,831 (72.3%) 10,007 (72.1%) 824 (73.8%)

Number of DMARDs 2 years prior 
to index date, median (IQR)*

2.0 (1.0–2.0) 2.0 (1.0–2.0) 2.0 (1.0-3.0) ¶

Follow-up time (years),  
median (IQR)

1.8 (0.7–3.0) 1.8 (0.7–3.0) 1.4 (0.5-2.6) ¶

Probability of RA diagnosis (0–1), 
median (IQR)

0.9 (0.7–1.0) 0.9 (0.7–1.0) 1 (0.9-1) ¶

Concomitant medication use, n (%)**

CsDMARDs*** 3895 (26.0%) 3672 (26.5%) 223 (20.0%) ¶

Corticosteroids 1885 (12.56%) 1697 (12.2%) 188 (16.8%) ¶

Comorbidities, n (%)

Diabetes mellitus 1666 (11.1%) 1529 (11.0%) 137 (12.3%) ¶

Chronic obstructive respiratory 
diseases

3192 (21.3%) 2900 (20.9%) 292 (26.1%) ¶

Total infections during the study period, n (%)

0 infections 7768 (51.8%) 7260 (52.3%) 508 (45.5%) ¶

1 infection 3558 (23.7%) 3277 (23.6%) 281 (25.2%) ¶

2 or more infections 3663 (24.4%) 3335 (24.0%) 328 (29.4%) ¶

*Including csDMARDs, bDMARDs, and tsDMARDs **During follow-up period for > 50% of the time ***Including 
methotrexate, leflunomide, azathioprine, hydroxychloroquine, and sulphasalazine ¶ p < 0.05
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Infection incidence rates (Table 2) were significantly higher in JAKi compared to 
bDMARDs (48 versus 35 per 100 patient years, adjusted IRR 1.22, (95% CI 1.12–1.33)). 
HZ was observed more frequently in JAKi compared to bDMARDs users (2.8 versus 
0.98 per 100 patient years, adjusted IRR 2.65 (95% CI 1.94–3.60)). The sensitivity 
analysis calculating overall infection incidence rates excluding HZ yielded similar 
results as the main analysis (Table 2). We observed comparable infection incidence 
rates for tofacitinib and baricitinib (44 versus 50 per 100 patient years, adjusted IRR 
0.89 (95% CI 0.76–1.05)) (supplementary table S4). HZ incidence rates were slightly 
but not significantly lower for tofacitinib (adjusted IRR 0.71, 95% CI 0.41–1.24) (Table 3).

Table 2. Infection incidence rates and IRR for bDMARDs versus JAKi.

bDMARDs JAKi

N (treatment episodes) 18,085 1965

% of DDD used, median (IQR) 102 (99–102) 100 (100–100)

All infections

Infections (n) 8638 1116

Patient years 24,981 2336

Infections/100 patient years 35 48

Crude IRR Ref 1.0 1.36 (95% CI 1.25–1.47)

Adjusted IRR* Ref 1.0 1.22 (95% CI 1.12–1.33)

Herpes zoster

Herpes zoster infections (n) 246 65

Herpes zoster infections/100 patient years 0.98 2.8

Crude IRR Ref 1.0 2.83 (95% CI 2.12–3.79)

Adjusted IRR* Ref 1.0 2.65 (95% CI 1.94–3.60)

All infections (herpes zoster excluded, sensitivity analysis)

Infections (n) 8392 1051

Infections/100 patient years 34 45

Crude IRR Ref 1.0 1.31 (95% CI 1.21–1.43)

Adjusted IRR* Ref 1.0 1.18 (95% CI 1.08–1.28)

*Adjusted for age, sex, number of used DMARD in the 2 years prior to the index date, concurrent use of 
csDMARDs, concurrent use of corticosteroids, comorbidities (diabetes mellitus and chronic obstructive 
respiratory diseases), dosage (as percentage of defined daily dose) and follow-up time
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The most frequently prescribed anti-infectious agents were antibiotics (92%). 
Antifungal and antiviral drugs were prescribed in 4.0% and 3.3% of patients, 
respectively (supplementary file S3).

Sub- and sensitivity analyses
Regarding different subgroups of bDMARDs, infection incidence rates were 
significantly higher in JAKi compared to TNFi and abatacept but not to IL6R-blockers 
(supplementary table S4). Stratified results for age < 65 years and ≥ 65 years showed 
similar higher IRR for JAKi compared to bDMARDs, with higher absolute infection 
(general and HZ) incidence rates in older patients (supplementary table S5). 
Sensitivity analyses with different cut-off levels for the probability of RA diagnosis 
showed results similar to the main analyses, with slightly higher IRRs for higher 
cut-off levels (see supplementary table S6).

Table 3. Infection incidence rates and IRR for tofacitinib versus baricitinib.

Baricitinib Tofacitinib

N (treatment episodes) 991 885

All infections

Infections (n) 651 426

Patient years 1292 960

Infections/100 patient years 50 44

Crude IRR Ref 1.0 0.88 (95% CI 0.75–1.03)

Adjusted IRR* Ref 1.0 0.89 (95% CI 0.76–1.05)

Herpes zoster

Herpes zoster infections (n) 41 22

Herpes zoster infections/100 patient years 3.2 2.3

Crude IRR Ref 1.0 0.72 (95% CI 0.43–1.21)

Adjusted IRR** Ref 1.0 0.71 (95% CI 0.41–1.24)

*Adjusted for age, sex, number of used DMARDs in the 2 years prior to the index date, concurrent use of 
csDMARDs, concurrent use of corticosteroids, comorbidities (diabetes mellitus and chronic obstructive 
respiratory diseases), dosage (as percentage of defined daily dose) and follow-up time **Adjusted for age, sex, 
dosage (as percentage of defined daily dose) and follow-up time
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Discussion

In this study, we observed a slightly higher overall infection risk for JAKi in comparison 
to bDMARDs, with no clear differences between tofacitinib versus baricitinib. 
Although absolute infection rates were higher in older patients, IRRs comparing JAKi 
to bDMARDs were similar. The risk of HZ was clearly increased for JAKi, with the same 
age effect on absolute but not relative risks.

There are several potential sources of bias worth mentioning. First, there may be 
some residual confounding. We could not correct for disease activity, even though 
increased disease activity is associated with an increased infection risk [9]. Moreover,  
as JAKi are relatively new agents, they may be predominantly prescribed to patients 
with longer disease duration or more severe RA. This was taken into account to some 
extent by correcting the analysis for the number of DMARDs used in 2 years prior to 
the index date. Another potential confounder might be confounding by indication 
[10]. JAKi have short half-lives and can be easily stopped in case of a (severe) infection, 
in contrast to bDMARDs, which have longer half-lives. Rheumatologists may be more 
likely to prescribe a JAKi to patients with a pre-existing higher infection risk, leading  
to higher infection rates in patients on JAKi. Confounding by contraindication seems 
unlikely, as these data were collected when the perceived infection risks of JAKi and 
bDMARDs were similar, as previous meta-analyses of clinical trials showed no evident 
differences in infection risks between JAKi and bDMARDs [11, 12]. Another potential 
limitation is the lack of information on medication adherence. Ultimately, we did not 
have information on intravenously administered bDMARDs, and therefore, conclusions  
of this study are limited to subcutaneously administered bDMARDs, which may 
negatively influence generalizability.

The overall incidence rate of HZ in JAKi was 2.8 per 100 patient years in this study, 
which is comparable to other studies [13]. Our results show that especially older 
patients have a greater risk of HZ, which is confirmed by other studies in both RA 
patients as well as in the general population [5, 14, 15]. However, some information 
bias might play a role, as treatment for HZ might have been given more proactively in 
patients using JAKi because of this known association.

Strengths of this study are the large patient population, the relatively long follow-up 
time, the real-world setting and the comparison between JAKi. The use of anti-
infectious medication appears to be a good proxy for infections as seen by the 
incidence rates that are in line with previous studies [14]. Infection rates may have 
been somewhat biased: overestimation of infections could occur when anti-
infectious agents are given as prophylaxis, but this is rare and probably not different 



76

between bDMARDs and JAKi. Underestimation could result from acute serious infections 
requiring direct hospitalisation without outpatient antibiotic use. However, we expect  
this to occur only occasionally, as most serious infections start as mild to moderate 
infections and will initially be treated with outpatient antibiotics. Lastly, although 
infection risk in JAKi has been studied before in larger cohort studies, this study is  
one of the few that focuses on overall infection risk rather than serious infection risk 
and compares between JAKi.

For future research on this topic, dosing, newer JAKi and HZ vaccination should be 
considered. First, standard and high doses of TNFi are associated with increased 
infection risks, whereas reduced doses are not [2, 3]. Reduced doses of JAKi may yield 
lower infection risks as well. We were unable to assess this in the current study since 
only patients starting a new agent were included in our study, leading to the majority 
of the patients using full doses. Second, infection risk in newer JAKi filgotinib and 
upadacitinib has not been widely studied yet and we were unable to assess this in the 
current study due to the small number of patients using these new JAKi. Lastly, HZ 
vaccination is expected to be implemented in the Dutch National Immunization 
Program for people above 65 years. This will lead to lower HZ rates and probably 
decrease the difference between HZ risk in JAKi and bDMARDs. In this study, data on 
HZ vaccination status was unfortunately not available due to the design of the study.

In conclusion, we observed a significantly – although maybe not clinically relevant – 
higher incidence rate of infections for JAKi compared to bDMARDs, but residual 
confounding due to disease activity and confounding by indication cannot be ruled 
out. However, HZ rates are substantially higher in JAKi users, especially in older 
patients. Although these results are partly reassuring, clinicians should be aware of 
the risk for infections—especially HZ—and discuss benefits and risks with their 
patients when considering JAKi as treatment for RA.

Data availability
Coded data analysed in the current study is available upon reasonable request.
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5

Supplementary information

Supplementary file S1. Selection of RA patients and explanation of 
indication split model
To select RA patients; first, rheumatology patients were identified based on relevant 
medication. Second, patients were included in the analyses when the probability  
of the predicted indication RA was > 0.33. To predict the indication of patients,  
a machine learning model was used. This machine learning model was built by  
IQVIA prior to this research.

This indication split model is an artificial intelligence (IA) model which uses features 
(e.g., sex, age, specialty of doctor who prescribed the medication, pick-up dates of 
prescriptions, yearly number of prescriptions) of patients with a known indication  
to predict the indications of the patients without a known indication within the 
population of patients receiving oral and subcutaneously administered DMARDs. 
This machine learning model is using two layers; first to stratify on specialty level of  
the prescriber, as DMARDs are used to treat several immune mediated inflammatory 
diseases (rheumatology, dermatology, gastroenterology and other) and second to 
stratify within the rheumatology indication (RA, psoriatic arthritis (PsA), ankylosing 
spondylitis (AS)) (supplementary figure 1). The result is a probability of each indication  
per patient.

The model was developed using Python version 3.6.10 and scikit-learn version 0.24.2. 
Gradient boosting was used as the algorithm for the indication split model according  
to the skikit-learn library. A BalancedBaggingClassifier method was used to deal  
with imbalanced split of different indications.

In the indication split model, weak decision tree-based models were combined to 
create one tree-based model. The following hyperparameters were used: learning 
rate of 0.03, maximum depth of 5, and the number of estimators was 200. The model  
was built and trained with the input of total 18,605 patients with a known indication, 
which is approximately 22% of the population. For 11,764 patients, the indication  
for a DMARD was RA (approximately 14% of the total population). For the first layer, 
the overall accuracy was 94.0%, the recall and precision for RA 96.8% and 94.4%.  
For the second layer, the overall accuracy is 73.3%, the recall and precision for RA 
76.5% and 90.0% 
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5

Supplementary file S2. Potential confounders
The database used contains coded patient prescription records including patient 
characteristics, dispensing, medication and prescriber medication. We additionally 
collected patient characteristics age, sex and presence of comorbidities diabetes 
mellitus and chronic obstructive respiratory diseases. These comorbidities were 
defined based on the pick-up of antidiabetic medication and inhalation corticoster-
oids. Also, the number of DMARD therapies in the 2 years prior to the index date (as a 
proxy for disease duration/severity) and concomitant use of csDMARDs (e.g., 
methotrexate) and oral glucocorticoids during the study period were recorded 
(concomitant use was defined when used for at least 50% of the time on the respective 
bDMARD or JAKi). Ultimately, the percentage of the defined daily dose (DDD) was 
calculated. All potential confounders were age, sex, number of used DMARDs in the 2 
years prior to the index date, concurrent use of csDMARDs, concurrent use of corti-
costeroids, comorbidities (diabetes mellitus and chronic obstructive respiratory 
diseases), dose (reported as the % of the DDD) and follow-up time

Supplementary file S3. Anti-infectious prescriptions
In total, 9.754 anti-infectious prescriptions (i.e. infections) were found. Within our 
study population, 46 different anti-infectious agents were prescribed. The most 
frequently prescribed anti-infectious agent was amoxicillin (19%) and this did not 
differ between patients on bDMARDs or JAKi (supplementary table 4). Among the 
most frequently prescribed agents, amoxicillin-clavulanic acid was more often 
prescribed to bDMARD users than JAKi users (15% versus 13%, p=0.01).

Supplementary table S1. Most frequently prescribed anti-infectious agents.

Anti-infectious agent % prescribed 
in total

% prescribed in 
bDMARD users

% prescribed 
in JAKi users

p-value

Amoxicillin 18.73% 18.88% 17.56% 0.29

Amoxicillin-clavulanic acid 15.03% 15.35% 12.54% 0.01

Nitrofurantoin 13.46% 13.46% 13.44% 0.98

Doxycycline 10.60% 10.42% 12.01% 0.11

Flucloxacillin 7.98% 8.13% 6.81% 0.13

Oxfloxacin 6.25% 6.25% 6.27% 0.98

Azithromycin 5.44% 5.51% 4.93% 0.42

Fosfomycin 5.20% 5.16% 5.47% 0.67
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As seen in supplementary table S2, most anti-infectious agents that were prescribed 
were antibacterial agents (92.2%). bDMARD users were more often prescribed 
antibacterial treatment, whereas JAKi users more often received antiviral treatment. 

Supplementary table S2. Most frequently prescribed types of anti-infectious agents.

Type of anti-infectious agents % prescribed 
in total

% prescribed in 
bDMARD users

% prescribed 
in JAKi users

p-value

Antibacterial 92.24% 92.60% 89.43% 0.00

Antimycotic 3.99% 3.95% 4.30% 0.57

Antiviral 3.28% 2.94% 5.91% 0.00

Other* 0.49% 0.51% 0.36% 0.50

*Other anti-infectious agents include anthelmintic and antiprotozoal agents
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Supplementary table S4. Infection incidence rates and IRR for subgroups of 
bDMARDs versus JAKi.

TNFi JAKi

N (treatment episodes) 14,507 1,965

Infections (n) 6,984 1,116

Patient years 20,627 2,336

Infections/100 patient years 34 48

Crude IRR Ref 1.0 1.40 (95% CI 1.29-1.53)

Adjusted IRR* Ref 1.0 1.18 (95% CI 1.08-1.30)

Abatacept JAKi

N (treatment episodes) 1,424 1,965

Infections (n) 670 1,116

Patient years 1,793 2,336

Infections/100 patient years 37 48

Crude IRR Ref 1.0 1.28 (95% CI 1.13-1.46)

Adjusted IRR* Ref 1.0 1.48 (95% CI 1.24-1.77)

IL6R-blockers JAKi

N (treatment episodes) 2,154 1,965

Infections (n) 984 1,116

Patient years 2,561 2,336

Infections/100 patient years 38 48

Crude IRR Ref 1.0 1.23 (95% CI 1.10-1.37)

Adjusted IRR* Ref 1.0 1.03 (95% CI 0.90-1.19)

* adjusted for age, sex, number of used DMARD in the 2 years prior to the index date, concurrent use of 
csDMARDs, concurrent use of corticosteroids, comorbidities (diabetes mellitus and chronic obstructive 
respiratory diseases), dosage (as percentage of defined daily dose) and follow-up time
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Abstract

Patients with inflammatory rheumatic diseases (IRDs) do not have an increased risk 
for coronavirus disease 2019 (COVID-19) compared with the general population. 
However, it remains uncertain whether subgroups of patients with IRD using different 
immunosuppressive antirheumatic drugs carry a higher risk for severe COVID-19 
compared with other patients with IRD. The aim of this study is to identify risk factors 
for severe COVID-19, requiring hospitalization in patients with IRD. This is a 
multicenter nested case control study conducted in the Netherlands. Cases are 
hospital known patients with IRD requiring hospitalization for COVID-19 between 
March 1, 2020, and May 31, 2020. Controls are hospital known patients with IRD not 
requiring hospitalization for COVID-19 in this period, included at a 4:1 ratio. Patient, 
disease, and treatment characteristics were extracted from electronic medical 
records and a questionnaire. Potential risk factors were analyzed using unconditional 
logistic regression, corrected for confounders and multiple testing. Eighty-one cases 
and 396 controls were included. General risk factors of older age and obesity apply to 
patients with IRD as well (odds ratio (OR) for age ≥ 75 3.5, 95% confidence interval (CI) 
1.9–6.3, OR for body mass index ≥ 40 4.5, 95% CI 1.5–14). No significantly increased 
ORs for COVID-19 hospitalization were found for any antirheumatic agent or IRD. A 
protective effect was found for use of methotrexate (OR 0.53, 95% CI 0.31–0.92). In 
conclusion, similar to the general population, elderly and obese patients with IRD 
have a higher risk for hospitalization for COVID-19. We did not identify a specific 
antirheumatic agent or IRD to increase the risk of COVID-19 hospitalization in patients 
with IRD, except for a possible protective effect of methotrexate.
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Study highlights

What is the current knowledge on the topic? 

•	 The majority of the studies performed on coronavirus disease 2019 (COVID-19) risk 
in inflammatory rheumatic diseases (IRDs) show no increased risk for severe 
COVID-19 in these patients, who often receive immunosuppressive antirheumatic 
drugs. Case-control studies are, however, a scarce commodity and most of the data 
is derived from registry-based studies.

What question did this study address?

•	 In this study, we aimed to determine whether certain patients with IRD carry a 
higher risk for COVID-19-related hospitalization, for example, due to the use of 
antirheumatic agents.

What does this study add to our knowledge?

•	 The overall finding that no specific antirheumatic drugs or IRD enhances the risk of 
severe COVID-19, requiring hospitalization, is reassuring for patients and medical 
personnel. Additionally, the finding that methotrexate has a possible protective 
effect for severe COVID-19 is of high interest in an enduring pandemic and still 
imperfect protection by vaccination.

How might this change clinical pharmacology or translational science?

•	 Our finding might spark interest in further investigations into methotrexate as an 
avenue for prospective clinical investigation in COVID-19 treatment and prevention.

Introduction

In 2020, coronavirus disease 2019 (COVID-19) developed into a worldwide pandemic. 
Risk factors for hospitalization for COVID-19 in the general population include  
older age, male sex, obesity, and cardiovascular and pulmonary comorbidities.1-3 
Important questions are whether these generic risk factors apply for patients with 
inflammatory rheumatic diseases (IRDs) as well, and whether these patients carry a 
higher risk due to the use of antirheumatic immunomodulatory agents (IAs).

Patients with IRD have a modest increased risk of infections,4, 5 possibly due to the 
IRD itself, general risk factors (e.g., smoking and comorbidities) that are more 
prevalent in this population,6 or IA use. Although proven to be safe and effective, 
some IAs are associated with a slightly enhanced infection risk.5, 7 Data on COVID-19 
risk and course in patients with IRD is still quite scarce, but seems to support the fact 
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that these patients do not have a substantially increased risk for hospitalization due 
to COVID-19 as compared with the general population. However, use of (high dose) 
glucocorticoids and possibly rituximab (RTX) may be associated with a higher risk for 
severe COVID-19.3, 7-9

The majority of studies on risk factors for COVID-19 hospitalization in patients with 
IRD are based on (online) registry data, introducing bias due to low quality of data, no 
correction for the improvement of care, and other second order effects (social 
distancing) for patients with COVID-19 during the pandemic. Additionally, these  
data lack detailed information on potentially important co-mediators. For example,  
a possible moderating effect in COVID-19 severity might be cross-vaccination effects, 
as BMR vaccinations have been suggested to be associated with less severe cases  
of COVID-19.10, 11 Other indirect evidence indicates that patients with vitamin D 
deficiency might experience more severe cases of COVID-19.12 Additional potential 
risk modifiers that remain uncharted include lifestyle, certain medication (including 
ACE-inhibitors and proton pump inhibitors (PPIs)9), and compliance with social 
distancing measures.

To further elucidate which patients with IRD are at higher risk for hospitalization due 
to COVID-19 and to avoid biases often present in registry studies, we performed an 
in-depth nested case-control study during a fixed span of time in the beginning of the 
pandemic.

Methods

Study design
Multicenter, nested case control study conducted in four rheumatology centers in 
the Netherlands (Máxima Medical Centre Eindhoven, Elizabeth TweeSteden Hospital 
Tilburg, Bernhoven Uden, and Amphia Hospital Breda) in a region heavily affected by 
COVID-19 by a first wave in the spring of 2020. This study’s cohort exists of patients 
treated for an IRD in one of the participating hospitals. Ethical approval was not 
required, as assessed by the local ethics committee (Commissie Mensgebonden 
Onderzoek region Arnhem-Nijmegen, 2020-6689). Written informed consent was 
obtained from all patients, except for seven patients that gave oral consent and for 
the case patients who died. The STROBE checklist for case control studies was used 
(Table S3).
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Participants
Case patients were defined as patients with IRD with COVID-19 requiring hospitaliza-
tion, between March 1, 2020, and May 31, 2020. Controls were defined as patients 
with IRD who did not require hospitalization for COVID-19 within this period. They 
were randomly selected at the outpatient clinic (at physical visits as well as during 
telephonic consultations and recruited by different healthcare professionals, such as 
rheumatologists and physician assistants) and were included at a 4:1 ratio. IRDs 
included were rheumatoid arthritis (RA), psoriatic arthritis, axial spondylarthritis 
(SpA), unspecified arthritis, gout, polymyalgia rheumatica (PMR), and systemic 
inflammatory diseases (e.g., systemic lupus erythematosus (SLE), Sjögren). We 
selected cases early in the pandemic to minimize bias due to different COVID-19 
measures over time, and after this initial episode we commenced our in-depth 
analysis and no additional cases were included.

Data collection
Patient, disease, and treatment characteristics were extracted from the electronic 
health records (EHRs). In addition to this, patients received a questionnaire in order to 
collect additional data.

Outcomes
Primary outcomes are the odds ratio (OR) point estimates of potential risk factors on 
COVID-19 hospitalization in patients with IRD.

Analyses
Categorical variables are expressed as numbers (percentage) and numerical variables  
as mean (±SD) or median (interquartile range (IQR)), depending on the distribution.  
To calculate crude and adjusted ORs for (potential) risk factors for hospital admission 
for COVID-19, unconditional logistic regression was used. Due to the explorative 
nature of this study, there was no correction for multiple testing. If relevant, the 
analyses were corrected for one or more confounders (Table S1). All analyses were 
performed using Stata 13 for Windows.

Results

Patient characteristics
Eighty-one cases and 396 controls were included. Cases overall were older, more 
often men, and had more comorbidities than controls (Table 1). Twenty-six patients 
with COVID-19 died, of which 7 were on the intensive care unit, 18 in the general 
hospital ward, and 1 at home.
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Table 1. Patient characteristics.

Cases (n = 81) Controls (n = 396)

Sex, n (% male) 47 (58%) 158 (40%)a

Age, years, median (IQR) 74 (67–79) 64 (56–72)a

BMI, kg/m2, median (IQR) [18.5–25] 28 (25–32) 26 (24–29)a

Smoker, including current and ex-smokers, n (%) 49 (60%) 200 (51%)

Inflammatory rheumatic disease, n (%)

RAb 44 (54%) 117 (58%)

SpA 9 (11%) 119 (30%)*

Gout 17 (21%) 14 (3.5%)*

PMR 7 (8.6%) 31 (7.8%)

Systemic inflammatory diseases 6 (7.4%) 15 (3.8%)

Comorbidities, n (%)

Diabetes mellitus 17 (21%) 49 (12%)

Cardiac diseasec 42 (52%) 125 (32%)*

Renal impairment 19 (23%) 24 (6.1%)*

Pulmonary disease 28 (35%) 49 (12%)*

Malignancy 7 (8.6%) 4 (1.0%)*

One or more comorbidities 62 (77%) 182 (46%)*

Immunomodulatory agents, n (%)

Conventional synthetic DMARDs 47 (58%) 287 (75%)*

Methotrexate 34 (42%) 218 (55%)*

Hydroxychloroquine 8 (9.9%) 59 (15%)

Others 16 (20%) 71 (18%)

Biological DMARDs 13 (16%) 120 (30%)*

TNF-inhibitors 9 (11%) 90 (23%)*

Abatacept 0 (0.0%) 10 (2.5%)

IL6R-blockers 1 (1.2%) 10 (2.5%)

RTX 1 (1.2%) 2 (0.51%)

Targeted synthetic DMARDs 0 (0.0) 13 (3.3%)

Glucocorticoids ≥10 mg/day 7 (8.6%) 15 (3.8%)

Other medication, n (%)

NSAIDs 13 (16%) 121 (31%)*

ACE-inhibitors 22 (27%) 39 (9.9%)*

PPIs 51 (63%) 184 (46%)*

Vitamin D status, n (% sufficient)c 59 (73%) 265 (67%)
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Adjusted ORs are displayed in Table 2, unadjusted ORs can be found in Table S2.  
Age ≥ 75 years was significantly associated with hospitalization (OR 3.5, 95% 
confidence interval (CI) 1.9–6.3). ORs for (morbid) obesity (OR for obesity 2.1, 95%  
CI 1.2–3.8, OR for morbid obesity 4.5, 95% CI 1.5–14) and use of ACE-inhibitors  
were increased as well (OR 2.0, 95% CI 1.1–3.8).

We did not find a significantly increased risk for certain IRDs or use of a particular IA. 
We did observe that patients with IRD using methotrexate (MTX) had a significantly 
lower OR for COVID-19-related hospitalization (OR 0.53, 95% CI 0.31–0.92).

Table 1. Continued.

Cases (n = 81) Controls (n = 396)

Environmental characteristics, n (%)

Healthcare worker 7 (8.4%) 45 (11%)

Living with two or more persons 10 (12%) 91 (23%)*

Living in a nursing home 2 (2.5%) 3 (0.76%)

Receiving home care 13 (17%) 22 (5.6%)*

BMI, body mass index; DMARDs, disease modifying antirheumatic drugs; IQR, interquartile range; NSAIDs, 
nonsteroidal anti-inflammatory drug; PMR, polymyalgia rheumatica; PPI, proton-pump inhibitor; RA, 
rheumatoid arthritis; RTX, rituximab; SpA, axial spondylarthritis. a Including unspecified arthritis. b Including 
hypertension, cardiac failure, and myocardial infarction. c Defined as sufficient vitamin D level (> 50 nmol/L if 
age ≥ 70 years and > 30 nmol/L if age < 70 years) and/or receiving vitamin D suppletion. * P ≤ 0.05
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Table 2. Adjusted ORs for COVID-19 hospitalization.

Potential risk factor Adjusted OR (95% CI)
Generic risk factors
Age 65–75 years 1.1 (0.63–1.8)
Age ≥ 75 3.5 (1.9–6.3)*
Obesity, BMI 30–40 2.1 (1.2–3.8)*
Morbid obesity, BMI ≥ 40 4.5 (1.5–14)*
Male sex 1.7 (0.96–2.9)
Presence of ≥ 1 comorbidityb 1.8 (0.97–3.4)
Smoker, current or exsmoker 1.3 (0.74–2.2)
IRD
RAc 1.3 (0.70–2.4)
SpA 0.59 (0.27–1.3)
Gout 2.2 (0.83–5.8)
Polymyalgia 0.37 (0.13–1.1)
Systemic diseases 1.7 (0.54–5.4)
Immunomodulatory agents
csDMARDs (any) 0.67 (0.33–1.4)
Methotrexate 0.53 (0.31–0.92)*
HCQ 0.55 (0.23–1.3)
Other 1.5 (0.72–3.1)
bDMARDs (any) 0.72 (0.35–1.5)
TNF-inhibitors 0.60 (0.26–1.4)
IL6R-blockers 0.53 (0.065–4.3)
RTX 7.8 (0.55–110)
Glucocorticoids ≥ 10 mg/day 1.4 (0.50–3.8)
Other medication
NSAIDs 0.94 (0.46–1.9)
ACE-inhibitors 2.0 (1.1–3.8)*
PPIs 1.3 (0.79–2.3)
Other
Vitamin D sufficientc 1.2 (0.64–2.3)
Healthcare worker 1.7 (0.67–4.2)
Received BMR vaccination 0.35 (0.10–1.2)
Receiving home care 1.8 (0.75–4.3)
Living in a nursing home 0.75 (0.064–8.7)
Living with two or more other persons 1.4 (0.61–3.1)

bDMARDs, biological disease modifying antirheumatic drugs; BMI, body mass index; CI, confidence interval; 
COVID-19, coronavirus disease 2019; csDMARDs, conventional synthetic disease modifying antirheumatic 
drugs; HCQ, hydroxychloroquine; IQR, interquartile range; IRD, inflammatory rheumatic disease; NSAIDs, 
nonsteroidal anti-inflammatory drug; OR, odds ratio; PMR, polymyalgia rheumatica; PPI, proton-pump 
inhibitor; RA, rheumatoid arthritis; RTX, rituximab; SpA, axial spondylarthritis. *P < 0.05. a Including cardiac 
disease, pulmonary disease, malignancy, diabetes mellitus, and renal impairment. b Including unspecified 
arthritis. c Defined as sufficient vitamin D level (> 50 nmol/L if age 70 years and > 30 nmol/L if age < 70 years) 
and/or receiving vitamin D suppletion.
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Discussion

In the current study, we established that risk factors for severe COVID-19 previously 
described in the general population apply to patients with IRD as well. Older age and 
a high body mass index (BMI) were identified as a risk factor for hospitalization due to 
COVID-19. We did not find a significantly increased risk for COVID-19 hospitalization 
for any IRD or IA, except for a possible protective effect for MTX. However, our study 
may be underpowered to detect differences between some IRDs and IAs, as others 
report increased risks for severe COVID-19 in patients with IRD that use RTX and/or 
glucocorticoids > 10 mg/day.8, 13, 14

We did find an increased OR for COVID-19-related hospital admission in patients with 
IRD using ACE-inhibitors. Evidence on this topic was mixed in the beginning of the 
pandemic, however, several meta-analyses show no increased risk for the use of 
ACE-inhibitors in the general population.15, 16 Therefore, this finding might be a 
spurious finding or due to residual confounding. Intriguingly, a lower risk for MTX use 
is seen. MTX is one of the most frequently used IAs in the treatment of various IRDs.17  
MTX has various anti-inflammatory effects, and is, for example, known to influence T 
cells and cause decrease of TNF-α and IL-6 levels.18 These immunomodulatory 
effects could be beneficial in COVID-19 as they may suppress the hyperinflammatory 
response observed in COVID-19.19

Strengths of this study include low bias by second order effects due to inclusion of 
cases only early in the pandemic. By selecting only the “early cases,” the effects of 
(unbalanced) adaption of behavior, differences between COVID-19 measures in the 
Netherlands (e.g., lockdowns, vaccination, and testing capacity), and evolving 
treatment strategies have been minimalized. Another strength is the completeness 
of the determinants, not only of those present in the EHRs but also of determinants 
collected from the questionnaires. However, these questionnaires could not be sent 
to deceased patients. Information was looked up in the EHRs (admission reports 
often contain information on smoking status, receiving home care, etc.).

Due to the collaboration of four rheumatology centers and inclusion of all IRDs, 
we expect our results to be generalizable to the IRD population. However, vaccination 
programs and lockdown measures may vary between countries, so results may only 
apply to countries comparable to the Netherlands. Other limitations could be residual 
confounding and the relatively small sample size, possibly explaining the observed 
increased OR for severe COVID-19 for use of ACE-inhibitors and the nonsignificant 
trend toward a higher risk that is seen in patients with gout. Even though we did 
correct for the most likely confounders (including comorbidities, age, BMI, and sex), 
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there may be other factors that play a role in the risk of severe COVID-19. Finally, there 
may be “missed cases” (e.g., patients that were admitted to other hospitals due to 
capacity problems or patients that did require hospitalization but were not admitted;  
e.g., because of old age or comorbidities). However, information on admission in other 
hospitals is expected to be complete and any case patient that was identified during 
the enrollment period was asked to participate. Ultimately, there could be a small 
bias regarding the controls as no deceased controls were included.

In conclusion, risk factors for COVID-19 hospitalizations studied in the general 
population, such as older age and high BMI, apply to patients with IRD as well. In this 
study, no specific IRD or IA was identified as a risk factor for severe COVID-19. On the 
other hand, use of MTX might protect patients with IRD from hospitalization due to 
COVID-19.
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Supplementary material

1. Statistical analyses – confounders
For each potential risk factors, confounders were selected and added to the model. 
For the selection of potential confounders, forward selection using candidate 
confounders was used. If adding a covariate to the basic model caused a change of 
more than 10% on the central determinant, the covariate was considered a 
confounder. After the confounders were identified using forward selection, backward 
selection was used to come to the lowest numbers of covariates in the model (keeping  
in mind the rule of 10 (1), allowing a maximum of 8 independent variables in the 
model as we have 81 cases). Selected potential confounders for the analyses on risk 
factors for COVID-19 hospitalisation were age, BMI, sex, smoker (defined as current 
smoker or ex-smoker), presence of one or more comorbidities (including cardiac 
disease, pulmonary disease, diabetes mellitus, active malignancy and renal 
impairment), IRD (rheumatoid arthritis (RA), spondylarthritis (SpA), polymyalgia 
rheumatica (PMR), gout, systemic inflammatory diseases), use of disease modyfing 
antirheumatic drugs (DMARDs), use of glucocorticoids ≥ 10 mg/day, use of ACE-
inhibitors, use of proton pump inhibitors (PPIs), use of NSAIDs, sufficient vitamin D 
status (defined as receiving vitamin D suppletion and/or sufficient vitamin D level 
(cut-off dependent on age, see Table 1), received BMR vaccination, living in a nursing 
home, receiving home care, health care worker and living with two or more other 
persons. Supplementary table 1 shows the confounders that were adjusted for each 
potential risk factor investigated.



100

Su
pp

le
m

en
ta

ry
 t

ab
le

 S
1

. C
on

fo
un

de
rs

.

Po
te

nt
ia

l r
is

k 
fa

ct
or

Se
le

ct
ed

 c
on

fo
un

de
rs

 fo
r C

O
VI

D
-1

9 
ho

sp
it

al
is

at
io

n

Ag
e 

65
-7

5 
ye

ar
s

BM
I, 

se
x,

 s
m

ok
er

, ≥
 1

 c
om

or
bi

di
ti

es
Ag

e 
≥ 

75
 y

ea
rs

BM
I, 

se
x,

 s
m

ok
er

, ≥
 1

 c
om

or
bi

di
ti

es
O

be
si

ty
 (B

M
I 3

0-
40

)
Ag

e,
 s

ex
, s

m
ok

er
, ≥

 1
 c

om
or

bi
di

ti
es

M
or

bi
d 

ob
es

it
y 

(B
M

I ≥
 4

0)
Ag

e,
 s

ex
, s

m
ok

er
, ≥

 1
 c

om
or

bi
di

ti
es

M
al

e 
se

x
Ag

e,
 B

M
I, 

sm
ok

er
, ≥

1
 c

om
or

bi
di

ti
es

Sm
ok

er
 (c

ur
re

nt
 s

m
ok

er
 o

r e
x-

sm
ok

er
)

Ag
e,

 B
M

I, 
se

x,
 ≥

1
 c

om
or

bi
di

ti
es

≥ 
1 

co
m

or
bi

di
ti

es
Ag

e,
 B

M
I, 

se
x,

 s
m

ok
er

R
he

um
at

oi
d 

ar
th

ri
ti

s
Ag

e,
 s

ex
, D

M
AR

D
 u

se
, P

PI
 u

se
Sp

on
dy

la
rt

hr
it

is
Ag

e,
 ≥

1
 c

om
or

bi
di

ti
es

, D
M

AR
D

 u
se

G
ou

t
Ag

e,
 B

M
I, 

se
x,

 ≥
1

 c
om

or
bi

di
ti

es
, D

M
AR

D
 u

se
Po

ly
m

ya
lg

ia
 rh

eu
m

at
ic

a
Ag

e,
 B

M
I, 

se
x,

 D
M

AR
D

 u
se

Sy
st

em
ic

 in
fl

am
m

at
or

y 
di

se
as

es
Ag

e,
 B

M
I, 

se
x,

 D
M

AR
D

 u
se

, A
CE

-i
nh

ib
it

or
 u

se
, r

ec
ei

ve
d 

BM
R 

va
cc

in
at

io
n

C
on

ve
nt

io
na

l s
yn

th
et

ic
 D

M
AR

D
s (

cs
D

M
AR

D
s)

 
BM

I, 
RA

, S
pA

, g
ou

t, 
D

M
AR

D
 u

se
 (o

th
er

 th
an

 c
sD

M
AR

D
s)

M
et

ho
tr

ex
at

e 
(M

TX
) 

BM
I, 

≥
1

 c
om

or
bi

di
ti

es
, D

M
AR

D
 u

se
 (o

th
er

 th
an

 M
TX

), 
N

SA
ID

 u
se

H
yd

ro
xy

ch
lo

ro
qu

in
e 

(H
CQ

) 
Ag

e,
 B

M
I, 

se
x,

 D
M

AR
D

 u
se

 (o
th

er
 th

an
 H

CQ
), 

AC
E-

in
hi

bi
to

r u
se

O
th

er
 c

sD
M

AR
D

s 
Ag

e,
 B

M
I, 

RA
, S

pA
, D

M
AR

D
 u

se
 (i

nc
lu

di
ng

 M
TX

, H
CQ

, b
- a

nd
 ts

D
M

AR
D

s)
, A

CE
-i

nh
ib

it
or

 u
se

B
io

lo
gi

ca
l D

M
AR

D
s (

bD
M

AR
D

s)
 

Ag
e,

 s
ex

, S
pA

, g
ou

t, 
D

M
AR

D
 u

se
 (o

th
er

 d
an

 b
D

M
AR

D
s)

, r
ec

ei
ve

d 
BM

R 
va

cc
in

at
io

n
IL

6R
-b

lo
ck

er
s 

BM
I, 

Sp
A,

 g
ou

t, 
D

M
AR

D
 u

se
 (o

th
er

 th
an

 IL
6

R-
bl

oc
ke

rs
), 

AC
E-

in
hi

bi
to

r u
se

TN
F-

in
hi

bi
to

rs
Ag

e,
 s

ex
, ≥

1
 c

om
or

bi
di

ti
es

, S
pA

, g
ou

t, 
D

M
AR

D
 u

se
 (o

th
er

 th
an

 T
N

F-
in

hi
bi

to
rs

)
Ri

tu
xi

m
ab

 
Ag

e,
 B

M
I, 

se
x,

 D
M

AR
D

 u
se

 (o
th

er
 th

an
 R

TX
)

U
se

 o
f g

lu
co

co
rt

ic
oi

ds
 ≥

 1
0 

m
g/

da
y

Sm
ok

er
, ≥

1
 c

om
or

bi
di

ti
es

, S
pA

, N
SA

ID
 u

se
, D

M
AR

D
 u

se
, r

ec
ei

ve
d 

BM
R 

va
cc

in
at

io
n

AC
E-

in
hi

bi
to

rs
Ag

e,
 ≥

 1
 c

om
or

bi
di

ti
es

, r
ec

ei
ve

d 
BM

R 
va

cc
in

at
io

n 
N

SA
ID

s
Ag

e,
 s

ex
, g

ou
t, 

PP
I u

se
, A

CE
-i

nh
ib

it
or

 u
se

, r
ec

ei
ve

d 
BM

R 
va

cc
in

at
io

n
PP

Is
Ag

e,
 ≥

 1
 c

om
or

bi
di

ti
es

, A
CE

-i
nh

ib
it

or
 u

se
Vi

ta
m

in
 D

 s
uf

fi
ci

en
t 

Ag
e,

 B
M

I, 
se

x,
 g

ou
t, 

AC
E-

in
hi

bi
to

r u
se

, r
ec

ei
ve

d 
BM

R 
va

cc
in

at
io

n
Re

ce
iv

ed
 B

M
R

 v
ac

ci
na

ti
on

Ag
e,

 ≥
 1

 c
om

or
bi

di
ti

es
, v

it
am

in
 D

 s
ta

tu
s

Li
vi

ng
 in

 a
 n

ur
si

ng
 h

om
e

Ag
e,

 B
M

I, 
se

x,
 s

m
ok

er
, D

M
AR

D
 u

se
, P

PI
 u

se
,  r

ec
ei

ve
d 

BM
R 

va
cc

in
at

io
n

Re
ce

iv
in

g 
ho

m
e 

ca
re

Ag
e,

 B
M

I, 
se

x,
 ≥

 1
 c

om
or

bi
di

ti
es

, S
pA

Li
vi

ng
 w

it
h 

≥ 
2 

ot
he

rs
Ag

e,
 g

ou
t, 

D
M

AR
D

 u
se

, A
CE

-i
nh

ib
it

or
 u

se
, P

PI
 u

se
, r

ec
ei

ve
d 

BM
R 

va
cc

in
at

io
n

H
ea

lt
h 

ca
re

 w
or

ke
r

Ag
e,

 s
ex

, g
ou

t



101Risk factors for COVID-19 hospitalization in inflammatory rheumatic diseases

6

2. Supplementary Table S2. Statistical analyses – unadjusted ORs

Su
pp

le
m

en
ta

ry
 t

ab
le

 S
1

. C
on

fo
un

de
rs

.

Po
te

nt
ia

l r
is

k 
fa

ct
or

Se
le

ct
ed

 c
on

fo
un

de
rs

 fo
r C

O
VI

D
-1

9 
ho

sp
it

al
is

at
io

n
Ag

e 
65

-7
5 

ye
ar

s
BM

I, 
se

x,
 s

m
ok

er
, ≥

 1
 c

om
or

bi
di

ti
es

Ag
e 

≥ 
75

 y
ea

rs
BM

I, 
se

x,
 s

m
ok

er
, ≥

 1
 c

om
or

bi
di

ti
es

O
be

si
ty

 (B
M

I 3
0-

40
)

Ag
e,

 s
ex

, s
m

ok
er

, ≥
 1

 c
om

or
bi

di
ti

es
M

or
bi

d 
ob

es
it

y 
(B

M
I ≥

 4
0)

Ag
e,

 s
ex

, s
m

ok
er

, ≥
 1

 c
om

or
bi

di
ti

es
M

al
e 

se
x

Ag
e,

 B
M

I, 
sm

ok
er

, ≥
1

 c
om

or
bi

di
ti

es
Sm

ok
er

 (c
ur

re
nt

 s
m

ok
er

 o
r e

x-
sm

ok
er

)
Ag

e,
 B

M
I, 

se
x,

 ≥
1

 c
om

or
bi

di
ti

es
≥ 

1 
co

m
or

bi
di

ti
es

Ag
e,

 B
M

I, 
se

x,
 s

m
ok

er
R

he
um

at
oi

d 
ar

th
ri

ti
s

Ag
e,

 s
ex

, D
M

AR
D

 u
se

, P
PI

 u
se

Sp
on

dy
la

rt
hr

it
is

Ag
e,

 ≥
1

 c
om

or
bi

di
ti

es
, D

M
AR

D
 u

se
G

ou
t

Ag
e,

 B
M

I, 
se

x,
 ≥

1
 c

om
or

bi
di

ti
es

, D
M

AR
D

 u
se

Po
ly

m
ya

lg
ia

 rh
eu

m
at

ic
a

Ag
e,

 B
M

I, 
se

x,
 D

M
AR

D
 u

se
Sy

st
em

ic
 in

fl
am

m
at

or
y 

di
se

as
es

Ag
e,

 B
M

I, 
se

x,
 D

M
AR

D
 u

se
, A

CE
-i

nh
ib

it
or

 u
se

, r
ec

ei
ve

d 
BM

R 
va

cc
in

at
io

n
C

on
ve

nt
io

na
l s

yn
th

et
ic

 D
M

AR
D

s (
cs

D
M

AR
D

s)
 

BM
I, 

RA
, S

pA
, g

ou
t, 

D
M

AR
D

 u
se

 (o
th

er
 th

an
 c

sD
M

AR
D

s)
M

et
ho

tr
ex

at
e 

(M
TX

) 
BM

I, 
≥

1
 c

om
or

bi
di

ti
es

, D
M

AR
D

 u
se

 (o
th

er
 th

an
 M

TX
), 

N
SA

ID
 u

se
H

yd
ro

xy
ch

lo
ro

qu
in

e 
(H

CQ
) 

Ag
e,

 B
M

I, 
se

x,
 D

M
AR

D
 u

se
 (o

th
er

 th
an

 H
CQ

), 
AC

E-
in

hi
bi

to
r u

se
O

th
er

 c
sD

M
AR

D
s 

Ag
e,

 B
M

I, 
RA

, S
pA

, D
M

AR
D

 u
se

 (i
nc

lu
di

ng
 M

TX
, H

CQ
, b

- a
nd

 ts
D

M
AR

D
s)

, A
CE

-i
nh

ib
it

or
 u

se
B

io
lo

gi
ca

l D
M

AR
D

s (
bD

M
AR

D
s)

 
Ag

e,
 s

ex
, S

pA
, g

ou
t, 

D
M

AR
D

 u
se

 (o
th

er
 d

an
 b

D
M

AR
D

s)
, r

ec
ei

ve
d 

BM
R 

va
cc

in
at

io
n

IL
6R

-b
lo

ck
er

s 
BM

I, 
Sp

A,
 g

ou
t, 

D
M

AR
D

 u
se

 (o
th

er
 th

an
 IL

6
R-

bl
oc

ke
rs

), 
AC

E-
in

hi
bi

to
r u

se
TN

F-
in

hi
bi

to
rs

Ag
e,

 s
ex

, ≥
1

 c
om

or
bi

di
ti

es
, S

pA
, g

ou
t, 

D
M

AR
D

 u
se

 (o
th

er
 th

an
 T

N
F-

in
hi

bi
to

rs
)

Ri
tu

xi
m

ab
 

Ag
e,

 B
M

I, 
se

x,
 D

M
AR

D
 u

se
 (o

th
er

 th
an

 R
TX

)
U

se
 o

f g
lu

co
co

rt
ic

oi
ds

 ≥
 1

0 
m

g/
da

y
Sm

ok
er

, ≥
1

 c
om

or
bi

di
ti

es
, S

pA
, N

SA
ID

 u
se

, D
M

AR
D

 u
se

, r
ec

ei
ve

d 
BM

R 
va

cc
in

at
io

n
AC

E-
in

hi
bi

to
rs

Ag
e,

 ≥
 1

 c
om

or
bi

di
ti

es
, r

ec
ei

ve
d 

BM
R 

va
cc

in
at

io
n 

N
SA

ID
s

Ag
e,

 s
ex

, g
ou

t, 
PP

I u
se

, A
CE

-i
nh

ib
it

or
 u

se
, r

ec
ei

ve
d 

BM
R 

va
cc

in
at

io
n

PP
Is

Ag
e,

 ≥
 1

 c
om

or
bi

di
ti

es
, A

CE
-i

nh
ib

it
or

 u
se

Vi
ta

m
in

 D
 s

uf
fi

ci
en

t 
Ag

e,
 B

M
I, 

se
x,

 g
ou

t, 
AC

E-
in

hi
bi

to
r u

se
, r

ec
ei

ve
d 

BM
R 

va
cc

in
at

io
n

Re
ce

iv
ed

 B
M

R
 v

ac
ci

na
ti

on
Ag

e,
 ≥

 1
 c

om
or

bi
di

ti
es

, v
it

am
in

 D
 s

ta
tu

s
Li

vi
ng

 in
 a

 n
ur

si
ng

 h
om

e
Ag

e,
 B

M
I, 

se
x,

 s
m

ok
er

, D
M

AR
D

 u
se

, P
PI

 u
se

,  r
ec

ei
ve

d 
BM

R 
va

cc
in

at
io

n
Re

ce
iv

in
g 

ho
m

e 
ca

re
Ag

e,
 B

M
I, 

se
x,

 ≥
 1

 c
om

or
bi

di
ti

es
, S

pA
Li

vi
ng

 w
it

h 
≥ 

2 
ot

he
rs

Ag
e,

 g
ou

t, 
D

M
AR

D
 u

se
, A

CE
-i

nh
ib

it
or

 u
se

, P
PI

 u
se

, r
ec

ei
ve

d 
BM

R 
va

cc
in

at
io

n
H

ea
lt

h 
ca

re
 w

or
ke

r
Ag

e,
 s

ex
, g

ou
t

Potential risk factor Unadjusted OR (95% CI)

Generic risk factors

Age 65-75 1.3 (0.76-2.1)

Age ≥75 4.4 (2.6-7.5) ‡

Obesity (BMI 30-40) 1.8 (1.1-3.1) ‡

Morbid obesity (BMI ≥ 40) 3.8 (1.5-9.9) ‡

Male sex 2.1 (1.3-3.4) ‡

Presence of ≥ 1 comorbidity* 3.8 (2.2-6.7) ‡

Smoker (current ór ex-smoker) 1.5 (0.92-2.4)

IRD

RA** 0.88 (0.54-1.4)

SpA 0.29 (0.14-0.60) ‡

Gout 7.2 (3.4-15) ‡

Polymyalgia 1.1 (0.47-2.6)

Systemic diseases 2.0 (0.76-5.4)

Immunomodulatory agents

csDMARDs (any) 0.46 (0.28-0.76) ‡

Methotrexate 0.59 (0.36-0.96) ‡

HCQ 0.63(0.29-1.4)

Other 1.1 (0.62-2.1)

bDMARDs (any) 0.44 (0.23-0.83) ‡

TNF-inhibitors 0.43 (0.20-0.88) ‡

IL6R-blockers 0.48 (0.061-3.8)

RTX 2.5 (0.22-27.5)

Glucocorticoids ≥ 10 mg/day 2.4 (0.95-6.1)

Other medication

NSAIDs 0.43 (0.23-0.82)

ACE-inhibitors 3.4 (1.9-6.2) ‡

PPIs 2.0 (1.2-3.3)

Other

Vitamin D sufficient *** 1.3 (0.78-2.3)

Health care worker 0.72 (0.32-1.7)

Received BMR vaccination 0.16 (0.049-0.52) 

Receiving home care 3.5 (1.7-7.3) ‡

Living in a nursing home 3.3 (0.55-20)

Living with two or more other persons 0.47 (0.23-0.95) ‡

‡ p < 0.05
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3. Data-management
Data was retrieved from electronic medical records (EMRs) and through a questionnaire. 
From the EMRs, data on diagnosis, use of immunomodulatory agents (IA) and 
comorbidities was collected. Through the questionnaire data that is usually not 
present or incomplete in the EMRs was collected. For example, information on length, 
weight, smoking status, living situation and vaccination status was collected. These 
questionnaires however could not be sent to case patients that had died. As much 
information as possible was collected from the EMR. In case of hospital admission, 
length, weight and living situation were often registered. As mentioned, relatives of 
deceased patients were initially approached to answer the questions that remained 
unanswered, but this was suspended as they could not answer most of the remaining 
questions (e.g. on vaccination status) and some questions could be perceived as 
emotionally burdening (e.g. on adherence to COVID measures). This results in some 
missing data in our deceased case patients (for example length and/or weight is 
missing in 6 deceased patients). We did not use multiple imputation to complete this 
data, as these data may be missing not at random. With regard to other determinants,  
our dataset is complete with few missings by design. To ensure quality of the data, 
3.5% of the data was double entered and checked for accuracy of data entry. In <1%  
of the double entered data, errors were found. In case of any error, the entry was 
adjusted.
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4. Supplementary table S3. STROBE checklist for case control studies\

Item 
No

Recommendation Adressed  
on page

Title and abstract 1 (a) Indicate the study’s design with  
a commonly used term in the title or  
the abstract

Page 1, 2

(b) Provide in the abstract an informative 
and balanced summary of what was done 
and what was found

Page 2

Introduction

Background/rationale 2 Explain the scientific background  
and rationale for the investigation  
being reported

Page 3

Objectives 3 State specific objectives, including any 
prespecified hypotheses

Page 3

Methods

Study design 4 Present key elements of study design  
early in the paper

Page 4, 5

Setting 5 Describe the setting, locations, and relevant 
dates, including periods of recruitment, 
exposure, follow-up, and data collection

Page 4, 5

Participants 6 (a) Give the eligibility criteria, and 
the sources and methods of case 
ascertainment and control selection. 
Give the rationale for the choice of cases 
and controls

Page 4, 5

(b) For matched studies, give matching 
criteria and the number of controls per case

N/A

Variables 7 Clearly define all outcomes, exposures, 
predictors, potential confounders, and 
effect modifiers. Give diagnostic criteria,  
if applicable

Page 4, 5, 
supplementary 
file A - 1

Data sources/ 
measurement

8*  For each variable of interest, give sources  
of data and details of methods of 
assessment (measurement). Describe 
comparability of assessment methods if 
there is more than one group

Page 4, 5, 
supplementary 
file A - 1

Bias 9 Describe any efforts to address potential 
sources of bias

Page 4, 5

Study size 10 Explain how the study size was arrived at Page 4, 5
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Item 
No

Recommendation Adressed  
on page

Methods

Quantitative variables 11 Explain how quantitative variables were 
handled in the analyses. If applicable, 
describe which groupings were chosen  
and why

Page 4, 5

Statistical methods 12 (a) Describe all statistical methods, 
including those used to control for 
confounding

Page 4, 5, 
supplementary 
file A – 1

(b) Describe any methods used to examine 
subgroups and interactions

Page 4, 5

(c) Explain how missing data were addressed Supplementary 
file A - 1

(d) If applicable, explain how matching 
of cases and controls was addressed

N/A

(e) Describe any sensitivity analyses N/A

Results

Participants 13* (a) Report numbers of individuals at each 
stage of study—eg numbers potentially 
eligible, examined for eligibility, confirmed 
eligible, included in the study, completing 
follow-up, and analysed

N/A

(b) Give reasons for non-participation  
at each stage

N/A

(c) Consider use of a flow diagram N/A

Descriptive data 14* (a) Give characteristics of study participants 
(eg demographic, clinical, social) and 
information on exposures and potential 
confounders

Page 5

(b) Indicate number of participants with 
missing data for each variable of interest

Supplementary 
file A - 1

Outcome data 15* Report numbers in each exposure category, 
or summary measures of exposure

Page 5

Main results 16 (a) Give unadjusted estimates and, if 
applicable, confounder-adjusted estimates 
and their precision (eg, 95% confidence 
interval). Make clear which confounders 
were adjusted for and why they were 
included

Page 5, 
supplementary 
file A

(b) Report category boundaries when 
continuous variables were categorized

Page 5

(c) If relevant, consider translating 
estimates of relative risk into absolute risk 
for a meaningful time period

N/A
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Abstract

Objectives
Immunomodulatory agents are safe and effective as treatment for various immune-
mediated inflammatory diseases (IMIDs), but are associated with a slightly increased 
infection risk. It is uncertain whether, in the event of an infection, continuation  
or temporary interruption of immunomodulatory agents leads to better outcomes. 
Owing to this uncertainty, it is of importance to explore the perspectives of 
health-care providers (HCPs) and patients on this topic. In this study, we set out to 
identify and provide an overview of reasons for both treatment strategies.

Methods
Semi-structured interviews were conducted with HCPs involved in the pharmaco-
logical treatment of IMIDs and with IMID patients using one or more immunomodu-
latory agent. Purposive sampling was used to enrich data variation. Interviews were 
conducted until data saturation was reached and subsequently analysed using 
qualitative content analysis.

Results
In total, 13 HCPs and 19 IMID patients were interviewed. A wide range of reasons for 
both treatment strategies were identified, categorized into 10 overarching themes, 
including IMID characteristics, infection characteristics and the patient–HCP 
relationship.

Conclusion
In this interview study, we identified various reasons for continuation or temporary 
interruption of immunomodulatory agents during infections for both IMID patients 
and HCPs. We found overlapping themes, such as IMID characteristics; however, the 
content and interpretation of these themes might differ between HCPs and patients. 
Both HCPs and patients mentioned that the decision for a treatment strategy is often 
about weighing benefits against risks (e.g. infection severity vs disease flare).

Key messages
•	 It is uncertain whether it is best temporarily to interrupt or continue immuno

modulatory agents during infections.
•	 Reasons for health-care providers and patients to choose a treatment strategy  

can be categorized in 10 themes.
•	 Among others, infection and disease characteristics are weighed.
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Introduction

Immune-mediated inflammatory diseases (IMIDs) are often treated with immuno-
modulatory agents [1–3]. Despite their proven efficacy and safety, the use of some 
immunomodulatory agents is associated with a slightly increased infection risk [4, 5].  
Once an infection occurs, it remains uncertain whether it is best to continue or 
temporarily to interrupt immunomodulatory agents [6]. Most guidelines and summaries 
of product characteristics advise the temporary interruption of immunomodulatory 
agents in the event of a (severe) intercurrent infection [7–9]. On the contrary, perhaps 
counterintuitively, indirect but high-level evidence suggests that the continuation 
of immunomodulatory agents could have a beneficial effect on infection outcome.

First, activation of the IMID after interruption of immunomodulatory agents could 
lead to a higher risk of a more severe infection outcome itself [10, 11]. Second, many 
immunomodulatory agents interfere in the cytokine pathways involved in inflammation 
and can be used to treat hyperinflammation occurring in severe infections [12–14]. 
Moreover, there are practical issues, such as long half-lives and administration 
intervals, that can hamper interruption of the immunomodulatory agents once an 
infection occurs. Given the little evidence available on the use of immunomodulatory 
agents during infections, possible beneficial effects of immunomodulatory agents  
on infections and struggles in clinical practice, a large pragmatic exploratory trial  
is being executed by the Sint Maartenskliniek to provide evidence on whether 
continuation or temporary interruption of immunomodulatory agents in IMID 
patients results in a better outcome of an intercurrent infection (COVIDI2 trial) [15]. 
The results of this trial can improve daily clinical practice by providing guidance to 
patients and health-care providers (HCPs) in the decision process of continuation or 
interruption of immunomodulatory agents in the event of an infection.

When evidence is low or inconclusive, the decision for either continuation or 
temporary interruption of immunomodulatory agents might be driven by the beliefs 
and preferences of patients and HCPs. In this case, shared decision-making is of 
importance, because it can enable patients to assess the various reasons for either 
treatment strategy and provide HCPs with insight on what is important to patients. 
Combining these factors can contribute to making a decision together [16]. However, 
little is known about the beliefs of patients and HCPs on the use of immunomodulatory 
agents during infections. A study among different medical specialists showed that 
perceived infection risks owing to immunomodulatory agents differ between 
specialists. Family medicine physicians and internal medicine physicians rated the 
infection risk for TNF-inhibitors higher (85 and 79, respectively, on a scale from 0 to 
100), compared with dermatologists (52 of 100) [17]. Beliefs about infection risk can 
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also vary between HCPs and IMID patients. A study among patients with Crohn’s 
disease and gastroenterologists showed that gastroenterologists accepted a higher 
infection risk in exchange for improvement from severe to moderate disease than 
patients [18]. In very severe plaque psoriasis, patients were more willing to accept a 
risk of serious adverse events compared with dermatologists [19]. A study among 
patients with RA and JIA who had undergone an arthroplasty showed that avoiding 
an infection was of greater importance than avoiding a disease flare in the 
perioperative period [20]. Finally, it is known that patients with RA and Crohn’s 
disease are willing to accept a potential small additional risk of (severe) infections 
if treatment with immunomodulatory agents causes a significant reduction of 
complaints [21–24].

In conclusion, perceived infection risks might differ between HCPs and patients.  
They might also have different points of view regarding acceptable infection risk, 
possibly dependent on IMID disease severity. Nevertheless, to our knowledge, 
no research has been performed on the perspective of IMID patients and HCPs 
regarding the use of immunomodulatory agents in the event of an infection. 
We therefore set out to identify and provide an overview of reasons either to continue  
or temporarily to interrupt immunomodulatory agents in the event of an infection 
for both IMID patients and HCPs using semi-structured interviews.

Methods

Participants
The patients were recruited by their treating physician from the rheumatology 
department at the Sint Maartenskliniek and dermatology and gastroenterology 
departments at the Radboudumc. From each department, patients were recruited  
by at least two different physicians, because patients’ beliefs might be influenced  
by their physician’s opinion or advice about immunomodulatory agent use during 
infections. Purposive sampling was used to enrich data variation (and obtain a 
diverse and complete set of reasons either to continue or to interrupt immuno
modulatory agents). We aimed to include a broad variety of patients with regard to 
age, sex, diagnosis, type of immunomodulatory agent used, combinations of immuno
modulatory agents used and experience with (severe) infection [25, 26]. Patients 
could be included if they were ≥16 years, able to understand (read, listen) and 
communicate in Dutch, mentally competent and had a clinical diagnosis of at least 
one IMID (RA, SpA, PsA, psoriasis, ulcerative colitis and/or Crohn’s disease), for which 
they used one or more immunomodulatory agents.
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The HCPs were recruited from various rheumatology, dermatology and gastro
enterology departments at seven different hospitals (specialized, academic and 
peripheral). HCPs were approached directly by the research team (via e-mail, face to 
face or by telephone). Purposive sampling was used, and we aimed to include a broad 
variety of HCPs with regard to age, sex, specialization, work experience, PhD degree 
and type of hospital. HCPs could be included if they were able to understand (read, 
listen) and communicate in Dutch and were involved in the pharmaceutical treatment 
of IMID patients as either a medical doctor or physician assistant (in training).  
We mainly included medical specialists because they are (in Dutch health care)  
the ones responsible for treatment decisions such as the continuation or interruption  
of immunomodulatory agents in the event of an infection.

Data collection
Semi-structured interviews were used and are suitable to obtain information about 
experiences, thoughts and beliefs in health care [26]. Two interview guides were 
developed by M.A.A.O. (medical doctor and PhD candidate) and L.M.V. (postdoctoral 
researcher with experience in conducting qualitative research). The interview guides 
were reviewed by J.E.V. (psychologist with experience in qualitative research) and 
A.A.d.B. (rheumatologist–epidemiologist). The topics addressed and examples of 
questions asked in the interview guides are shown in Table 1. M.A.A.O. conducted the 
interviews either by telephone or face to face, because face-to-face contact was not 
desirable owing to the coronavirus disease 2019 (COVID-19) pandemic. Evidence 
shows that telephone interviews, compared with face-to-face interviews, do not 
lead to inferior results [27]. Before the study, there was no relationship between 
M.A.A.O. and the interviewed patients. With some HCPs, M.A.A.O. had no previous 
connection, whereas some HCPs were colleagues of M.A.A.O. Information that 
patients or HCPs shared during the interview was not shared with other HCPs or 
colleagues. All interviews were recorded and transcribed verbatim by a commercial 
third party (Tekstuitschrijven). A summary written by the interviewer was sent to  
the interviewee after each interview as a check to assure data validity. None of  
the participants indicated that they did not agree with this summary.

Data analysis
Transcribed interviews were analysed by qualitative content analysis using Atlas.ti 
[28]. Initially, all interviews were read, reread and coded (familiarization with and 
condensation of the data). The first three interviews with both the HCPs and the 
patients were coded independently by two researchers (L.M.V. and M.A.A.O.). These 
codes were discussed until consensus about the codes was reached, and codes were 
reformulated or adapted if needed. An example of the reformulation of questions is 
the adaption of the question, ‘Have you experienced the occurrence of an infection 
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while taking immunomodulatory drugs?’ into ‘Have you ever had an infection while 
using this medication?’. After this, the interviews were coded by M.A.A.O. alone, 
checked by L.M.V., then discussed. If necessary, codes were reformulated, adapted or 
merged (abstraction). During the process, the results of the interviews were discussed 
by the two researchers, and the interview guide was adapted if necessary. This did 

Table 1. Topics with one example key question addressed in the interview guides.

Patients

Experiences with infections during use of immunomodulatory agents
Q: Have you ever had an infection while using immunomodulatory agents?

Experiences with continuation or interruption of immunomodulatory agents in the event  
of an infection
Q: What did you do with your immunomodulatory agents during a past infection?

Patient preference for treatment strategy in the event of an infection and instructions from 
their physician
Q: What would you do if you were to experience an infection at this moment?

Barriers and facilitators for continuation of immunomodulatory agents during an infection
Q: What could be reasons for you to continue your immunomodulatory agents during an 
infection?

Barriers and facilitators for temporary interruption of immunomodulatory agents during  
an infection
Q: What could be reasons for you temporarily to interrupt your immunomodulatory agents 
during an infection?

Health-care providers

What they would do if a patient has an infection
Q: If a patient were to call because they have an infection, what would you do?

Perceived patient preferences for treatment strategy in case of an infection
Q: How do you think patients feel about immunomodulatory agent use during infections?

Agreements/protocols within their own work field
Q: Are there agreements on immunomodulatory agent use and infection in your 
department? If yes, which?

Barriers and facilitators for continuation of immunomodulatory agents during an infection
Q: What determines your decision on continuation of immunomodulatory agents during an 
infection?

Barriers and facilitators for temporary interruption of immunomodulatory agents during  
an infection
Q: Do you think there are benefits of temporary interruption of immunomodulatory agents 
during an infection?

Q: question
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not lead to new questions being added to the interview guide but did lead to 
rephrasing of questions. Content analysis led to identification of reasons to choose 
and reasons not to choose for each of the treatment strategies. These reasons  
were divided into four categories: reasons to interrupt immunomodulatory agents 
temporarily, reasons not to interrupt immunomodulatory agents temporarily, reasons  
to continue immunomodulatory agents and reasons not to continue immuno
modulatory agents in the event of an intercurrent infection. Some codes derived 
from the interviews did not form a reason for one or both treatment strategies  
and were coded as ‘neutral’ (contextual codes). Subsequently, these reasons were 
categorized into themes and subthemes. Themes could be grouped into one or 
multiple categories. Data collection and data analysis were alternated continually  
in a cyclic process. Interviews were conducted and analysed until data saturation 
was reached. Data saturation was defined as no new subthemes emerging from  
the last three interviews. After all transcripts were coded and initial themes formed, 
M.A.A.O. and L.M.V. discussed the categories and (sub)themes with L.M.V. and A.A.d.B. 
This was first done for the patient and HCP interviews separately; ultimately, the 
themes that were identified from all interviews were merged into the final themes.

Ethics
This study was performed in compliance with the Declaration of Helsinki. The Medical 
Research Ethics Committee (MREC) region Arnhem–Nijmegen exempted the study 
from ethical approval according to the Dutch Medical Research Involving Humans 
Acts (file numbers 2020-6593 and 2020-7207). Participants were included after they 
had given informed consent given either in writing or orally (in accordance with 
Dutch legislation).

Results

Participant characteristics
Between June 2020 and November 2020, 39 patients agreed to be approached by  
the research team, and eventually 19 IMID patients were interviewed. Not all patients 
provided a reason for not participating. With regard to the HCPs, 23 HCPs were 
approached by the research team, and 13 HCPs were interviewed between March 2021  
and November 2021. In Table 2, the characteristics of patients and HCPs are displayed.  
The mean duration of the interviews was 23 min (s.d. 5.3 min, range 14–41 min) for  
the patients and 28 min (s.d. 5 min, range 18–36 min) for the HCPs.
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Table 2. Participant characteristics.

Patients (n = 19) Health-care providers (n = 13)

Female, n (%) 11 (58) Female, n (%) 9 (69)

Age, mean (SD), years 50 (17),  
range 20–80

Age, mean (SD), years 49 (8),  
range 34–66

Disease duration,  
mean (SD), years

17 (14),  
range 1–49

Diagnosis, n (%) Specialized in, n (%)

RA 4 (21) Rheumatology 6 (46)

PsA/axial SpA 5 (26) Gastroenterology 3 (23)

Psoriasis 4 (21) Dermatology 4 (31)

IBD (ulcerative colitis/ 
Crohn’s disease)

6 (32)

Immunomodulatory  
agent useda, n (%)

Profession, n (%)

MTX 3 (16) Medical specialist 10 (77)

Thioguanine 1 (5) Physician assistant 2 (15)

HCQ 1 (5) Resident (in training) 1 (8)

Rituximab 1 (5)

TNF inhibitors 8 (42) Type of hospital, n (%)

JAK inhibitors 2 (11) Academic 2 (15)

Anti-IL-12/23 1 (5) Peripheral 8 (62)

Anti-IL-23 1 (5) Specialized 3 (23)

Anti-IL-17 3 (16)

Phosphodiesterase 4 
inhibitor

1 (5)

Experience with infection 
during immunomodulatory 
agent use, n (%)

Yes: 9 (47)

No: 10 (53)

Experience with 
severe infection during 
immunomodulatory agent 
useb, n (%)

Yes: 4 (21)

No: 15 (79)

a Use of more than one agent is possible (three patients were on combination therapy). b Severe infection 
defined as requiring hospitalization.
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Main results
Qualitative content analysis led to the identification of 936 codes (483 in the HCP 
interviews and 453 in the patient interviews) and 108 subthemes (60 from the HCP 
interviews and 48 from the patient interviews). In total, 10 themes were extracted 
from the reasons (not) to choose one of the treatment strategies (portrayed in Fig. 1). 
Most themes were identified from both the patient and HCP interviews, except for 
‘Health-care provider characteristics’ and ‘Guidelines/current practice’, which were 
mentioned only by HCPs. In Table 3, quotations from patients and HCPs are displayed 
for each theme. Contextual codes are not included in these themes; however, they 
might affect the process of decision-making by patients and/or HCPs. For example, 
participants stressed the importance of shared decision-making, and HCPs mentioned 
that they struggle with the limited evidence available on the topic.

Figure 1. Identified themes.
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Theme 1: IMID characteristics
The IMID characteristics, including the disease activity, was mentioned by both HCPs 
and patients as a reason (not) to continue or to interrupt immunomodulatory agents 
in the event of an infection. (Risk of) high disease activity or high impact of a flare 
(with risk of permanent damage or increased infection risks) was mentioned as a 
reason to continue immunomodulatory agents. In contrast, mild or stable disease 
was identified as a reason to interrupt immunomodulatory agents. Enhanced disease 
activity can have an impact on daily life on different levels; patients stated that it 
might affect their mobility, independence and ability to work or participate in social 
events. One patient said that interruption of her medication would not be a topic for 
discussion.

Theme 2: characteristics of immunomodulatory agents
Patients and HCPs addressed the characteristics of immunomodulatory agents 
during the interviews. HCPs mentioned, for example, that long half-times would be a 
reason not to interrupt the immunomodulatory agents, because they did not expect 
any effect from the interruption on a current infection. They also noted that there 
might be differences between immunomodulatory agents and their degree of 
immunosuppression, and that this influences their choice of a treatment strategy.  
For example, HCPs said that they would be more likely to continue a classical immuno
modulatory agent, such as MTX, compared with TNF inhibitors. Both HCPs and 
patients talked about possible interactions with other medication, such as antibiotics.  
This could be a reason to interrupt the immunomodulatory agents during an infection.

Furthermore, HCPs brought up the financial aspect. Some immunomodulatory 
agents are expensive, and continuation would therefore lead to higher costs. On the 
contrary, interruption would lead to lower costs, and this could be taken into account 
when considering either continuation or interruption of immunomodulatory agents 
during infections.

Theme 3: effects of immunomodulatory agents on immune system/infection
The observed effect of immunomodulatory agents on the immune system or 
infections and beliefs about these effects were identified as reasons either to 
interrupt or to continue immunomodulatory agents in the event of an infection. 
Some patients mentioned that they believed their immunomodulatory agent had a 
negative impact on infection risk (which was identified as a reason to interrupt im-
munomodulatory agents), whereas others believed that their immunomodulatory 
agent could have a positive effect on the immune system (which was identified as a 
reason to continue immunomodulatory agents). HCPs also expressed both views, 
and they specifically mentioned that immunomodulatory agents could have 
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beneficial effects on hyperinflammation, which is the case, for example, in severe 
COVID-19 and could be a reason to continue immunomodulatory agents during an 
infection.

Theme 4: patient characteristics
Several patient characteristics were identified as reasons to choose a certain 
treatment strategy. HCPs, for example, mentioned that they would be more likely to 
interrupt immunomodulatory agents in patients with previous severe infections or 
in vulnerable patients with significant co-morbidities. HCPs also mentioned 
decreased therapy adherence as a reason not to choose temporary interruption. They 
explained that if patients notice that an immunomodulatory agent is stopped easily 
or quickly in response to infections, patients might be more likely to stop or skip their 
immunomodulatory agents at their own convenience. As for the patients, some 
might not be aware that temporary interruption of immunomodulatory agents is an 
option in the event of infection, hampering the use of this treatment strategy.

Theme 5: characteristics of infection
More severe, recurrent or long-lasting infections were identified as reasons to 
interrupt immunomodulatory agents, whereas mild infections were reasons to 
continue immunomodulatory agents. This applied to both patients and HCPs.

Theme 6: characteristics of HCPs
The HCPs mentioned peer influence as a reason to interrupt immunomodulatory 
agents in the event of an infection. For example, if a supervisor or infectious disease 
specialist were to advise them to interrupt the immunomodulatory agents, they 
would follow this advice. Another topic that came up was the fear of making mistakes 
or being health liable. HCPs indicated that this could be a reason to interrupt immu-
nomodulatory agents temporarily during an infection.

Theme 7: characteristics of the interruption
As for interruption characteristics, both patients and HCPs expressed that an 
(expected) short duration of interruption was a reason to interrupt, because the risk 
of, for example, disease flare is low in this case.

Theme 8: stopping medication in general
The wish or chance to stop immunomodulatory agents generally came up as a reason 
to interrupt immunomodulatory agents. Patients mentioned their wish to stop or 
taper immunomodulatory agents in general. HCPs said that the interruption of im-
munomodulatory agents in the event of an infection could be considered a ‘free’ 
opportunity to stop the immunomodulatory agents.
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Theme 9: guidelines/current practice
Only HCPs mentioned the guidelines or current protocols as a reason to interrupt im-
munomodulatory agents. They also stated that there is not a lot of evidence on this 
topic and that this is a major struggle. HCPs also mentioned that guidelines are not 
always based on high-level evidence, but more on expert opinion or on previous 
experience.

Theme 10: patient–HCP relationship
The patient–HCP relationship is of importance for both patients and HCPs. Patients 
indicated that if an HCP were to tell them or advise them to interrupt their medication, 
they would follow this advice. In contrast, HCPs mentioned that they value shared 
decision-making and that they would comply with the wishes and preferences of the 
patient, if medically justified.

Another topic that came up was being consistent with patients about infection risks. 
When treatment with immunomodulatory agents is first started, patients are often 
advised temporarily to interrupt their immunomodulatory agents in the event of  
an infection. When an infection occurs, and the HCP tells them to continue their 
immunomodulatory agents, this would be contrary to the previously given advice 
(regardless of the current evidence available on the topic). HCPs were concerned that 
this could harm the relationship; therefore, maintaining the patient–HCP relationship 
was identified as a reason to interrupt immunomodulatory agents.

Discussion

In this interview study, we identified various reasons provided by both IMID patients 
and HCPs for either continuation or temporary interruption of immunomodulatory 
agents during infections. We found overlapping themes, such as IMID characteristics, 
but the content and interpretation of these themes differed. Regarding IMID disease 
activity, for example, HCPs focused on the risk of permanent damage, whereas 
patients were concerned about flares and the impact on daily life activities. The focus 
of HCPs on risk of damage was also seen in a study showing that gastroenterologists, 
in comparison to patients, are more willing to accept treatment risks in exchange for 
improvement from severe to moderate symptoms [18]. As for patients, another 
interview study showed that when tapering immunomodulatory agents, RA patients 
fear disease flare and impact on daily life [29]. Some of the identified reasons appear 
contradictory; for example, patients and HCPs noted that they would be more likely 
to interrupt immunomodulatory agents temporarily if the interruption were to be 
only short lived. This is because the risk of a flare is relatively small when interrupting 
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immunomodulatory agents for a short period of time. The same argument was used 
to suggest that there is no point in interrupting the immunomodulatory agents, 
owing to the long half-times of these agents.

The lack of unambiguous, high-level evidence on this topic is a burden for HCPs and 
causes them to be unable to make a substantiated decision. Results of the explorative 
COVIDI2 trial can provide guidance, but more research might still be needed to 
provide conclusive evidence on specific immunomodulatory agents (e.g. the extent 
to which they have immunosuppressive effects, because they all target different 
components of the immune system) and specific types of infections. In current 
practice, HCPs sometimes take a ‘better safe than sorry’ approach and interrupt the 
immunomodulatory agents to prevent escalation of the infection. Furthermore, clear 
communication and shared decision-making influence the beliefs and behaviours of 
patients and HCPs. First, patients mentioned that they would follow their physician’s 
advice on use of immunomodulatory agents during an infection. A previous study 
shows that at the beginning of the COVID-19 pandemic, patients interrupted their 
immunomodulatory agents because they believed they were at increased risk for 
COVID-19 owing to their immunomodulatory agents, and this belief might have been 
caused by previous instructions to stop immunomodulatory agents in the event of an 
infection [30]. Second, HCPs place value on shared decision-making and responding 
to the wishes of the patient. They are also concerned about treatment adherence, 
their own credibility and the relationship with their patients.

One of the strengths of this study is that, to our knowledge, this is the first study 
investigating the perspectives of IMID patients and HCPs on this topic. Another 
strength is that the interviews were conducted by a PhD candidate who did not have 
a relationship with the interviewed patients before the study, reducing the risk of 
response bias. Furthermore, purposive sampling and participant recruitment from 
different departments allowed the inclusion of a wide variety of participants, leading 
to a thorough overview of all possible reasons that could contribute to the decision to 
interrupt or continue immunomodulatory agents during infections.

Potential limitations are the timing of the patient interviews, which were conducted 
between June and November 2020, a few months after the start of the COVID-19 
pandemic. Patients mentioned that they were worried or afraid of getting infected 
with the SARS-Cov-2 virus, which is in line with other studies on this topic [30]. 
However, patients said that these concerns declined over time. The interviews with 
HCPs were conducted 1 year later. HCPs mentioned that the COVID-19 pandemic had 
reassured them, because in general the IMID patients did not appear to be at 
increased risk for (severe) COVID-19 [31]. It is possible that had these interviews been 
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conducted earlier, the answers to some of the questions would have been different. 
Nonetheless, especially in light of the COVID-19 pandemic, it is of great value to 
understand how patients and HCPs feel about infections and the use of immuno-
modulatory agents. Another limitation is the absence of involvement of a patient 
research partner.

Regarding generalizability, only patients and HCPs who were able to communicate 
(read and speak) in Dutch were included in our study, because the interviews were 
conducted in Dutch. Therefore, the perspective of non-Dutch-speaking patients and/
or HCPs, patients with illiteracy or patients and/or HCPs with hearing impairment 
might be missing from our data. Also, in countries with different health-care systems, 
other factors could play a role that we were not able to identify in this study.

In conclusion, we identified reasons given by HCPs and IMID patients for both 
continuation and interruption of immunomodulatory agents in the event of an 
infection. When making a decision on the use of immunomodulatory agents during an 
infection, several factors have to be weighed. To improve insight into the importance of 
the identified reasons and the relationships between them, a quantitative research 
assessment (e.g. a questionnaire in a larger patient population) is required. The results  
of the present study can inform strategies to facilitate implementation of either 
continuation or interruption of immunomodulatory agents during infections, depending 
on the results of the COVIDI2 trial. Moreover, the results are of value in clinical 
practice. Shared decision-making is of great value, and HCPs can use the identified 
reasons as a tool in communication with IMID patients experiencing an infection.
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Abstract

Background
Immunomodulatory agents (IA) are commonly used to treat inflammatory rheumatic 
diseases (IRDs). Guidelines typically recommend temporarily interrupting IA during 
infections, but evidence supporting this approach is limited and continuation may be 
equally safe or even preferable. The objective of this study was to compare these 2 
treatment strategies.

Methods
We conducted a large multi-center, open-label, randomized controlled trial (Dutch 
Trial Register (NL8922), in which infection-free IRD patients on IA were randomized 
1:1 to either continue or temporarily interrupt IA treatment when experiencing their 
first clinically relevant infection. Primary outcome was the proportion of patients 
with a serious infection (requiring hospitalization or intravenous treatment), analyzed  
in the modified intention-to-treat (mITT) population using the Cochran-Mantel-
Haenszel method. The mITT population included all patients who experienced a 
clinically relevant infection during follow-up. Secondary analyses included Complier 
Average Causal Effect (CACE) models to account for non-adherence. 

Results
Of 1142 patients enrolled (1667 patient years of follow-up), 474 developed a clinically 
relevant infection (mITT population). Serious infections occurred in 12 of 233 patients 
(5.15%) in the interruption group and in 9 of 241 (3.73%) in the continuation group, 
adjusted risk difference was 1.71% (95% CI −1.99 to 5.39). CACE analysis showed a risk 
difference of 4.51 (95% confidence interval [CI]: −7.32 to 16.34) in favor of continuation.

Conclusions
These findings suggest that temporary interruption and continuation of IA result in 
similar risk and outcome of infections in IRD patients. Although his study is limited by 
low statistical power, the findings suggest that continuation of IA during an infection 
is safe.
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Introduction

Immunomodulatory agents (IA) are widely used to treat patients with immune 
mediated inflammatory diseases (IMIDs), including inflammatory rheumatic diseases 
(IRDs) such as rheumatoid arthritis (RA), psoriatic arthritis (PsA), and axial spondylo
arthritis (axSpA) [1, 2]. Even though IA are effective and safe, IRD patients using IA 
may be more susceptible to severe infections [3–5]. Moreover, it has been shown that 
infection risk is already higher in specific IRDs such as RA, and that higher disease 
activity is associated with higher infection risk. Other patient characteristics such as 
age and comorbidities can add to a higher risk of (severe) infection [6–8]. Therefore, 
it is of importance to gain knowledge on how to manage infections in IRD patients 
using IA.

It is unclear whether IA should be temporarily interrupted or continued in case of an 
infection. For most IA, clinical guidelines and the Summary of Product Characteristics 
(SmPC) advise to temporarily interrupt treatment in case of a (severe) intercurrent 
infection, mostly based on infection management as done in registration trials [9, 10]. 
Theoretically, temporary cessation of the treatment will lead to a lower drug level, 
putatively resulting in a reduced immunosuppressive effect and prevention of 
further escalation of the infection. However, evidence on this topic is very scarce and 
there are some arguments in favor of continuation of IA in case of an infection.

First, the reduction in IA drug levels may be reached too late to impact the course of 
infection, especially as many IA have long half-lives. Second, interruption of the IA 
might evoke a disease flare with subsequent increased infection risk. Increased 
disease activity could also result in need for extra glucocorticoid use, which is 
associated with increased infection risks as well. The most important, and perhaps 
somewhat counterintuitive argument, is that continuation of IA could result in better 
infection outcomes. This is because negative infection outcomes are often driven by 
an excessive host response which can be countered by IA, as seen in sepsis or severe 
coronavirus disease 2019 (COVID-19) [11–14] and because some IA have innate 
anti-infective or anti-viral properties themselves [15–17].

To our knowledge, there are no clinical trials or observational studies directly 
comparing the outcomes of continuation of IA with interruption of IA during infection.  
The hypothesis that continuing IA treatment may be beneficial in case of infection 
has only support by indirect and circumstantial evidence. We therefore carried out a 
randomized controlled trial to assess the effect of continuation of IA versus temporary 
interruption in case of an incident infection on infection outcome, notably progression  
to serious infection.
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Methods

Trial design and oversight
This study was a large, pragmatic, exploratory, open-label, multicenter, randomized 
controlled strategy study among IRD patients using (one or multiple) IA in any dose. 
The trial was conducted in 5 locations of 2 large medical centers in The Netherlands 
(Sint Maartenskliniek and Máxima Medical Centre) in accordance with the principles 
of the Declaration of Helsinki, Dutch legislation and guidelines, and Good Clinical 
Practice. Ethical approval was granted by the local Medical Research Ethics 
Committee (MREC) (file number 2020-6444). All patients provided written informed 
consent. This trial was funded by the Sint Maartenskliniek ([R]SMK). In the 
supplementary files, additional information on the methods of this study, the most 
recent trial protocol, overview of protocol amendments (Supplementary Table 4) and 
the CONSORT checklist are provided. An overview of enrolment, interventions and 
assessments is shown in Supplementary Figure 1.

Participants and eligibility criteria
In order to maximize external validity, inclusion criteria for this pragmatic trial were 
as non-restrictive as possible. Patients were eligible for inclusion if they (1) had a 
clinical diagnosis of one of the following IRDs: rheumatoid arthritis (RA), psoriatic 
arthritis (PsA) or axial spondyloarthritis (axSpA), (2) were 16 years or older, *3) used 
one or more IA from Supplementary Table 1, (4) did not have a clinical infection at 
time of inclusion and (5) were able to read and communicate in Dutch.

Initial anticipated follow-up of participants was 12 months. Changes in follow-up 
periods were made due to lagging inclusion rates and lower than expected infection 
rates, and increases in follow-up time were made to compensate for this with more 
patient years follow-up.

Treatment
Participants were randomized 1:1 to IA continuation (intervention) or temporary 
interruption of IA during an infection (control). Participants were randomised via 
online database Castor EDC® using block randomization with varying block sizes of  
6, 8, and 10 and a computer-generated list stratified for use of tumour necrosis factor 
inhibitors (TNFi), use of concomitant glucocorticoids and risk for severe COVID-19, 
based on the categorization of the Centers for Disease Control and Prevention (CDC) 
(see Supplementary File 1 and Supplementary Table 2) [18]. Randomization was 
concealed until allocation. After randomization, allocation was open-label and 
participants received information on their allocation with detailed instruction on 
when to contact the research team and how to act in case of an infection. Treating 
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physicians were encouraged to act according to the participant’s allocation in case of
an infection. However, all final treatment decisions were at the discretion of the 
treating physician. This strategy closely mirrors what is done in clinical care concerning 
infection risk in IA using IRD patients, maximizing generalizability and acceptability.

The allocation only applied to the first clinically relevant infection (≥ grade 2 according 
to the Common Terminology Criteria for Adverse Events [CTCAE] version 5.0) that 
occurred in each patient during the study period [19]. If participants experienced 
more than 1 clinically relevant infection during the study, decisions on continuation 
or temporary interruption were left to the discretion of the treating physician and the 
patient (ie, usual care). If IA was added or switched during the study period, the 
allocation applied to the new IA as well (if included in Supplementary Table 1). If 
participants discontinued IA treatment, they remained in the study and data was 
collected as planned. They could (re)start their IA during the study period, enabling 
them to act upon their allocation. Participants were free to use all other medication 
as needed.

A more extensive explanation of both treatment strategies is provided in Supplementary 
File 1.

Outcomes
Primary outcome was the proportion of patients with a serious infection (≥ grade 3 
according to the CTCAE version 5.0). A global overview of severity assessment in 
shown in Table 1. Secondary outcomes included infection characteristics (including 
severity, duration, and type), (serious) adverse events (SAEs), and disease activity.

Table 1. Infection severity.

Severity Explanation

Grade 1 Mild; asymptomatic or mild symptoms; clinical or diagnostic observations 
only; intervention not indicated

Grade 2 Moderate; minimal, local or non-invasive intervention indicated; limiting age-
appropriate instrumental activities of daily living (ADL) a

Grade 3 Severe or medically significant but not immediately life-threatening; 
hospitalization or prolongation of hospitalization indicated; disabling; 
limiting self-care ADL b

Grade 4 Life-threatening consequences, urgent intervention indicated

Grade 5 Death related to AE

Abbreviations: ADL, activities of daily living; AE, adverse event. a Instrumental ADL refer to preparing meals, 
shopping for groceries or clothes, using the telephone, managing money etc. b Self-care ADL refer to bathing, 
dressing and undressing, feeding self, using the toilet and taking medications.
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Statistical analysis
Because this study is an exploratory trial, no null and alternative hypotheses were 
stated. The outcome of the study is the point estimate of the between group 
difference in proportion of patients with infection. We did perform a sample size 
calculation to get insight into the precision of estimates that could be obtained. To be 
able to show a difference of 2.5% or more (patients with a serious infection) between 
the control and intervention groups (expected 1-year incidence rates of 5.0% and 
2.5%), with a 2-sided alpha of 0.05, power of 80%, and 1:1 randomization, a total of 
1812 evaluable participants would be needed (see Supplementary File 1). Accounting  
for 20% drop-out and non-adherence, the aim was to include 2200 patients. 

The primary analysis was done on the modified intention to treat (mITT) population. 
In this study, the mITT population consisted of all randomised patients who experienced  
at least 1 clinically relevant ((≥ grade 2) infection. The proportion of patients with  
a serious infection in both treatment groups was compared using the Cochran-
Mantel-Haenszel risk difference and confidence interval, adjusting for stratification 
factors [20]. 

To assess the effect of continuation versus temporary interruption of IA treatment in 
several subsets of the study population, the proportion of patients with a serious 
infection in the subgroups was assessed using the Cochran-Mantel-Haenszel risk 
difference and confidence interval, adjusting for stratification factors. Statistical 
analysis were done in STATA/IC 17 for Windows and RStudio. 

Additionally, to assess the efficacy of treatment received (taking into account non-
compliance), we used the Complier Average Causal Effect (CACE) method as a per 
protocol analysis (further explained in Supplementary File 1) [21, 22]. This method 
allows estimation of the effect in patients who complied to their allocation. This 
analysis was done on the mITT population.

Results

Participant characteristics
Between October 2020 and July 2023, 1142 patients with a total follow-up time of 
1667 patient years were included. The trial was stopped prematurely because the 
inclusion in the recruiting hospitals stalled, and the limits of funding were reached. 
In total, 569 participants were allocated to the control group (temporary interruption)  
and 573 to the intervention group (continuation). 
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A total of 474 patients (233 temporary interruption, 241 continuation) experienced at 
least 1 clinically relevant infection during follow-up and were included in the mITT 
population. Patient, disease, and treatment characteristics are shown in Table 2 and 
are similar between the 2 groups, except for history of previous severe infections and 
use of oral glucocorticoids in the mITT population. A slight majority of the participants 
was female, the most common IRD rheumatoid arthritis (around 61%) and 12% to 
18.5% had previously experienced a serious infection with slightly different numbers 
between the entire and mITT population. 

Table 2. Patient, disease and treatment characteristics

Full study population mITT population 
(patients with at least 
1 clinically relevant infection)

Temporary 
interruption 
(n = 569)

Continuation 
(n = 573)

Temporary 
interruption
(n = 233)

Continuation
(n = 241)

Age years, mean (SD) 60.5 (12.6) 60.1 (12.8) 61.3 (12.4)a 59.7 (14.2) a

Sex female, n (%) 328 (57.6) 313 (54.6) 149 (63.9) 153 (63.5)

IRD, n (%)
Rheumatoid arthritis
Psoriatic arthritis
Spondyloarthritis

349 (61.3)
170 (29.9)
50 (8.79)

348 (60.7)
164 (28.6)
61 (10.6)

140 (60.1)
72 (30.9)
21 (9.01)

147 (61.0)
67 (27.8)
27 (11.2)

Disease duration years, 
median (IQR)

8 (3-16) 9 (3-18) 10 (4-18) a 10 (4-18) a

Patient reported disease 
activity b, median (IQR)

2.5 (1.0-5.5) 3.0 (1.0-5.0) 3.0 (1.0-6.0) 3.0 (1.5-6.0)

BMI kg/m2, 
median (IQR)

26.0 (23.5-28.7) 25.5 (23.3-28.6) 25.7 (23.5-28.6) 25.6 (23.3-29.4)

History of previous  
severe infection, n (%)c 

85 (14.9) 71 (12.4) 43 (18.5) 29 (12.0)

DMARD use, n (%)
csDMARDs
bDMARDs
tsDMARDs

434 (76.3)
214 (37.6)
32 (5.62)

417 (72.8)
224 (39.1)
30 (5.24)

166 (71.2) a

105 (45.1) a

21 (9.01) a

165 (68.5) a

107 (44.4) a

21 (8.71) a

Oral glucocorticoid use, n (%) 28 (4.92) 33 (5.76) 12 (5.15)* 19 (7.88)*

Follow-up time years, 
median (IQR)

1.46 (1.02-1·87) 1.63 (1.03-1.88) 0.63 (0.24-1.11) d 0.67 (0.30-1.12) d

Data are presented at baseline unless stated otherwise. Abbreviations: BMI, body mass index; bDMARDs, biologic 
synthetic DMARDs; csDMARDs, conventional synthetic DMARDs; DMARDs, disease modifying antirheumatic drugs; IQR, 
interquartile range; IRD, inflammatory rheumatic disease; mITT, modified intention-to-treat; tsDMARDs, targeted 
synthetic DMARDs. a At date of infection. b On a scale of 0–10 (0 = no disease activity, 10 = maximum disease activity), 
reported by patients. c Reported in electronic patient files. d From inclusion until date of infection
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A total of 51 participants (4.5%) dropped out of the study before completion of 
follow-up. Also, 34 of the 51 dropped out participants did not experience an infection 
before their termination of the study (see Supplementary File 2).

Infections
In total, 1952 infections occurred during 1667 patient years of follow-up (incidence 
rate 117 per 100 patient-years, 95% CI: 112 to 122). Table 3 shows the severity 
assessments of all infections that occurred during the study. Most infections (97.8%) 
were mild to moderate (grade 1 or 2). Most serious infections were grade 3 infections, 
for example, leading to hospitalization or intravenous treatment but not to urgent 
interventions such as admission to the intensive care unit or death. Respiratory tract 
infections, including COVID-19, were most common (65.1%) as shown in Table 4.

Table 3. Infections and severity.

Severity Frequency (n, %) Incidence rate (n/100 patient years)

Grade 1 or 2 1909 (97.8%) 114 (95% CI 109 to 120)

Grade 3 40 (2.1%)

2.6 (95% CI 1.9 to 3.5)Grade 4 2 (0.1%)

Grade 5 1 (0.05%)

Abbreviation: CI, confidence interval.

Table 4. Infection types.

Infection type Frequency (n, %)

Respiratory infections (excluding COVID-19) 781 (40.0%)

Infections caused by SARS-CoV-2 489 (25.1%)

Skin infections 211 (10.8)

Urogenital infections 208 (10.7)

Ear, nose, throat, teeth, jaw and maxillofacial infections 103 (5.3)

Abdominal infections 85 (4.4)

Eye infections 40 (2.1)

Other a 26 (1.1)

Musculoskeletal infections 9 (0.5)

Abbreviations: COVID-19, coronavirus disease 2019; SARS-CoV-2, severe acute respiratory syndrome corona- 
virus 2. a Including unspecified infections (eg, general malaise and fever without specific symptoms, Lyme 
disease).
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Continuation versus temporary interruption
In the mITT population, serious infections occurred in 12 out of 233 patients (5.15%) 
in the temporary interruption group and in 9 out of 241 patients (3.73%) in the 
continuation group, resulting in an unadjusted risk difference of 1.42% (95% CI: −2.30 
to 5.13) and an adjusted risk difference of 1.71% (95% CI: −1.99 to 5.39) in favor of 
continuation (Figure 1). Subanalyses in different subsets of the study population 
showed similar adjusted risk differences (Figure 2)’ see supplementary file for a more 
extensive overview of all subgroups and results of subanalyses (Supplementary Table 3). 
Median duration of infection was comparable between continuation (11 days 
[interquartile range {IQR} 7–19]) and temporary interruption (12 days (IQR 7–21), P = .63). 

With regard to protocol compliance, in the temporary interruption group 106/233 
(45.5%) interrupted their IA during their first clinically relevant infection. In the 
continuation group, 207/241 (85.9%) continued their IA. Based on CACE method, the 
estimated percentage of compliers is 31.4% (see Supplementary File 2 for further 
explanation). Results of the CACE method showed an unadjusted risk difference in 
compliers of 4.51% in favor of continuation (95% CI” −7.32 to 16.34). Non-compliance 
was partially unintentional due to inability to interrupt medication with long 
treatment intervals. For example, adalimumab is usually administered once every  
2 weeks. If an infection started and resolved between 2 administrations, a patient 
allocated to temporary interrupted could not interrupt their IA and was considered  
to have continued their IA for the CACE analyses.

Figure 1. Flow diagram from included patients to patients with serious infection 

This flow diagram was made using SankeyMATIC.com
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Safety
Serious adverse events
In total, 178 SAEs, of which 135 non-infectious, were reported during the study. 
Seventy SAEs occurred in the temporary interruption group, 65 in the continuation 
group (Tables 4 and 5). 

Disease activity
The first patient-reported disease activity after the first clinically relevant infection 
was similar between both treatment groups. Median disease activity was 3.5 (IQR 
2.0–7.0) for temporary interruption and 4.0 (IQR 2.0– 6.0) for continuation (P = .96).

Figure 2. Adjusted risk differences in different subsets of the population with 95% confidence 
interval 

Abbreviations: BMI, body mass index; COVID-19, coronavirus disease 2019; DMARD, disease modifying antirheumatic 
drug; RA, rheumatoid arthritis; SpA, spondyloarthritis (including psoriatic arthritis and axial spondyloarthritis).
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Discussion

This is the first study comparing two frequently used strategies when confronted 
with an infection in IRD patients using IA: continuation versus temporary interruption 
of the drug. Although this was not a formal hypothesis testing trial, and the trial was 
underpowered, no large signal of better infection outcomes was found for temporary 
interruption versus continuation of IA in case of a clinically relevant infection. These 
findings suggest that continuation of IA in case of an intercurrent infection might be 
a safe option. Subgroup analyses and an estimation of the treatment effect in 
compliers using the CACE method were in line with the main findings of this study, 
although less precise.

Circumstantial evidence supports the suggestion that continuation of IA during 
infections is a safe and potentially better option. In the first place, several IA interfere 
in cytokine pathways that are involved in inflammation and can be used to treat hy-
perinflammation in sepsis or septic shock. Two systematic reviews on the use of TNFi 
during sepsis showed lower mortality rates in septic patients receiving TNFi 
compared to placebo [11, 12]. Moreover, an observational study found a lower risk of 
fatal outcome of sepsis in IRD patients treated with biological disease modifying 
antirheumatic drugs (bDMARDs) compared to conventional synthetic (cs)DMARDs 
[23]. Similarly, several IA have been studied as potential treatment for (severe) 
Coronavirus Disease 2019 (COVID-19) and currently corticosteroids, the IL-6 receptor 
blockers (IL-6R-blockers) tocilizumab and sarilumab, and JAK inhibitors (JAKi) 
baricitinib are recommended by the World Health Organization (WHO) as treatment 
for severe COVID-19 [13, 14]. Additionally, a randomized trial on perioperative 
continuation or temporary interruption of methotrexate on postoperative infection 
risk after elective orthopaedic surgery showed much lower infection rates in patients 
who continued methotrexate compared to patients who interrupted methotrexate 
[24]. With regard to bDMARDs, data on the best perioperative treatment strategy are 
inconsistent and inconclusive [24].

Strengths of this study include the prospective and randomized design. A specific 
aspect of this study is that, for logistical and generalisability reasons, participants 
were randomized to one of the strategies before an infection had occurred. However, 
we do not expect this to have impacted our results as patient characteristics were 
similar at both baseline and moment of first clinically relevant infection. Also, our 
randomization strategy mirrors what is done in clinical practice (counselling and 
instructing patients according to a certain treatment plan on what to do before an 
infection has actually occurred). With regard to generalisability, we aimed to include 
a study population that closely mirrors the “real-world” population by using as 
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non-restrictive eligibility criteria as possible. Many studies within the field of IRDs 
focus on RA, but we also included patients with axSpA and PsA, improving applicability 
of the results. Infection incidence rates were comparable or higher in our study 
compared to other studies, this might be explained by the detailed documentation of 
infections using monthly questionnaires, reporting all infections including common 
colds, and collection of data during the COVID-19 pandemic as 25% of all infections 
were caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
[25–28]. Of note, the serious infection rate of 2.6 per 100 patient-years is in full 
accordance with the ample evidence base on this topic [4, 29, 30].

A limitation of this study is the still limited precision—in spite of the large number of 
included patients—due to serious infections still being rare. Additionally, we included 
fewer patients than needed according to our sample size calculation due to fewer 
centres and departments participating than initially anticipated and limitations 
regarding funding, although we in part were able to compensate that by extending 
exposure time per patient (including 1667 patient-years of follow-up, with an aimed 
sample size of 2200 patients being followed for 1 year). Additional post hoc power 
calculations show that with 1142 patients included, an expected incidence rate of 
serious infections of 2.5% and 5% and 2-sided alpha of 0.05, power is 60.4%. When 
using the patient years included (841 patient years in the continuation group, 826 
patient years in the interruption group), this results in a power of 76.7%. Nevertheless, 
we did not find a large signal of better infection outcomes for temporary interruption 
versus continuation. Also, (progression to) serious infection being rare is an important 
finding, as it results in very large numbers needed for any strategy to be superior. 
Another limitation was the compliance being lower than expected. Many people 
allocated to temporary interruption continued their IA, resulting in less contrast 
between the two treatment groups. This was partly due to unintentional non-
compliance, as IA with larger treatment intervals cannot always be interrupted 
during an infection. However, participants also often did not remember to interrupt 
or indeed preferred to continue their IA during an infection despite clear instructions. 
Previous qualitative research showed that various patient related factors, including 
fear of disease flare, infection severity and instructions received from a health care 
provider, influence the decision to interrupt or continue IA treatment, and indeed we 
also expect this to happen in clinical practice [31]. To take into account this non-
compliance, we did a secondary analysis using the CACE method, which allows 
estimation of the treatment effect in compliers only. The results of this method are 
less precise but also reinforce that temporary interruption has no clear benefits large 
continuation.
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In conclusion, the data derived from this exploratory trial do not suggest a large 
clinically relevant benefit of temporary interruption over continuation. However, the 
relatively low number of serious infections limits the statistical power of this study. In 
clinical practice, shared decision making remains essential and physicians and 
patients should discuss both options and weigh the possible (dis)advantages of both 
treatment strategies.

Supplementary data

Supplementary materials are available at Clinical Infectious Diseases online 
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Summary of main findings

Part 1. Rituximab, immunoglobulins and infection risk
In chapter 2 we further investigated the dose dependent infection risk in RA patients 
who use rituximab and assessed whether there is time dependent infection risk, 
using data from the REDO trial. (1) We confirmed that lower doses of rituximab were 
indeed associated with lower infection risks. This was however not mediated by any 
of the proposed mediators (the use of other immunomodulatory medication, 
circulating B-cell, neutrophil or immunoglobulin levels). Additionally, we saw 
numerically higher infection rates shortly after rituximab infusion, suggesting a time 
dependent infection risk, however this was not statistically significant.

To further assess the dose and possible time dependent infection risk in rituximab 
using RA patients, we conducted a retrospective cohort study using electronic health 
record data from one hospital (chapter 3). Again, lower infection risks in lower doses 
of rituximab were found, and a time dependent infection risk with higher infection 
rates shortly after infusion was seen in patients using 1000 or 500 mg of rituximab.

Chapter 4 focused on the prevalence of and risk factors for hypogammaglobuline-
mia in rituximab using RA patients. In this cross-sectional study we found a prevalence 
of hypogammaglobulinemia of 20% (65/233 patients), which is in accordance with 
existing evidence on this topic. (2) Severe hypogammaglobulinemia was however 
rare (7 patients, 2.2%). Identified risk factors for hypogammaglobulinemia were 
cumulative rituximab dose and older age (> 65 years). Interestingly, concomitant use 
of methotrexate was associated with a lower risk of hypogammaglobulinemia.

Part 2. Infection risk in patients with inflammatory rheumatic diseases
In chapter 5 we compared overall infection risk for JAKi tofacitinib and baricitinib 
versus subcutaneous bDMARDs. In this retrospective cohort study – using a national 
prescription database – the start of anti-infectious medication served as a proxy for 
infection. We found a slightly increased overall infection risk for JAKi in comparison to 
bDMARDs (IRR 1.22, 95% CI 1.12 to 1.33). In older patients, absolute infection rates 
were higher but the difference between JAKi and bDMARDs was similar to the entire 
study population (IRR 1.31, 95% CI 1.15 to 1.49). The risk of herpes zoster was clearly 
increased for JAKi (IRR 2.65, 95% CI 1.94 to 3.60). There were no differences in infection 
risk between the two JAKi baricitinib and tofacitinib. 

In chapter 6, we conducted a nested case control study to identify risk factors for 
COVID-19 hospitalization in IRD patients using IA. This study was conducted early in 
the COVID-19 pandemic and showed that, similar to the general population, patients 
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of older age and with morbid obesity have a higher risk of hospitalisation due to 
COVID-19 (OR for age ≥ 75 3.5, 95% CI 1.9 to 6.3, OR for BMI ≥ 40 4.5, 95% CI 1.5 to 14). 
This study did not identify a specific IRD or IA as risk factor for COVID-19 hospitalisa-
tion, but suggests a protective effect of methotrexate (OR 0.53, 95% CI 0.31 to 0.92). 
Although no specific IA could be established as a risk factor for severe COVID-19 in this 
study - probably due to limited power -  the use of glucocorticoids > 10 mg daily and 
rituximab were later identified as risk factors in several other studies. (3-5)

Part 3. �Continuation versus temporary interruption of immuno
modulatory agents during an infection

In clinical practice, it is unclear what should be done with IA in case of an infection. 
There is very little to no evidence on either continuation or temporary interruption. 
To explore the perspectives of both patients and health care providers on this topic, 
we interviewed both groups (chapter 7). In this study, various reasons for both 
treatment strategies in patients and health care providers were identified. We found 
overlapping themes, such as IMID characteristics (including for example disease 
activity); however, the content and interpretation of these themes might differ 
between health care providers and patients. Both health care providers and patients 
mentioned that the decision for a treatment strategy is often about weighing benefits 
against risks (e.g. infection severity versus disease flare).

In chapter 8, we compared both treatment strategies in a randomized controlled 
trial. Although explorative and not hypothesis testing, we found similar outcomes 
with regard to the proportion of people experiencing a serious infection for 
continuation and temporary interruption, slightly in favour of continuation, with an 
adjusted risk difference of 1.71% (95% CI -1.99 to 5.39). Similar risk differences were 
found in subgroups of the study population (including older patients, male and 
female sex, different rheumatic diseases and different types of DMARDs used). As a 
secondary analysis, to take into account compliance with the allocated treatment 
strategy, we used a complier average causal effect (CACE) method to estimate the 
risk difference in compliers. (6,7) This resulted in a larger risk difference of 4.51 (95% CI 
-7.32 to 16.34). Additionally, infection duration and disease activity were comparable 
between the two treatment groups. To conclude, interruption and continuation of IA 
during infections resulted in similar infection outcomes. 
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General discussion

In this section, I would like to discuss several issues I came across while conducting 
the studies in this thesis – some related to clinical topics, some related to research 
methodology. To illustrate these issues, I will start with a case description.

The case above might be a familiar situation for rheumatologists, but also for gastro-
enterologists, dermatologists and perhaps general practitioners and internal medicine 
specialists as well. Multiple questions, might come to mind, such as: is this patient at 
increased risk for an infection and/or more severe course of the infection and what 
should be done with regard to the immunomodulatory medication this patient uses? 
The first topic I want to elaborate on is the infection risk in IRD patients using IA, with 
specific attention for measurement of infection. In the second part of this discussion, 
I will focus on the management of IA during infections and specifically on trial design 
and perspectives of health care providers and patients on this topic. Lastly, I will 
briefly reflect on the case and discuss the considerations that emerge from this thesis. 

Inflammatory rheumatic diseases, 
immunomodulatory agents and infection risk

Infection risk
In chapter 2, 3 and 4, I studied the effects of rituximab on the immune system and 
infection risk. Lower doses of rituximab are associated with lower infection risk. Also, 
longer time since rituximab infusion seems to be associated with a lower infection 
risk. A dose and time dependent effect of rituximab on the immune system is mirrored 
by data on SARS-CoV-2 vaccination responses. It has been demonstrated that patients 

A 52-year-old woman, known with rheumatoid arthritis for which she is taking baricitinib 
4 mg and  prednisolone 10 mg daily, contacts her rheumatologist because she has been 
experiencing a fever and cough for the past few days. She is not very ill but does not feel 
well enough to go to work. The COVID-19 test she took came back positive. She wants  
to know what to do about her immunomodulatory medication. She recently switched  
to baricitinib after having used rituximab 2x1000 mg every six months for a few years.  
This switch was made due to increasing disease activity. She was vaccinated for COVID-19 
last year, but she received the vaccination within one month after a rituximab infusion.  
The rheumatologist discusses the case during lunch with a colleague (a dermatologist), 
who states, “I certainly would not give her the baricitinib; this patient is significantly 
immunocompromised because of it.” The rheumatologist is left wondering what to do.
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using ultra-low doses of rituximab have a better vaccination response than patients 
who use standard-low doses of rituximab. Moreover, vaccination responses improve 
after repeated vaccination. With regard to time dependency, this is again observed 
for SARS-COV-2 vaccination responses, with better responses later in the treatment 
cycle. (8-10) Also, risk of severe COVID-19 is higher shortly after rituximab infusion. 
(11) Based on these data, I would recommend to dose rituximab as low as possible 
and preferably in ultra-low doses. With regard to vaccination, patients using 
rituximab might benefit from multiple vaccinations and vaccinations should be given 
as late as possible after the rituximab infusion. As for COVID-19 infection, patients 
who use rituximab may be at extra risk for severe infection and should be monitored 
more closely. (4, 5) 

JAKi (including baricitinib) were studied in chapter 5. I found that JAKi are associated 
with a slightly higher infection risk than subcutaneously administered bDMARDs, 
and this might have also been partially driven by residual confounding (including 
disease activity and severity) by indication in this study. For various bDMARDs, 
including rituximab (as described above) but also TNFi, a dose dependent infection 
risk has been described with lower infection risks in lower doses. (12) For JAKi, it is not 
known whether dose reduction results in lower infection risks, but perhaps even 
more important, it is not known whether dose reduction is possible with regard to 
disease activity. Recently, funding was granted to study JAKi dose reduction in IRD 
patients using a JAKi (13) and these kinds of studies will further elucidate this. 
Additionally, patients who use JAKi have an increased risk of herpes zoster. This risk 
can probably be reduced through vaccination. Recently it has been decided that 
herpes zoster vaccination with Shingrix will be reimbursed for individuals currently 
using or initiating a JAKi in the Netherlands (14). With regard to risk of severe COVID-19 
and baricitinib, I am unable to draw a conclusion from the study discussed in chapter 
6. Due to the relatively low number of cases, no case patients using a JAKi were 
included. Evidence on the risk of (severe) COVID-19 in patients using JAKi is - more 
than 5 years after the beginning of the pandemic - still scarce. Only a few studies have 
been reported, with some suggesting increased risks of severe COVID-19 whereas 
others report no difference (15-19). Conversely, JAKi are used to treat severe COVID-19, 
further complicating the evidence on the benefits and risks of JAKi during infections 
and contributing to evidence that continuation of IA might be better than temporary 
interruption of IA during an infection (chapter 8). (20). In conclusion, infection risk in 
JAKi is possibly slightly higher compared to biologicals. Future research will inform 
whether tapering JAKi is feasible and whether this, similar to biologicals, is associated 
with reduced infection risks. The increased risk of herpes zoster seen in patients using 
JAKi can be mitigated through vaccination. 
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Measurement of infections
Measuring infection is complicated and challenging. When measuring an outcome, 
the construct to be measured should be clearly defined. A clearly defined construct  
is needed to obtain valid study results, ensuring that you measure what you aim  
to measure. Moreover, a clear definition of a construct ensures that 1) results are 
reproducible, as it is explicitly stated what has been measured and how this was 
defined, 2) results can be correctly interpreted and 3) it is easier to compare results 
among different studies. 

With regard to infection, this is not as straightforward as it may initially seem. 
An infection could be defined as the invasion and multiplication of a pathogen in a 
susceptible host, causing a host response, leading to a variety of signs and symptoms 
(inflammation). To define the construct of infection, several items can be used (see 
figure 1).

Even though using the items above, the construct ‘infection’ seems quite clear, there 
is still room for debate what should be considered an infection or not. For example, 
should all four items displayed in the figure be present? To illustrate, in case of latent 
infections (such as tuberculosis) or if a patient is a carrier of a certain bacterium 
without showing symptoms, would this still be considered an infection? Moreover, 
gastro-intestinal inflammatory events such as gastric ulcers caused by helicobacter 
pylori, diverticulitis, cholecystitis and appendicitis can also be a topic of debate – as 
was the case during the studies included in this thesis. Helicobacter pylori can also be 

Figure 1. Venn diagram of the different items contributing to an infection.
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found in patients without any symptoms (healthy individuals), and diverticulitis, 
cholecystitis and appendicitis can be treated with antibiotics but the microorganisms 
causing inflammation are also present in healthy individuals. Figure 1 shows how 
different items attribute to the construct infection, and how they together lead to 
infection. I observed that different clinicians and/or researchers come to different 
conclusions regarding classification of infection, and this once again emphasizes that 
a clear definition is very important. 

In most studies, including the ones in chapters 2, 3, 4, 6, 7 and 8 of this thesis, infection 
is defined based on signs and symptoms of infection, and infections are divided into 
different types (e.g. respiratory tract infections, abdominal infections, urinary tract 
infections). In chapter 5, we used a different approach and used the pick-up of anti-
infectious medication at outpatient pharmacies as a proxy for infection. A major 
advantage of using this dataset with information of >60% of all outpatient pharmacies 
in the Netherlands is a large patient population (which increased statistical power), 
as almost 15,000 patients were included. However, there are some drawbacks and 
challenges to this method. For example, the use of anti-infectious medication does 
not always equal the occurrence of an infection and vice versa: this method may not 
be completely valid when considering content validity. For example, some infections 
may not require medication (including viral infections), while on the other hand, 
sometimes anti-infectious medication is given as prophylaxis. This can lead to under- 
and overestimation of infection rates.

With regard to data collection on infections, other challenges can be encountered. 
When using retrospectively collected data from electronic health records for 
example, the construct of infection might differ for physicians and patients affecting 
the validity of the measurements. A physician will only register an infection if he or 
she considers an event to be an infection. When asked about infections, patients will 
only report the events that they consider infections. In chapter 8, this was illustrated 
in the monthly questionnaires that people received. Participants would reply ‘no’ to 
the question ‘did you experience an infection last month?’, but would state that they 
had influenza when asked ‘where there any other events last month?’ 

To summarize, there are several ways to define and operationalise the construct 
‘infection’. How infections are measured can therefore differ between studies and 
also depends on the exact research question and possibilities with regard to data 
collection. It is of importance to formulate a clear definition on infection with regard 
to validity, reproducibility and interpretability of study results. I believe there is not 
one single correct approach, but that several approaches – each with its advantages 
and disadvantages – can be considered.
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I have conceptualized three approaches to define infection. The first approach is to 
define infection as the identification of a pathogen causing a host response and 
possible symptoms. This approach requires the identification of a causative agent, 
such as including only patients with a positive test result in studies on COVID-19. 
Although this approach ensures a clear and specific definition, a significant limitation 
is that pathogens are not always identified – particularly in primary care settings and 
in case of viral infections. This may lead to an underestimation of (especially mild) 
infection rates, and thereby compromise validity of study results. Also, as mentioned 
above, pathogens can be present in individuals without causing infection (carriership).  

Another approach is to focus on severe infections, defined by host response, signs and 
symptoms, level of treatment and pathogen identification if possible. Severe 
infections are typically those requiring hospitalisation, intravenous treatment and/or 
leading to death. This approach might provide a more clear definition: in case of 
severe infection antibiotic or antiviral medication is frequently administered (and 
registered), pathogens are often identified (e.g. through cultures or PCR testing) and 
patients present with evident symptoms (and information on this is noted in 
electronic health records). However, this approach ignores non-severe infections. 
Although maybe less clinically relevant, non-severe infections can significantly affect 
patients’ quality of life and have a societal impact as they may lead to reduced ability 
to work and impact family or household dynamics. Also, since the occurrence of a 
severe infection is quite rare, this approach can induce problems regarding sample 
size, power and precision, which I will elaborate on later. 

A third option is to define infection based on clinical presentation only (either 
self-reported by patients and/or observed by physicians), as done in most studies of 
this thesis. For example, a urinary tract infection (UTI) arises from a pathogen that 
multiplies in the urinary tract system when there is sufficient host susceptibility, 
eventually leading to host response and the clinical features of a UTI, including 
dysuria, leukocyturia and growth of bacteria in urine cultures. Eventually, patients 
may visit a doctor for their symptoms and receive treatment if indicated. However, as 
previously mentioned, this approach has several limitations as well. When relying on 
patients to report infection, the validity of the data depends on how patients perceive 
and describe their symptoms. Patients may – despite clear explanation – fail to 
recognize an infection, or, conversely, misinterpret non-infectious events as 
infections. When measuring infections reported by physicians, similar limitations 
apply. First, physicians rely partially on what patients report, introducing the same 
patient-dependent limitations mentioned above. Second, the interpretation of what 
a (relevant) infection is can vary between physicians. Despite these drawbacks, a 
notable advantage of this approach is that it allows inclusion of non-severe infections.
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Ultimately, it would be an option to use the same case definition for every study 
conducted on infection, preferably defined by an international organisation such as 
the World Health Organization (WHO). This offers a universal and consistent 
construct to be measured. The last approach could lead to the highest consistency 
among studies, leading to better validity, interpretability and reproducibility of study 
results. However, as I mentioned before, the definition of infection is quite nuanced 
and open for debate. Therefore, achieving consensus among experts and implementing 
this globally may be wishful thinking.  

Management of treatment with immunomodulatory 
agents in case of infections  

With regard to the second question that might arise from the case described (what 
should be done with the immunomodulatory medication during this infection?), 
from chapter 8 I conclude that - although the power of this study was limited - 
continuation and temporary interruption of immunomodulatory agents during 
infections results in similar outcomes with regard to infection severity, duration and 
rheumatic disease activity. In clinical practice, I think both treatment strategies are 
suitable and physicians should discuss both treatment options and their benefits and 
possible disadvantages with their patients.   

Independent from the clinical implications of this study, there are some interesting 
methodological aspects of this trial that I will discuss below.

Trial design of a treatment strategy study
The study presented in chapter 8 is a treatment strategy study in which two treatment 
strategies (continuation and temporary interruption of IA during infections) are compared. 
Methodologically, there are some challenges and interesting aspects about this trial 
that I would like to discuss.

Randomisation before the start of the event
First, participants were allocated a treatment strategy before the index event had 
even occurred. Some participants were randomized but never had to apply the 
treatment plan that they were assigned to. When using this method, you assume that 
1) participants are not substantially different with regard to serious infection risk (the 
primary outcome) at moment of randomisation and moment of infection and 2) 
knowing the allocation does not affect the outcome (i.e. the occurrence and/or 
severity of an infection). The first assumption can be made as infections would likely 
occur relatively short after randomisation. Indeed, the participants in both treatment 
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groups were still comparable. When studying events that take a very long time to
occur (several years), this could potentially be an issue, for example if they change 
medication since this may affect infection risk. Regarding the second assumption, all 
patients who participated in the study were willing to undergo both treatment 
strategies. It is unlikely that once knowing their allocation, participants would change 
their behaviour with regard to infection risk or would be less likely to report an 
infection. Also, this strategy most closely mirrors clinical practice and how such a 
strategy would be implemented in clinical practice. That is, when a patient starts 
treatment with an immunomodulatory agent, they receive instructions on how to 
manage their medication should an infection occur.

An alternative option would have been to include and randomize participants only 
once an infection would occur. However, this would require participants to 
immediately contact the research team once an infection occurred, and often this did 
not – despite clear instructions – happen. This method mirrors a scenario in which 
patients are instructed to contact the hospital when an infection occurs, and only 
then are told what to do with their medication. This could lead to higher compliance 
in the study, but increases the risk of selection bias as participants might forget that 
they have to contact the researchers. From a pragmatic strategy point of view,  
the approach we used was the closest to the clinical care process leading to better 
generalizability of study results.

Rare events and power
Luckily for patients with inflammatory rheumatic diseases, the occurrence of a 
serious infection is a rare event. Less lucky are the researchers investigating serious 
infections in patients with inflammatory rheumatic diseases, as studying a rare 
event means that larger sample sizes are needed in order to have sufficient statistical 
power. Especially when differences are relatively small or in case of studies assessing 
safety in general, even larger samples may be needed to show equivalence or  
non-inferiority. Randomized controlled trials primarily investigating safety and/or 
unintended effects are rare and if done, usually require a large study population. 
Examples are studies investigating cardiovascular risk, including the ORAL 
surveillance study (non-inferiority trial assessing major adverse cardiovascular (CV) 
events and cancers in patients with RA using tofacitinib versus a TNFi, 4.362 patients 
included), the CARES study (non-inferiority trial comparing CV outcomes in patients 
with gout and CV disease using febuxostat versus allopurinol, 6.190 patients included) 
and the MEDAL studies (non-inferiority comparison of etoricoxib versus diclofenac 
for thrombotic CV events, 34.701 patients included). (21-23) If we wanted to 
demonstrate formal non-inferiority or equivalence of continuation versus temporary 
interruption of IA during infection with enough precision, sample sizes comparable to 
the trials mentioned above would have been required.



158

As there were no previous studies comparing continuation versus temporary 
interruption of IA during infection, an explorative study design was chosen. For a 
formal non/inferiority of equivalence trial, a much larger trial across more centres 
and perhaps even multiple countries would have been needed since in the study I 
conducted inclusion rates were lagging and it was a challenge to include the current 
number of patients with the given resources available. (24, 25) An alternative option 
when conducting a randomized controlled trial on rare events would be to accept a 
lower level of precision. This can be done by defining a lower alpha in the power 
calculation (e.g. using an alpha of 0.10 instead of 0.05). However, it is important to 
realise how this can impact the study results and their interpretation as results are 
less precise and the risk of finding a false positive result increases (type I error). Other 
options to study rare events such as infections include using observational study 
designs. A traditional cohort study (pro- or retrospective) can also provide information 
when data on infection occurrence and severity as well as the use of IA during an 
infection is collected. However, large numbers would still be needed to show a 
statistically significant difference between the two treatment strategies and an 
observational study is more prone to bias (especially due to confounding) than a 
randomized controlled trial. A more suitable alternative might be a case control 
study. Case control studies are suitable for studying rare events and require less 
participants than cohort studies. A disadvantage of case control studies is again the 
risk of bias (such as selection and recall bias). When comparing continuation versus 
temporary interruption of IA during infection, the study presented in chapter 8, 
demonstrates largely comparable outcomes in terms of infection severity, infection 
duration and disease activity. Although this is data from one study, potential 
additional benefits of further large-scale trials with even bigger sample sizes may be 
limited. On the other hand, well-designed observational studies could provide more 
pragmatic evidence and the need for more evidence is highlighted by the interview 
study (chapter 7) discussed below.

Perspectives and beliefs
In chapter 7, I explored patients’ and physicians’ perspectives and beliefs on this topic 
and informally got the impression that these differ – not only between physicians 
and patients, but also among physicians. For both physicians and patients, their 
perspectives and believes appeared to be based more on uninformed cognitions, 
emotions and personal experiences rather than on scientific evidence. As decisions 
made with regard to treatment directly affect a patient’s life, it is understandable 
that patients are influenced by emotions, cognitions and experiences. Due to the 
limited evidence on this topic, physicians might also be more likely to form their own 
beliefs based on experiences, cognition and emotion, rather than on the sparse 
scientific evidence. 
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Patients often mentioned that they would prefer to continue their IA as they feared a 
flare of their diseases with subsequent consequences on their health and personal 
life. In contrast, some physicians appeared more reluctant towards continuation of  
IA during infections. They mentioned that they feel that IA are associated with 
substantially increased infection risks and patients using IA are often considered ‘im-
munosuppressed’. Consequently, they feel that the continuation of the IA may lead to 
worse infection outcomes and would therefore consider interruption to be a better 
option. ‘It is better to be safe than sorry’ is an argument that was also mentioned in 
the interviews. Physicians may feel that they might do something wrong when 
continuing IA during an infection, so to be safe (do no harm) they would advise to 
interrupt the IA. The latter reasoning however might be misguided. Since, based on 
chapter 8, continuation seems a largely safe, and maybe even better option, you 
actually can do wrong if you chose to interrupt the IA. In addition, I observed that 
physicians differ in how they receive infection risk and the impact of IA on the immune 
system. These differences may be attributed to the lack of robust evidence, different 
personal experiences and the diversity in medical specialties among the physicians 
that were interviewed. 

Nonetheless, in the context of shared decision making, a physician should aim to 
inform a patient in a more or less objective way without allowing their personal 
opinion to have a large effect on the decision. Taking into consideration the topic 
above, one explorative trial might not completely alter the existing guidelines or 
convince cautious physicians. However this study can contribute to a more 
substantiated point of view on the use of IA in case of infections.

Back to the case

Finally, I would like to go back to the case I described at the beginning of this discussion. 
With regard to infection risk, I would consider this patient to have a slightly increased 
risk of (a more severe course of the) infection, due to a number of different 
mechanisms: 1) the use of baricitinib as JAKi show similar to slightly increased  
infection risks compared to biological DMARDs, 2) due to the use of glucocorticosteroids, 
which are also in lower doses, but especially in doses ≥ 10 mg per day, associated with 
increased infection risks, 3) due to her RA disease activity. (26, 27) She recently 
switched DMARD treatment due to high disease activity. In this case, we do not have 
information about the current disease activity but this might still be increased and 
thereby also cause an increase in infection risk. (28, 29) 4) due to the recent use of 
rituximab (which was recently switched to baricitinib). With regard to COVID-19 
specifically, it would be of importance to know when exactly she was vaccinated, and 
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when she received her rituximab infusion. As she received her COVID-19 vaccination 
shortly after her standard dosed rituximab, an impaired vaccination response should 
be considered, possibly leading to a more severe course of the infection. Regarding 
the use of her IA during an infection I would recommend to continue the use of 
prednisolone as suddenly stopping glucocorticoids may cause adrenal insufficiency, 
especially during situations of increased stress (such as infection). Baricitinib can be 
continued in this case, and could potentially even have a beneficial effect as baricitinib 
is effective for the treatment of COVID-19. However, it should be noted that 
continuation of baricitinib during an infection might not be the same as starting 
baricitinib during a (severe) infection. Other topics to consider for this patient would 
be reduction and preferably complete termination of corticosteroid use, herpes 
zoster vaccination (given the increased risk in patients using a JAKi) and potentially, 
dose reduction of the JAKi. 
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Conclusions and clinical implications

To conclude and summarize, the main findings and implications for clinical practice 
of this thesis are as follows:

	 There is a dose – and possibly time – dependent infection risk for rituximab 
with lower infection risks in lower doses and longer after administration.  
The underlying mechanism behind these observations is not completely 
understood. In clinical practice, physicians should strongly consider prescribing 
lower RTX doses to patients doing well.

	 Hypogammaglobulinemia is prevalent in about 20% of RA patients treated 
with rituximab, but severe hypogammaglobulinemia is rare. Risk factors include 
older age and higher cumulative rituximab dose. In patients at higher risk, 
monitoring of IgG levels can be considered.

	 Methotrexate use might protect patients from developing hypogamma
globulinemia. It would be of interest to further study this as methotrexate is 
widely available, usually quite well tolerated and safe.

	 The risk of herpes zoster is substantially increased in (elderly) patients using 
JAKi, and an effective vaccination is available. Therefore vaccination in this 
population should be recommended.

	 Beliefs on the use of IA during infections differ between patients and physicians 
as well as between physicians. These beliefs and perspectives can affect  
the decisions that are made in clinically practice, especially since scientific 
evidence is scarce. More studies on the management of IA during infections 
can contribute to more substantiated point of views on this topic.

	 Temporary interruption and continuation of IA during an infection lead to 
similar infection outcomes. Both treatment options seem safe and can be 
considered in clinical practice. Clinicians should discuss both treatment 
options with their patients and weigh potential benefits and disadvantages. 
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Reumatische ontstekingsziekten, waaronder reumatoïde artritis, zijn ziektes waarbij 
er ontstekingen ontstaan aan de gewrichten door reacties van het eigen afweer-
systeem (immuunsysteem). Deze ziektes kunnen worden behandeld met medicijnen 
die het afweer systeem beïnvloeden (immuun-modulerende medicijnen). Er zijn veel 
soorten immuun-modulerende medicijnen. Deze medicijnen zijn veilig en effectief, 
maar kunnen wel zorgen voor een (mild) verhoogd risico op infecties. In mijn thesis 
heb ik op verschillende manieren onderzoek gedaan naar het risico op infecties bij het 
gebruik van deze medicijnen, en naar wat te doen met deze medicijnen op het 
moment dat er een infectie optreedt. De verschillende hoofdstukken zijn opgedeeld 
in 3 delen: 1) Rituximab, immuunglobulines en infectierisico, 2) Infectierisico in 
patiënten met reumatische ontstekingsziekten en 3) Doorgaan versus onderbreken 
van immuun-modulerende medicijnen tijdens een infectie.

Deel 1. Rituximab, immuunglobulines en infectierisico
In het eerste deel van mijn thesis heb ik gefocust op het medicijn rituximab. Rituximab is 
gericht tegen een specifiek soort cellen van het afweersysteem (B-cellen). Deze cellen 
zorgen er onder andere voor dat het lichaam antistoffen aan kan maken. Antistoffen 
zijn eiwitten die het afweersysteem maakt en nodigt heeft om bijvoorbeeld bacteriën  
en virussen te kunnen herkennen. Bij reumatische ontstekingsziekten worden er soms  
ook antistoffen aangemaakt tegen delen van het lichaam zelf (auto-immuniteit). 
Rituximab remt de cellen die antistoffen maken.

Uit een eerder onderzoek is aangetoond dat patiënten die behandeld worden met 
lagere doseringen rituximab minder vaak infecties krijgen dan patiënten met hogere 
doseringen behandeld worden. Ook is bekend dat, bij langdurig gebruik, rituximab 
kan zorgen voor lage niveaus van antistoffen (hypogammaglobulinemie). Antistoffen 
zijn nodig om infecties te bestrijden, en lage niveaus hiervan kunnen zorgen voor een 
verhoogd risico op (ernstige) infecties.

In hoofdstuk 2 heb ik onderzocht of er een dosis- en tijdsafhankelijk infectierisico is 
bij patiënten met reumatoïde artritis die rituximab gebruiken. Ook heb ik bekeken of 
er factoren zijn die een rol spelen in het dosis afhankelijke infectierisico. De factoren 
die ik heb onderzocht zijn het gebruik van immuun-modulerende medicijnen en de 
waardes van B-cellen, antistoffen en neutrofiele granulocyten (een soort witte 
bloedcel) in het bloed. Dit onderzoek heb ik gedaan met gegevens die verzameld 
waren in een eerder onderzoek. Aan dit onderzoek deden patiënten mee met 
reumatoïde artritis waarbij de ziekte rustig was. Deze patiënten waren verdeeld in 3 
groepen, 1 groep kreeg de standaard dosering rituximab (1000 mg elke 6 maanden) 
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en 2 groepen een lagere dosering (500 of 200 mg elke 6 maanden). In de groepen die 
lagere doseringen rituximab kregen, zagen we minder infecties. Het infectierisico bij 
patiënten die rituximab gebruiken is dus lager bij lagere doseringen. De andere 
factoren die we hebben onderzocht speelden hier geen rol in. Uit de resultaten bleek 
ook dat het infectierisico mogelijk hoger is korter na het toedienen van de rituximab.

In hoofdstuk 3 heb ik verder onderzoek gedaan naar het risico op infecties bij patiënten  
die rituximab gebruiken. Hiervoor heb ik gegevens gebruikt uit de patiëntendossiers 
van patiënten met reumatoïde artritis die rituximab gebruikten in de Sint Maartens-
kliniek. Opnieuw zagen we minder infecties bij patiënten die lagere doseringen 
rituximab gebruikten in vergelijking met hogere doseringen. Bij patiënten die 1000 of 
500 mg rituximab gebruikten, zagen we ook dat er meer infecties optraden kort na de 
toediening van rituximab. Het is dus raadzaam om rituximab zo laag mogelijk te 
doseren om het risico op infecties te verlagen.

In hoofdstuk 4 heb ik gekeken naar de waardes van antistoffen in het bloed van 
patiënten met reumatoïde artritis die rituximab gebruiken of hadden gebruikt in de 
Sint Maartenskliniek. Ik heb onderzocht hoe vaak de antistoffen te laag zijn bij deze 
patiënten, en wat hier risicofactoren voor zijn. Bij 65 van de 233 patiënten (20%) 
vonden we verlaagde antistoffen. Sterk verlaagde waardes vonden we slechts bij 7 
patiënten (2.2%). Risicofactoren voor het hebben van lage antistofwaardes zijn 
hogere leeftijd (boven de 65 jaar) en de cumulatieve dosering van rituximab (hoe 
meer rituximab iemand in totaal heeft gehad, hoe hoger het risico). Het gebruik van 
methotrexaat, een veelgebruikt immuun-modulerend medicijn, leek juist een 
beschermend effect te hebben.

	 Lagere doseringen rituximab zorgen voor een lager risico op infectie dan 
hogere doseringen, welke factoren hier precies een rol in spelen blijft nog 
onzeker.

	 Het risico op infecties lijkt wat hoger te zijn net na de toediening van rituximab.
	 Verlaagde antistoffen komt voor bij ongeveer 20% van de patiënten die 

rituximab gebruik(t)en. Risicofactoren hiervoor zijn oudere leeftijd en een 
hoge cumulatieve dosis rituximab.

	 Het is verstandig om rituximab zo laag mogelijk de doseren, en eventueel 
samen te geven met methotrexaat. Bij oudere patiënten, of patiënten die een 
hoge cumulatieve dosering rituximab hebben ontvangen kan het zinvol zijn 
om de antistof waardes te controleren.



169Summary in Dutch | Nederlandse samenvatting

Deel 2. Infectierisico in patiënten met inflammatoire reumatische ziektes
Een ander soort immuun-modulerende medicatie die wordt gebruikt voor de 
behandeling van reumatische ontstekingsziekten zijn JAK-remmers. Dit zijn relatief 
nieuwe medicijnen. Het risico op infecties lijkt vergelijkbaar met een andere groep 
medicijnen (biologicals) die veel gebruikt wordt. Wel hebben mensen die JAK-remmers 
gebruiken een hoger risico op herpes zoster (gordelroos). Gegevens over infecties bij 
JAK-remmers zijn echter vooral bekend uit gerandomiseerde onderzoeken (trials) in 
geselecteerde groepen patiënten. De patiënten in deze trials zijn door die selectie 
niet altijd representatief voor alle patiënten die JAK-remmers gebruiken. 

In hoofdstuk 5 heb ik het infectierisico van twee verschillende JAK-remmers 
(tofacitinib en baricitinib) vergeleken met het infectierisico van biologicals. Hiervoor 
hebben we gegevens gebruikt uit de dagelijkse praktijk, namelijk van meer dan 60% 
van de Nederlandse apotheken. We vonden een iets verhoogd risico op infecties bij 
het gebruik van JAK-remmers vergeleken met biologicals. Oudere patiënten hadden 
vaker infecties, maar de vergelijking tussen de JAK-remmers en biologicals was 
hetzelfde als in de hele groep die onderzocht wordt. Wel was het risico op herpes 
zoster ook in dit onderzoek verhoogd voor patiënten die JAK-remmers gebruikten. 
Specifieke maatregelen tegen gordelroos, zoals bijvoorbeeld vaccinatie bij oudere 
patiënten die een JAK-remmer gebruiken, lijken wel zinvol.

	 Het risico op infecties is iets verhoogd bij JAK-remmers vergeleken met 
biologicals.

	 Het risico op herpes zoster is verhoogd in patiënten die een JAK-remmer 
gebruiken. Hiervoor kunnen maatregelen worden genomen zoals vaccinatie.

In hoofdstuk 6 heb ik gekeken naar risicofactoren voor ernstige COVID-19 bij 
patiënten met reumatische ontstekingsziekten die immuun-modulerende 
medicijnen hiervoor gebruikten. In 2020 werden we wereldwijd geconfronteerd met 
de COVID-19 pandemie. Zeker in het begin van de pandemie was het niet duidelijk of 
mensen met reumatische ontstekingsziekten een verhoogd risico hadden op 
(ernstige) COVID-19 en wat het effect van immuun-modulerende medicijnen hierop 
was. Voor dit onderzoek heb ik patiënten die ernstige COVID-19 hadden gehad 
vergeleken met patiënten die geen ernstige COVID-19 hadden gehad. Hiervoor heb ik 
gegevens gebruikt uit verschillende ziekenhuizen in Noord-Brabant. Ik heb gevonden 
dat oudere patiënten en patiënten met overgewicht een verhoogd risico hebben op 
ernstige COVID-19. Dit wisten we al van gegevens voor de algemene bevolking, maar 
dit geldt dus ook voor patiënten met reumatische ontstekingsziekten. In dit onderzoek 
hebben we geen diagnose of medicijn gevonden dat het risico op ernstige COVID-19 
verhoogd. Inmiddels weten we dat het gebruik van hogere doseringen corticostero-
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ïden zoals prednison en rituximab wel een verhoogd risico op ernstige COVID-19 
geven. Waarschijnlijk was het aantal deelnemers in mijn studie te klein om dit aan te 
kunnen tonen.

	 Hogere leeftijd en overgewicht zorgen voor een verhoogd risico op ernstige 
COVID-19 bij patiënten met reumatische ontstekingsziekten.

	 In dit onderzoek vond ik geen verhoogd risico bij bepaalde reumatische ontste-
kingsziekten of immuun-modulerende medicijnen.

Deel 3. �Doorgaan versus onderbreken van immuun-modulerende 
medicijnen tijdens een infectie

Als een patiënt die immuun-modulerende medicatie gebruikt een infectie krijgt, is de 
vraag of de immuun-modulerende medicijnen door gebruikt kunnen worden, of 
tijdelijk moet worden onderbroken. Er is weinig bewijs hiervoor en – voor zover 
bekend – is hier nog geen onderzoek naar gedaan (ook niet bij patiënten met andere 
ontstekingsziektes van bijvoorbeeld de huid of de darmen).

In hoofdstuk 7 heb ik patiënten met verschillende ontstekingsziektes (zowel 
reumatisch als ontstekingsziektes van de huid en darmen) en verschillende 
zorgverleners geïnterviewd om erachter te komen hoe zij aankijken tegen het gebruik 
van immuun-modulerende medicijnen tijdens infecties en de twee behandelopties 
(de medicijnen doorgebruiken, of even onderbreken). Zowel patiënten als 
zorgverleners gaven verschillende argumenten vóór en tegen beide behandelopties. 
Ik heb verschillende thema’s gevonden die hier een rol in spelen, zoals kenmerken van 
de ontstekingsziekte (zoals de ziekteactiviteit en -ernst) en kenmerken van de 
infectie (zoals de ernst van de infectie). Ik merkte dat er verschillen waren tussen de 
patiënten en de zorgverleners, namelijk dat zij andere dingen belangrijk vinden. 
Sommige patiënten vertelden dat ze het liefst door zouden gaan met hun medicijnen, 
omdat er anders het risico is dat hun ziekte weer opvlamt. Zorgverleners benoemden 
dat ze het risico op een ernstiger beloop van de infectie belangrijk vonden om mee te 
nemen in de afweging. Er zijn ook verschillen tussen zorgverleners, mogelijk heeft dit 
te maken met het feit dat er weinig onderzoek gedaan is hiernaar. Voor zowel 
patiënten als zorgverleners bleek dat de keuze doorgaan of tijdelijk onderbreken van 
de immuun-modulerende medicatie vaak gaat om het afwegen van voor- en nadelen 
(bijvoorbeeld de ernst van de infectie versus het risico op opvlamming van de 
reumatische ziekte).

Om beide behandelopties te vergelijken, heb ik in hoofdstuk 8 een gerandomiseerde 
studie gedaan waarin beide strategieën werden vergeleken. Aan deze studie hebben 
1.142 patiënten meegedaan, die willekeurig werden ingedeeld om hun medicatie 
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door te gebruiken of te onderbreken tijdens een infectie. We hebben onderzocht 
hoeveel mensen een ernstige infectie kregen. Er waren weinig mensen met een 
ernstige infectie, en dit was vergelijkbaar tussen beide groepen (1.71% minder 
ernstige infecties in de doorgaan groep, 95% BI -1.99 tot 5.39). Er was ook geen verschil 
tussen de duur van de infectie en de ziekteactiviteit in de twee groepen. 

	 De meningen over het gebruik van immuun-modulerende medicijnen tijdens 
infecties verschilt tussen patiënten en zorgverleners. Ook zijn er verschillen 
tussen artsen.

	 Het doorgebruiken en tijdelijk onderbreken van immuun modulerende 
medicatie tijdens een infectie zorgt voor vergelijkbare uitkomsten.

	 Het lijkt veilig om immuun modulerende medicijnen door te gebruiken tijdens 
een infectie voor mensen met een reumatische ontstekingsziekte.
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Ethics and privacy
Medical and ethical approval
This thesis is based on the results of research involving human participants, which 
were conducted in accordance with relevant national and international legislation 
and regulations. The studies presented in chapter 2, 3, 4, 5, 6 and 7 were not subject to 
the Dutch Medical Research Involving Human Subjects Act (WMO); a waiver was 
provided from the recognized Medical Ethics Review Committee ‘METC Oost-
Nederland’ (CMO file numbers 2020-6746, 2020-6431, 2021-7329, 2021-13123, 
2020-6689, 2020-6593, 2020-7207). The study presented in chapter 8 was approved 
by the METC Oost-Nederland (CMO file number 2020-6444, NL73479.091.20) and 
local review boards of the participating hospitals.  

Informed consent
For the studies described in chapter 2, 6, 7 and 8 all participants provided informed 
consent. For the studies in chapter 3 and 4, part 2 of the Dutch law ‘Wet op de 
geneeskundige behandelingsovereenkomst (WGBO)’ was used to justify the inclusion 
of patients without opt-in informed consent since it was not deemed reasonably 
feasible to obtain this from a relevant and a select proportion of patients. To conduct 
the study presented in chapter 5, an existing prescription database was used. This 
database contains coded patient prescription records. 

Privacy of study participants
According to Dutch legislation, data collection from electronic patient files was 
performed by personnel with a treatment relationship with the patient and/or by the 
research team upon consent from the study participant. The privacy of study 
participants was warranted by using encrypted and unique identification codes. The 
encryption keys were stored separate from the study data at the study sites and were 
only accessible to members of the project who needed access to it.

Data collection and storage
Data for chapter 2 was already collected during the REDO trial. Data for chapter 3, 4, 6 
and 8 was extracted from electronic health records and collected using structured 
electronical case report forms (Castor EDC). For chapter 6, additional information 
was obtained from questionnaires which was also collected using Castor EDC. Data 
from chapter 5 were already collected data from IQVIA’s Real-World Data Longitudinal 
Prescription database. Qualitative data was collected in chapter 7; interviews were 
transcribed verbatim and analysed using Atlas.ti and later stored in Excel.
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All the data that was obtained is stored on department servers of the Sint Maartens
kliniek.  Non-electronic data were stored in a filing cabinet with keyed lock which  
can only be accessed by staff with authorization to enter at the department of 
Rheumatology of the Sint Maartenskliniek for data collected for the studies presented 
in chapter 2, 3, 4, 7 and 8. For the studies conducted at the Máxima Medical Centre 
(described in chapter 6 and 8), non-electronic data is stored in a cabinet with keyed 
lock which can only be accessed by staff with authorization to enter at the department 
of Rheumatology of the Máxima Medical Centre. Data collected at other centers 
(chapter 6; Bernhoven Uden, Elisabeth-Tweesteden Tilburg and Amphia Breda) is 
stored on local department servers and non-electronic data in locked cabinets which 
can only be accessed by staff with authorization to enter.

FAIR principles 
Findable and Accessible
The data that was obtained is stored as described above. One manuscript was 
published open access (Opdam MAA, Vriezekolk JE, Broen J, den Broeder AA, Verhoef 
LM. Exploring the perspective of patients with immune-mediated inflammatory 
diseases and care providers on the use of immunomodulatory drugs in infections: an 
interview study. Rheumatol Adv Pract. 2023 Jan 11;7(1):rkad003).

As no participants from the Radboudumc were included in the studies part of this 
thesis and participants did not consent to reuse or share their data, data is not stored 
in a data repository. Metadata on the research presented in chapters 2 to 8 are 
published in Data Sharing Collections (DSCs) in the Radboud Data Repository (RDR), 
see table 1. The data used to conduct the studies described in this thesis are available 
for future research after new permission from the participants is obtained.

Table 1. Overview of the Radboud Data Repository Data Sharing Collections (DSC).

Chapter DSC License for reuse

2 https://doi.org/10.34973/z9mq-4002 CC BY

3 https://doi.org/10.34973/t411-yk47 CC BY

4 https://doi.org/10.34973/s4z9-6b74 CC BY

5 https://doi.org/10.34973/n4p6-pp33 CC BY

6 https://doi.org/10.34973/6y7k-9b71 CC BY

7 https://doi.org/10.34973/vhcs-2t65 CC BY

8 https://doi.org/10.34973/69r3-b890 CC BY
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Interoperability
Data was stored in structured CSV files, resembling the METC filling format to ensure 
interoperability. For chapters 3, 4, 6 and 8 data was collected using structured 
electronical case report forms (Castor EDC). Consequtively, data were exported to 
STATA/IC (chapters 2, 3, 4, 5, 6, 8) and R-studio (chapter 8). Qualitative data of the 
study presented in chapter 7 was transcribed verbatim, analysed using Atlas.ti and 
later stored in Excel.

Reusable
Data from the REDO study (chapter 2) will be saved for 25 years after study termination. 
Data of the trial described in chapter 8 will be saved for 20 years after study 
termination. Data from the other studies will be saved for 15 years after study 
termination. Re-using the data for future research is only possible after a renewed 
permission by the participants. 
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