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“It is more important to know what sort of person has a disease
than to know what sort of disease a person has.” 

“There are, in effect, two things, to know and to believe one knows;
to know is science; to believe one knows is ignorance.”

Hippocrates of Kos (circa 460 – 370 BC)
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Juvenile idiopathic arthritis (JIA) is the most common chronic rheumatic disease in 
children with an incidence in Europe of about 16-150/100,000/yr and an important 
cause of short-term and long-term disability.1 JIA is defined as arthritis with no apparent 
cause lasting more than 6 weeks with disease onset prior to age 16.2 JIA is a complex 
inflammatory disease with a multifactorial immune pathogenesis. Next to a certain 
genetic predisposition, environmental factors play a role leading to a chronic 
inflammatory response, which involves uncontrolled activation of both innate and 
adaptive immunity.3 The resulting autoimmune assault targets primarily, synovial 
tissue, leading to chronic arthritis. The classification of patients is still essentially based 
on the same clinical features as twenty years ago. Thus, the counting of clinically active 
joints is still the hallmark for the classification of JIA1 and for all clinically important 
decisions, e.g. the choice of treatment to start the patient on,4 when to escalate therapy 
or switch to another agent,4 and also when to taper or withdraw treatment. Based on 
6 months of clinical symptoms and global prognostic factors, the following clinical 
subtypes of JIA are recognized: oligoarthritis, Rheumatoid Factor (RF)-negative 
polyarthritis, RF-positive polyarticular JIA, psoriatic JIA, enthesitis-related arthritis, 
systemic-onset JIA and undifferentiated arthritis.1 The biologic basis of these clinical 
subtypes is not very distinctive and indeed this classification is subject to new debate 
since it seems unlikely that a simple joint count would be sufficient to identify patients 
with different immune pathogenesis.5

Therapeutic strategies in JIA
In the last 10 years the implementation of an adequate legislation fostering controlled 
clinical trials in children and the availability of new potent medications such as the 
biologicals have led to a dramatic improvement in the treatment of JIA.6 In 2011 the 
worldwide very much appreciated “American College of Rheumatology (ACR) 
recommendations on the treatment of JIA” was published.4 However, these 
recommendations scored very poorly in applicability (8%) because they did not clearly 
state the costs and resources needed in order to implement them. Criteria for assessing 
their impact were not provided either.7 The likely reason that these recommendations 
are not fully implemented is that the criteria that recommend the next treatment step 
are much too complicated to be literally applicable in clinical practice. Although the 
order in the step up treatment schemes is roughly similarly used by most pediatric 
rheumatologists in the developed world, it still leads to therapy-failures of at least 50% 
in the first 12 months of treatment resulting in frustration, pain and probably even 
damage to the treated tissue.8,9 In a Canadian cohort,  almost one fourth of all patients 
did not reach inactive disease, even within 2 years.9 It is unclear what the exact decisive 
reasons are that physicians escalate therapy, but already the more straight forward 
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initial treatment options presented to families generally reflect the clinician’s preferred 
treatment approaches, which differed across clinicians.10 For JIA it is known that the 
decision-making process is one in which clinicians, rather than the family, consistently 
initiate treatment decisions10, while in the European League against Rheumatism 
(EULAR) treatment recommendations for rheumatoid arthritis (RA) an overarching 
principle was that “the treatment must be based on a shared decision between the 
patient and the rheumatologist”.11 The attributes of medication for JIA presented to 
families fell into 4 categories: benefits, risks, logistics and family preferences. Clinicians 
typically included family members in the decision to initiate JIA treatment after limiting 
the options to fit the clinical situation and the clinician’s own preferences.10

There is however evidence that the strategy is more important than the agent to treat, 
at least for RA.12 The data make a compelling case for both frequent routine monitoring 
with a quantitative index and consideration of routine adjustment of therapy at each 
visit.12 Such a quantitative index has been developed for JIA a few years ago as well, 
the juvenile arthritis disease activity score (JADAS) quantifying the absolute level of 
disease activity by providing one summary number on a continuous scale.13 Already 
in 2013 it was recommended by the EULAR that treatment for RA should be aimed at 
reaching a target of sustained remission or low disease activity in every patient and 
monitoring should be frequent in active disease (every 1–3 months).11 It is also stated 
that after the start of RA treatment if there is no improvement by at most 3 months or 
the target has not been reached by 6 months, therapy should be adjusted.11 The lack 
of clearcut quantitive measures as rules for therapy escalation makes it hard to further 
improve the care for the JIA-patient, yet still the JADAS-scores are not used in clinical 
practice.

Pharmacovigilance and comorbid conditions in JIA
Apart from the active arthritis present in over 50% of patients for at least a year, the 
burden of disease can be augmented by complications of the disease (e.g. joint 
damage), by side-effects of the immunosuppressive drugs (e.g. infections or MTX 
related nausea) or by comorbidities (e.g. uveitis) which might be provoked, prevented 
or unaffected by the use of immunosuppressive drugs. For RA it was already considered 
so important that in the 2016 Update of the EULAR treatment recommendations it 
became an overarching principle that “treatment decisions are based on disease activity 
and other patient factors such as progression of structural damage, comorbidities and 
safety issues”.14 Since biologicals antagonize cytokines or receptors involved in the 
immune system one could fear that their (long-term) use might affect the quality of 
the immune system. This could lead to a defective defence mechanism against 
infections and tumours, an insufficient response to vaccinations, or a flawed 
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immunoregulation resulting in auto-immunity or autoinflammation. Finally, a biological 
agent itself can be handled as an antigen by the immune system producing antibodies 
against the biological. For registration of a biological the efficacy for the specific 
indication has to be shown, however safety issues other than very common adverse 
events can hardly be addressed in JIA-studies since the study-population will be too 
small and the follow-up mostly too short. Comparisons with placebo are of limited 
value in most of these studies because of the short duration of the placebo phase.15 
Moreover a double-blind, controlled, randomized withdrawal design is used in nearly 
all randomized clinical trials for JIA therapy by which a control cohort never having 
used that drug is missing.16 In this design eligible children are treated in an open-label 
fashion with the experimental therapy for a few months after which responders are 
randomized in a double-blind fashion either to continue the experimental therapy or 
to switch to placebo.6 Furthermore, the placebo-controlled phase was often shorter 
than the lead-in open-label phase, which could potentially have introduced bias owing 
to latent adverse events initiated in the lead-in phase not being reported until the 
placebo-controlled phase.15 The very common side effects that affect more than 10% 
of patients are different for every agent but mostly concern (upper) respiratory tract 
infection, headache and injection site reaction.17 Uniform, international, post-marketing 
surveillance will be the only way to collect good quality safety data since JIA comprises 
a relatively small group of patients, which was the reason Pharmachild was set up.18 
Retrieved from insurance data, even in children with JIA not currently being treated 
with immunosuppressive drugs, a two-fold increase was found in the rates of 
hospitalized bacterial infections compared to children with a non-inflammatory 
disease.19 Interestingly, for the most used systemic drug in JIA (MTX) no large studies 
are available describing to what extent it affects the infection risk.20 For anti-TNF agents 
this has been studied better and compared to MTX a 1.4 to 7 fold increase depending 
on the definition of infection (serious, hospitalized or medically significant) was found 
in UK and German registry studies.21–23 Physicians are used to combine biologics with 
corticosteroids and various synthetic DMARDs, but out of fear for serious infections 
stay away from combining biologics. What drug combinations in which JIA patients give 
the highest the risk for (severe or opportunistic) infections is however largely unknown. 
In fact the definition of opportunistic infections has not even yet been defined nor 
agreed upon by pediatric infectiologists which makes it hard to compare studies for 
this subject. Because of the lack of solid data no preventive measures such as 
vaccinations or antibiotic prophylaxis are recommended when starting 
immunosuppressants or certain combinations in JIA patients. 
More research into patients’ perspectives on the ways in which multiple conditions 
affect their health, well-being, and clinical care is needed to complement the 
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professional perspective and ensure that care is truly patient-centered.24 Comorbidities 
other than specific diseases present in JIA have however never been described and 
therefore its burden is largely unknown. Nevertheless, one can imagine that with 
modifiable risk factors (e.g. healthy diet, physical activity, no tobacco use) or maybe by 
avoiding certain immunosuppressants in selected patients a huge impact can be gained 
in even preventing a chronic disease in these patients. So far only for uveitis a screening 
program exists to prevent ophthalmologic complications from silent uveitis.25

Cellular therapies for therapy-refractory arthritis
Unfortunately, there are still JIA patients that remain resistant to all registered (and 
unregistered) biological therapies. They might still suffer from a very severe, debilitating 
and even potentially fatal disease. Refractory JIA used to be a prominent indication for 
autologous hematopoietic stem cell transplantation (ASCT) around 15 years ago, but 
since the registration of multiple biologics it is now uncommon. Complete clinical 
remission was seen in 40% of 20 patients after ASCT, 35% partially responded, and 
25% experienced disease relapse.26 During follow-up, two patients (10%) who had JIA-
relapse died from infections.26,27 There is a  need for effective and save alternatives for 
ASCT. Other cell therapies such as mesenchymal stromal cells (MSC) without the need 
for the hazardous myelo-ablation are a fast growing field of interest for basic and 
clinical science. MSC are adult (non-embryonic) stromal cells that are present in bone 
marrow, fat, umbilical cord and in lower numbers in many other tissues. MSC are now 
widely studied for their immunosuppressive qualities, because they are relatively easily 
harvested and expandable outside the body.28 Many preclinical with promising effects 
have been performed and yet the mechanism of action is not yet well understood.29 
The safety and effect of bone-marrow derived MSC administration in (refractory) JIA 
patients are not yet established.
JIA patients would benefit from targeted and personalized treatment in which the 
individual prediction on therapy-response, patient preferences, risk for side-effects 
and comorbidities are all taken into account in the choice of the anti-rheumatic therapy 
at start and again when the target has not yet been reached. Therefore, in this thesis 
I investigate ways to tailor the care for JIA patients by treat-to-target approaches 
including the patient well-being scores, increase the knowledge on the personal burden 
of disease by looking into comorbidities and side effects of anti-rheumatic drugs, and 
novel therapeutic approaches for patients refractory to these drugs.
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OUTLINE OF THE THESIS

GENERAL INTRODUCTION
In Chapter 1 
I introduce the disease juvenile idiopathic arthritis with its known and unknown 
territories. I underline how current treatment is performed and what issues patients 
may encounter due to the disease or the treatment.

PART 1 THERAPEUTIC STRATEGIES IN JIA
In Chapter 2 
I review the relevant time points in JIA (individual risk of disease, complications, damage, 
prediction of response to, and successful withdrawal of therapy) for which biomarkers 
may represent strong added value and which are already used or currently under study 
for clinical practice. 
In Chapter 3 
I assess if in our center the worldwide accepted “American College of Rheumatology 
recommendations on the treatment of JIA” are strictly followed for JIA or if not what 
would be the result of its implementation. I furthermore examine the real decisive 
factors for physicians to escalate to anti-TNF and investigate the usefulness of Juvenile 
Arthritis Disease Activity Scores to identify patients in need of anti-TNF as a tool for 
treat-to-target in JIA.

PART 2 PHARMACOVIGILANCE IN JIA
In Chapter 4 
I review the immunological consequences of biological therapies used in juvenile 
idiopathic arthritis and stress the need for a large international pharmacovigilance JIA 
database.
In Chapter 5 
I show the set up and the first results of the largest international pharmacovigilance 
JIA registry called Pharmachild. Furthermore the potential power of collaboration is 
shown when data of two national registries are combined with Pharmachild leading 
to data from over 15,000 JIA patients.
In Chapter 6 
I investigate the risk factors (e.g. age, disease duration, drugs used) for infections in 
around 7,000 JIA patients in Pharmachild.
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In Chapter 7 
I describe the adjudication of at least severe infections by an expert panel and the 
consensus on the definition of opportunistic infections in JIA patients which makes 
studies on this subject easier to compare.

PART 3 THE BURDEN OF COMORBID CONDITIONS
In Chapter 8 
I investigate the prevalence and incidence of all comorbidities in more than 8,000 JIA 
patients in Pharmachild. I further try to ascertain the impact of having at least one 
comorbidity on the quality of life.

PART 4 CELLULAR THERAPIES FOR THERAPY-REFRACTORY ARTHRITIS
In Chapter 9 
I review the process, working mechanism, efficacy, complications and proposed 
indications of autologous haematopoietic stem cell transplantation for therapy 
refractory autoimmune diseases.
In Chapter 10 
I investigate safer cellular therapeutic alternatives for therapy-refractory arthritis. I 
explore the clinical and histological effect of intraperitoneal and intraarticular 
mesenchymal stromal cell (MSC) injection in proteoglycan induced arthritis in mice. 
Furthermore I look into the distribution of these MSC and the subsequent immune 
responses.
In Chapter 11 
I review the properties of MSC, presence of MSC in the joint, intra-articular versus 
intravenous route, autologous versus allogeneic, ideal source of MSC, distribution, 
transdifferentiation, engraftment, rejection, efficacy and toxicology.
In Chapter 12 
I investigate in a Phase Ib/IIa, open label, non-randomized intervention study if 
allogeneic bone marrow derived MSC infusion is a safe alternative for therapy-refractory 
JIA patients that are eligible for prosthesis and/or autologous stem cell transplant.

GENERAL DISCUSSION
In Chapter 13 
I integrate the knowledge derived from this thesis and explore what can be implemented 
already in clinics. I discuss the remaining questions and present what future studies 
are already planned or yet need to be set up in order to further improve the lives of 
children with JIA.
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ABSTRACT

The translation of basic insight in immunological mechanisms underlying inflammation 
into clinical practice of inflammatory diseases is still challenging.  Here we describe 
how - through continuous dialogue between bench and bedside - immunological 
knowledge translates into tangible clinical use in a complex inflammatory disease, 
juvenile idiopathic arthritis (JIA). Systemic JIA (sJIA) is an autoinflammatory disease, 
leading to the very successful use of IL-1 antagonists. Further immunological studies 
identified new immune markers for diagnosis, prediction of complications, response 
to and successful withdrawal of therapy. Myeloid Related Protein (MRP)-8, MRP-14, 
S100-A12 and Interleukin-18 are already used daily in clinic as markers for active sJIA. 
For non-sJIA subtypes, HLA-B27, antinuclear-antibodies, rheumatoid factor, erythrocyte 
sedimentation rate and C-reactive protein are still used for classification, prognosis or 
active disease. MRP-8, MRP-14 and S100-A12 are now under study for clinical practice. 
We believe that with biomarkers, algorithms can soon be designed for the individual 
risk of disease, complications, damage, prediction of response to, and successful 
withdrawal of therapy. In that way, less time will be lost and less pain will be suffered 
by the patients. In this review we describe the current status of immunological 
biomarkers used in diagnosis and treatment of JIA.
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INTRODUCTION

Juvenile idiopathic arthritis (JIA) is the most common occurring chronic rheumatic 
disease in childhood with incidence rates varying from 1.6 to 23 and prevalence from 
3.8 to 400 per 100,000 in the European population in 2010.1 JIA is a complex 
inflammatory disease with a multifactorial immune pathogenesis.  Next to a certain 
genetic predisposition, environmental factors play a role leading to a chronic 
inflammatory response, which involves uncontrolled activation of both innate and 
adaptive immunity.2 The resulting autoimmune assault targets primarily, though not 
exclusively, synovial tissue, leading to chronic arthritis. The treatment for a patient with 
JIA nowadays still starts with low-dose or non-aggressive therapies and will only be 
escalated if it is failing after several months.3 This leads to therapy-failures of at least 
50% in the first six months of treatment resulting in frustration, pain and probably 
even damage to the treated tissue.4 JIA patients would benefit from personalized 
treatment in which the individual prediction on therapy-response to certain drugs is 
taken into account in the choice of the anti-rheumatic therapy. As will be discussed 
below, over the past decade an increased understanding of the immunological 
mechanisms underlying JIA has led to the identification of immune biomarkers that 
can actually guide therapeutic strategies. 
Clinically JIA therefore is defined as arthritis of unknown origin that starts before the 
age of 16, and persists for at least six weeks with other known conditions excluded.5 
JIA has variable rates in course and activity of disease; it is not a single disorder but 
consists of a heterogeneous group of auto-immune inflammatory diseases.6 Only one 
JIA subtype, rheumatoid factor (RF)-positive polyarticular JIA, is similar in 
pathophysiologic, diagnostic, clinical and prognostic aspects to rheumatoid arthritis 
(RA) in adults, but this subtype affects only 2-7% of the children with JIA.6 Other subtypes 
such as JIA with enthesitis, resemble spondyloarthritis better while certain subtypes 
can only be found in children (e.g. persistent oligoarthritis). Historically all auto-immune 
inflammatory arthritis in children have been classified as JIA with the use of different 
subtypes based on clear clinical features. Recently, however, various pivotal studies 
have helped to decipher the immunological basis underlying the clinical heterogeneity. 
For example, the presence of CD4+CD25highregulatory T cells at the onset of disease 
appeared related to a favorable prognosis in patients with the remitting subtype of 
JIA.7 One of the most significant breakthroughs was the realization that systemic onset 
JIA (sJIA), a subtype with strong systemic clinical symptoms, has the immunological 
signature of an auto-inflammatory rather than a classical auto-immune disease.8 As 
will be discussed below, in the case of sJIA, an understanding of the mechanism of 
disease has led to new immunopathogenesis-based, biomarker-guided therapeutic 
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strategies. But also for other subtypes of JIA, insight in disease mechanisms has led to 
concrete applications for classifying and treating patients. As such, JIA can be regarded 
as a model example of how bench-to-bedside translation of immunological knowledge 
may benefit clinical management of a complex inflammatory disease.

UNMET DIAGNOSTIC NEEDS IN THE JIA CLINIC

There are many uncertainties for physicians treating patients with JIA. For one, despite 
a greater understanding of disease pathogenesis, the classification of patients is still 
essentially based on the same clinical features as twenty years ago. Thus, the counting 
of clinically active joints is still the hallmark for classification of the JIA5, for the choice 
of treatment to start the patient on3, when to escalate therapy or switch to another 
agent3, and also when to taper or withdraw treatment. This is unfortunate if one realizes 
that the physical examination is not reproducible at all, and has an inter-observer 
agreement for arthritis with a Kappa value of only 0.47 -0.63.9,10 So far, accessible 
imaging tools have not been able to improve the detection of joint inflammation. For 
example, ultrasound examination is only moderately correlated with clinical measures 
of joint swelling. It has been shown that of 1,560 clinically normal joints, 5.5% had 
subclinical synovitis on ultrasound.11 This suggests that ultrasound examination can 
identify patients with persistent active disease instead of inactive disease, which could 
have consequences for treatment.11 Furthermore, the same group showed in a follow-
up study in 39 children with clinically inactive disease for a minimum of 3 months that 
ultrasound-detected synovial abnormalities are common in children with JIA in clinical 
remission.12 However, the presence of ultrasound abnormalities did not predict an 
early flare of synovitis in the affected joints after two years.12 Therefore the standard 
use of ultrasound so far has not replaced physical examination for establishing the 
joint inflammation. Thus JIA is still classified according to the almost 20-year-old criteria 
of the International League of Associations for Rheumatology originating in 1997 with 
revisions in 2001.13,14 Based on 6 months of clinical symptoms and global prognostic 
factors, the following clinical subtypes of JIA are recognized: oligoarthritis, RF-negative 
polyarthritis, RF-positive polyarticular JIA, psoriatic JIA, enthesitis-related arthritis, 
systemic-onset JIA and undifferentiated arthritis (Table 1).13 The biologic basis of these 
clinical subtypes is not always similarly distinctive and indeed this classification is 
subject to new debate since it seems unlikely that a simple joint count would be 
sufficient to identify patients with different immune pathogenesis.15 Moreover, the 
oligoarticular JIA subtype is further divided in two subcategories: persistent oligoarthritis 
and extended oligoarthritis.5 The latter means that at any time beyond the first six 
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months, a fifth joint is involved, while the persistent subcategory never exceeds the 
four joints. So, regardless of which medication is taken, a child with JIA having a fifth 
active joint on 6 months minus one day is classified as a polyarticular JIA, while the 
diagnose changes to extended oligoarticular JIA when this fifth joint becomes active 2 
days later. The increased understanding of immunological mechanisms and the 
emergence of immune biomarkers will in due time lead to a different classification 
based on immune pathogenesis. Before this becomes reality, reliable biomarkers to 
predict future disease course, therapy-response and complications are crucial for the 
physician to be able to individualize patient care. 

THE NEED FOR BIOMARKERS IN JIA DIAGNOSIS AND TREATMENT

A biomarker or biological marker refers to a broad subcategory of medical signs – that 
is, objective indications of medical state observed from outside the patient – which can 
be measured accurately and reproducibly.16 In 1998, the National Institutes of Health 
Biomarkers Definitions Working Group defined a biomarker as “a characteristic that is 
objectively measured and evaluated as an indicator of normal biological processes, 
pathogenic processes, or pharmacologic responses to a therapeutic intervention”.17 
Biomarkers can, but do not have to correlate with, a patient’s experience and sense of 
wellbeing. In contrast, clinical endpoints are variables that reflect or characterize how 
a subject in a study or clinical trial “feels, functions, or survives”.16 For an immune-
mediated inflammatory disease such as JIA it would be reasonable to identify 
immunological markers of inflammation, such as cytokines, chemokines or other 
mediators of inflammation. Also, such markers may or may not be related to the 
causative inflammatory process, as long as its measurement correlates with clinical 
outcomes.
JIA is a heterogeneous disease and even within the different subtypes the clinical course 
of individual patients can be strikingly different. The same is true for side effects of 
therapy. This calls for precision medicine, the tailoring of therapeutic strategies for the 
needs of individual patients. This should translate in an optimal treatment that on the 
one hand swiftly induces and maintains remission of the disease, while on the other 
hand limits adverse side effects. Clinical parameters are insufficient to predict all this 
accurately for individual patients. Thus, until biomarkers can be identified that close 
this huge gap, precision medicine will stay out of reach.  
Generally various time points can be identified during which a biomarker could prove 
useful in a chronic remitting/relapsing disease such as JIA (Figure 1). It could start with 
identifying individuals who, based on certain genotypic or phenotypic characteristics, 
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could render them vulnerable for development of JIA. For example individuals with a 
first-degree relative with  ankylosing spondylitis and low back pain themselves may 
deserve a MRI of the sacroiliac joint, since it has been shown that the imaging findings 
of sacroiliitis may be present in children when the physical examination and laboratory 
parameters are negative.18,19 And since early treatment of JIA appears to be beneficial20,21, 
biomarkers predicting with high specificity and sensitivity even the risk of developing 
JIA could change the treatment paradigm from treatment to prevention. As there will 
not be overt disease and inflammation in these individuals, this opens a complete new 
window of opportunity for strategies that are aimed at inducing or maintaining immune 

Figure 1. The relevant time points in JIA for which biomarkers may represent strong added value
The timeline states the decision points for therapy as done without the use of biomarkers. Therapy is started 
only when the disease is symptomatic and stopped if asymptomatic (subclinical).
In the phase normally no therapy is started (No Therapy) biomarkers may already identify a proportion of 
individuals with certain phenotypic/prognostic risk factors, who may ultimately go on to develop symptomatic 
disease. When the disease in these individuals is already present but yet subclinical, biomarkers might already 
pick up this occult disease. This might shift the dashed black line to the left so milder therapy can be started 
in an earlier phase. Once therapy has been started (Start Therapy), patients can either be responders or non-
responders to therapy; these two groups might also be identified by biomarkers before a certain therapy is 
started. Unresponsiveness to therapy can ultimately lead to damage. Responsiveness might lead to an 
asymptomatic state, but therapy withdrawal (Stop Therapy) can only be successful in biologically inactive disease, 
resulting in a persistent inactive state even without medication. If the JIA is only clinically but not biologically 
inactive the JIA will relapse. after withdrawal of therapy. Here, biomarkers might also be of use to identify those 
patients with real biologically inactive disease, and those with the highest chance of relapse after therapy 
withdrawal.
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tolerance. For RA there are already prediction rules for anti-citrullinated peptide 
antibody-positive (ACPA+) arthralgia patients who will go on to develop RA.22 Potential 
RA patients could be categorized in three risk groups: low, intermediate and high risk 
with a hazard ratio of 14.86 (8.40-28.32) in the latter.22 When a MRI is performed at this 
preclinical stage subclinical synovitis can already be observed in their painful joints.23 
As a preventive strategy the use of anti-malarials, such as hydroxychloroquine, can be 
considered since hydroxychloroquine is associated with a reduction in the risk of 
developing subsequent RA or other connective tissue disease in patients with 
palindromic rheumatism (also called incipient RA).24 
The Innovative Medicine Institute has recognized this opportunity and in February 2016 
opened a call for the development of immune tolerance therapies for the treatment 
of rheumatic diseases (http://www.imi.europa.eu/sites/default/files/uploads/
documents/Future_Topics/Topic_Feb2016_ImmuneRheumatic.pdf). Unfortunately 
(silent) arthritis could stay subclinical or asymptomatic until it leads to damage of a 
joint. This is, for example, regularly the case in the temporomandibular joint in which 
the active arthritis can only be shown with gadolinium-enhanced MRI scans, but is most 
of the time without complaints from the patient themselves.25 For the other joints after 
the subclinical phase there normally is the symptomatic phase in which the disease is 
overt. This is the phase in which the disease can be diagnosed and therapeutic agents 
are started. In this phase of clinically active disease new biomarkers could help to 
predict both responsiveness or anticipated side effects to certain therapeutic agents 
(Figure 1). This would minimize wasting time on useless or even harmful treatment. It 
would also be helpful to use prognostic biomarkers that correlate with current or future 
involvement of certain tissues which need different work-up or treatment, for example, 
involvement of the eyes (uveitis). The same is true for biomarkers that might predict 
future damage, which necessitates different or more aggressive treatment. Once 
therapy is started patients can either be (partial) responders or non-responders to 
therapy. Unresponsiveness to therapy can ultimately lead to damage. Responsiveness 
will ideally lead to an asymptomatic state, but only in biologically inactive disease 
therapy withdrawal can be successful resulting in a persistent inactive state.  If the 
therapy withdrawal is performed at a clinically inactive but yet biologically active state, 
also known as subclinical disease activity, the patient will become symptomatic again 
and the JIA will relapse with the additional risk of a patient becoming unresponsive to 
its original treatment.
As discussed earlier, JIA is a multifactorial disease. Genetic susceptibility in combination 
with exposure to an unknown environmental trigger instigates an autoimmune reaction 
towards self-antigens.2 The seven subtypes of JIA (Figure 2) also differ in genetic 
susceptibility, distribution and severity of arthritis. In the search for immune biomarkers 
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these differences should be taken into account. By far the most different subtype is 
sJIA, representing 4-17% of all JIA cases.6 The pathogenesis of sJIA is in fact totally 
immune-based, in which the innate immune system, including monocytes and 
neutrophils8, have been shown to be much more involved than the adaptive immune 
system; such a disease pathogenesis resembles much more a genetic auto-
inflammatory diseases such as the heritable autoinflammatory disease with deficiency 
of the interleukin-1-receptor antagonist (DIRA)26 rather than a classical autoimmune 
disease. A full picture of the immunology of sJIA, leading to biomarker discovery, will 
be discussed in the next section.

SYSTEMIC JIA, A JIA ENTITY WITH AVAILABLE DIAGNOSTIC AND DISEASE 
ACTIVITY BIOMARKERS

As mentioned above, sJIA is both clinically and immunologically distinct from other 
subtypes of JIA. Patients with sJIA have, in addition to arthritis, prominent symptoms 
of systemic inflammation such as spiking fever, pericarditis, peritonitis, 
lymphadenopathy and organomegaly.5 Clinically, the diagnosis of sJIA is based on the 
presence of at least two weeks of fever and arthritis and also a rash, lymph node 
enlargement, hepato- and/or splenomegaly or serositis, with exclusion of all other 
causes of these features.5 Patients with sJIA have a high disease burden with significant 
long-term morbidity.27 A severe and often life-threatening complication occurring in 
10-30% of patients with active sJIA is macrophage activation syndrome (MAS).28 The 
characteristic clinical features of MAS are high, non-remitting fever, hepatosplenomegaly, 
generalised lymphadenopathy, central nervous system dysfunction and haemorrhagic 
manifestations.29 Typical laboratory abnormalities include pancytopenia, increased 
levels of ferritin, liver enzymes, lactate dehydrogenase, triglycerides, D-dimers and 
soluble CD25, and decreased fibrinogen levels. A typical histopathological feature of 
MAS is the accumulation of well differentiated macrophages exhibiting hemophagocytic 
activity in bone marrow biopsy specimens or aspirates.29 MAS can result in progressive 
multiorgan failure and death with a mortality rate of 8%30, making timely diagnosis and 
prompt initiation of appropriate treatment imperative.29 Since the diagnosis of sJIA is 
one based heavily on exclusion, it requires an extensive search for other diseases that 
could display very similar symptoms at onset, such as infectious mononucleosis, 
Crohn’s disease and many malignancies including neuroblastoma, leukaemia and 
lymphoma. To exclude these diseases takes time and often requires extensive and 
sometimes even invasive testing. This delays the start of the appropriate treatment 
for sJIA and puts the patient in more danger, for example for the complication of MAS. 
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Insight in the immune pathogenesis of sJIA in the past decade has been pivotal in 
identifying new immune markers that can help to speed up this process significantly. 
About 10 years ago Virginia Pascual et al. showed that serum from sJIA patients induces 
the transcription of innate immunity genes, including interleukin (IL)-1, in peripheral 
blood mononuclear cells (PBMCs) from healthy volunteers.31 Moreover, upon activation, 
sJIA PBMCs were shown to release large amounts of IL-1β.31 In the same study, 
recombinant IL-1 receptor antagonist (anakinra) was administered to nine sJIA patients 
who were refractory to other therapies. Complete remission was obtained in seven 
out of nine patients and a partial response was obtained in the other two patients. 
These experiments indicate the central role of the innate immune system, and 
specifically, inflammasome-derived cytokines, in the pathogenesis of sJIA.31 
The Myeloid Related Proteins, MRP8 and MRP14 (also known as S100A8 and S100A9), 
are calcium-binding proteins expressed in granulocytes, monocytes and macrophages 
during early differentiation stages, and can activate monocytes by binding to Toll-like 
receptor 4 (TLR4).32 TLR4 signaling will subsequently result in NFkB activation and TNF-a 
production, which contributes to inflammation.33 This immune activating effect of 
MRP8/14 is comparable to the effect of the exogenous TLR4 ligand LPS. Interestingly, 
MRP8/14 is also able to induce a hypo-inflammatory status of monocytes, also 
comparable to LPS.34 MRP8/14 protein complex (also known as calprotectin) has been 
shown to be useful for diagnosing sJIA in the presence of fever of unknown origin.35  
Serum MRP8/MRP14 concentrations in patients with active sJIA are 44 times higher 
than in healthy controls, 6 times higher than in patients with systemic infections around 
20 times higher than in patients with acute lymphoblastic and myeloblastic leukemia 
and even 5 times higher than in patients with the autoinflammatory CINCA-syndrome.35 
In contrast to C-reactive protein levels, MRP8/MRP14 concentrations distinguish sJIA 
from infections, with a specificity of 95%. MRP14 in the serum of patients with sJIA is 
also a strong inducer of IL-1β expression in phagocytes35 and the high levels of 
circulating MRPs could thereby play an important role in the inflammatory cascade in 
sJIA.  MRP8/14 serum concentrations can also be used to detect subclinical inflammatory 
activity and predicts relapse of the disease after therapy withdrawal.36

Interestingly, another cytokine from the IL-1 family, IL-18, is also drastically increased 
in the plasma of patients with systemic JIA being around 30 times higher than in both 
oligoarticular and polyarticular JIA.37 IL-18 alone appears to be able to predict patients 
with active systemic JIA with 93% accuracy.37 Moreover, a recent study suggests that a 
really high concentration of IL-18 (8 times higher than normal for active sJIA) is also 
able to predict the development of MAS.38 Based on the new insight in the immune 
pathogenesis in a prospective cohort study39 in patients with new-onset sJIA, anakinra 
was used as first-line therapy and tapered at 3 months.39 The IL-18 levels (as well as 
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S100A12 and MRP8/14) were still increased at 3 months in 4 of 8 patients in whom 
tapering initially was not successful, whereas the IL-18 level was only still slightly 
increased in 1 of 7 patients in whom tapering was successful.39 IL-18 is therefore a 
valuable biomarker hinting at the diagnosis of sJIA and to estimate its disease severity, 
as well as its response to therapy ideally resulting in biological inactivity in order to 
predict successful therapy withdrawal. 
This suggests that IL-18, S100A12 or MRP8/14 not only play important roles in 
inflammation, but could also be pivotal biomarkers guiding the strategy for tapering 
or stopping treatment in patients with systemic JIA (Table 1). 

BIOMARKERS IN THE OTHER SUBTYPES OF JIA

In the other subtypes of JIA than sJIA, some classical markers are already incorporated 
into the classification and/or risk analysis of JIA, namely HLAB27, rheumatoid factor, 
cyclic citrullinated peptide antibodies (anti-CCP), antinuclear antibodies (ANA) as well 
the familiar general markers of inflammation C-reactive protein (CRP) and erythrocyte 
sedimentation rate (ESR). These will be shortly discussed here. 

HLA-B27
For classification of the different subtypes the presence or absence of HLA-B27 
incorporated in the current definitions either as inclusion or exclusion criterion (Table 
1).  Genetic susceptibility for enthesitis related arthritis (ERA) has been proven for 
HLA-B27, which is positive in up to 85% of patients with JIA with enthesitis40, while the 
background rate in the healthy population is much lower with, for example, 7.8% in 
the Netherlands.41 HLA-B27 has a direct effect on immune pathogenesis, as 
endoplasmatic reticulum (ER) stress has been observed in cells expressing this 
molecule, due to slow peptide loading, misfolding and (heavy chain) dimerization.42 
Misfolded or dimerized B27 molecules do not enter the normal secretory pathways43, 
inducing ER stress and subsequently enhanced IL-23 expression and pathogenic Th17-
cell differentiation.42 HLA genes are either present in an individual or not, which make 
it useful as a biomarker for the diagnostic phase to classify the patient in that category, 
but cannot serve as a dynamic prognostic marker. ERA patients are classified together 
because of the similarity of symptoms (enthesitis, arthritis of the lower extremities, 
inflammatory lumbosacral pain, sacroiliac joint tenderness and/or acute uveitis 
anterior) and the shared outcome, which could lead to ankylosis of the spine in 
adulthood. In ERA patients, one should be aware that the sacroiliac joints can be 
involved and this needs to be treated differently from patients with peripheral arthritis.3 
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So far, in these patients biomarkers that can accurately predict the progression, 
prognosis and the risk of damage are still lacking, but HLA-B27, enthesitis, clinical signs 
of sacroiliitis, and hip arthritis were all negative prognostic factors for remission of JIA 
after 8 years of disease.44

Rheumatoid factor
For classification of the different subtypes, the presence or absence of rheumatoid 
factor (RF) incorporated in the current definitions either as inclusion or exclusion 
criterion (Table 1).  RF is an autoantibody (generally of the IgM isotype, but observed 
in all other isotypes as well) which is directed against the constant region of IgG 
antibodies. Binding of RF with IgG will result in the formation of immune complexes 
enhancing pathogenesis by for example activating the complement system.  Immune 
complexes can bind to the microvasculature of the synovium, thereby increasing 
permeability and local influx of immune cells.45 Moreover, immune complexes derived 
from RF+ JIA patients induce cytokine production in synoviocytes contributing to 
inflammation.46  In RA, RF can be observed years before the onset of disease; it is yet 
unclear if the presence of these antibodies is responsible for disease onset.45  RF is 
positive in about 5-8% of patients with JIA and is used for classification of polyarticular 
JIA (when positive twice with a 3-month interval). This subtype of RF+ polyarticular JIA 
is very similar to adult rheumatoid arthritis, featuring progressive symmetrical arthritis 
of the small joints in hands and feet with the tendency of joint erosions, especially if 
no adequate therapy is started. In fact, RF is both a diagnostic and prognostic biomarker 
in RF+ children since it is highly specific and reflects a subgroup of JIA patients with a 
marked clinical picture and also with a worse outcome. 

Anti-CCP antibodies
Anti-CCP antibodies are auto-antibodies directed against citrullinated protein antigens 
(ACPA).   Arginine residues in proteins can be post-translationally modified and changed 
into a citrulline residue. These citrullinated proteins (for example vimentin and fibrin) 
are targeted by anti-CCP antibodies, resulting in the formation of immune complexes.47  
Anti-CCP positivity was found in 48% of RF+ polyarticular JIA patients, in 6% of the RF- 
polyarticular and in 2% of the oligoarticular JIA subtypes in one study.48 A meta-analysis 
of anti-CCP in JIA showed a pooled sensitivity of only 12% in JIA, but the good diagnostic 
accuracy of this assay was mainly due to its perfect specificity (99%, Table 1).48 Therefore 
a positive anti-CCP antibody test in a patient with arthritis supports the diagnosis of 
JIA, but a negative test certainly does not exclude it. Nevertheless, anti-CCP antibodies 
have not yet made it into the classification criteria of JIA.
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Antinuclear antibodies
Anti-nuclear antibodies (ANAs) are antibodies that can be directed against a range of 
different nuclear constituents and other cellular components, for example histones, 
membranes and organelles. ANAs can be found in serum of patients with many auto-
immune diseases, including oligo-articular JIA, systemic lupus erythematosis (SLE) and 
Sjögren’s syndrome.49 
Though already first established as such in 196550, the presence of antinuclear 
antibodies in the serum of patients with JIA still represents an intriguing immune 
biomarker. ANAs are present in 15% of healthy children as well (9% at a serum dilution 
of 1:40, in 3% at 1:80 and in 3% at 1:160)51 and thus cannot be used per se as a 
diagnostic tool for JIA.52,53 However a close relationship between the presence of ANA, 
a younger age at disease presentation, female predominance, asymmetric arthritis, 
development of uveitis, lower number of affected joints over time and lack of hip 
involvement, has been shown.54 For this reason, ANA-positive JIA patients probably 
represent a separate group of patients, although there is no pathophysiological 
explanation yet.54–56

C-Reactive Protein & erythrocyte sedimentation rate
Two biomarkers related to disease activity in JIA are the inflammatory parameters CRP 
and ESR (Table 1).57–60 C-Reactive protein (CRP) is is an acute phase protein, produced 
by the liver in increased amounts during inflammation. As the origin of the inflammation 
is not related to the increase in CRP, it cannot easily be used to distinguish between 
an infection and a sterile inflammation from JIA. Erythrocyte sedimentation rate (ESR) 
is another general marker for inflammation, but its increase occurs later during 
inflammation, and can be still present when the inflammation is already controlled. 
ESR therefore has less value for acute situations. The increased presence of acute 
phase proteins in the blood plasma of the patient influences the rate by which 
erythrocytes sink to the bottom of a tube. The American College of Rheumatology (ACR) 
developed consensus guidelines for JIA treatment which also incorporates ESR and 
CRP as biomarkers.3 Prolonged inflammatory marker elevation is considered a poor 
prognostic feature and one of the high disease activity parameters is the level of ESR 
or CRP greater than twice the upper limit of normal. Both poor prognostic features 
and high disease activity might warrant a more aggressive therapeutic approach. ESR 
is included in the JADAS, a composite disease activity score for JIA and comprises 25% 
of the JADAS-10-score.61 This disease activity score is more and more used in daily 
practice, since treat-to-target therapy aimed at achieving and maintaining tight disease 
control is the way forward to improve disease outcome.62  
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S100-proteins
Some biomarkers in non-systemic JIA are the aforementioned myeloid-related proteins. 
Although MRPs are thus far only used for study purposes, their role as immune 
biomarker for (subclinical) disease activity is promising, in both sJIA and non-sJIA. The 
levels of circulating S100A12 and MRP8/12 in non-sJIA patients are clearly not as high 
as those in sJIA patients, but local concentrations of these proteins in the synovial fluid 
of inflamed joints are about ten- to twenty-fold higher compared to the serum levels 
with a correlation between these two levels.63,64 Response to therapy might even be 
predicted in non-SJIA patients with the help of S100-proteins. Non-sJIA patients with a 
high baseline MRP8/14 are more likely to respond favorably to the standard systemic 
therapy with methotrexate (MTX).65 Furthermore, in non-sJIA patients that fail MTX and 
need anti-TNF therapy, baseline MRP8/14 levels are also found to be higher in 
responders compared to non-responders.66 After start of treatment the MRP8/14 levels 
decrease only in responders.66 Therefore patients with low MRP8/14 levels at the start 
of anti-TNF treatment might need closer monitoring of the treatment effect than the 
ones with higher levels. If clinically inactive disease is reached, the physician and patient 
could consider tapering therapy. Subclinical disease activity may result in unstable 
remission (i.e. a status of clinically but not biologically inactive disease). Biomarkers 
such as S100A12 and MRP8/14, that are produced by phagocytes and can activate TLR4, 
inform about the activation status of innate immunity at the molecular level  and may 
identify patients with unstable remission and an increased risk of relapse.67 One study 
showed that 1 out of 5 patients experienced a flare within 6 months after stopping 
systemic anti-inflammatory therapy.67 Prior clinical or standard laboratory parameters 
could not differentiate between the patients at risk of relapse and those not at risk, 
but S100A12 and MRP8/14 levels were significantly higher in patients who subsequently 
developed flares than in patients with stable remission.67,68 Another study conducted 
with JIA patients using anti-TNF also showed that patients who flared within 6 months 
after treatment discontinuation had significantly higher MRP8/14 levels compared to 
patients with stable remission.69 For the prediction of a JIA relapse after stopping 
medication, the biomarkers MRP8/MRP14 and S100A12 can be determined by using 
assays that are available for routine use.70 A multinational prospective study (PREVENT-
JIA) to examine how many flares can be prevented by using the level of S100A12 in 
deciding whether or not to stop the anti-inflammatory therapy is now ongoing.
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CONCLUSIONS

The substantial increase in knowledge of immune mechanisms of inflammation has 
thus far only very scarcely been translated into clinical practice, with a few notable 
exceptions. The benefits of a sustained interaction between clinicians and basic 
scientists for a model chronic inflammatory disease, JIA, has led to the identification 
of biomarkers for the classification, prognosis and response to therapy. 
Insight in the immune pathogenesis of systemic JIA (sJIA) in past decade differentiated 
this subtype from the non-systemic subtypes and showed that sJIA is rather an 
autoinflammatory disease than an autoimmune disease. The discovery that large 
amounts of IL-1β by peripheral blood mononuclear cells are produced, led to the very 
successful use of the recombinant IL-1 receptor antagonist (anakinra) which is now 
even the first line treatment of sJIA in many centers. Myeloid Related Protein 8 (MRP8), 
MRP14 and S100A12 and IL-18  can all be used as supportive biomarkers for the 
diagnosis of sJIA, as biomarkers for the complication MAS and as biomarkers of 
subclinical disease activity in order to predict successful withdrawal of therapy.  They 
have already found their way into clinical use in some centers. 
For the non-SJIA subtypes mostly older biomarkers such as HLA-B27, antinuclear 
antibodies, rheumatoid factor, anti-cyclic citrullinated peptide antibodies, erythrocyte 
sedimentation rate and C-reactive protein are still used for classification, prognosis or 
as a reflection of active disease. Unfortunately for the non-SJIA subtypes clinicians still 
depend on the clinical counting of joints for every therapy decision. Biomarker-based 
therapy is crucial for the development of precision medicine and could improve the 
50% therapy failures in the first six months as observed now in non-SJIA 4.  Biomarker-
based therapy might even predict and prevent damage in patients when the window 
of opportunity to treat the patient well is optimally used. Lastly, when an asymptomatic 
state is reached with medication, biomarkers can be used to predict successful tapering 
and withdrawal of therapy. MRP8, MRP14 and S100A12 are under study for prediction 
of response to specific therapies and for predicting successful withdrawal of therapy.
We show here that, in the near future, even for complex inflammatory diseases such 
as JIA, precision medicine will come within reach. With biomarkers, algorithms can be 
made for the individual risk of disease, complications, damage, the prediction of 
response on specific drugs and success of withdrawal of therapy. This could pave the 
way for true personalized medicine with enormous benefits for both patient and 
society, as less time will be lost, lower disease burden will be suffered and likely even 
less costs will be made. 
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ABSTRACT

Objectives
To assess if the Juvenile Arthritis Disease Activity Score (JADAS71) could be used to 
correctly identify JIA patients in need of anti-TNF therapy 3 and 6 months after start of 
methotrexate (MTX).

Methods
Monocentric retrospective cohort-study from 2011-2015 analyzing all OJIA (N=39) and 
PJIA patients (N=74) first starting MTX. Three and six months after MTX start, clinical 
and laboratory features, and the 2011 ACR JIA treatment-recommendations (ACR-CPG) 
were compared between groups starting or not starting anti-TNF therapy. The sensitivity 
and specificity of the ACR-CPG, JADAS71 and the clinical JADAS to identify non-
responders after 12 months were calculated. 

Results
Physicians escalated patients with significantly higher physician global assessment, 
cJADAS and patient-Visual Analog Scale (VAS). The decision not to escalate was correct 
in 70-75% as shown by MTX response. The implementation of the ACR-CPG would 
increase the current anti-TNF-use from 12% to 65%. The use of (c)JADAS in identifying 
patients in need of anti-TNF therapy outperformed the ACR-CPG with a much higher 
sensitivity, specificity and accuracy. The cJADAS-threshold for treatment-escalation at 
month 3 and 6 was >5 and >3 for OJIA and >7 and >4 for PJIA respectively. The 
performance of the cJADAS decreased when the patient-VAS contribution to the total 
score was restricted and overall did not improve by adding the ESR.

Conclusions
The cJADAS identifies patients in need of anti-TNF and is a user-friendly tool ready to 
be used for treat-to-target in JIA. The patient-VAS is a critical item in the cJADAS for the 
decision to escalate to anti-TNF.
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BACKGROUND

Juvenile idiopathic arthritis (JIA) is with an incidence in Europe of about 16-150/100,000/
yr the most common chronic rheumatic disease in children.1 JIA is defined as arthritis 
with no apparent cause lasting more than 6 weeks with disease onset prior to age 16.2 
In the last 10 years the availability of new potent medications such as biologicals have 
led to a dramatic improvement in the treatment of JIA.3 However, it is not fully 
established which patients are really in need of biologicals or when to start them, 
generally resulting in less than 20% chance of receiving a biological within 5 years after 
diagnosis in a recent inception cohort.4

To provide guidance and promote beneficial outcomes the well-cited “American College 
of Rheumatology (ACR) recommendations on the treatment of JIA” were published in 
2011, proposing criteria for escalation of therapy for patients with persistent 
oligoarticular (OJIA) and polyarticular course JIA (PJIA), 3 and 6 months after the start 
of methotrexate (MTX).5 A systematic critical appraisal considered this ACR clinical 
practice guideline (ACR-CPG)5 to be of high quality, but it scored very poorly in 
applicability (8%), because it did not clearly state the costs and resources needed in 
order to implement the CPG, nor the criteria for assessing its impact.6 Moreover, with 
multiple definitions for prognostic features and algorithms for different subtypes of 
JIA the ACR-CPG is hard to memorise and probably too complicated for implementation 
in daily clinical practice.5 Nonetheless, the proposed order to step-up to various 
synthetic and biologic disease modifying antirheumatic drugs for different subtypes 
of JIA in the ACR-CPG is roughly followed by most paediatric rheumatologists in 
developed countries.
Therefore, it is appropriate to look for alternative guidance or instruments for the 
escalation of therapy in JIA. The Juvenile Arthritis Disease Activity Score (JADAS) was 
recently developed for creating better consistency in disease activity evaluation across 
physicians and for allowing patients to better understand the meaning of disease 
activity by providing a single score number.7 The JADAS is constructed around 4 
elements: the active joint count (AJC), physician global assessment (PGA), parent/patient 
visual analogue scale of well-being (VAS) and the erythrocyte sedimentation rate (ESR). 
It was found to be a valid instrument and is applicable in standard clinical care, 
observational studies, and clinical trials.7 A 3-elements variant without ESR is called 
clinical JADAS (cJADAS) and does not require waiting for the ESR results.8 
The aim of this study was to assess if the JADAS or cJADAS could be used to correctly 
identify JIA patients in need of anti-TNF therapy 3 and 6 months after start of MTX. 
Furthermore we investigated which factors currently drive the decision to escalate to 
anti-TNF.
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METHODOLOGY

The study is a monocentric retrospective cohort study. We built a research data 
platform with which we extracted pseudonymized data from our electronic medical 
records. This study was evaluated and approved by our Utrecht Medical Ethical 
Committee and did not fall under the scope of the Medical Research Involving Human 
Subjects Act. This study was conducted according to good clinical practice guidelines 
and the declaration of Helsinki. 
We included all OJIA and PJIA patients in our centre that started methotrexate for the 
first time for active JIA from April 2011 till December 2015.

Inclusion criteria (all required): 
-  Diagnosis of OJIA (persistent and extended), polyarticular (RF+ and RF-), psoriatic or 

undifferentiated JIA as defined by the ILAR criteria[2]
- Biological naïve JIA patients
- First start of MTX
- Indication for initiation of MTX is active arthritis
- Aged 0-18 years at start of the medication
-  At least 12 months follow up after the start of the treatment in our center

Exclusion criterion:
-  Start of a biological before the minimum observation of 6 times of MTX administration 

(i.e. <35 days)

The MTX dosage for JIA in our center is started at 10-15 mg/m2/week oral and might be 
increased to 20mg/m2/week (maximum 30 mg/week). At baseline, three, six and twelve 
months after the start of MTX clinical and laboratory features, and the items for the 
ACR-CPG criteria were extracted from our electronic medical records. Missing items were 
not imputed or corrected for. Cases were excluded for specific analysis only if they had 
missing items that could alter the decision to escalate or not regarding the decision-points 
of the ACR-CPG, JADAS71 and cJADAS71. The interpretation of the ACR-CPG items for the 
subgroups OJIA and PJIA on both timepoints 3 and 6 months is shown in the tables in 
the supplementary file A. The criteria at the four different decision-moments by which 
the ACR-CPG recommends to escalate to anti-TNF is described below.

OJIA at 3 months
At least 1 of the following: 
radiographically damaged joint OR 
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arthritis of hip/cervical spine OR 
combination of ankle/wrist arthritis with ESR >100 mm/hr / ESR>13 mm/hr 3 months 
continuously 
On top of that also at least one of the following: 
≥2 active joints OR PGA ≥3/10 OR 
parent/patient VAS ≥2/10 OR 
ESR >13 mm/hr (due to JIA) OR 
CRP > 10mg/l (due to JIA)

OJIA at 6 months 
At least 3 of the following 4 criteria: 
≥2 active joints
ESR >26 mm/hr (due to JIA) / CRP > 20mg/l (due to JIA)
PGA ≥7/10
parent/patient VAS ≥4/10

PJIA at 3 months
Any 1 of the following: 
≥5 active joints OR ESR >13mm/hr (due to JIA) OR 
CRP >10 mg/l (due to JIA) OR 
PGA ≥4/10 OR
parent/patient VAS ≥2/10

PJIA at 6 months
NOT satisfying ALL of the following criteria: 
active joint count = 0 AND 
ESR <13mm/hr AND 
CRP <10 mg/l AND 
PGA = 0 AND
parent/patient VAS <2 

As in the ACR-CPG all four decision-points were again subdivided into 2x2 groups: first 
if the ACR-CPG recommended escalation to anti-TNF or not and second whether the 
physician did or did not really escalate to anti-TNF. The ACR-CPG-escalation groups 
and physician-escalation groups were compared for every decision-point on the 
respective ACR-CPG-items, relevant clinical, laboratory characteristics and composite 
measures.
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The accuracy, sensitivity and specificity of the ACR-CPG, the JADAS-71 and the cJADAS71 
to identify non-responders after 12 months (defined as those not meeting the criteria 
for inactive disease)9 were calculated. Responding patients who started an anti-TNF 
agent within 12 months were excluded for the analyses of the prognostic test of the 
ACR-CPG and JADAS based care, since it was impossible to tell if they really would have 
needed an anti-TNF agent to become a responder. We used median and interquartile 
ranges and the Mann-Whitney U test for interval and ordinal variables as well as for 
ESR which was not normally distributed. A p-value less than 0.05 was considered 
statistically significant.We used SAS Enterprise Guide 7.11 for data collection and IBM 
SPSS Statistics, Version 21 (21.0.0.0) for data analysis. 
For further details on methodology see supplementary File B.

RESULTS

We retrieved the data of 145 JIA-patients for the first time starting with MTX (Figure 1). 
Fifteen patients were excluded in the OJIA and 17 in the PJIA group respectively: MTX 
started for uveitis only (n=9 and n=0, respectively), MTX started in another hospital 
(n=4 and n=8, respectively) and lost to follow up (n=2 and n=4, respectively), diagnosis 
JIA incorrect (n=0 and n=2, respectively), anti-TNF started before MTX effect can be 
expected (n=0 and n=1, respectively), MTX predominantly started for uveitis (n=0 and 
n=2, respectively).
The baseline characteristics of both OJIA and PJIA at start of MTX are shown in table 1. 
Values for Rheumatoid factor, HLA-B27, VAS and cJADAS-values were not available for 

Figure 1. Recruitment of patients
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all cases. Two (PJIA) patients developed uveitis while on MTX; one while on etanercept 
who was then switched to adalimumab and another at the 12-month visit.
Co-medication for JIA beyond MTX and anti-TNF can be found in table 2. In fact, next 
to the 15% of OJIA patients that received intraarticular steroids at the start of MTX, 
another 44% of the OJIA patients had already received intraarticular steroids, while the 
remainder had mostly involvement of wrist, ankle or hip and was started with MTX 
right away. An anti-TNF agent was started in 21% of OJIA and 32% of PJIA in the first 

Table 1. Baseline characteristics for the OJIA and PJIA patients starting their first MTX 

  OJIA PJIA

Patient characteristics

N 39 74

Sex, female (%) 31 (79) 53 (72)

Median age at onset in yrs (IQR) 4.5 (1.9-8.5) 7.5 (4.3-11.8)

Median disease duration in yrs (IQR) 0.8 (0.3-1.9) 0.5 (0.2-1.1)

ANA+ (%) 16 (41) 33 (45)

Rheumatoid factor + (%) 0 (0) 5 (8)

HLA-B27+ (%) 4 (25) 6 (16)

Subtype of JIA

Oligo-articular (%) 39 (100) 19 (26)

Persistent (%) 38 (97)

Extended (%) 19 (26)

Poly-articular RF- (%) 48 (65)

Poly-articular RF+ (%) 6 (8)

Psoriatic Arthritis (%) 1 (1)

Undifferentiated Arthritis (%) 1 (2.6)

Disease activity at baseline

Median Parent/patient  VAS (IQR) 45 (8-65) 46 (25-70)

Median PGA (IQR) 20 (15-35) 30 (20-41)

Median number of active joints (IQR) 2 (1-3) 6.0 (3.0-9.3)

Median cJADAS (IQR) 8.0 (4.0-10.0) 14.5 (10.1-20.0)

Uveitis present (%) 0 (0) 1 (1)

Co-medication at start MTX

IA steroids (%) 6 (15) 10 (14)

Prednisolon (%) 1 (3) 9 (12)

Abbreviations: ANA, antinuclear antibody; cJADAS, clinical juvenile arthritis disease activity score; HLA, human 
leukocyte antigen; IA, intra-articular; IQR, interquartile range; JIA, juvenile idiopathic arthritis; OJIA, oligoarticular JIA; 
PGA, physician’s global assessment of disease activity; PJIA, polyarticular course JIA; RF, rheumatoid factor; VAS, 
visual analog scale.
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year after start of MTX, all minimally 100 days before the 12-month visit. Many data 
on ACR-CPG items were missing (table 2), but the individual recommendation for 
escalation by the ACR-CPG could often be deducted despite missing values.
Table 3 and 4 display differences between patients who were recommended to escalate 
to anti-TNF according to the ACR-CPG and those who were not, as well as between 
patients who were actually escalated and those who were not at both the 3- and 
6-month visits, for OJIA and PJIA, respectively. For the analysis at 3 months 1 PJIA patient 
had the follow-up in another centre and at 6 months the patients who had already 
started anti-TNF were excluded.

Table 2. Comedication and unretrievable data at 3 and 6 months for OJIA and PJIA patients  

  OJIA PJIA

Co-medication first 3 months

IA steroids (%) 10/39 (26) 11/74 (15)

systemic steroids (%) 1/39 (3) 5/74 (7)

Co-medication 3-6 months

IA steroids (%) 2/36 (6) 5/74 (7)

systemic steroids (%) 0/36 (0) 2/74 (3)

Anti-TNF (%) 3/39 (8) 13/74 (18)

Co-medication 6-12 months

IA steroids (%) 4/36 (11) 3/74 (4)

systemic steroids (%) 0/36 (0) 2/74 (3)

Anti-TNF (%) 8/39 (21) 24/74 (32)

Unretrievable data at 3 months

VAS patient (%) 13/39 (33) 23/73 (32)

ESR (%) 5/39 (13) 10/73 (14)

CRP (%) 7/39 (18) 16/73 (22)

ACR-CPG recommendations (%) 2/39 (5) 15/73 (21)

Unretrievable data at 6 months

VAS patient (%) 7/36 (19) 12/61 (20)

ESR (%) 2/36 (6) 4/61 (7)

CRP (%) 5/36 (14) 10/61 (16)

ACR-CPG recommendations (%) 1/36 (3) 5/61 (8)

Co-medication is defined as medication started for JIA within 30 days before start of MTX and till the end of the 
observation period. In case of missing items forming part of the decision for the ACR-CPG it was analysed if it could 
have altered that decision in any way; only if so, the case was marked missing for such a decision.
Abbreviations: ACR, American College of Rheumatology clinical practice guideline; AJC, active joint count; cJADAS, 
clinical Juvenile Arthritis Disease Activity Score; ESR, erythrocyte sedimentation rate; PJIA, polyarticular course juvenile 
idiopathic arthritis; PGA, physician global assessment; ULN, upper limit of normal; VAS parent/patient visual analogue 
scale of well being
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OJIA at 3 months MTX
As displayed in table 3, the ACR-CPG recommended escalation to anti-TNF in 18% of all 
OJIA patients at 3 months (equal to 19% of patients with available data). The most 
frequently met criterion among the ACR-CPG was the patient VAS ≥2/10 but with removal 
of the VAS still 71.4% of the recommended patients would have received the same 
advice. Of the second necessary ACR-items, wrist/ankle involvement with prolonged 
increased ESR (defined as >6 months) was most prevalent with 57%. Conversely, 
markedly increased ESR (defined as >100 mm/hr) was never found. Significant 
differences between those recommended to escalate or not were found for some items: 
AJC, decrease of AJC compared to baseline (delta AJC), PGA and the cJADAS, but not for 
others: ESR, VAS patient, decrease of cJADAS compared to baseline (delta cJADAS).
Only 8% were really escalated by the physician. In 29% of the cases when ACR-CPG 
recommended escalation the physician decided to do so, while anti-TNF was not started 
in 97% of cases when the ACR did not recommend to. The physician decision significantly 
favoured escalation in patients with less reduction of AJC, higher PGA and cJADAS. 
Oligo-articular JIA at 6 months MTX
For OJIA at the 6 month visit the ACR-CPG recommended only 1 patient to escalate to 
anti-TNF (Table 3). The criterion of PGA ≥7/10 was never met, thus necessitating all 
other 3 criteria to be present. The criteria of VAS ≥4/10 and ≥2 joints were present in 
26% and 18%, respectively, but just 1 patient had an ESR/CRP more than twice the 
upper limit of normal. This was the sole patient recommended to be escalated. 
The physician escalated 11% (n=4) patients to anti-TNF at the 6-month visit. None of 
the patients recommended to escalate by the ACR-CPG were indeed escalated by the 
physician, while anti-TNF was indeed not started in 88% of cases where the ACR-CPG 
did not recommend to. The physician decision significantly favoured escalation in 
patients with higher PGA, cJADAS and higher patient-VAS. 

Polyarticular JIA at 3 months MTX
As displayed in table 4, the ACR-CPG recommended 59% of all PJIA patients at 3 months 
to be escalated to anti-TNF (equal to 76% of patients with available data). The most 
frequently met ACR-CPG criterion was the patient-VAS ≥2/10 in 66% of all patients (81% 
for the patients who had a VAS available). If the VAS would have been removed as 
criterion only 59% of the patients recommended to escalate would have received the 
same advice. Significant differences between those recommended to escalate or not 
were found in some items incorporated in the ACR-CPG itself (AJC, PGA, VAS and the 
combined cJADAS). Also significantly lower reductions in delta AJC and delta cJADAS 
were seen in patients recommended to escalate.

201815 Joost Swart_binnenwerk.indd   51 09-05-18   09:20



PART ONE  |  CHAPTER 3

52

Table 3. Differences (in the rows) between patients who were recommended to escalate to anti-TNF according to 
the ACR-CPG and those who were not, as well as between patients who were actually escalated and those who 
were not (in the columns) at both the 3- and 6-month visits, for OJIA patients

OJIA ACR-CPG recommends 
anti-TNF

Physician started
anti-TNF

NO YES p-
value

NO YES p-
value

3 MONTHS, N (%) 30 (77) 7 (18) 36 (92) 3 (8)

ACR escalation criteria

1 of these:

≥2 joints 8 (27) 4 (57) 10 (27.8) 2 (67)

ESR / CRP >ULN 6 (20) 4 (57) 10 (27.8) 1 (33)

PGA ≥3 1 (3) 3 (43) 2 (5.6) 2 (67)

VAS Patient ≥2 9 (30) 5 (71) 12 (33.3) 2 (67)

AND 1 of these:

Hip / cervical spine 0 (0) 1 (14) 1 (2.8) 1 (33)

Damaged joint ≥1 0 (0) 2 (29) 2 (5.6) 0 (0)

Ankle/wrist + >ULN 6 mo /  
ESR>100

1 (3) 4 (57) 5 (13.9) 1 (33)

ACR & physician correspond 29 (97) 2 (29) 31 (86) 2 (67)

AJC (median, IQR) 1.0 [0.0-2.0] 2.0 [1.0-2.5] 0.02 1.0 [0.0-2.0] 2.0 [1.5-2.5] 0.12

ΔAJC (median, IQR) 1.0 [1.0-2.0] 0 [0-0] 0.006 1.0 [0.5-2.0] 0 [0-0] 0.02

ESR in mm/hr (median, IQR) 9.0 [5.0-14.0] 17.0 [4.5-25.5] 0.39 10.0 [5.0-16.5] 5.0 [4.5-45.5] 0.95

PGA (median, IQR) 0.9 [0.0-1.5] 2.5 [2.1-3.3] 0.002 1.1 [0.0-2.0] 3.5 [2.8-3.8] 0.02

VAS patient (median, IQR) 1.6 [0.4-3.6] 2.4 [2.2-4.2] 0.17 1.9 [0.6-3.0] 5.0 [4.2-5.7] 0.07

cJADAS (median, IQR) 3.5 [0.9-5.5] 7.5 [7.4-8.7] 0.02 4.3 [1.5-7.0] 9.2 [8.7-9.7] 0.03

ΔcJADAS (median, IQR) 3.7 [1.8-5.3] 2.4 [0.4-4.8] 0.46 3.7 [1.7-5.3] 1.7 [0.4-2.9] 0.30

6 MONTHS, N (%) 34 (94) 1 (3) 32 (89) 4 (11)

ACR escalation criteria

3 of these:

≥2 joints 6 (18) 1 (100) 7 (22) 1 (25)

ESR / CRP >2xULN 0 (0) 1 (100) 1 (3) 0 (0)

PGA ≥7 0 (0) 0 (0) 0 (0) 0 (0)

VAS Patient ≥4 9 (26) 1 (100) 7 (22) 3 (75)

ACR & physician correspond 30 (88) 0 (0) 31 (97) 0 (0)

AJC (median, IQR) 0.0 [0.0-1.0] 3 0.10 0.0 [0.0-1.0] 1.0 [1.0-1.5] 0.14

ESR in mm/hr (median, IQR) 7.0 [5.0-9.0] 65 0.09 7.0 [5.0-9.0] 8.0 [4.0-12.0] 0.89

PGA (median, IQR) 0.1 [0.0-2.0] 3.0 0.07 0.0 [0.0-1.3] 2.8 [2.3-3.5] 0.003

VAS patient (median, IQR) 1.7 [0.5-4.5] 8.2 0.13 1.2 [0.4-4.1] 5.3 [4.0-7.1] 0.02

cJADAS (median, IQR) 3.3 [0.8-6.3] 14.2 0.10 3.2 [0.6-5.3] 9.5 [8.7-10.6] 0.005
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The physician escalated just 18% of the patients, all in accordance with the ACR-CPG. 
When the ACR-CPG recommended to escalate in only 29% the physician indeed did so, 
while anti-TNF was not started in 100% if the ACR-CPG did not recommend to. The 
physician decision significantly favoured escalation in patients with higher 3 month 
AJC, ESR, PGA, VAS and cJADAS as well as less reduction of AJC and cJADAS compared 
to baseline. 

Polyarticular JIA at 6 months MTX
At 6 months the ACR-CPG recommended 70% of all PJIA patients to be escalated to 
anti-TNF (equal to 77% with available data; see table 4). The most frequently met ACR-
CPG criterion was ≥1 active joint with a corresponding PGA >0 in 91% of patients. A 
patient-VAS ≥2/10 was found in 42% of all patients (50% of patients with available VAS), 
but the VAS as single reason for escalation was only found in 45%. If the VAS would have 
been removed still 93% of these patients would have been recommended to escalate. 
There were significant differences in the ACR-CPG incorporated items AJC, PGA, VAS and 
combined score of cJADAS between those recommended to escalate or not. 
The physician escalated 13% of the patients, all in accordance with ACR-CPG. In only 
19% when the ACR-CPG recommended to escalate the physician decided similarly, 
while in 100% anti-TNF was indeed not started when the ACR did not recommended 
it. The physician decision favoured escalation in patients with higher 6 month AJC, PGA, 
VAS and cJADAS. 

t Table 3. 
Values are numbers (percentages), except where indicated otherwise. Percentages are based on the column totals 
for 3 and 6 months respectively. Decreases (Δ) of AJC and cJADAS at the 3-month visit compared to baseline visit. 
Damaged joint had to be proven radiographically. Without correction for missing data, the ACR-CPG recommended 
escalation to anti-TNF in 18% of OJIA patients at 3 months while only 8% were actually escalated by the physician. 
At 6 months only patients not yet escalated (n=36) were analysed. At 6 months ACR-CPG recommended escalation 
to anti-TNF in only 3% versus 11% who were actually escalated. Because escalation was recommended in only one 
patient at 6 months the items and p-values are in italics.
Abbreviations: Δ (delta), difference compared to baseline;  ACR, American College of Rheumatology clinical practice 
guideline; AJC, active joint count; cJADAS, clinical Juvenile Arthritis Disease Activity Score; ESR, erythrocyte 
sedimentation rate; OJIA, persistent oligoarticular juvenile idiopathic arthritis; PGA, physician global assessment; 
ULN, upper limit of normal; VAS parent/patient visual analogue scale of well being
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Table 4. Differences (in the rows) between patients who were recommended to escalate to anti-TNF according 
to the ACR-CPG and those who were not, as well as between patients who were actually escalated and those 
who were not (in the columns) at both the 3- and 6-month visits, for PJIA patients

PJIA ACR-CPG recommends 
anti-TNF

Physician started
anti-TNF

NO YES p-
value

NO YES p-
value

3 MONTHS, N (%) 14 (19) 44 (59) 60 (81) 13 (18)

ACR escalation criteria

1 of these:

≥5 joints 0 (0) 23 (52) 14 (23) 10 (77)

ESR / CRP >ULN 0 (0) 15 (34) 9 (15) 6 (46)

PGA ≥4 0 (0) 11 (25) 6 (10) 5 (38)

VAS Patient ≥2 0 (0) 29 (66) 20 (33) 9 (69)

ACR & physician correspond 14 (100) 13 (30) 14 (23) 13 (100)

AJC (median, IQR) 1.0 [0.0-2.0} 5.0 [2.5-6.5} <0.0005 2.0 [1.0-4.0} 7.0 [6.0-8.0} <0.0005

ΔAJC (median, IQR) 5.0 [3.0-9.0} 2.0 [-0.5-4.0} 0.002 3.0 [1.0-5.0} 0.0 [-3.0-1.0} 0.001

ESR in mm/hr (median, IQR) 7.0 [6.0-14.0} 16.0 [7.0-28.0} 0.10 11.0 [5.0-20.0} 20.0 [11.0-31.0} 0.045

PGA (median, IQR) 0.7 [0.2-1.5} 2.6 [1.5-3.8} <0.0005 1.5 [0.5-2.5} 3.5 [3.0-4.5} <0.0005

VAS patient (median, IQR) 0.7 [0.1-1.4} 4.4 [2.1-5.9} <0.0005 1.9 [1.0-4.5} 5.5 [4.3-6.0} 0.005

cJADAS (median, IQR) 2.8 [1.8-4.5} 10.4 [8.2-15.0} <0.0005 6.7 [3.2-8.9} 15.0 [14.0-19.0} <0.0005

ΔcJADAS (median, IQR) 9.7 [6.5-14.2} 4.2 [0.9-8.9} 0.003 6.6 [2.2-11.3} 2.1 [-1.2-4.4} 0.026

6 MONTHS, N (%) 13 (21) 43 (70) 53 (72) 8 (13)

ACR escalation criteria

1 of these:

≥1 joint 0 (0) 39 (91) 31 (58) 8 (100)

ESR / CRP >ULN 0 (0) 16 (37) 12 (23) 4 (50)

PGA >0 0 (0) 39 (91) 31 (58) 8 (100)

VAS Patient ≥2 0 (0) 18 (42) 11 (21) 7 (88)

ACR & physician correspond 13 (100) 8 (19) 13 (25) 8 (100)

AJC (median, IQR) 0 [0.0-0.0} 2.0 [1.0-3.5} <0.0005 1.0 [0.0-2.0} 6.0 [3.5-7.5} <0.0005

ESR in mm/hr (median, IQR) 6.0 [3.0-15.0} 8.0 [5.0-15.0} 0.52 7.0 [3.0-14.0} 13.0 [5.5-16.0} 0.50

PGA (median, IQR) 0 [0.0-0.0} 1.5 [0.9-2.5} <0.0005 0.7 [0.0-1.5} 3.3 [2.4-4.7} <0.0005

VAS patient (median, IQR) 0.3 [0.0-0.8} 1.8 [0.5-4.0} 0.002 0.7 [0.2-2.0} 4.0 [3.2-5.2} 0.002

cJADAS (median, IQR) 0.3 [0.0-0.8} 6.7 [2.9-10.0} <0.0005 2.8 [0.8-6.8} 12.4 [9.6-14.7} <0.0005

Values are numbers (percentages), except where indicated otherwise. Percentages are based on the column 
totals for 3 and 6 months respectively. Decreases (Δ) of AJC and cJADAS at the 3-month visit compared to baseline 
visit. Without correction for missing data the ACR-CPG recommended escalation to anti-TNF in 59% of all PJIA 
patients at 3 months, while only 18% were actually escalated by the physician. At 6 months only patients not 
yet escalated (n=61) were analysed. The ACR-CPG recommended escalation to anti-TNF at 6 months in 70% 
versus only 13% who were actually escalated.  
Abbreviations: Δ (delta), difference compared to baseline;  ACR, American College of Rheumatology clinical 
practice guideline; AJC, active joint count; cJADAS, clinical Juvenile Arthritis Disease Activity Score; ESR, erythrocyte 
sedimentation rate; PJIA, polyarticular course juvenile idiopathic arthritis; PGA, physician global assessment; 
ULN, upper limit of normal; VAS parent/patient visual analogue scale of well being
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Prediction of failure at 12 months
Treatment failures (not reaching the criteria for inactive disease at 12 months)9 for OJIA 
were 26% in the biological naïve and 25.% in patients using anti-TNF. Of the 5 patients 
who did not receive anti-TNF at 3 months despite their ACR-CPG recommendation, 2 
were escalated at 6 months and the remaining 3 responded to MTX. The 2 OJIA patients 
with worsening of their cJADAS compared to baseline were not escalated to anti-TNF, 
but received it after all at 6 and 8 months. The physician decision not to escalate at 3 
and 6 months appeared to be right at 12 months in 75.% and 72% of OJIA patients 
respectively (table 5).

Table 5. Prognostic tests for predicting failure to respond after start methotrexate according to ACR 
recommendations and cJADAS-scores in oligo- and polyarticular JIA patients

3 MONTHS OLIGOARTICULAR PATIENTS POLYARTICULAR PATIENTS

Rule Accuracy SensitivitySpecificity Sum Accuracy SensitivitySpecificity Sum

ACR escalation 62.5% 10.0% 86.4% 96.4% 57.1% 86.7% 44.4% 131.1%

cJADAS >4 20.0% 71.4% 55.6% 127.0 47.8% 81.3% 30.0% 111.3

cJADAS >5 70.8% 71.4% 70.6% 142.0 58.1% 81.3% 44.4% 125.7

cJADAS >6 68.2% 33.3% 81.3% 114.6 64.3% 81.3% 53.8% 135.1

cJADAS >7 72.7% 33.3% 87.5% 120.8 75.6% 81.3% 72.0% 153.3

cJADAS >8 77.3% 33.3% 93.8% 127.1 75.0% 73.3% 76.0% 149.3

Correctly 
not escalated

75.0% 70.5%

6 MONTHS OLIGOARTICULAR PATIENTS POLYARTICULAR PATIENTS

Rule Accuracy SensitivitySpecificity Sum Accuracy SensitivitySpecificity Sum

ACR escalation 67.7% 0% 95.5% 95.5% 46.9% 77.8% 29.0% 106.8%

cJADAS >2 62.1% 100% 50.0% 150.0 51.1% 76.5% 36.7% 113.2

cJADAS >3 67.9% 100% 57.1% 157.1 66.7% 70.6% 64.3% 134.9

cJADAS >4 70.4% 66.7% 71.4% 138.1 75.6% 70.6% 78.6% 149.2

cJADAS >5 74.1% 66.7% 76.2% 142.9 72.1% 56.3% 81.5% 137.8

Correctly 
not escalated

71.9% 71.7%

The cJADAS as prognostic tests out-performed the ACR recommendations as shown by accuracy, sensitivity and 
specificity and the sum of the latter two. At 3 months we were aiming at a high specificity (avoiding overtreatment) 
and the best performing cut-off values were >5 and > 7 for oligoarthritis and polyarticular course JIA respectively. 
At 6 months we were aiming at a high sensitivity (avoiding undertreatment) and the best performing cut-off values 
at 6 months were >3 and > 4 for oligoarthritis and polyarticular JIA respectively. The percentages of correct physician 
decisions when not escalated (percentage of patients not escalated at that decisionpoint who at 12 months indeed 
appeared to be a responder on MTX) is displayed in the row of “correctly not escalated”. 
Abbreviations: ACR, American College of Rheumatology clinical practice guideline; cJADAS, clinical Juvenile Arthritis 
Disease Activity Score
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For PJIA the treatment failures were comparable to OJIA with 28% in the biological naïve 
and 29% of the patients using anti-TNF. Only 19% of the 31 patients not receiving anti-
TNF at 3 months despite the ACR-CPG recommendation were escalated still at 6 months 
and an additional 10% in the months thereafter, while 68% of the remaining 22 patients 
responded to conventional treatment. Interestingly, 46% with worsening of AJC at 3 
months started anti-TNF, while 27% of the rest received it later. Similarly only 40% of 
those with worsening cJADAS were escalated to anti-TNF, while 40% received it later 
and the one who never escalated failed to respond at 12 months. At 6 months only 9% 
of the PJIA patients not receiving anti-TNF despite their ACR-CPG recommendation were 
escalated before the 12-month visit, while 72% of the other 32 patients responded to 
conventional treatment. The physician decision not to escalate at 3 and 6 months 
appeared to be the right decision in 71% and 72% of PJIA patients respectively (table 5). 
The capability of the ACR-CPG as prognostic test at 3 and 6 months to predict MTX 
failure at 12 months is displayed in table 5. For OJIA the correct identification of patients 
in need of anti-TNF (sensitivity) of the ACR-CPG was low at 3 and 6 months (10% and 
0% of non-responders were recommended to escalate), while the correct 
recommendation not to escalate (specificity) was high (86% and 95% of responders 
not recommended to escalate). For PJIA at 3 and 6 months, conversely the sensitivity 
was high (87% and 78%) and the specificity was low (44% and 29%). 
The cJADAS had better accuracy, higher sensitivity, specificity, sum-scores of the latter 
two. The cut-off values for cJADAS that best performed to predict failure on MTX and 
thus the need to escalate to anti-TNF were >5 for OJIA and >7 for PJIA at 3 months. At 
6 months the best cut-off values for cJADAS were >3 for OJIA and >4 for PJIA. There was 
no considerable benefit of including the ESR (JADAS71) and the prognostic value even 
decreased considerably when OJIA and PJIA were taken together, when the patient-VAS 
scores had lower relative contribution, or if a decrease in cJADAS at 3 months was taken 
into account (Supplementary File C). 

DISCUSSION

Clearly, in our clinical practice we were not collecting all data needed to guide us 
through the complex ACR-CPG decision-algorithms and our decisions were in line with 
it in only 0-30%. Our physicians only escalated in 12% of all timepoints (25/209 decision 
points for OJIA and PJIA at 3 and 6 months) while the ACR-CPG recommended it in 65% 
(121/186). The implementation of the ACR-CPG would make us treat 11% more OJIA at 
3 months and almost none at 6 months, while for PJIA we would need to treat around 
60% more patients at 3 and 6 months since the ACR-CPG recommends to escalate 
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>75% of these patients. All cases responding to anti-TNF do also encompass all the 
already over-treated patients, but it is impossible to know which ones that would be. 
However our physician decision not to escalate was correct in 70-75% of the cases, so 
the ACR-CPG seems to result in over-treatment with anti-TNF, even in some patients 
that are regarded as inactive by their physician at that exact moment. The VAS was the 
most prevalent missing value in our study without any difference between OJIA and 
PJIA patients. The ACR-CPG recommendation could mostly be deducted and was only 
missing in 3-8% of the decision-points, however for the 3-months visit of PJIA it was 
missing in 21% of the cases mostly due to missing VAS. Only a VAS of 2/10 would have 
sufficed to get an ACR-CPG recommendation to escalate, being already the most 
frequently met criterion in 81% for patients with available VAS. We therefore probably 
underestimated the ACR-CPG recommendation to escalate to anti-TNF in now 75% of 
patients with available data which would lead to even more over-treatment.
At this moment for JIA we do not have fixed aims or cut-offs per time-frame and 
therefore it is conceivable that comparable patients would receive anti-TNF at different 
timepoints. In rheumatoid arthritis (RA) there is evidence that the strategy is more 
important than the specific agent used10 and the 2016 update of the EULAR 
recommendations for treatment of RA (EULAR-RA) state that treatment should be 
aimed at reaching a target of sustained remission or low disease activity in every patient 
and monitoring should be every 1–3 months in active disease.11. Trials also illustrate 
the value of a frequently quantitative monitored index10 and therapy should be adjusted 
if there is no improvement by at most 3 months after the start of treatment or if the 
target has not been reached by 6 months.11 The quantitive JADAS can be used in the 
assessment of therapeutic efficacy in clinical trials and in monitoring disease activity 
in individual patients in standard clinical practice.7 The latter objective has not been 
evaluated anywhere yet. We showed that both JADAS71 and the cJADAS can be used 
in clinical practice for predicting treatment failure 12 months after start of MTX. The 
goal of our decision rule at 3 months was to avoid overtreatment of patients. Therefore, 
we focused on a cut-off value with the highest specificity, without losing too much 
sensitivity. Conversely, the goal at 6 months was to avoid undertreatment of patients, 
in order to induce disease inactivity within 12 months for as many patients as possible. 
Therefore, we focused on a cut-off point with the highest sensitivity, without losing too 
much specificity. Consequently, the threshold to start anti-TNF will be lower at 6 months 
than at 3 months. 
An overarching principle in the EULAR-RA is that “the treatment must be based on a 
shared decision between the patient and the rheumatologist”.11 In our study it was 
impossible to retrieve the decisive motivation for physicians to escalate to anti-TNF, 
but with the number of missing patient-VAS values it is unlikely that each decision was 
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indeed a shared one. However, we showed the importance of the patient-VAS wellbeing 
scores, since the omission of it in the cJADAS prognostic test resulted in a decreased 
identification of MTX non-responders. Maybe this can be explained by the fact that the 
patient and his/her family consider all days and do not just evaluate a hospital visit 
snapshot. Furthermore, patients take into account all complaints such as morning 
stiffness and joint pain and not merely the active joint count.
The cJADAS incorporates the patient perspective, is very user-friendly and does not 
need waiting for ESR results before a decision can be made. We therefore believe that 
the cJADAS can be used for treat-to-target therapy in JIA. The cut-off values for cJADAS 
that we found for the need to escalate to anti-TNF were >5 for OJIA and >7 for PJIA at 
3 months and >3 for OJIA and >4 for PJIA at 6 months. The newest cJADAS71 cut-off 
values for moderate disease activity found by rating of a large group of international 
pediatric rheumatologists are >3.4 for OJIA and >5.1 for PJIA.12 These cut-offs are rather 
close to what we found although they did not relate their cut-off values to any specific 
timepoint in the disease. 
Since our study is a single-centre experience and our patient numbers are rather small, 
larger multicentre studies are needed to validate our findings, as well as to optimise 
the cutoff values for the cJADAS in order to further decrease the number of patients 
incorrectly not escalated to anti-TNF and to reduce the number of patients unnecessarily 
treated with anti-TNF. Furthermore in large prospective studies the predictive value of 
multiple biomarkers in addition to the clinical JADAS should be explored.13 
In conclusion, we show here that ACR-CPG was not followed by our physicians for 
treatment decisions. Comparison between ACR-CPG and actual physician decisions 
showed that more OJIA were escalated than recommended and less PJIA over the 
course of 6 months. cJADAS showed to be a useful tool for guiding treatment decisions 
as shown by a good predictive value. We believe that the cJADAS can be used for treat-
to-target therapy in JIA. Larger multicentre studies are needed to validate our findings.
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SUPPLEMENTARY FILE A

INTERPRETATION OF THE ACR RECOMMENDATION SCHEMES

For the interpretation of the ACR-CPG we used the oligoarticular and polyarticular 
schemes based on the paper itself and after personal communication with the first 
author of that paper (T.B.).
Patients with systemic arthritis or active sacroiliac arthritis are considered in separate 
treatment groups. In our study we excluded patients with enthesitis related arthritis, 
because in our center most of these patients are diagnosed at some point with 
sacroiliitis which would favor an early anti-TNF start.  
Of note, patients with inactive disease were not considered at all in the paper, meaning 
that the recommendations do not apply to patients with inactive disease. Inactive 
disease is defined as no active arthritis; no active uveitis; normal ESR or CRP level (if 
both are tested, both must be normal); and a physician’s global assessment of disease 
activity indicating clinical disease quiescence.[13] Low disease activity was meant to 
refer to patients for which a majority of clinicians may consider altering the current 
medication regimen, which we interpreted that the PGA should not be zero if escalating 
therapy and likewise the active joint count should not be zero in a non-enthesitis, non-
uveitic, non-systemic JIA patient. For disease activity levels an ESR or CRP above normal 
was only considered if this was attributable to the JIA and therefore disregarded in 
case of 0 active joints and PGA of 0.

OJIA-group
Oligoarticular was defined in the article as “History of arthritis of 4 or fewer joints”. This 
group includes patients with the ILAR categories of persistent oligoarthritis, as well as 
patients with psoriatic arthritis, enthesitis-related arthritis, and undifferentiated arthritis 
who have developed active arthritis in only 4 or fewer joints in total throughout the 
history of their disease course.
The features of poor prognosis (must satisfy 1) are:
• Arthritis of the hip or cervical spine
• Arthritis of the ankle or wrist AND marked or prolonged inflammatory marker 

elevation
• Radiographic damage (erosions or joint space narrowing by radiograph)
Neither marked nor prolonged ESR were defined in the recommendations. 
The cited article for marked ESR refers to an ESR of >100 mm/hr as the only significant 
predictor of poor prognosis.[14] Hence we used that cut-off value for marked ESR, even 
though to our opinion such a high ESR is rare in OJIA and warrants further investigations 
for alternative diagnoses (e.g. Crohn’s disease).
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The cited articles for prolonged ESR did not contain a cut-off point. We defined a 
prolonged elevated ESR for our study as a persistently elevated ESR, measured at start 
of MTX and at least once during the 3 month time-frame.

The disease activity levels for OJIA interpreted on the basis of the ACR recommendations 2011

Disease 
activity

Criteria
Inactive Low Moderate High

Active joints 0 1 ≥2 ≥2

ESR/CRP Normal Normal >Normal >twice ULN

PGA 0 >0 and <3 ≥3 ≥7

Parent/Patient VAS <2 <2 ≥2 ≥4

Note Must satisfy all No criterion of 
moderate disease 
may be satisfied

At least 1 of the 
above, but maximum 
2 criteria of high 
disease activity 
may be satisfied

Satisfy 3 or 4 criteria

At 3 months escalation to anti-TNF for oligoarthritis was recommended in case of 
moderate or high disease activity but only in presence of a poor prognostic factor. 
Therefore for our study we interpreted that the ACR-CPG recommended escalation in 
an oligoarthritis patient at 3 months when a patient had at least a radiographically 
damaged joint, arthritis of the hip/ cervical spine or the combination of ankle/wrist 
arthritis with an ESR >100 mm/hr or ESR>13 mm/hr continuously during 3 months. On 
top of at least one of these poor prognostic factors a patient should also have ≥2 active 
joints or a PGA ≥3/10 or a parent/patient VAS ≥2/10 or an ESR >13 mm/hr (due to JIA) 
or CRP > 10mg/l (due to JIA), although in case of prolonged or marked ESR this item 
was considered not sufficient for scoring the necessary disease activity level. 
At 6 months escalation to anti-TNF for oligoarthritis was recommended in case of high 
disease activity irrespective of a poor prognostic factor. Therefore for our study we 
interpreted that the ACR-CPG recommended escalation in an OJIA patient at 6 months 
when a patient had at least 3 of the following 4 criteria: ≥2 active joints, an ESR >26 mm/
hr (due to JIA) / CRP > 20mg/l (due to JIA), PGA ≥7/10 and a parent/patient VAS ≥4/10.

PJIA group
Polyarticular in the ACR-CPG was defined by “a history of arthritis of 5 or more joints”. 
This group includes patients with the ILAR categories of extended oligoarthritis, 
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rheumatoid factor (RF)–negative polyarthritis, RF-positive polyarthritis, as well as 
patients with psoriatic arthritis, enthesitis-related arthritis, and undifferentiated arthritis 
who have developed active arthritis in 5 or more joints in total throughout the history 
of their disease. Patients in this group need not currently have 5 or more active joints.
The features of poor prognosis in polyarthritis (e.g. presence of rheumatoid factor) are 
not relevant for our study, since they are not incorporated in the reasons for escalation 
to anti-TNF.

The disease activity levels for polyarthritis interpreted on the basis of the ACR recommendations 2011

Disease 
activity

Criteria
Inactive Low Moderate High

Active joints 0 1-4 ≥5 ≥8

ESR/CRP Normal Normal >Normal >twice ULN

PGA 0 >0 and <4 ≥4 ≥7

Parent/Patient VAS <2 <2 ≥2 ≥5

Note Must satisfy all No criterion of 
moderate disease 
may be satisfied

At least 1 of the 
above, but maximum 
2 criteria of high 
disease activity 
may be satisfied

Satisfy 3 or 4 criteria

At 3 months escalation to anti-TNF for polyarthritis was recommended in case of 
moderate or high disease activity, irrespective of a poor prognostic factor. Therefore 
for our study we interpreted that ACR recommended escalation in a polyarthritis 
patient at 3 months when a patient had ≥5 active joints or an ESR >13mm/hr (due to 
JIA) or a CRP >10 mg/l (due to JIA) or PGA ≥4/10 or parent/patient VAS ≥2/10.
At 6 months escalation to anti-TNF for polyarthritis was recommended in case of low, 
moderate and high  disease activity, irrespective of a poor prognostic factor. This means 
that all polyarticular patients not being in inactive disease at 6 months would qualify 
for anti-TNF. Therefore for our study interpreted that ACR recommended escalation 
in a polyarthritis patient at 6 months when a patient did NOT satisfy all of the following 
criteria: active joint count = 0, ESR <13mm/hr and CRP <10 mg/l, PGA = 0 and parent/
patient VAS <2. 
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SUPPLEMENTARY FILE B

METHODOLOGY

The study is a monocentric retrospective cohort study.

Medical ethical committee
This study was evaluated and approved by our Utrecht Medical Ethical Committee 
(METC number  14/684 titled “Use of JADAS for future treat-to-target therapy in juvenile 
idiopathic arthritis”) and did not fall under the scope of the Medical Research Involving 
Human Subjects Act (WMO). With help of Pfizer (grant no. WI189796) we built a research 
data platform (RDP) with which we extracted pseudonymized data from our electronic 
medical records.

Patients
We included JIA patients in our center that started methotrexate for the first time for 
their active JIA from April 2011 till December 2015. 
Inclusion criteria (all required): 
-  Diagnosis of OJIA (persistent and extended), polyarticular (RF+ and RF-), psoriatic or 

undifferentiated JIA as defined by the ILAR criteria[2] 
-  Biological naïve JIA patients 
-  First start of MTX
-  Indication for initiation of MTX is active arthritis
-  Aged 0-18 years at start of the medication
-  At least 12 months follow up after the start of the treatment in our center
Exclusion criteria:
- Start of a biological before the minimum observation of 6 times of MTX administration 

(i.e. <35 days)

Data
We extracted the following data: Age, Sex, ANA (positive when at least >1:100 on HEP2 
cells), RF  (mandatory positive twice), Subtype of JIA, data before or during the first year 
of MTX were considered for the label “persistent or extended” (in case of oligoarthritis), 
ESR, C-reactive protein (CRP), radiographically damaged joints in the OJIA group, uveitis 
at start or during the first year of MTX treatment, VAS parent/patient (question 6 
“Considering all the symptoms, such as pain, joint swelling, morning stiffness, fever if 
due to arthritis, and skin rash if due to arthritis, please evaluate the level of activity of 
your child’s illness at the moment; 0=no activity- 10.0=maximum activity” from Parent’s 
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or if not available Child’s version of Juvenile Arthritis Multidimensional Assessment 
Report (JAMAR) or if JAMAR not available we used from the Childhood Health 
Assessment Questionnaire the question “Considering all the ways that arthritis affects 
your child, rate how your child is doing: 0=very well- 10.0=very poor”), AJC (as defined 
by swollen and/or both painful and limited) and type of joint involved was always 
present, PGA (0-10.0cm) (present in more than three quarter of instances but 
retrospectively completed if missing by J.S.), radiographic damage, medication started 
for JIA and presence of uveitis. We checked for the reasons of discontinuation of MTX 
when it was stopped within a year from its start. The cJADAS was calculated using the 
sum of the PGA, the VAS and the AJC as described above. 

How is the PGA scored
There are no rules on how to score a PGA and whether physicians score the PGA 
relative to the diagnosis (a PGA of 5 in an OJIA having a different meaning than a PGA 
of 5 in a PJIA patient) or relative to the worst JIA-case one can imagine being a 10. We 
do use this latter concept since the categorization in OJIA and PJIA is depending on 
timing and effect of treatment and might be shifting in one patient developing a 
polyarticular course after an oligoarticular phase. In such a patient the PGA always is 
comparable to the former PGA in our hands and does not need to be evaluated 
according to the phase. 

Interpretation of the ACR recommendation schemes
For the interpretation of the ACR recommendations we used the oligoarticular and 
polyarticular schemes based on the paper itself and after personal communication 
with the first author of that paper (T.B.). See Supplementary File A for the details.

Disease activity definitions
The patient was called a responder when he/she had an AJC of 0 at the visit closest to 
12 months after start of MTX.

JIA treatment in our center
Our center has 5 pediatric rheumatologists and by June 2011 they were all fully 
informed about the ACR-CPG.[5] In our center till 2017 there were no treatment-
protocols for JIA in use, nor were there any strict rules for joint injections, the start of 
MTX, prednisone bridging, preference to start either adalimumab or etanercept in case 
of MTX-refractory JIA; although over the last years it has become common not to start 
etanercept but adalimumab in case also uveitis is present. Usually MTX is continued 
for at least 9 months after reaching inactive disease. Next to the start of MTX we only 
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inject joints if it is agreed that the patient cannot wait for 6-8 weeks for the MTX effect.
The dosage was determined by the attending pediatric rheumatologist and the standard 
starting-dose of methotrexate in JIA in our center is directly at 10-15 mg/m2/week oral 
and might be increased to 20mg/m2/week (maximum 30 mg/week). The used standard 
subcutaneous dose of adalimumab in JIA till 13 years is 24mg/m2/dose every 2 weeks. 
From 13-18 years, this is 40mg/dose every 2 weeks. For etanercept the standard 
subcutaneous dose is 0.8 mg/kg/week in one dose. The anti-TNF agents were 
administered if possible in combination with synthetic DMARDs, usually MTX. Co-
medication is defined as medication started for JIA within 30 days before start of MTX 
and till the end of the observation period.

Follow up visits
Patients visited the hospital roughly every 3 months. Methotrexate needed to be taken 
for a minimum of 6 times for any effect to be expected which is why we chose 35 days 
as minimal cut-off for the first follow-up visit. We used the time-frames closest to 3 
months (35-120 days), 6 months (121-270 days) and 12 months (271-450 days) after 
start of the treatment (t=0). When a biological was started at an earlier unscheduled 
emergency visit within the time frame of 35-270 days, we used this visit instead of the 
closest regular visit of 3 or 6 months. Patients that started a biological at or before the 
3 months visit were excluded for the analysis of the 6 months visit since they already 
had had their drug escalation.
 
Prognostic tests
Responding patients who started an anti-TNF agent within 12 months were excluded 
for the analyses of the prognostic test of the ACR-CPG and JADAS based care, since it 
was impossible to tell if they really would have needed an anti-TNF agent to become 
a responder. For the physician decision we only excluded the responding patients 
starting anti-TNF at that exact visit (including the previous visit in case of 6 months) 
since it is impossible to know if the decision to escalate was really necessary. For the 
analyses we varied the cut-off values for the (c)JADAS71 as reason for drug escalation 
in both OJIA and PJIA. We varied the relative importance of the patient VAS in the cJADAS 
to even an extent of 0% VAS (thus only PGA and AJC) in order to distinct the best 
predictive capacity of the cJADAS for non-response to MTX. We also tried to correct for 
prior response defined by a ≥ 50% decrease of cJADAS at 3 months compared to 
baseline as a reason not to escalate.

Data handling and statistical analysis
Missing items were not imputed or corrected for.
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We calculated the (c)JADAS-71 if all elements were available. It is impossible to calculate 
the JADAS71 or cJADAS without the VAS and it is impossible to calculate a JADAS71 
without ESR or CRP. For the predictive values of the cJADAS however it was not in all 
cases necessary to have the VAS, since the AJC and PGA combined could already be 
above the cut-off value and therefore we could deduct the recommendation to escalate 
in such a case. For this analysis we only left out the cases in which the missing VAS-
value could have altered the recommendation to escalate or not. Likewise this method 
was used for missing ESR/CRP- or VAS-values in JADAS or items for the ACR-CPG 
recommendation to escalate or not. We always deducted if it was possible to get an 
individual recommendation anyway despite the missing value(s) or if present this could 
have altered this recommendation; in such a situation we excluded the case for the 
analysis. 
We used median and interquartile ranges and the Mann-Whitney U test for interval 
and ordinal variables as well as for ESR which was not normally distributed. Sensitivity, 
specificity, sum scores of both and accuracy of the prognostic tests were calculated. A 
p-value less than 0.05 was considered statistically significant. We used SAS Enterprise 
Guide 7.11 for data collection and IBM SPSS Statistics, Version 21 (21.0.0.0) for data 
analysis.
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SUPPLEMENTARY FILE C 

JADAS71 AND CJADAS71 AS A PROGNOSTIC TEST PREDICTING FAILURE 
TO RESPOND WITHOUT ESCALATION TO ANTI-TNF

We calculated sensitivity, specificity and accuracy for various cut-off values for the 
JADAS and cJADAS as a prognostic test for treatment-failure for OJIA and PJIA at 3 and 
6 months. We used cJADAS for OJIA and PJIA taken together, and separate for OJIA and 
PJIA. A lower relative contribution of the patient-VAS scores and correction (“no need 
to escalate”) for a >50% decrease in cJADAS at 3 months compared to baseline was 
also analysed.
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What are the immunological consequences 
of long-term use of biological therapies for 
juvenile idiopathic arthritis?
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ABSTRACT 
This review summarizes the immunologicals consequences of biological therapies used 
in juvenile idiopathic arthritis (JIA). For every frequently used biological agent their 
characteristics are clearly specified (molecular target, the isotype, registered indication 
for JIA, route of administration, half-life, contraindication, very common side effects, 
expected time of response and average cost in the first year). The emphasis of this 
review is on the immunological side effects that have been encountered for every 
separate agent in JIA populations. For every separate agent these adverse events have 
been calculated as incidence per 100 patient-years for the following categories: serious 
infections, tuberculosis, malignancies, response to vaccination, new-onset autoimmune 
diseases and development of anti-drug antibodies. There are large differences in side 
effects between various agents and there is a clear need for an international and 
standardized collection of post-marketing surveillance data of biologicals in the 
vulnerable group of JIA patients. Such an international pharmacovigilance database 
called Pharmachild has now been started.
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INTRODUCTION

Juvenile idiopathic arthritis (JIA) is the most common chronic rheumatic disease in 
children with an incidence in Europe of about 16-150/100,000/yr and an important cause 
of short-term and long-term disability.1 The International League of Associations for 
Rheumatology has defined JIA as arthritis with no apparent cause lasting more than 6 
weeks with disease onset prior to age 16.2 Seven different subtypes of JIA are recognized 
which differ in genetic susceptibility, distribution and severity of arthritis. One subtype 
called systemic onset JIA (SJIA), representing 4-17% of all JIA cases, concerns a totally 
different disease entity in which the innate immunity was shown to be involved much 
more than the adaptive immunity as seen in the other subtypes.1, 3 
In the last 10 years the implementation of an adequate legislation fostering controlled 
clinical trials in children and the availability of new potent medications such as the 
biologicals have led to a dramatic improvement in the treatment of systemic and non-
systemic JIA.4 A biologic medical product (biological or biologic) is a medicinal product 
that is produced by biologic processes rather than chemical synthesis. In 2011 an ACR 
recommendation was published on the treatment of JIA which mentioned 6 different 
biologicals: 3 types of Tumor Necrosis Factor-α (TNF-α-)-inhibitors (etanercept, 
adalimumab and infliximab), CTLA4-immunoglobulins (abatacept), anti-CD20-antibodies 
(rituximab) and an anti-interleukin (IL)1-receptor-antagonist (anakinra).5 In fact, despite 
belonging to our standard of care, only half of these are registered for use in JIA 
(etanercept, adalimumab and abatacept). Another drug, an anti-IL6-receptor-antibody 
(tocilizumab) has been registered for the use in active SJIA by the FDA and several 
European countries in 2011. Long-acting anti-IL1β-antibodies (canakinumab) have 
recently shown to be succesfull in treatment for SJIA.6

For registration of a biological the efficacy for the specific indication has to be shown. 
However safety issues other than very common adverse events can hardly be addressed 
in JIA-studies since the study-population will be too small and the follow-up mostly too 
short. Comparisons with placebo are of limited value in most of these studies because 
of the short duration of the placebo phase.7 Moreover a double-blind, controlled, 
randomized withdrawal design is used in nearly all randomized clinical trials for JIA 
therapy by which a control cohort never having used that drug is missing.8 In this design 
eligible children are treated in an open-label fashion with the experimental therapy 
for a few months after which responders are randomized in a double-blind fashion 
either to continue the experimental therapy or to switch to placebo.4  Furthermore, 
the placebo-controlled phase was often
shorter than the lead-in open-label phase, which could potentially have introduced 
bias owing to latent adverse events initiated in the lead-in phase not being reported 
until the placebo-controlled phase.7
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Clinical immunological consequences of long-term use of biologicals in JIA-patients
The features of the biologicals used in JIA are summarized in table 1. Registered 
indications can differ between countries, for this table we used the Dutch situation. 
Clearly there are many immunologic differences between biologicals that act on varying 
targets, but even drugs that antagonize the same target e.g. TNFα have been shown 
to differ quite a bit. The different origins and constructions of the anti-TNF agents 
infliximab, adalimumab and etanercept result in slightly different affinity and avidity 
for soluble TNFα. Nevertheless, all three have a high potency to bind TNF and form 
complexes.9, 10 The agents also bind to the membrane bound form of TNFα (mTNFα); 
however etanercept only binds with one molecule to each trimer of mTNFα, while 
adalimumab and infliximab can bind with one molecule to each monomer of the trimer 
of mTNFα.9-11 Furthermore the fact that etanercept is a fusion protein leads to the 
absence of the first part of the constant region (CH1) of the antibody. This part is 
important in the induction of complement dependent cytotoxicity or apoptosis (CDC) 
of the cells to which the antibody is bound. Complement-3 has to bind to the CH1 part 
of the antibody in order to form the membrane attack complex and absence of this 
part results in a preliminary stop of the cascade. This suggests that only infliximab and 
adalimumab induce CDC. Indeed, in vitro experiments show this phenomenon for 
Infliximab and Adalimumab when cell lines are used that over-express mTNFα.12 
Nevertheless, when activated, untransformed peripheral blood monocytes were tested, 
no lysis was found with either adalimumab and infliximab nor with etanercept probably 
due to low expression of mTNF.9 Another difference that was found between the agents 
is in the capacity to induce the immunosuppressive regulatory T-cell populations 
(Tregs). Induction of Tregs by monocyte derived dendritic cells has been shown in the 
presence of Adalimumab, but not with etanercept.13 
The half-life (T½) for the different agents also reflects the necessary frequency of 
administration. Adalimumab with it’s T½ of 2 weeks needs to be injected every 2 weeks 
and Anakinra with a T½ of 4-6 hours needs to be injected daily. However, the frequency 
of administration might change over time since etanercept with a T½ of 70 hours was 
meant originally to be injected twice weekly in a dose of 0.4 mg/kg body weight but it 
appeared to be as effective when administered once weekly in a dose of 0.8 mg/kg.14, 15 
Contraindications are mentioned and consider mainly serious active infections, more 
specifically tuberculosis in the setting of anti-TNF therapy. Furthermore heart failure 
is a contraindication for several anti-TNF-agents. Hypersensitivity to xenogenic proteins 
may constitute a contraindication for use of chimeric biologicals. In case of a previous 
diagnosis of cancer it might be wise to refrain from anti-TNF-therapy until further data 
appear.
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The very common side effects that affect more than 10% of patients are different for 
every agent but mostly concern (upper) respiratory tract infection, headache and 
injection site reaction. 
The expected time of response is normally within 3-4 months, which should be the time 
to consider a change of therapy if not any beneficial response is seen. For anakinra and 
canakinumab the effect in SJIA is much swifter and is expected to occur within days. 
The average cost per year is calculated for a 30 kg (66 lb) child in 2010 purchase price 
(excluding VAT) for pharmacies in the Netherlands. The amount of medications per 
vial is usually too much to administer to a typical JIA patient with the low bodyweight 
that (young) children normally have and therefore, much of the material must be 
discarded. In the Netherlands only 4 out of these 10 biologicals (abatacept, etanercept, 
rituximab and tocilizumab) have vials that prevent annual spillage of thousands of euro 
per pediatric patient.
Since biologicals antagonize cytokines or receptors involved in the immune system 
one could fear that their (long-term) use might affect the quality of the immune system 
leading to a defective defence mechanism against infections and tumours, an 
insufficient response to vaccinations, or a flawed immunoregulation resulting in auto-
immunity or autoinflammation (Table 2). Finally, a biological agent itself can be handled 
as an antigen by the immune system producing antibodies against the biological. 

Serious infections
The recombinant therapeutic proteins directed against molecules of the immune 
system could induce infections in JIA patients treated with these biologicals which may 
display some similarities to those in patients with primary immunodeficiency (PID) of 
the corresponding biologic target.16 Therefore some side effects may be foreseen by 
analyzing PID, which, like autoimmune syndromes in which antibodies against immune 
system molecules are produced, are “experiments of nature” providing useful insight.16 
For most trials reviewed “serious bacterial infections” are defined as those requiring 
antibiotics or hospitalization. Biologicals (e.g. anakinra and tocilizumab) and high-dose 
corticosteroids may affect body temperature (no fever) and acute phase reactions (low 
C-reactive protein and erythrocyte sedimentation rate) and some biologicals may 
induce neutropenia instead of leukocytosis. Therefore one should be cautious when 
using these parameters to diagnose an infection in the setting of these agents. 
For the background rate of serious infections in JIA patients with and without (biological) 
drug use there has been one study that compared during a median follow-up of 1.2 
year 8,479 JIA patients with 360,489 children diagnosed with attention deficit 
hyperactivity disorder (ADHD).17 Overall, the crude infection rate was 2.8 per 100 
person-years and nearly 3-fold higher among children diagnosed as having JIA than 
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among children diagnosed as having ADHD (1.0 per 100 person-years). Even in children 
with JIA who were not currently being treated with steroids, MTX or TNF inhibitors a 
2-fold increase was found in the rates of hospitalized bacterial infections as compared 
to children without JIA. This finding suggests that the inflammatory process of JIA itself 
may predispose children to infection irrespective of therapy.17 It is not known of any 
subtype of JIA (e.g. SJIA) makes children even more prone to infection. The risk of 
infection increased a further 3-fold with the use of high-dose glucocorticoids, but was 
not significantly increased with MTX use.17 
Opportunistic infections (OI) were found in 42 instances in a JIA cohort consisting of 
8,503 children with 13,990 person-years of follow-up. Therefore the incidence rate of 
opportunistic infections in JIA was 0.3 per 100 patient-years which was an increased 
risk of 2.4 compared to the ADHD comparator cohort of 360,362 children with 477,050 
patient-years of follow-up.18 The most common OI among children with JIA were 3 
Coccidioides, 5 Salmonella and 32 herpes zoster. 18 There was not a marked association 
between specific immunosuppressant medication use and herpes zoster, although the 
precision of the estimates was limited by the relatively small number of observed 
infections. In addition, none of the 3 children with JIA and incident Coccidioides 
infections were exposed to anti-TNF during the study period.18

Abatacept
During the open-label extension phase the largest abatacept-study for JIA patients 
found 1.33 serious infections per 100 patient-years among 153 JIA patients using 
abatacept with median treatment duration of 2.9 years.19 In 74% of patients there was 
concomitant use of MTX in a mean dosage 13.2 mg/m2/week. Five patients experienced 
6 serious infections (1 each of dengue fever, erysipelas, gastroenteritis, herpes zoster, 
bacterial meningitis, and pyelonephritis).19

Anakinra
Three out of 45 patients with SJIA treated with anakinra for a median duration of 1.1 
year developed a serious infection resulting in 6.1 per 100 patient-years.20 Two of these 
3 explicitly used steroids as well and all three could safely restart anakinra after 
clearance of infection.20 Corticosteroids were used at an initial dose of 0.6 mg/kg/d in 
67% of all the study patients and 33% of patients also used other disease modifying 
anti-rheumatic drugs (DMARDs), while only 22% of patients used anakinra 
monotherapy.20 Another study documented 32 SJIA patients taking anakinra for a 
median duration of 0.5 year with 84% using steroids and 85% also non-biological 
DMARDs at the start of anakinra without observing serious infections.21 A third study 
concerned 24 SJIA patients who were treated with anakinra for 1 year next to a rather 
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high dose steroids (0.5-0.6 mg/kg/d) and found that 4 patients developed a serious 
infection during 15.2 patient-years of follow resulting in 26.4 serious infections per 100 
patient-years.22 Monotherapy anakinra however seems much safer, since in our own 
center we did not experience any serious infection in the 24 new-onset SJIA patients 
treated with monotherapy anakinra.

Rituximab
Serious infections were seen in 14.5 per 100 children (pneumonia) in the 55 children 
with JIA (46 with SJIA) who were treated with rituximab administered as weekly 
intravenous infusion for 4 successive weeks (375 mg/m2 per dose).23 Because of 
efficacy, intolerance or inefficacy only 25 patients received all 4 courses, 41 received 3 
courses and 44 patients received 2 courses. Methotrexate was taken by 100% 
concomitantly at a mean weekly dose of 16.4 mg/m2, 87% also used cyclosporine (4 
mg/kg/d) and 45% even used prednisolone (0.3 mg/kg/d). The pneumonias were caused 
in 62% by Pneumocystis Jirovecii and associated pneumocystic and mycoplasma 
infections.23 Since multiple drugs were taken it is hard to discriminate which adverse 
effect was caused by rituximab per se. 
For rheumatoid arthritis (RA) the overall serious infection rate was 4.31/100 patient-
years.24 Infections and serious infections over time remained stable across 5 courses 
at 4-6 events/100 patient-years. Four cases were reported of the often fatal 
progressive multifocal leukoencephalopathy (PML) caused by JC virus in patients with 
RA treated with rituximab have been reported.25 This would be equivalent with an 
incidence of 1 case of PML per 25,000 individuals with RA being treated with 
rituximab.25 A recent study, using a Freedom of Information Act request for all cases 
of PML within the Food and Drug Administration (FDA) Adverse Event Reporting 
System database, selected  autoimmune rheumatic diseases for further analysis.26 
They found a specific signal emerging with regard to rituximab and PML, although 
this is a rare adverse event associated with RTX therapy, the devastating nature of 
PML mandates continued vigilance, particularly in patients with current or prior 
exposure to an alkylating agent.26

TNF-inhibitors
Adalimumab
Serious infections (pneumonia and severe viral infections) were observed in 2.2 per 
100 exposure years during 319 adalimumab exposure years.27 Another study found 
serious infections in 2.8 per 100 patient-years or two patients of the 26 JIA patients 
with 71.6 patient-years of adalimumab exposure (fatal sepsis and severe skin abscesses 
requiring surgery).28 In a third study serious infections were seen in 11.1 per 100 
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exposure years or 3 of 25 (mainly RF-positive) JIA patients with an average duration of 
adalimumab of 1.1 year (acute pharyngitis, pneumonia, and hepatitis B infection).29

Etanercept
No increase in hospitalized infections was seen in the 16% of the 8,479 JIA patients 
using a TNF-inhibitor (90% etanercept) compared to JIA patients without medication 
or with Methotrexate for over a year.17 The incidence of hospitalized infections in this 
anti-TNF-group was 3.5 per 100 patient-years, but doubled when there was current 
use of corticosteroids.17 The most common hospitalized infections seen in that study 
were upper respiratory tract (30%), pneumonia (24%), bacteremia/septicemia (18%), 
urinary tract/pyelonephritis (18%), skin and soft tissue (12%). In an open label extension 
study of etanercept in JIA patients serious infections were seen in 3 per 100 patient-
years among the 58 patients with 318 patient-years of etanercept exposure.30 The 
exposure-adjusted rates of infections that led to hospitalization or treatment with 
intravenous antibiotics remained low over the period of study.30 Another study found 
only 1.2 cases per 100 patient-years or 4 serious infections during 312 patient-years 
of etanercept use in JIA patients (3 cases with gastroenteritis and 1 urosepsis).31 A 
German study reported 3.2 serious infections per 100 patient-years or 26 infectious 
serious adverse events occurring in 604 etanercept using JIA patients with 1149 patient-
exposure years.32 Another German biologic register found 2.1 severe infections per 
100 patient-years in 346 JIA patients ever on etanercept (45% still using) during the 
observation period comprising 598 patient-years.33 Permanent discontinuation of 
etanercept because of serious infection (Epstein-Barr meningoencephalitis, 
pyelonephritis, recurrent urinary tract infection, gingival infection, sepsis) was noted 
in only 5 JIA patients during 941 patient-years.34

Infliximab
In an open label extension study an occurrence of pneumonia of 1.2 per 100 patient 
years was reported as it was seen in 2 out of 78 JIA patients receiving initially 3 mg/kg 
infliximab plus methotrexate during 2.2 years of average follow-up.35 A smaller study 
with 20 JIA patients taking infliximab plus methotrexate during 1.0 year showed no 
infections requiring hospitalizations.36

Tocilizumab
A serious infection risk of 9.3 per 100 patient-years for tocilizumab in SJIA with 
concomitant steroid use was seen.37 Two cases of bronchitis and two cases of 
gastroenteritis were considered to have serious adverse events in 48 SJIA patients using 
both 2-weekly 8 mg/kg tocilizumab and prednisolone in a dose of 0.4-0.5 mg/kg/d 
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during a 0.9 year open label extension study.37 Another study found a serious infection 
risk of 11 per 100 patient-years during a 0.23 year  double-blind phase (2 events in 75 
SJIA patients randomized tot tocilizumab) versus 0 serious infections in the 37 patients 
receiving placebo.38 The same serious infection risk of 11 per 100 patient-years was 
found in the 112 SJIA patients with a median tocilizumab exposure of 1.4 year.38

For polyarticular JIA a serious infection risk of 19.6 per 100 patient-years was found in 
17 JIA patients (half of them RF positive) followed for 0.9 years using monthly 8 mg/kg 
tocilizumab.39 During the study period, no patient was withdrawn due to adverse 
events, but 3 patients required hospitalization serious infectious events (2 cases of 
gastroenteritis and 1 case of pneumonia).39 
The downregulatory effect of TCZ on the acute-phase reactant, CRP, may limit the 
usefulness of CRP as a diagnostic indicator for infections. TCZ should not be given in 
the presence of serious or opportunistic infections.40

Tuberculosis (TB)
Soon after the publication showing that active and even disseminated tuberculosis 
(TB) developed in 48 patients after three or fewer infusions of infliximab even in 
countries with low incidence of tuberculosis it was realized that TNF-inhibition should 
not be given to patients with latent TB infection (LTBI).41 Indeed for JIA patients the 
same risk applied as was shown by the report of a fatal extra-pulmonary TB infection 
in a SJIA patient who was treated with infliximab.42 Testing for LTBI is now a prerequisite 
before a TNF-inhibitor can be started. However, the tuberculin skin test (TST) measuring 
the Th1 cell-type response to purified protein derivative (PPD) is significantly lower in 
BCG-vaccinated (bacillus Calmette-Guerin) children with JIA compared to healthy 
children.43 These results show that the PPD response that has been used for years in 
the screening for TB will not be accurately informative in cases of JIA and therefore 
would require the application of more sensitive tests.43 A Mycobacterium tuberculosis-
specific interferon gamma enzyme linked immunosorbent assay (IGRA) is not affected 
by BCG-vaccination, but it was not known if it is affected by the illness itself or the 
immunosuppressive drugs used. Such an IGRA test, the QuantiFERON-TB Gold In-Tube, 
was therefore compared with the tuberculin skin test for detection of latent tuberculosis 
infection in patients with JIA in a cross-sectional study of 39 children with JIA and 40 
healthy controls in İzmir, Turkey.44 Also in this study the median TST induration was 
significantly lower for the JIA group (5.8 mm) than for the control group (10.7 mm). The 
rate of patients who despite BCG showed no reaction to TST (0 mm) was 38% of which 
93% had active JIA.44 Overall agreement between TST and IGRA was low both in JIA and 
control group. The IGRA may be useful to identify false negative TST response in cases 
with latent M. tuberculosis infection, since there were 2 patients who had positive IFN-γ 
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(≥0.35 IU/ml) results but negative TST (<10 mm).44 The usefulness of TST and IGRA for 
monitoring of tuberculosis during anti-TNF-treatment has been shown as well, since 
treatment with TNF-α antagonists did not cause a significant change in the TST or IGRA 
positivity rate.45 For JIA patients there are no specific guidelines for TB screening or 
monitoring when starting biologicals but in 2012 an update of “the 2008 ACR 
Recommendations for the use of DMARDs and biologic agents in the treatment of RA” 
was published which can be used for JIA patients as well.46 The panel recommends the 
tuberculin skin test (TST) or IGRA as the initial test in all RA patients starting biologic 
agents, regardless of risk factors for LTBI. It recommends the use of the IGRA over the 
TST in patients who had previously received a BCG vaccination, due to the high false 
positive test rates for TST. The panel recommends that RA patients with a positive initial 
or repeat TST or IGRA should have a chest radiograph and, if suggestive of active TB, 
a subsequent sputum examination to check for the presence of active TB. RA patients 
with a negative screening TST or IGRA may not need further evaluation in the absence 
of risk factors (Centers for Disease Control-list) and/or clinical suspicion for TB. Since 
patients with RA may have false-negative TST or IGRA results due to immunosuppression, 
a negative TST or IGRA should not be interpreted as excluding the possibility that a 
patient has LTBI. Accordingly, in immunosuppressed RA patients with risk factors for 
LTBI and negative initial screening tests, the panel recommends that a repeat TST or 
IGRA could be considered 1–3 weeks after the initial negative screening. The panel 
recommends annual testing in RA patients who live, travel, or work in situations where 
TB exposure is likely while they continue treatment with biologic agents. Patients who 
test positive for TST or IGRA at baseline can remain positive for these tests even after 
successful treatment of TB. These patients need monitoring for clinical signs and 
symptoms of recurrent TB, since repeating tests will not help in the diagnosis of 
recurrent TB.46

Abatacept
There were no reports of tuberculosis during the 448 exposure years in the 153 
abatacept using JIA patients who were pre-screened for TB.19

Anakinra
No TB cases have been described in JIA patients using anakinra. To date, there is no 
indication that use of anakinra is associated with an increased incidence of TB.47

Rituximab
No TB cases have been described in JIA patients using rituximab. There is no evidence 
of an increased incidence of TB in patients with non-Hodgkin lymphoma treated with 
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rituximab. There are insufficient data to make a determination about the necessity to 
screen for TB before starting treatment.47 

TNF-inhibitors
No cases of tuberculosis were reported during studies with JIA patients, who were 
prescreened no to have active or untreated latent TB, using adalimumab27, 28 or 
etanercept.30 For infliximab therapy, despite negative TST-screening at baseline there 
was 1 patient diagnosed with asymptomatic tuberculosis (pulmonary infiltration, TST 
of 13 mm and a polymerase chain reaction testing of a sputum sample positive for 
Mycobacterium tuberculosis complex) following routine repeat screening at week 108.48 
This patient had resolution of the interstitial infiltrates as well as negative follow-up 
skin test results following quadruple antituberculosis therapy and cessation of 
infliximab therapy. 

Tocilizumab
No tuberculosis was seen in 65 SJIA using tocilizumab during 0.9 year, nor in the 112 
SJIA patients during 1.4 year who were all prescreened to not have latent or active 
tuberculosis before start of tocilizumab.37-39 

Malignancies
Between 2001 and 2008, the U.S. Food and Drug Administration (FDA) received reports 
of 48 malignancies occurring in children and adolescents exposed to TNF-blockers (31 
infliximab, 15 etanercept, 2 adalimumab) of which 15 occurred in patients younger 
than 18 years  with JIA.49 It was suggested that an elevated rate of malignancy, 
particularly lymphoproliferative cancers, was observed in patients with JIA treated with 
TNF-antagonists, which led to a black box warning for these drugs by the FDA.50 
However, to appreciate the additional risk of a drug it is necessary to know the 
background rate of malignancies in patients with JIA and the role of other 
immunosuppressants they are taking (e.g. methotrexate). Indeed all 5 cases of 
malignancies that were documented from 2001 to 2009 in the German JIA biologics 
registry (covering 1260 patients at the time) had been exposed to a number of cytostatic 
and cytotoxic drugs including methotrexate, leflunomide, azathioprine, ciclosporin-A 
before institution of TNF-α blockers.51 For the background rate of malignancy in JIA 
patients three studies have been executed. The cancer occurrence at 3 Canadian 
paediatric rheumatology centers was studied by linking the subjects of JIA registries to 
regional tumor registries in order to determine the occurrence of invasive cancers over 
the observation period (spanning 1974–2006).52 The study sample consisted of 1834 
JIA patients (majority Caucasian females) observed for an average of 12.2 years. Only 
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0.0045 cancers per 100 patient-years were found (1 Hodgkin’s lymphoma in 22,341 
patient-years) compared to 0.031 per 100 patient-years (7.9 cases expected) which 
leads to a protective standardized incidence ratio (SIR) of 0.12 (95% CI 0.0, 0.70).52 In 
Sweden through linkage with the Swedish Patient Register a national JIA cohort 
(n=9,027) was identified and each JIA case was matched with 5 general population 
comparators.53 In this biologics-naive JIA cohort 0.046 cases per 100 person-years (60 
malignancies observed during 131,144 person-years of follow-up) versus 0.040 cases 
per 100 person-years in the general population. Patients with JIA identified before 1987 
were not at increased risk of cancer, whereas JIA identified in 1987 and thereafter was 
significantly associated with incident lymphoproliferative malignancies (Relative Risk 
4.2, 95% CI 1.7–10.7) and cancers overall (RR 2.3, 95% CI 1.2–4.4). This increased risk 
was not explained by the introduction of biologic therapies, since the association was 
similar in analyses ending in 1999 when biologics became available, but it is important 
to note that in 1986 the first report was published of methotrexate use in JIA53, 54 
Another study also found an increased risk for malignancies in JIA patients without 
biologicals using national Medicaid data from 2000 through 2005.55 The JIA cohort 
included 7,812 children with a total follow-up time of 12,614 person-years and the 
referent group were 321,821 children with attention deficit hyperactivity disorder 
(ADHD) with 391,984 person-years of follow-up.55 Probable and highly probable 
malignancies occurred in 0.055 per 100 person-years among JIA children compared to 
0.013 per 100 person-years for the comparator group leading to a significantly 
increased SIR of 4.4 (95% CI 1.8–9.0). For those taking MTX without TNF inhibitor use, 
the SIR was 3.9 (95% CI 0.4–14). It should be noted however that the rate of incidence 
of malignancies in the comparator ADHD group was much lower than that seen in the 
other studies.55 

Abatacept
one acute lymphoblastic leukaemia was diagnosed on day 89 in the RCT of abatacept 
in polyarticular JIA.56 This patient had been anaemic at enrolment, with progressively 
decreasing haemoglobin concentrations as early as day 19.56 

Adalimumab
No malignancies were reported in JIA clinical trials with over 6 years of adalimumab 
exposure.57

Etanercept
In the USA 0.015 malignancy cases per 100 etanercept exposure-years were confirmed 
in patients aged 4 to 17 years (5 cases among 33,409 exposure years).58 In another USA 
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JIA cohort with 1,484 JIA children and 2,922 person-years of TNF inhibitor exposure 
(90% etanercept) no probable or highly probable malignancies were identified.55 

Rituximab
there is no evidence that rituximab is associated with an increased incidence of solid 
tumours in RA.47

Tocilizumab
no malignancies were seen in the 65 JIA patients followed for 0.9 year, nor in the 112 
SJIA patients followed for 1.4 year.37-39 

Vaccination
Recently, EULAR recommendations for safe and efficacious vaccination in pediatric 
patients with rheumatic diseases have been published.59 Generally, the immunogenicity 
of vaccines is good in JIA patients. There are some exceptions, depending on the type 
and dose of immunosuppressive treatment and the type of vaccine.59 
Non-live vaccines seem to be safe while using glucocorticosteroids (2.5–40 mg/day), 
methotrexate 7–25 mg/week, other DMARD such as azathioprine, or biological agents. 
However, methotrexate reduces responses to T-cell-independent polysaccharide 
pneumococcal vaccin, while the T-cell-dependent responses to conjugate vaccines are 
good.59

For live-attenuated booster vaccines limited data so far indicate that these are safe in 
patients on regular methotrexate dosages, low-dose glucocorticosteroids and anti-TNFα 
therapy. No increase in disease activity or medication use was seen in the 6 months 
after MMR booster vaccination in 207 JIA patients including in patients using 
methotrexate (n = 49).60 In patients on high-dose immunosuppressive drugs and 
biological agents live-attenuated vaccines, especially booster vaccinations, are not 
contraindicated, but no firm conclusions on the safety in these patients can be drawn. 
Responses to various vaccines (VZV) were reduced in patients on high-dose 
glucocorticosteroids or azathioprine, while the responses to live-attenuated vaccines 
are good in JIA patients using methotrexate.59 Primary vaccines are generally 
administered before the onset of rheumatic diseases, and booster vaccines may be 
administered when essential with or without temporarily discontinuation of certain 
immunosuppressants.59 In patients on high-dose immunosuppressants or biologicals 
one should individually outweigh the risk of primo-infection (unvaccinated exposure), 
the possible side effects of live-attenuated vaccination during medication and the risk 
of disease exacerbation during temporarily withholding immunosuppressants.
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Abatacept
there are no data on the immunogenicity and adverse effects of vaccination in JIA 
patients using abatacept.

Anakinra
one child receiving corticosteroids and anakinra at 1.4 mg/kg/day inadvertently received 
the live measles-mumps-rubella vaccine without evident harm.20 Patients who were 
naive for anti-pneumococcal immunisation received 23-valent Pneumococcal 
polysaccharide immunisation at the first day of anakinra treatment in order to assess 
the effect of anakinra treatment on anti-pneumococcal antibody response to five 
capsular polysaccharides at 1 and 12 months.22 At 1 month the levels of postvaccination 
antibodies against 5 pneumococcal capsular polysaccharide serotypes were not 
significantly different between the anakinra or placebo treated patients. At 12 months 
11 of the 12 anakinra-treated patients adequately responded to all serotypes and the 
12th patient had a normal response to three of the five serotypes.22

Rituximab
there are no data on the immunogenicity and adverse effects of vaccination in JIA 
patients using rituximab. However, it is known that rituximab significantly decreased 
the immune response to neoantigen and pneumococcus as well as to flu vaccination, 
whereas responses to tetanus and delayed-type hypersensitivity responses were 
unchanged.61 After rituximab administration, humoral responses to flu vaccination 
were modestly restored at 6–10 months. It is recommended that any vaccinations 
required by the patient, such as those to prevent pneumonia and flu, should be given 
before the start of treatment.62 The use of live attenuated vaccines should only be given 
before the use of rituximab until further data are available.

TNF inhibitors
In 5 JIA patients treated with etanercept the immunogenicity was tested of the 
attenuated live vaccine against measles-mumps-rubella (MMR) compared to 22 healthy 
children.63 Etanercept treatment given simultaneously with revaccination, did not 
interfere markedly with generation of long-lived virus-restricted T cells and protective 
levels of virus-specific IgG antibodies.63 No increase in disease activity or medication 
use was seen within 6 months after MMR revaccination.63 A larger study examined the 
immunogenicity and safety of two doses of 7-valent conjugate pneumococcal vaccine 
in 31 JIA patients with median age 12.9 years treated with anti-TNF agents plus DMARDs 
and 32 age-matched children treated only with DMARDs.64 After the first vaccine dose 
geometric mean titers (GMTs) were significantly increased for all vaccine serotypes  

201815 Joost Swart_binnenwerk.indd   91 09-05-18   09:20



PART TWO  |  CHAPTER 4

92

(p < 0.0001) in both groups and were found to be protective in 87–100% of all children, 
depending on the serotype. A ≥4-fold increase of the baseline titers to ≥5 vaccine 
serotypes was observed in 50% of the anti-TNF and in 75% of the control patients (p = 
0.0697). Children receiving anti-TNFs achieved significantly lower GMTs against 
serotypes 4, 14 and 23F (p < 0.05). No patient developed vaccine-associated serious 
adverse events or disease flares.64 The MF-59 adjuvanted seasonal influenza vaccine 
was evaluated for immunogenicity, safety, and tolerability in 60 pediatric patients with 
JIA (30 treated with etanercept and 30 with DMARDs) compared to 30 healthy controls 
of similar gender and age.65 The JIA patients treated with etanercept showed significantly 
lower GMTs against the A/H1N1 strain than those treated with DMARDs (p < 0.05) and 
the healthy controls (p < 0.05), who had similar GMTs. Furthermore, the seroconversion 
and seroprotection rates were all significantly lower in JIA patients treated with 
etanercept than those of the subjects in the other two groups (p < 0.05). The safety 
and tolerability of the vaccine were good and similar between the groups.65 Another 
study, however showed normal seroconversion and seroprotection rates 21 days after 
vaccination against H1N1-influenza virus in the 16 patients using anti-TNF therapy and 
these were significantly higher than in the 79 patients without anti-TNF agents.66 
Regarding vaccine safety, no deterioration was observed in the number of active joints 
and acute phase reactants during the study period.66 

Tocilizumab
the efficacy of influenza vaccination did not differ significantly between the 27 sJIA 
group and the 17 healthy controls.67 The duration of tocilizumab administration did 
not affect the response of the sJIA patients to the influenza vaccination. None of the 
sJIA patients experienced either severe adverse reactions or disease exacerbation after 
the influenza vaccination.67 

Autoimmune disease
The development of new autoimmune diseases while using biological response 
modifiers could be the surfacing of an already underlying or associated disease entity. 
Uveitis for example is a common complication of JIA and in 1.3% of patients with Crohn’s 
disease the chronic arthritis was prevalent before the diagnosis of the intestinal disease 
was made.68 However it could also be a new association now seen with the use of 
biologicals. Indeed, multiple reports of demyelinating diseases developing under the 
use of anti-TNF appeared which in 2010 led to an update in the Warnings and 
Precautions section of the labeling of all of the TNF blockers to include peripheral 
demyelinating neuropathies. As yet data are not sufficiently compelling to recommend 
screening for certain autoimmune diseases in JIA patients on specific biologicals, 
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however the occurrence of new symptoms should make one consider a newly 
developed autoimmune disease.

Abatacept
uveitis was reported in only 0.22 per 100 patient-years (1 case during 448 exposure 
years of abatacept which resolved with topical prednisone without a need to discontinue 
abatacept).19 Multiple sclerosis (MS) developed in a 12-year-old boy on day 593 and he 
discontinued abatacept treatment.19

Adalimumab
no demyelinating diseases, or lupuslike reactions were reported during a study with 
319 adalimumab exposure years in JIA patients.27 Another study did not find any 
development of persistent new autoantibodies in the sequential immunology work-up 
in 71.6 patient-years of adalimumab.28 Also a third study found no demyelinating 
disease, allergic reactions or lupuslike syndrome after 29 exposure years.29

Anakinra
one patient with SJIA using anakinra for over 1 month was diagnosed as having Morbus 
Crohn.22 The diagnosis of SJIA is one by exclusion of other diagnoses and it is very well 
known that inflammatory bowel diseases (IBD) can simulate SJIA with fever and arthritis. 
Therefore it is not sure whether this case with IBD can be attributed to anakinra or just 
surfaced under anakinra treatment.

Etanercept
the IBD incidence in JIA patients while using etanercept was 0.36 per 100 patient-years 
under etanercept, about 43 times higher than in the general pediatric population.69 
The time between the start of etanercept and the first appearance of IBD symptoms 
was between 9 days and 4.5 years.69 During 941 JIA patient-years with etanercept use 
in 483 patients IBD-associated arthritis was found in 0.11 per 100 patient-years.34 
Uveitis flare and optic neuritis were found with the same incidences in that study.34 In 
an open label extension study of etanercept in JIA patients no cases of demyelinating 
disorders or lupus were observed in 58 patients with 318 patient-years of etanercept 
exposure.30 Neither demyelinisation, nor new cases of uveitis were reported during 
312 patient-years of etanercept use in 146 JIA patients in a Dutch JIA biological registry.31 
However in that study two patients were diagnosed with sarcoidosis when under 
etanercept treatment, although this disease might be hard to differentiate from JIA 
when arthritis is the main feature so it could be that this was the underlying diagnosis 
all the time.31 In a German JIA biologic registry 0.96 flare-ups of uveitis per 100 patient-
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exposure years were reported in 604 etanercept-using JIA patients (11 incidents in 
1149 patient-exposure years).32 Optic nerve papillitis was confirmed in 0.17 per 100 
patient years (2 cases) and another patient experienced diminished colour 
discrimination possibly indicative of retrobulbar neuritis.32 Another German study 
found 1.7 new-onset autoimmune events per 100 patient-years in 346 JIA patients who 
used etanercept during the observation period comprising 10 events in 598 patient-
years: 2 new manifestations of IBD (also included in reference 69), 2 new psoriasis, 4 
new uveitis, one de novo systemic lupus erythematosus and one case of neuromyelitis 
nervi optici were reported.33

In a prospective study 14 patients were followed for 2-years after the start of etanercept 
for JIA in order to register newly developed autoantibodies and their clinical 
significance.70 During etanercept treatment administration 5 out of 14 patients 
developed new autoantibodies (4 patients with anti-Reticulin-antibodies and one with 
anti-thyroid-peroxidase-antibodies) which persisted for 12–50 months. Only, the patient 
with the anti-TPO-antibodies developed clinical symptoms, which was a goiter (because 
of Hashimoto’s thyroiditis) 9 months after initiation of etanercept treatment and 6 
months after the development of anti-TPO.70

Infliximab
new-onset uveitis was reported in 5.1 per 100 exposure-years during one year of the 
open label extension phase of infliximab (4 cases in 78 patients).35 Newly positive 
antinuclear antibodies (≥1:320) occurred in 25.9 per 100 exposure-years and anti-ds-
DNA in 6.6 per 100 exposure-years of patients during 58-61 exposure years of infliximab 
in JIA patients.35 No patient exhibited clinical signs or symptoms suggesting lupus or 
lupus-like syndrome. During a prospective study with 2-year follow-up of newly 
developed autoantibodies after the start of infliximab only 1 of 12 JIA patients developed 
anti-smooth-muscle-antibodies in a low titre 1:80, with a 12 months duration but with 
absence of any relevant clinical entity.70

Tocilizumab
one of the 112 SJIA patients developed chronic panniculitis and had to discontinue 
tocilizumab.38 None of the 17 polyarticular JIA patients had persistent elevation in 
autoantibodies (including antinuclear and anti-DNA antibodies) and no signs or 
symptoms of any other autoimmune disease were seen during 16 exposure years.39 

Anti-drug antibody-formation
Immunogenicity against therapeutic monoclonal antibodies (especially against 
infliximab and adalimumab) has been shown to be clinically important: it is associated 

201815 Joost Swart_binnenwerk.indd   94 09-05-18   09:20



95

IMMUNOLOGICAL CONSEQUENCES OF BIOLOGICALS IN JIA 

4

with shorter response duration because of diminishing concentrations in the blood 
and with infusion reactions.71 Concomitant immunomodulators in the form of 
methotrexate or azathioprine reduced the immunogenicity of therapeutic antibodies 
in rheumatoid arthritis, Crohn disease, and juvenile idiopathic arthritis.71 The occurrence 
of adverse events does not increase when immunomodulators are added to therapeutic 
antibodies. The mechanism whereby methotrexate and azathioprine influence 
immunogenicity remains unclear.71

Abatacept
23% of JIA patients (44/189) using abatacept were seropositive at least once for anti-
abatacept or anti–CTLA-4 antibodies; 59% (26/44) of these patients were positive only 
once.56 In no case did seropositivity correlate with a clinical finding such as an adverse 
event, infusion reaction, or inefficacy.56 

Anakinra
just 1 study mentions development of anti-IL-1ra antibodies in 86 polyarticular course 
JIA (only 17 % with SJIA) using anakinra during 3 months followed by a 4-month placebo-
controlled phase and afterwards a 12 month open-label extension phase.72 In the first 
3 months 75% of all patients were positive for non-neutralizing anti-IL-1ra antibodies 
and 6% had neutralizing antibodies. In the blinded phase 44% of placebo-treated 
patients and 72% of anakinra-treated patients were positive for antibodies with only 
1 patient (in the placebo group) positive for neutralizing antibodies. In the extension 
study, 82% had confirmed presence of anti-IL-1ra antibodies but none tested positive 
for neutralizing antibodies.72 

Adalimumab
at least one positive test for anti-adalimumab antibody was found in 16% (27/171) of 
JIA patients during the 16-week open-label and following 32-week double-blind 
phases.27 Among the concomitant methotrexate users this was only 6%, while it was 
26% in patients not receiving methotrexate.27 Development of anti-adalimumab 
antibody did not lead to a greater rate of discontinuation of the study drug, nor did it 
increase the incidence of serious adverse events.27 Another study showed that at least 
one anti-adalimumab-positive serum sample was found in 15% in concomitant MTX-
users (3/20) at both week 24 and week 60, but for patients with adalimumab and 
without MTX this was 20% (1/5) at week 24 and increased to even 60% (3/5) at week 
60.29 Trough concentrations of adalimumab below 2 μg/mL were seen in three of the 
four patients in whom the anti-adalimumab-antibodies were detected at week 24, but 
were transient only.29 
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Etanercept
Two of 68 (2.9%) JIA patients tested positive for non-neutralizing antibodies against 
etanercept in a RCT for etanercept in polyarticular JIA during 7 months.73 

Infliximab
antibodies to infliximab were detected in 37% (26/71) of JIA patients and in 31% the 
test  was negative while 32% had an inconclusive status during the open label extension 
phase of a RCT.35 At least one infusion-related reaction was seen in 32% (25/78) treated 
patients with a higher occurrence (58%) among patients classified as positive for 
antibodies to infliximab. One antibody positive patient even had a possible anaphylactic 
reaction. There were no delayed hypersensitivity reactions.35

Tocilizumab
7.1 % (4/56) of SJIA patients followed for 0.9 years developed anti-tocilizumab IgE 
antibodies.37 One anaphylactoid reaction was seen in a patient who tested negative 
for IgE-type anti-tocilizumab antibodies and previously has had allergic reactions to 
aspirin and infliximab.37 Another study found that 1.8% (2/112) of the SJIA patients 
developed anti-tocilizumab antibodies.38 One patient experienced an anaphylactic 
reaction of life-threatening angioedema during the week 8 infusion. This event was 
preceded by urticaria directly after the week 4 infusion, which required treatment with 
intravenous corticosteroids. The second patient received partial infusions at weeks 4 
and 6 because of infusion reaction-like symptoms such as back pain, shortness of 
breath, and changes in blood pressure. To manage the symptoms the infusions were 
stopped, and the patient was administered paracetamol.38 

FUTURE PERSPECTIVE

To date it is hard to make clear statements on the incidence of adverse events that can 
be attributed to specific drugs in JIA patients. A lot can be learned about the role of 
medication JIA complicated by serious events, as has been shown recently in a selected 
group of SJIA patients who developed pulmonary artery hypertension (PAH), interstitial 
lung disease (ILD) and alveolar proteinosis (AP).74 PAH, AP and ILD are under-recognized 
complications of sJIA which are frequently fatal. They may be the result of severe 
uncontrolled systemic disease activity, and may be influenced by medication exposure.74

Unfortunately every study uses different definitions of adverse events (e.g. serious 
infections defined as requiring antibiotics versus requiring hospitalization) and in many 
studies it is difficult to extract the exposure-years to a specific drug since only duration 
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of follow-up of patients is mentioned. International post-marketing surveillance will 
be necessary to adequately address safety signals that might be encountered after 
prolonged exposure. Furthermore the consequences of the use of sequential multiple 
biologicals in the same patient (switching) and even combination therapy of biologicals 
as has been described in SJIA for anakinra and abatacept75 are largely unknown. Since 
it became clear that spontaneous reporting and separate (national) cohorts do not 
have enough power to address important questions about potential adverse events 
of this fast growing list of new drugs, an international initiative called Pharmachild was 
started with funding of the EU (FP7 grantno.260353). This is a uniform webbased 
register that will provide a better insight in the real immunological consequences of 
separate drugs used in JIA. This register has been set up to uniformely register twice 
yearly clinical data such as medication use (including switches and concomitant 
medication), disease subtype, disease severity, and standardized MedDRA-coded 
(moderate to serious) adverse events as well as events of specific interest such as 
malignancies, serious infections, TB, IBD, systemic lupus erythematosus and 
demyelination. This will allow early detection, assessment and understanding of long 
term and short term side effects of the use of biologics and will support regulatory 
decisions on marketing authorizations for these products. The European Network of 
Centres for Pharmacoepidemiology and Pharmacovigilance (ENCePP) has been created 
by the European Medicines Agency with a view to strengthening the available expertise 
and resources in Europe in the area of pharmacoepidemiology and pharmacovigilance. 
Its goal is to further strengthen the postauthorisation monitoring of medicinal products 
in Europe by facilitating the conduct of multi-centre, independent, post-authorisation 
studies across Europe. A key element of ENCePP is to uphold high standards throughout 
the research process based on the principles of transparency and scientific 
independence. The ENCePP Seal has been awarded to the Pharmachild register.

CONCLUSIONS

Multiple biological response modifiers are used for treatment of JIA patients. Many of 
these drugs are not registered for this indication and uniform, international, post-
marketing surveillance will be the only way to collect good quality safety data since JIA 
comprises a relatively small group of patients. The immunological consequences of 
the long-term use of biologicals differ per agent and is highly dependable on the 
concomitant medication. The infection risk is mainly associated with JIA itself and 
moderate to high doses of steroids and not the use of a biological, although tocilizumab 
might be an exception to this rule. Malignancies do not seem to occur more in JIA 
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patients using anti-TNF-therapy although the background rate of JIA patients might be 
higher than that of the general population. Generally, the immunogenicity of vaccines 
is good in JIA patients, but one should be cautious when administering new live 
attenuated vaccines in patients with high dose immunosuppressants including 
biologicals. There is an increased incidence of demyelinating diseases, IBD and 
development of mostly clinically irrelevant auto-immune antibodies in JIA patients on 
anti-TNF. The occurrence of uveitis does not seem to be increased in patients with 
etanercept or abatacept. Anti-drug-antibody formation is seen in many patients with 
monoclonal antibodies especially when they do not use concomitant methotrexate, 
but these antibodies are mostly not correlated to clinical events. 
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Registries registration:

Pharmachild registry is registered at Clinicaltrials.gov (NCT01399281) and at the European 

Network of Centres for Pharmacoepidemiology and Pharmacovigilance (ENCePP; http://www.

encepp.eu/encepp/viewResource.htm?id=19362)

BiKeR registry is registered at ENCePP (http://www.encepp.eu/encepp/viewResource.

htm?id=20591)
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ABSTRACT

Objectives
The availability of methotrexate (MTX) and the introduction of multiple biological agents 
have revolutionized the treatment of juvenile idiopathic arthritis (JIA). Several 
international and national drug registries have been implemented to monitor accurately 
the long-term safety/efficacy of these agents. This report aims to present the combined 
data coming from Pharmachild/PRINTO registry and the national registries from 
Germany (BiKeR) and Sweden.

Methods
Descriptive statistics for demographic, clinical data, drug exposure, adverse events (AE) 
and events of special interest (ESI). For the Swedish register, AE data were not available. 

Results
A total of 15,284 patient’s data were reported, 8,274 (54%) from the Pharmachild 
registry, 3,990 (26%) and 3,020 (20%) from the Germany and the Swedish registries, 
respectively. Pharmachild children showed a younger age (median of 5.4 years versus 
7.6) at JIA onset and shorter disease duration (5.3 versus 6.1-6.8) when compared to 
the other registries. The most frequent JIA category was the rheumatoid factor negative 
polyarthritis (range 24.6-29.9%). Methotrexate (61-84%) and etanercept (24%-61.8%) 
were the most frequently used synthetic and biologic disease-modifying anti-rheumatic 
drug (DMARD), respectively. There was a wide variability in glucocorticoid use (16.7-
42.1%). Serious AE were present in 572 (6.9%) patients in Pharmachild versus 297 (7.4%) 
in BiKeR. Infection and infestations were the most frequent AE (29.4-30.1%) followed 
by gastrointestinal disorders (11.5-19.6 %). The most frequent ESI were infections 
(75.3-89%).

Conclusion
Sharing of data from national and international registries represents the most powerful 
tool for future analysis of safety and effectiveness of immunosuppressive therapies in 
JIA.
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INTRODUCTION

Juvenile idiopathic arthritis (JIA)1 is the most common chronic paediatric rheumatic 
disease and an important cause of short and long-term disability and quality of life 
impairment.2-8 Although none of the available drugs for JIA has a curative potential, 
prognosis has greatly improved as the result of substantial progress in disease 
management with the introduction of biologics. Despite the good efficacy results of all 
phase III trials on biologic agents, the long-term safety profile needs to be further 
characterized. For example spontaneous reporting from countries with low incidence 
of tuberculosis suggested that tuberculosis might be problematic in patients treated 
with biologics.9 In August 2009, the Food and Drug Administration (FDA) announced 
through a Boxed Warning that an increased risk of certain cancers in children might 
occur and labeling for the TNF blocker products was updated.10-14 A Cochrane review 
from February 2011 compared the adverse events (AE) of biologics and concluded that 
there is an urgent need for more research regarding their long-term safety of different 
biologics.15 The availability of a large observational international and national registry 
could enable clinicians and regulatory agencies to monitor properly the long-term or 
rare safety events and effectiveness of these agents in the relatively low prevalent JIA. 
The aim of this project is to presents the combined data of the “Pharmacovigilance in 
JIA patients treated with biologic agents and/or MTX” (Pharmachild) international 
registry and two consenting JIA national registries the “Biologics in Pediatric 
Rheumatology Registry” (BiKeR) from Germany and the JIA registry from Sweden. 
Secondary goal was to test a sharing system for future merging of data to address 
specific JIA scientific and clinical questions.

PATIENTS AND METHODS

REGISTRIES DESCRIPTION

The Pharmachild registry
Pharmachild is an observational international registry, started in 2011 with European 
Union initial funding support, which enrolled children from centers members of the 
Paediatric Rheumatology INternational Trials Organisation (PRINTO).16

Inclusion criteria were children with JIA as per the International League of Associations 
for Rheumatology (ILAR) criteria17 receiving biologics or other synthetic disease-
modifying anti-rheumatic drug (DMARD), as per physician decision. The registry 
comprehends two specific populations. The first is a retrospective cohort of all patients 
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under treatment or previously treated with DMARDs by one time clinical chart revision 
of safety events and complete drug exposure since disease onset to last available 
follow-up. The second is a prospective cohort including all cases newly treated DMARDs 
since the enrollment in the registry and cases still under treatment with any drug.
To avoid selection biases each center performed a census with essential information 
on each patient (e.g. assignment of patient identification number, age, JIA type and 
type of treatment). In a second step, the center entered retrospective data, considered 
successful if they retrieved at least 70% of the patients listed in the census. Finally, in 
a third step, the prospective data collection started. 
Data collection included full and complete details for ILAR classification criteria, 
demographic, clinical and laboratory information, efficacy (only for the prospective 
cohort) and safety data on a long-term basis. Centers reported the whole drug exposure 
of the patient, with dates of start and discontinuation of the drug, dosages, route of 
administration, reasons for discontinuation and possible correlation with the AEs. All 
the AEs of at least moderate/severe/very severe intensity and serious AE, using the 
latest release of the Medical Dictionary for Regulatory Activities (MedDRA) dictionary 
were reported; mild intensity was reported only for those AE which did not resolve and 
require a follow-up report. Some AEs were classified as by consensus of PRINTO 
members as events of special interest (ESIs) (see Tables later). 
Efficacy data were collected in the prospective cohort through the JIA core set measures 
with whole joint count,18 the disease activity status, the annual evaluation of damage 
through the Juvenile Arthritis Damage Index (JADI)19 and of growth and pubertal 
development and key information on imaging and bio-specimen local collection. As 
patient reported outcome (PRO) families completed online the Juvenile Arthritis 
Multidimensional Assessment Report (JAMAR)20 before the scheduled clinic visit or in the 
hospital (on tablets or paper), in order to provide key notes to the treating physician 
before the clinical examination. 
The system also provided a quantitative graphical depiction over time of key efficacy 
data, as the Juvenile Arthritis Disease Activity Score (JADAS) combined with the whole drugs 
exposure and occurrence of AEs and an additional automatic retrieval through excel 
spreadsheets by each participating centers of all the data locally collected (Figure 1). 
Data collection was performed online via the secured PRINTO website on a dedicated 
server with a username and timely password on an https encrypted platform. English 
was the official language used for all forms completed by the physicians, while the PRO 
were available in the appropriate language spoken by parents/patients. The web system 
was designed to be user-friendly, modular and upgradable on “as per needed base”: 
for example some forms have to be completed only if some conditions occur (e.g. 
collection of related specific information in the event of an unexpected serious AE). 
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Figure 1. Pharmachild quantitative graphical depiction over time of the key efficacy data as the Juvenile Arthritis 
Disease Activity Score (JADAS) combined with the whole drug exposure and occurrence of adverse events  
An excel sheet with all the data could be downloaded automatically by all participating centers.
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During the data entry, several hundreds of automatic checks were in place to ensure 
data quality and consistency. In particular, safety events were checked for accuracy by 
the PRINTO certified MedDRA coders, that could go back to the center with electronic 
query tickets in case of missing or unclear information (Figure 2). A designated pediatric 
rheumatologist acted as Medical Monitor (JS), who performed an electronic check and 
revision of the AEs and ESIs; in addition for some ESI (e.g. infection) adjudicating 
committees were in place (supplementary Figure S1).

The BiKeR registry
The BiKeR registry in Germany focused since 2001 on AE and efficacy data in patients 
treated with etanercept (ETN), the first biologic licensed in Germany.21 Since then 
surveillance was extended to all biologics approved for JIA.22-24 The BiKeR registry is 
founded by pharmaceutical companies with independent bilateral contracts. BiKeR 
was approved by the ethics committee of the physician board Aerztekammer Nordrhein, 
Duesseldorf. BiKeR registry includes about 80 study sites and since its inception has 
followed more than 4000 patients in Germany and Austria aged 2 to 18 years, who 
meet the ILAR criteria for JIA. Written consent was obtained from patients and parents 
and repeated if patient became adult. Only pseudonymized data were collected. 
Patient demographic characteristics, disease history, and previous treatments are 
documented at the time of patient enrollment. Details about relevant treatment and 
reasons for discontinuation, concomitant therapy, disease activity and AE are 
prospectively collected using standard case report forms (CRFs) at the start of 
treatment, at months 3 and 6, and every 6 months thereafter. Safety was analyzed 
based on adverse event reporting. All reported AE defined as any untoward medical 
occurrence in a subject administered a pharmaceutical product, even without a causal 
relationship with the treatment, were analyzed. Serious AE and ESI were defined as in 
Pharmachild (see Tables later). On site monitoring is performed in selected centers 
only. In 2005, the register was extended to include a control group of 1500 biologic-
naive JIA patients who started with the synthetic DMARD such as MTX to enable 
comparison of patients exposed to biologics to unexposed JIA cohorts.25, 26 The “Juvenile 
arthritis MTX/Biologics long-term Observation” (JUMBO) was launched in 2007, to 
include also data on long-term safety after transition to adulthood.27 Actually 3,990 
patients are included in the JUMBO registry.

The Swedish registry
In 2009, the Swedish JIA-registry begun to follow all children on biologics and later 
expanded to all patients treated with or without DMARDs. After 5 years, data on 1700 
children were completed (60% of the total JIA population). Data on treatment, as well 
as disease course and efficacy were included while data on safety were not available.28
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Statistics
All registries and participating centers obtained approval from their respective ethics 
committee and obtained consent/assent based on national existing regulations.
Pharmachild, BiKeR and the Swedish registries reported cumulative summary data 
into predefined spreadsheet in order to provide baseline descriptive statistics of 
demographic and clinical data. Safety data were available only for Pharmachild and 
BiKeR. ESI common to both registries are reported.
For qualitative data, frequencies (%) were reported, while quantitative data were 
expressed in terms of medians with 1st and 3rd quartiles. No formal statistical 
comparisons were performed. 

RESULTS 

Demographic characteristics and drug exposure
In Pharmachild a total of 11,796 patients were registered in the census registry as of 
January 2017 from 86 PRINTO centres in 32 countries (supplementary Figure S2).  
Clinical and safety data were provided for 8,274/11,796 (70.1%) patients with 60/86 
(61.2%) of the participating centres providing safety data for at least 70% of their local 
JIA patients with a median of 55 patients per centre. Prospective data were collected 
for 3,315 patients.

Figure 2. Data flow from the individual site to PRINTO coordinating centre 
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Table 1 and 2 report the demographic, clinical and drug exposure data for a total of 
15,284 patient’s data, 8,274 (54.1%) from the Pharmachild registry, 3,990 (26.1%) from 
the German BiKeR and 3,020 (19.8%) from Swedish registries. 
Patients coming from Pharmachild database showed a younger age (median of 5.4 
years versus 7.6) at onset and shorter disease duration (5.3 versus 6.1-6.8) at the last 
available follow up visit with respect to the other registries. BiKeR reported a lower 
median number of children per centre (10.5 versus 52-55.5). ANA positivity was higher 
in BiKeR and missing in the Swedish register. 
The JIA category distribution differed among registries, but the most frequent JIA 
category was the rheumatoid factor (RF) negative polyarthritis (range, 24.6%-29.9%). 

Table 1. Demographic and clinical characteristics of the JIA patients from different registries

Pharmachild
N = 8,274

BiKeR
N = 3,990

Sweden
N = 3,020

N of countries 32 2 1

N of centers 86 72 33

No of patients per center 55.5 (17-124) 10.5 (3-39.8) 52 (31-78)

Age at onset 5.4 (2.4-10.0) 7.6 (3.2-11.7) 7.6 (2.9-11.7)1

Age at JIA diagnosis 6.2 (2.8-10.9) - 8.3 (3.5-12.8)2

Disease duration 5.3 (2.7-8.8) 6.1 (3.5-9.5) 6.8 (4.3-10.1)3

Female 5584 (67.5%) 2670 (66.9%) 1989 (65.9%)

Antinuclear antibodies (ANA)* 1767 (21.4%) 1900 (47.6%)
-

ILAR JIA category 4 5

   Systemic 911 (11.0%) 267 (6.7%) 109 (4.7%)

   Oligo 3071 (37.1%) 1215 (30.5%) 1148 (49.6%)

      Oligo persistent 2011 (24.3%) 494 (12.4%) -

      Oligo extended 1060 (12.8%) 721 (18.1%) -

   Polyarticular RF- 2183 (26.4%) 1192 (29.9%) 568 (24.6%)

   Polyarticular RF+ 322 (3.9%) 243 (6.1%) 85 (3.7%)

   Psoriatic arthritis 285 (3.4%) 296 (7.4%) 160 (6.9%)

   Enthesitis related arthritis 924 (11.2%) 649 (16.3%) 185 (8.0%)

   Undifferentiated arthritis 578 (7.0%) 127 (3.2%) 58 (2.5%)

Data are medians (1st –3rd quartiles) or frequencies (%). 
*ANA at least 2 consecutively positive determinations according to local standards
1 data available for 2,477 subjects
2 data available for 2,197 subjects
3 data available for 2,479 subjects
4 data available for 3,989 subjects
5 data available for 2,313 subjects
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Oligoarticular JIA was more frequent in the Swedish registry (49.6% versus about 30.5%-
37.1% in the other two registries), while in BiKeR the frequencies of oligo- and poly-
articular JIA RF negative were similar (about 30%); Pharmachild depicted a higher 
frequency of systemic JIA (11% versus 4.7-6-7% in the German and Swedish registry). 
As shown in Table 2, there was a global trend to use MTX as a first-choice syntethic 
DMARD, and Etanercept as a first line biologic, but the Swedish registry used these 
drugs in a lower percentage of patients (MTX 61% versus about 84% in Pharmachild 
and BiKeR, Etanercept 24% versus 43.5% in Pharmachild and 61.8% in BiKeR). Despite 
the similar percentage of patients using these medications, children from Biker were 
less exposed to the drugs compared to Pharmachild children, while the Swedish registry 
demonstrated a much longer drug exposure, with a wide range of variability among 
patients. Adalimumab, among the most frequently used biologics, was administered 
in a similar percentage of patients among all the three databases (about 21% patients). 
Systemic steroids were used in a similar percentage of patients and with the same 
drug exposure in Biker and Pharmachild, while the Swedish registry administered 
shorter cycles of steroids in a smaller number of patients (16.7% versus about 40% of 
patients). 
 
Safety data
Overall, the German registry showed a higher incidence of AEs, but with lower intensity. 
In Pharmachild 1,599/8,274 (19.3%) patients reported at least one moderate AE compared 
to 1,747/3,999 AE of any intensity (43.8%) patients in BiKeR. Indeed when the AEs of at 
least moderate intensity were compared between the 2 registries, the differences were 
less pronounced (18.5% for Pharmachild versus 10.2% in BiKeR). Serious AEs were 
present in 572 (6.9%) patients in Pharmachild versus 297 (7.4%) in BiKeR. 
Table 3 reports a total of 5,173 AEs in Pharmachild and 5,013 in Biker, according to the 
MedDRA dictionary divided by system organ class (SOC). Infection and infestations 
resulted as the most frequent SOC in Pharmachild and BiKeR (29.4% versus 30.1% 
respectively) followed by gastrointestinal disorders (11.5% versus 19.6%) while all 
remaining SOCs occurred in less than 10% of the AE. In Pharmachild, more injuries, 
poisoning and complications, haematological, and hepatobiliary disorders were 
reported compared to BiKeR, which showed more investigations, general disorders 
and administration site conditions, neurological, and immune system disorders. The 
number of uveitis, included in “Eye disorders” category, resulted comparable in the 
two registries (5.2% versus 6.2% in Pharmachild and Biker, respectively).
Table 4 reports details for the 2,022 and 1,697 common ESI in Pharmachild and BiKeR, 
respectively. The most frequent ESIs were infections, which resulted the most prevalent 
in both registries (75.3% versus 89% in Pharmachild and BiKeR, respectively), followed 
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Table 2. Number of patients who ever received a drug from onset to last available follow-up visit 
Pharmachild
N = 8274

BiKeR
N = 3990

Sweden
N = 3020

DMARDs

Methotrexate
6963 (84.2%);
924 (449-1747)

3344 (83.8%);
494 (173-957)

1842 (61%);
1198 (555-2127)

Sulfasalazine
861 (10.4%);
360 (143-730)

274 (6.9%);
174 (32-470)

95 (3%)
443 (132-1042)

Cyclosporine
518 (6.3%);
616 (235-1358)

113 (2.8%);
186 (62-580)

16 (0.5%);
584 (250-1452)

Leflunomide
372 (4.5%);
434 (182-888)

219 (5.5%);
267 (68-701)

2 (0.1%);
840 (511-1169)

Hydroxychloroquine
279 (3.4%);
486 (202-1022)

106 (2.7%);
182 (1-535)

32 (1.1%);
957 (311-1612)

Azathioprine
108 (1.3%);
439 (187-973)

155 (3.9%);
186 (26-494)

31 (1%);
1171 (340-2179)

Thalidomide
35 (0.4%);
290 (85-665)

0 0

Systemic 
glucocorticoids

3299 (39.9%)
206 (67-648)

1680 (42.1%)
196 (81-449)

503 (16.7%)
91 (35-437)

Biologics

Etanercept
3600 (43.5%);
719 (300-1338)

2467 (61.8%);
489 (184-934)

726 (24%);
827 (341-1666)

Adalimumab
1778 (21.5%);
442 (174-927)

810 (20.3%);
350 (117-755)

657 (21.8%);
701 (292-1604)

Infliximab
705 (8.5%);
425 (160-951)

68 (1.7%);
213 (129-717)

189 (6.3%);
825 (328-1738)

Tocilizumab
633 (7.7%);
351 (126-742)

281 (7%);
377 (127-730)

122 (4%);
660 (193-1353)

Abatacept
420 (5.1%);
342 (156-715)

101 (2.5%);
190 (83-582)

80 (2.6%);
378 (164-1125

Anakinra
339 (4.1%);
299 (94-837)

50 (1.3%);
304 (9-806)

48 (1.6%);
422 (144-836)

Golimumab
161 (1.9%);
270 (106-623)

63 (1.6%);
344 (88-783)

93 (3.1%);
796 (370-1743)

Canakinumab
145 (1.8%);
351 (133-1032)

39 (1%);
364 (214-733)

7 (0.2%);
654 (604-1654)

Rituximab
103 (1.2%);
42 (24-87)

4 (0.1%);
15 (0-108)

20 (0.7%);
129 (15-1550)

Certolizumab
33 (0.4%);
166 (106-309)

4 (0.1%);
49 (0-110)

8 (0.3%);
984 (714-1538)

Other biologic agents
14 (0.2%);
217 (54-432)

4 (0.1%);
77 (25-149)

2 (0.1%);
325 (223-426)

The corresponding days of drug exposure per medication from the first day of drug administration to the last 
available follow-up visit. Data are numbers of patients with frequencies (%), and medians and 1st-3 rd quartiles of 
days of drug exposure.
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by blood cells related ESIs. In Pharmachild infusion/injection related reactions were 
more frequent than in Biker (10.8% versus 1.4%).
There were 27 cases of tuberculosis reported in Pharmachild and none in BiKeR, while 
all serious/targeted infections were 674 (33.3%) and 171 (10.1%), respectively. Few 
cases of malignancies were reported in a similar fashion in either registries.

Table 3. Total number of AE by MEDdra SOC ordered by decreasing frequencies

Pharmachild
N = 5,173

BiKeR
N = 5,013

Infections and infestations 1523 (29.4%) 1509 (30.1%)

Gastrointestinal disorders 595 (11.5%) 984 (19.6%)

Injury, poisoning and procedural complications 325 (6.3%) 152 (3.1%)

Blood and lymphatic system disorders 291 (5.6%) 99 (2%)

Investigations 285 (5.5%) 377 (7.5%)

Eye disorders 270 (5.2%) 309 (6.2%)

Skin and subcutaneous tissue disorders 256 (4.9%) 217 (4.3%)

General disorders and administration site conditions 245 (4.7%) 410 (8.2%)

Hepatobiliary disorders 233 (4.5%) 24 (0.5%)

Surgical and medical procedures 209 (4.1%) 98 (2%)

Nervous system disorders 151 (2.9%) 227 (4.5%)

Musculoskeletal and connective tissue disorders 147 (2.8%) 138 (2.7%)

Respiratory, thoracic and mediastinal disorders 112 (2.2%) 50 (1%)

Psychiatric disorders 105 (2.1%) 157 (3.1%)

Endocrine disorders 104 (2.0%) 6 (0.1%)

Metabolism and nutrition disorders 77 (1.5%) 34 (0.7%)

Renal and urinary disorders 66 (1.3%) 21 (0.4%)

Immune system disorders 33 (0.6%) 77 (1.5%)

Vascular disorders 30 (0.6%) 46 (0.9%)

Reproductive system and breast disorders 26 (0.5%) 13 (0.3%)

Congenital, familial and genetic disorders 22 (0.4%) 9 (0.2%)

Cardiac disorders 19 (0.4%) 13 (0.3%)

Neoplasms benign, malignant and unspecified (incl cysts and polyps) 16 (0.3%) 29 (0.6%)

Ear and labyrinth disorders 13 (0.3%) 7 (0.1%)

Social circumstances 11 (0.2%) 0

Pregnancy, puerperium and perinatal conditions 9 (0.2%) 7 (0.1%)

Data are absolute numbers and frequencies (%) 
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Table 4. Total number of ESI ordered by decreasing frequencies

Pharmachild
N = 2,022

BiKeR
N = 1,697

Infections: 1523 (75.3%) 1509 (89%)

    Serious/targeted infections (Epstein-Barr virus, cytomegalovirus, 
papilloma virus, herpes zoster primary and reactivation, and 
opportunistic infections) 

674 (33.3%) 171 (10.1%)

   Tuberculosis 27 (1,3%) 0

   Other infections 822 (40.6%) 1338 (78.8%)

Infusion/injection related reactions: 218 (10.8%) 24 (1.4%)

   Infusion related reaction 144 (7.1%) 11 (0.6%)

   Injection related reaction 74 (3.7%) 13 (0.8%)

Blood cells related ESI: 188 (9.3%) 90 (5.3%)

   Pancytopenia 6 (0.3%) 65 (3.8%)

   Neutropenia 107 (5.3%) 14 (0.8%)

   Macrophage activation syndrome 75 (3.7%) 11 (0.6%)

   Aplastic anemia 0 0

Autoimmune ESI: 50 (2.5%) 50 (2.9%)

   Inflammatory Bowel Disease (IBD) 21 (1.1%) 23 (1.3)

    Other autoimmune diseases excluding IBD, uveitis and  
demyelinisation disorders

18 (0.9%) 24 (1.4%)

   Lupus erythematosus systemic/lupus-like syndrome 4 (0.2%) 1 (0.1%)

   Optic neuritis 4 (0.2%) 0

   Multiple sclerosis 2 (0.1%) 0

   Demyelination 1 (0.05%) 2 (0.2%)

Malignancies: 16 (0.8%) 13 (0.8%)

   Leukaemias 3 (0.1%) 2 (0.2%)

   Lymphomas 2 (0.1%) 5 (0.3%)

    Haematopoietic neoplasms (excluding leukaemias and lymphomas) 1 (0.05%) 2 (0.2%)

   Neoplasm (other) 10 (0.5%) 4 (0.2%)

Others ESI: 27 (1.3%) 11 (0.6%)

   Gastrointestinal (GI) ulcer/GI bleed/GI perforation 17 (0.8%) 4 (0.2%)

   Pregnancy 9 (0.4%) 7 (0.4%)

   Congestive heart failure 1 (0.05%) 0

Data are absolute numbers and frequencies (%). 
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DISCUSSION

Since the 1990s, when the first immunomodulatory products for rheumatic diseases 
were introduced, the benefits of synthetic and biologic DMARDs became clear in the 
management of JIA. However, safety information for JIA is currently mainly derived 
from phase III clinical trials and more recent registries and administrative claims. 
Therefore little information exists on the long-term safety of these agents. A great 
scientific debate regarding the safety of TNF-blockers started in 2009 which lead the 
FDA to issue a warning regarding a possible association between the use of TNF-
blockers and the development of lymphoma and other cancers in children and young 
adults with JIA.29 Until now, the effect of biological therapies on the risk to develop 
cancer or other risks such as infections in JIA is still controversial, owing to confounding 
factors such as the use of concomitant immunosuppressants.16 Literature has provided 
evidence that an increased risk of malignancy exists among children with JIA when 
compared to the general population, irrespective of medication use. Conversely, other 
studies have not confirmed these findings, highlighting the need of further studies to 
estimate more accurately this risk.11, 13, 30-32 In order to address more reliably this and 
other safety concerns several methods for pharmacovigilance could be implemented 
spanning from the results of phase II-III clinical trials, to post-marketing passive 
reporting or from registries (non for profit or sponsored by pharmaceutical 
companies).10, 33 With this purpose, several registries have been created in the last 
decade, and, in particular, the national pediatric rheumatology societies in European 
countries and in North America initiated independent registries or registries in 
collaboration with pharmaceutical companies for the long-term evaluation of the safety 
and effectiveness mainly of biologic DMARDs.26, 28, 33-38 Other research groups have 
concentrated their effort on the analysis of insurance claims.30, 39 PRINTO implemented 
Pharmachild in order to guarantee a critical mass of patients’ data and to provide 
systematically-obtained evidence for provision of reliable scientific data for health 
professionals and health authorities. Aiming to avoid overlapping of data collection 
and to find an agreement on the proper way to share common data, a considerable 
number of European pediatric rheumatology societies (e.g. in France, Netherlands, 
Spain, Czech Republic primarily) agreed to use Pharmachild as their primary resource 
for data collection. 
This manuscript is the first attempt to present a very large sample of data on JIA 
patients from different registries, providing an overview on the baseline characteristics 
from international and national registries. This analysis highlights some differences, 
but also similarities. An important difference that we could observe was the highest 
frequency of AEs in the German BiKeR registry, but associated with a lower intensity, 
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which may reflect the different inclusion criteria of the two registries. Indeed, in 
Pharmachild, events of mild intensity, defined as transient or mild discomfort (<48 
hours) and no medical intervention/therapy required are excluded. This may be 
considered a limitation of our study, but on the other hand is the trade-off implemented 
in order to concentrate on more important safety events and facilitate data collection 
in the everyday busy clinical practice. 
Similarities among registries regarding therapies and AEs could be identified. MTX was 
the most used synthetic DMARD. Etanercept was the most frequently used biologic 
agent in all registries considered, followed by Adalimumab. Drug exposure differentiated 
the three databases, since in Biker it was lower for almost all the medications, while 
in the Swedish registry much longer and with a wider range of exposure variability, 
despite the similar disease duration. Systemic steroids were used much less in Sweden 
and for shorter periods, maybe due to the lower incidence of systemic JIA. About ESIs, 
infections were the most common event in both Pharmachild and Biker registries, while 
malignancies were reported in a limited number of patients. The overall frequency of 
the different AEs and ESIs was similar between Pharmachild and Biker.
Next to reporting baseline data from a large sample of JIA patients, this study can be 
seen as a practical proposal for future studies that involve data merging. We propose 
for future studies a 3-step procedure. In step 1, the CRFs of the different registries 
should be compared to highlight the similarities and differences. Step 2 will verify the 
database technical characteristic (e.g. Sql server version 2005, Access 2010, etc) and 
the field coding (e.g. gender, int, 1=male; 2= female, etc). The third step related to the 
individual patient’s data merging. An excel spreadsheet with the data specifications 
related to a specific manuscript will be shared with the participating registries. Each 
registry will have to add its own data related to the project. The coordinator of the 
project will merge the individual patients’ data after proper coding transformation. A 
census (e.g. few demographic data of all patients in the registry) will be provided by 
each registry as preliminary step to check for a potential selection bias. The coordinator 
will then prepare a further spreadsheet to highlight the important missing information 
(query log) to be solved in a timely manner in order to proceed with the manuscript 
final analysis and drafting.
In conclusion, sharing of data from national and international registries represents the 
most powerful tool for future analysis of safety and effectiveness, with the aim to 
address important questions on the current daily practice in paediatric rheumatology. 
Strategies for the success of the Pharmachild registry were a worldwide participation 
extended to the entire PRINTO membership, the simplification of data collection while 
maintaining scientific integrity, and the involvement of families through PROs. 
Additional value was achieved through the collaboration with other national registries 
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on JIA, which permitted to share very large data sets and represented the starting point 
for future studies based on data merging.
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SUPPLEMENTARY

Supplementary Figure S1. Data flow for quality control of the data collected in the Pharmachild registry 

Supplementary Figure S2. Countries involved in Pharmachild (light blue 32 countries) and in the individual 
national registries (green Germany etc list of countries with national registries)

201815 Joost Swart_binnenwerk.indd   123 09-05-18   09:20



PART TWO  |  PHARMACOVIGILANCE IN JIA 

CHAPTER 6

201815 Joost Swart_binnenwerk.indd   124 09-05-18   09:20



To be submitted

J.F. Swart, G. Giancane, F. Bovis, E. Castagnola, A. Groll, G. Horneff, H.-I. Huppertz,  
D. Lovell, T. Wolfs, M. Hofer, E. Alekseeva, V. Panaviene, S. Nielsen, J. Anton,  
P.F. Uettwiller, V. Stanevicha, M. Trachana, D.P. Marafon, C. Ailioaie, E. Tsitsami,  
S. Kamphuis, T. Herlin, P. Dolezalova, G. Susic, B. Flato, F. Sztajnbok, A. Pistorio,  
A. Martini, S. Vastert, N.M. Wulffraat and N. Ruperto for the Paediatric Rheumatology 
International Trials Organisation

Risk of infections in almost  
7,000 anti-rheumatic drug using  
juvenile idiopathic arthritis patients  
in the Pharmachild registry

201815 Joost Swart_binnenwerk.indd   125 09-05-18   09:20



PART TWO  |  CHAPTER 6

126

ABSTRACT

Objective
To analyse risk factors for moderate, severe and serious infections in patients using 
drugs for JIA.

Methods
In May 2016 data of 7,884 unique JIA patients with 49,708 observation years were 
available. We excluded 915 patients that had no recordings of any drug use for JIA in 
the last 6 months. We used bivariate and multivariate analysis to ascertain the odds 
ratios for multiple variables with regard to infection.

Results
In our population with 6,969 patients (2/3 with ever a biologic) and a median follow-up 
of 5.3 years 9.9% had at least one moderate or worse infection. Polyarticular course 
(OR 1.3) and systemic JIA (OR 1.7), younger age at diagnosis (OR 2.3) and ANA positivity 
(OR 1.6) are risk factors of infection. Our study is the first observational study showing 
that MTX increases the risk of infection (OR 5.1) compared to patients only on NSAIDs 
or intra-articular steroids. Biologics also increased this risk (OR 2.7) and even higher 
(OR 3.7) when combined with MTX. The addition of steroids to both MTX and biologics 
further increased this risk  (OR 11.9 and 10.5, respectively). The highest risk of infection 
was associated with rituximab with steroids and DMARDs (OR 112). 

Conclusion
Although the risk for at least moderate infections is increased already by young age, 
ANA positivity and having either sJIA or polyarticular JIA, this risk is increased further 
by anti-rheumatic treatment,  more specifically by methotrexate, biologics, and 
especially the use of steroids. The worst combination is rituximab with corticosteroids 
and DMARDs. 
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INTRODUCTION

Juvenile Idiopathic Arthritis (JIA) is the most common chronic rheumatic disease in 
children with an incidence in Europe of about 16-150/100,000/year1 and is defined as 
an arthritis that lasts longer than six weeks, where no other cause is found and starts 
before the age of 16.2 Seven subtypes of JIA differing in distribution and severity of 
arthritis and extra-articular manifestations are recognized. The first treatment step is 
usually non-steroidal anti-inflammatory drugs (NSAIDs), followed by methotrexate 
(MTX), and / or intra-articular corticosteroid injections. MTX is worldwide the most 
commonly used disease-modifying antirheumatic-drug (DMARD) against JIA. An 
enormous improvement in the treatment of both systemic and non-systemic JIA have 
been seen in the last 10-15 years. The two main reasons are the implementation of an 
adequate legislation which fosters controlled clinical trials in children and the availability 
of new potent medications.3 These new medications are mainly biologic medicinal 
products (called biologic) produced by biologic processes rather than chemical 
synthesis. Multiple biologics have been registered for JIA and even more are used (also 
off-label). Four types of Tumor Necrosis Factor-α (TNF)-inhibitors (etanercept, 
adalimumab, golimumab and infliximab) are used in JIA. CTLA4-immunoglobulins 
(abatacept) and an anti-IL6-receptor-antibody (tocilizumab) are also registered for 
polyarticular course JIA. For systemic JIA with active features an anti-IL1-receptor-
antagonist (anakinra) is widely used4 and the long-acting anti-IL1β-antibody 
(canakinumab) has recently been registered for treatment of SJIA in 2013.5 Tocilizumab 
has also been registered for the use in systemic JIA by the FDA and EMA. The anti-CD20-
antibody rituximab is sometimes used for refractory JIA cases but this is off-label use. 
In JIA registration-studies the safety issues other than very common adverse events 
can hardly be addressed since the study-population is too small for rarer events and 
the follow-up period is mostly too short. Moreover, in nearly all randomized clinical 
trials for JIA a double-blind, controlled, randomized withdrawal design is used which 
means that a control cohort never having used that drug is missing.6 In this design 
eligible children are all treated with the experimental therapy for a few months in an 
open-label fashion after which only the responders are randomized in a double-blind 
fashion either to continue the experimental therapy or to switch to placebo.3 
Furthermore, the placebo-controlled phase was often shorter than the lead-in open-
label phase, which could potentially have introduced bias owing to latent adverse 
events initiated in the lead-in phase not being reported until the placebo-controlled 
phase.7 
Unfortunately every study also uses different definitions of adverse events (e.g. serious 
infections defined as requiring antibiotics versus requiring hospitalization) and in many 
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studies it is difficult to extract the exposure-years to a specific drug since only duration 
of follow-up of patients is mentioned. Since it became clear that spontaneous reporting 
and separate (national) cohorts do not have enough power to address important 
questions about potential adverse events of this fast growing list of new drugs, an 
international initiative called Pharmachild was started with funding of the EU.8 In this 
article we will highlight the infectious complications that have been encountered while 
on treatment for JIA. 

METHODS

The Pharmachild database captures observational information on clinical and 
laboratory data of JIA patients and captures adverse events (AE) as previously 
described.9 In short the Pharmachild-database uses Medical Dictionary for Regulatory 
Activities (MedDRA)-coding which incorporates Common Terminology Criteria for 
Adverse Events (CTCAE) v4.0 used by the FDA. 
An AE is defined as any unfavorable and unintended sign (including an abnormal 
laboratory finding), symptom, or disease temporally associated with the use of a 
medical treatment or procedure that may or may not be considered related to the 
medical treatment or procedure. The intensity of the AE’s is categorized into mild, 
moderate and severe. Mild adverse events are defined as awareness of signs or 
symptoms, but easily tolerated and are of minor irritant type causing no loss of time 
from normal activities. Symptoms of mild AE’s do not require therapy or a medical 
evaluation; signs and symptoms are transient (<48 hours). Moderate AE’s lead to 
discomfort sufficient to reduce or affect daily activity. Severe AE’s lead to inability to 
work or to perform normal daily activity. These severe AE’s interrupt the normal daily 
activities and generally require systemic drug therapy or other treatment; they are 
usually incapacitating. Regardless of the intensity, an AE is considered serious when 
the AE leads to one of the following: a) death; b) an adverse drug experience that places 
the patient at immediate risk of death from the adverse drug experience as it occurred; 
c) inpatient hospitalization or prolongation of existing hospitalization; d) a persistent 
or significant incapacity or substantial disruption of the ability to conduct normal life 
functions; e) a congenital anomaly or birth defect; f) an event that, based on appropriate 
medical judgment, may jeopardize the patient and may require a medical or surgical 
intervention to prevent an out-come described above (items a-e). The mild AE’s are not 
recorded in the Pharmachild database, but the moderate, severe and serious adverse 
events are. 
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Furthermore 23 fields of events of specific interest (ESI) were predefined. Amongst 
these were the ESI’s “Tuberculosis” and “Serious/Targeted Infections”. The ESI “Serious/
targeted Infections” contain any infection leading to a serious AE, any opportunistic 
infection, any invasive fungal infection, any bacterial meningitis, pyelonephritis, 
bacterial infection of the blood, soft tissues, joints, bones, lungs as well as all infections 
caused by Epstein-Barr virus, Papilloma virus, Herpes Zoster (primary and reactivation) 
and Cytomegalovirus. For this manuscript we analysed all the retrospective and 
prospective data from the aforementioned ESI’s as well as those AE’s that classify in 
the System Organ Class as “Infections and Infestations”.
All anonymized data are entered by paediatric rheumatology centers around the world 
in a secured encrypted website. All data entered are confirmed by the local paediatric 
rheumatologist. The system contains several hundreds automatic checks that prevent 
the physician from confirming a visit containing wrong/ inconsistent/ missing data. The 
second step is the manual check by Printo-personnel who are qualified MedDRA-
coders. Their focus is on drug therapy and the safety section: e.g. is the ESI/AE 
description accurate, complete, consistent with term selected. They can either confirm 
the term selected by the physician or change the term to a more specific one. The third 
step is that the event becomes available for a Medical Monitor safety review. A 
paediatric rheumatologist also trained as MedDRA-coder (JS) will look at all the reported 
AE’s and ESI’s and judge if the end-coding seems to fit the description of the event. At 
both the second and third step the physician can be asked to clarify the case or chosen 
end-coding. Lastly an expert panel consisting of three paediatric infectiologists (TW; 
EC; AG) and 3 paediatric rheumatologists (H-IH, DL, GH) adjudicated all infectious events 
as definitive/probable/unlikely. Consensus was needed from at 4 out of 6 experts. 
Discrepant cases were to be discussed via the web system. 

POPULATION

In May 2016 the data of 7,884 unique JIA patients with 49,708 observation years were 
available (Figure 1). Of 6,229 patients we only had retrospective data, while for 1,655 
patients both retrospective as well as prospective data were available. Since we were 
interested in the rate of infections which could be attributed to drugs used for JIA we 
looked in the 6 month-history prior to the infection and, for patients without infections, 
in the 6 months prior to the last follow-up visit. We excluded 915 patients that had no 
recordings of any drug use for their JIA in the 6 months prior to the last follow-up visit 
or prior to the infection. 
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Statistical analysis
We used IBM SPSS Statistics, Version 21 (21.0.0.0) and SAS 9.3 (Institute Inc., Cary, NC, 
USA) for data analysis. Descriptive statistics are reported as medians and 1st and 3rd 
quartiles for continuous variables and as absolute frequencies and percentages for 
categorical variables. Comparisons of disease characteristics between patient groups 
were performed by means of Mann-Whitney U test in case of quantitative data and by 
means of the chi-square test, or the Fisher’s Exact test, as appropriate, in case of 
categorical data. Age at onset, age at diagnosis and disease duration were dichotomized 
according to the best threshold obtained from the receiver operating characteristic 
(ROC) curve analysis.10 Dichotomization of explanatory variables has the advantage of 
providing clinically meaningful odds ratios (ORs) with 95% confidence intervals (95% 
CIs). A logistic regression model was used to assess the relationship between infections 
and the drugs used in the 6 month-history prior to the infection and, for patients 
without infections, in the 6 months prior to the last follow-up visit. The patients 
receiving only NSAIDs or intra-articular steroid injections were used as a reference 
population. Factors significant at univariate analysis were added in a multivariate model 
after stepwise procedure. All statistical tests were two-sided.

RESULTS

We analyzed the data of 6969 JIA patients with more than 35,000 observation years that 
were recorded to have used medication for their JIA in the last 6 months (Table 1).

Unique patients 
completed N=7884

MTX+no bio
N=1802

1 bio±MTX
N=3266

≥2bio±MTX
N=1312

No MTX+no Bio
N=589

No record
N=915

patients analyzed     
N=6969

Figure 1. The study population consisted of 7,884 patients with 49,708 observation years
915 patients were excluded since there were no reported drugs used for the JIA in the last 6 months. The data 
of 6,969 patients were analyzed.

201815 Joost Swart_binnenwerk.indd   130 09-05-18   09:20



131

RISK OF INFECTIONS IN JIA

6

Of the 6,969 remaining patients there were 4,827 females (69.3%) and median age at 
onset was 5.2 years with a total disease duration of median 5.3 years at the moment 
of our analyses. Systemic onset JIA was diagnosed in 639 cases (9%), persistent 
oligoarthritis in 1,473 (25%) and definite polyarticular course in 3,228 (46%). Of all 
patients 589 (8.5%) had only used NSAIDs and/or intra-articular injections,  methotrexate 
only was used in 1,802 (25.9%), only one biologic  in 3,266 (46.9%), and even a second 
or following biologic in 1,312 patients (18.8%). 
In total 1,184 infections (27% of total safety events) were mentioned of which 767 
events with moderate intensity and 417 were either a serious event or with severe/
very severe intensity. The events were not recoded in 98.8% and the expert panel 
reached 91.8% consensus on the non-moderate events. In total 689 (9.9%) patients 
had at least 1 moderate or worse infection confirmed. Figure 2 shows that the risk of 
at least moderate infection was higher in patients of the more intensive drug-categories. 

Table 1. Baseline characteristics of the whole study-population (n=6,969) with their medication use in the last 6 
months

 Variable % or years

 Gender (F) 69.3% 

 Age at onset 5.2 (2.3-9.7)

 Age at JIA diagnosis 5.9 (2.8-10.7)

 Disease duration 5.3 (2.8-8.8)

 ANA positive twice 22.9%

 JIA classification  

     Systemic 9.2%

     Oligo Persistent 25.0%

     Oligo Extended 13.8%

     Polyarticular RF- 28.4%

     Polyarticular RF+ 4.1%

     Psoriatic 3.6%

     Enthesitis-related arthritis 9.5%

     Undifferentiated 6.5%

Medication

    NSAIDs or IA steroids only 8.5%

    Methotrexate only 25.9%

    First biologic only 46.9%

    Second or more biologic 18.8%

At least 1 moderate infection 9.9%

Ages are displayed in medians with interquartile range. ANA positivity at least once is present in 38%. 
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The users of only methotrexate already had tripled risk of infection, which again 
significantly increased in patients with only a first biologic and finally became a 6.6 
higher rate for patients in need of their second or more biologic. 

We analyzed the differences between these patient categories in order to be able to 
see if there were possible confounding factors other than the most intensive drugs 
used. Table 2 shows clinically relevant differences in these groups with much longer 
disease duration in patients on their second or more biologic compared to the reference 
population using NSAIDs and/or ia steroids only (8.0 years versus 2.5 years). Likewise 
patients with more intensive therapy in the last 6 months were more likely to have 
systemic JIA and polyarticular course JIA and less likely to have persistent oligoarticular 
JIA. They were also more likely to have ever used systemic steroids and multiple 
synthetic DMARDs.

Next we compared the patients that suffered from at least 1 moderate infection or 
worse and those that did not. We investigated, by means of bivariate modelling the 

Figure 2. Rates of at least moderate infections while in different anti-rheumatic drug categories
Patients are categorized per most intensive medication used during the last 6 months prior to the infection or 
in patients without infections during the 6 months before last follow-up visit. The rates of infections are displayed 
per 100 patient-years with 95% confidence intervals. 
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Table 2. Characteristics of patients per drug-category ever used

NSAIDs
± ia steroids 
589 
(8.5%)
median or %

MTX &
No Biologic
1,802 
(25.9%)
median or %

P value 1ste Biologic
 ± MTX
3,266 
(46.9%)
median or %

P value ≥2nd  Biologic
± MTX
1,312 
(18.8%)
median or %

P value

Age at onset 4.9 (2.4-9.7) 5.4 (2.4-9.9) <0.0001 5.3 (2.4-9.8) <0.0001 4.6 (2.2-8.9) 0.0001

Age at Diagnosis 5.3 (2.7-10.4) 6.3 (2.8-10.9) <0.0001 6.1 (2.9-10.8) <0.0001 5.4 (2.6-10.2) 0.002

Disease duration 2.5 (1-5.7) 3.9 (2-6.8) <0.0001 5.7 (3.3-9) <0.0001 8.0 (5-11.6) <0.0001

Gender (F) 70.6 71.6 0.675 68.3 0.288 67.8 0.239

Subtype JIA
Systemic 1.9 4.3 0.050 9.6 <0.0001 18.1 <0.0001

Oligo persistent 70.1 38.0 <0.0001 15.5 <0.0001 10.5 <0.0001

Oligo extended 4.2 12.0 <0.0001 16.1 <0.0001 15.0 <0.0001

Polyarticular RF- 6.1 27.0 <0.0001 32.5 <0.0001 29.9 <0.0001

Polyarticular RF+ 1.0 2.6 0.033 5.1 <0.0001 5.3 <0.0001

Psoriatic 1.7 3.3 0.048 3.7 0.013 4.4 0.003

ERA 6.5 7.2 0.578 11.3 <0.0001 9.2 0.048

Undifferentiated 8.7 5.7 0.019 6.1 0.036 7.6 0.520

Drugs ever used
I.a. steroids - 54.2 - 51.3 0.053 57.4 0.074

Syst. steroids - 30.6 - 45.0 <0.0001 57.6 <0.0001

MTX - 100 - 100 - 100 -

Other DMARDs: - 13.4 - 23.5 <0.0001 34.3 <0.0001

Cyclosporine - 2.3 - 7.5 <0.0001 14.1 <0.0001

Hydroxychloroq. - 2.9 - 3.0 0.931 4.6 0.011

Leflunomide - 1.6 - 4.8 <0.0001 10.8 <0.0001

Sulfasalazine - 7.4 - 10.6 <0.0001 11.7 <0.0001

Thalidomide - 0.0 - 0.2 0.095 1.6 <0.0001

Azathioprine - 0.2 - 1.1 0.0002 3.9 <0.0001

Etanercept - - - 64.5 - 75.7 <0.0001

Adalimumab - - - 19.1 - 67.1 <0.0001

Infliximab - - - 5.3 - 34.1 <0.0001

Tocilizumab - - - 5.1 - 24.1 <0.0001

Abatacept - - - 2.8 - 19.8 <0.0001

Anakinra - - - 0.9 - 9.4 <0.0001

Golimumab - - - 0.9 - 8.6 <0.0001

Rituximab - - - 0.7 - 5.5 <0.0001

Canakinumab - - - 0.6 - 4.0 <0.0001

Certolizumab - - - 0.1 - 1.4 <0.0001

Other biologics - - - 0.1 - 0.7 0.0004

The specified drugs in the first column are all “ever used”. The reference population for age, disease duration and 
JIA subtype was the category “NSAIDs ± ia steroids”. The reference population for I.A. steroids, systemic steroids, 
synthetic DMARDs was the category “MTX, No Biologic”. The reference population for biologics was “One biologic ± 
MTX”. Mann-Whitney-U test was used for ages and disease duration and the Chi-Square Fisher’s exact test was used 
for the other variables. 
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Table 3. The crude Odd Ratios for infection for the different baseline characteristics and medication use

Patients 
with 
Infections 
689 (9.9%)
median or %

Patients 
without 
Infections
6,280 (90.1%)
median or %

P value Cut-
off

Odd 
Ratios

95%-
Confidence 
Interval

Age at onset 3.3 (1.8-6.7) 5.4 (2.4-9.9) <0.0001 ≤ 6.1 2.2 1.9-2.6

Age at Diagnosis 4.0 (2.2-7.7) 6.2 (2.9-10.9) <0.0001 ≤ 7.7 2.3 1.9-2.8

Disease duration 6.2 (3.3-10.3) 4.7 (2.2-8.1) <0.0001 > 5.1 1.9 1.6-2.2

Gender (F) 492 (71.4) 4335 (69.0) 0.20  0.9 0.7-1.1

ANA 219 (31.8) 1376 (21.9) <0.0001 1.7 1.4-2.0

Subtype JIA

Systemic 100 (14.5) 539 (8.6) <0.0001  1.8 1.4-2.3

Oligo persistent 138 (20.0) 1605 (25.6) 0.002  0.7 0.6-0.9

Oligo extended 130 (18.9) 834 (13.3) <0.0001  1.5 1.2-1.9

Polyarticular RF- 175 (25.4) 1802 (28.7) 0.07  0.8 0.7-1.0

Polyarticular RF+ 24 (3.5) 263 (4.2) 0.38  0.8 0.5-1.3

Psoriatic 32 (4.6) 217 (3.5) 0.11  1.4 0.9-2.0

ERA 40 (5.8) 619 (9.9) 0.001  0.6 0.4-0.8

Undifferentiated 50 (7.3) 401 (6.4) 0.38  1.1 0.8-1.5

Drugs prior 6 mo

Syst. steroids 217 (31.5) 702 (11.2) <.0001 3.7 3.1-4.4

MTX 565 (82.0) 3900 (62.1) <.0001 2.8 2.3-3.4

Other DMARDs: 99 (14.4) 499 (7.9) <.0001 1.9 1.5-2.4

Cyclosporine 56 (8.1) 104 (1.7) <.0001 5.3 3.8-7.3

Hydroxychloroq. 7 (1.0) 69 (1.1) 0.84 0.9 0.4-2.0

Leflunomide 16 (2.3) 149 (2.4) 0.93 1.0 0.6-1.6

Sulfasalazine 21 (3.1) 179 (2.8) 0.77 1.1 0.7-1.7

Thalidomide 3 (0.4) 2 (0.03) 0.01§ 13.7 2.3-82.3

Azathioprine 4 (0.6) 26 (0.6) 0.53§ 1.4 0.5-4.0

Biologics (all) 416 (60.4) 3620 (57.6) 0.17 1.1 0.9-1.3

Adalimumab 123 (17.8) 992 (15.8) 0.16 1.1 0.9-1.4

Certolizumab 0 (0.0) 11 (0.2) 0.62§ - -

Etanercept 219 (31.8) 1880 (29.9) 0.31 1.1 0.9-1.3

Golimumab 7 (1.0) 85 (1.3) 0.46 0.7 0.3-1.6

Infliximab 37 (5.4) 215 (3.4) 0.01 1.6 1.1-2.3

Anakinra 18 (2.6) 51 (0.8) <.0001 3.3 1.9-5.6

Canakinumab 11 (1.6) 42 (0.7) 0.01 2.4 1.2-4.7

Abatacept 12 (1.7) 241 (3.8) 0.005 0.4 0.2-0.8

Rituximab 14 (2.0) 8 (0.1) <.0001 16.3 6.8-38.9

Tocilizumab 35 (5.1) 313 (5.0) 0.91 1.0 0.7-1.5

Other biologic agents 2 (0.3) 3 (0.1) 0.08§ 6.1 1.0-36.5

Bivariate analysis for categorical variables with infection as the dependent variable. The medication use of the last 
six months prior to the infection was used in patients with infection and the medication use of the 6 months before 
the last visit was used in patients without infections. For age and disease duration cut-off values were used.
§ Numbers too low to draw firm conclusions 
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odds ratios (OR) for categorical variables with infection as the dependent variable as 
shown in table 3. The drug use was defined as used in the 6 month-history prior to the 
infection and for patients without infections in the 6 months prior to the last follow-up 
visit. For age and disease duration cut-off values were used.

As shown in table 3, earlier age at diagnosis (≤7.7 years), ANA positivity, and systemic 
JIA category significantly increased the risk for infection (OR 2.3, 1.7 and 1.8, 
respectively). Conversely, persistent oligo (OR 0.7) and ERA (OR 0.6) patients were less 
likely to contract infections. Patients with infections were treated in the previous 6 
months primarily with MTX (82%), corticosteroids (32%) and anti-TNF (56%). Anti IL1/
IL6 in 9%, rituximab in 2% and other biologics were used in 0.3%. The analysis of the 
impact of the single immunosuppressive drugs showed that the risk for infection is 
increased by corticosteroids (OR 3.7), MTX (OR 2.8), cyclosporine (OR 5.3) and certainly 
thalidomide (OR 13.7) although the last one concerned only 5 patients in total. The 
same results were observed for biologics, in particular rituximab (OR 16.3) with 14/22 
patients with infections, anakinra (OR 3.3) and, among TNF-α inhibitors, infliximab (OR 
1.6). Conversely, abatacept came out to be protective against infections (OR 0.4). 

Table 4. Risk factors for infections in JIA patients with adjusted Odd Ratios by multivariate analysis 

Patients
with
infections
689 (10%)

Patients 
without
infections
6,280 (90%)

Multivariate 
analysis
OR (95%CI)

Age at JIA diagnosis (cut-off ≤7.7) 4.0 (2.2-7.7) 6.2 (2.9-10.9) 2.3 (1.9-2.7)

ANA (2 positive >1:160) 219 (14%) 1,376 (86%) 1.6 (1.3-1.9)

Persistent OJIA (REF) 138 (8%) 1,605 (92%)

    Systemic arthritis 100 (16%) 539 (84%) 1.7 (1.3-2.3)

    Other JIA (mainly polyarticular) 451 (10%) 4,136 (90%) 1.3 (1.1-1.6)

NSAIDs ± ia steroids, only (REF) 24 (2%) 1,061 (98%)

    Rituximab + Steroids + DMARDS 12 (75%) 4 (25%) 111.8 (10.7-999.9)

    MTX+Biologics+Steroids 95 (23%) 327 (77%) 10.5 (6.5-17.0)

    MTX+Steroids 47 (23%) 160 (77%) 11.9 (7.0-20.2)

    Other combinations 102 (15%) 587 (85%) 7.6 (4.8-12.0)

    Only MTX 157 (11%) 1,261 (89%) 5.1 (3.3-7.9)

    MTX+Biologics 181 (9%) 1,874 (91%) 3.7 (2.4-5.8)

    Only Biologics 71 (7%) 1,006 (93%) 2.7 (1.7-4.3)

Persistent oligoarticular JIA and “Only NSAIDs ± I.A. steroids” are used as reference populations. All percentages 
displayed are row percentages. The drug categories including the word “Biologics” were without rituximab.
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To simplify the analysis while still clinically meaningful, the JIA classification was grouped 
as follows: “persistent oligo”, “systemic JIA” and “other” which mainly consisted of 
polyarticular course JIA (by definition at least 73%, see table 3). If the persistent oligo 
was used as reference population the odds ratio for “other” was 1.3 (1.0-1.5) and for 
systemic JIA it was 2.2 (1.6-2.8). 
To adjust for confounding effects and interaction we next used multivariate analysis 
as shown in table 4. The multivariate analysis revealed that the addition of steroids to 
both MTX and biologics (groups MTX+steroids and MTX+steroids+biologics) increased 
the risk of infections more significantly (OR 11.9 and 10.5, respectively) than only MTX 
(5.1) or MTX+Biologics (OR 3.7). A great increase in the risk for infection was associated 
with rituximab±steroids± DMARDs (OR 112). The multivariate results were confirmed 
by removing rituximab patients from the model.

DISCUSSION

In our study population, the largest EU-funded JIA registry worldwide, 9.9% of the 6,969 
patients (2/3 ever using a biologic) had at least one moderate infection during a median 
follow-up of 5.3 years, which was comparable to the 12.0% (133/1,112) of patients (77% 
on etanercept) with at least one medically significant infection found in the UK during 
almost 3 years follow-up.11 A Finnish study recorded all AE’s in 348 consecutive JIA 
patients starting a biologic between 1999-2009 with a total observation of 1,516 patient-
years.12 Since they also included mild events they found a staggering 79% having 
infections during their median 4.3 years of follow-up, and being the most common 
AEs.12 We might have underestimated the rates of at least moderate infections in our 
population since many data were retrospectively entered, but in Germany the incidence 
of medically important infections (leading to hospitalisation and/or requiring 
intravenous antibiotic treatment) was also only a small fraction of all reported 
infections.13 
For the background rate of serious infections (hospitalized with bacterial infections) in 
JIA patients one American study compared the Medicaid insurance data of 8,479 JIA 
patients (16% on anti-TNF and 36% on MTX) during a median follow-up of 1.2 years 
with 360,489 children diagnosed with attention deficit hyperactivity disorder (ADHD).14 
Overall, the crude infection rate was 2.8 per 100 person-years and nearly three-fold 
higher among children diagnosed as having JIA than among children diagnosed as 
having attention deficit hyperactivity disorder (1.0 per 100 person-years). Even in 
children with JIA who were not currently being treated with steroids, MTX or TNF 
inhibitors, a two-fold increase was found in the rates of hospitalized bacterial infections 
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compared to children without JIA. This finding suggests that the inflammatory process 
of JIA itself may predispose children to infection irrespective of therapy.14 Indeed in a 
German registry with 3,350 JIA patients (57% on anti-TNF) and 5,919 observation-years 
they found that the baseline clinical juvenile arthritis disease activity score (JADAS) 
appeared to be an independent risk factor for serious infection (fulfilling the SAE 
definition).15 In the UK study they did however not find an association between the 
medically significant infections and the disease activity parameters childhood health 
assessment questionnaire and JADAS-71 at baseline.11  The disease activity parameters 
in our study have been collected in the prospective cohort only and will be analysed 
in the near future.
Although the background rate of infections might be already higher in JIA patients, our 
study showed that polyarticular course and systemic JIA, younger age at diagnosis and 
ANA positivity are all risk factors for having at least a moderate infection. Likewise, in 
the UK study they found significantly increased risks of medically significant infections 
for systemic JIA and younger age.11 They did not look at ANA. In the German registry 
no influence was found for age, JIA category, or ANA positivity on serious infection rate, 
but this analysis was not performed for the medically important infections.15

Our study is the first observational study showing that MTX increases the (at least 
moderate) infection rate by 5.1 compared to patients only on NSAIDs or i.a. steroids. 
The only other study describing infection rates in JIA patients without MTX is the US 
study using insurance data and medication claims.14 They found a similar rate in MTX-
only users with a hazard ratio (HR) of 1.2 as those not claiming MTX prescriptions, but 
this was for hospitalized bacterial infections only.14 The infection rate for patients 
treated with anti-TNF was in their study similar to that for patients receiving MTX-only.14 
In our study biologics per se also increased the risk of infection in JIA patients with an 
OR of 2.7 and even higher (OR 3.7) when combined with MTX. The relative risk (RR) for 
infections for etanercept and adalimumab compared to MTX found in the German 
study was 1.4 and 2.2 respectively and increased in combination with MTX.13 Etanercept 
had a even higher RR for medically important infections in that same study of 2.1 
compared to MTX.13 In the UK study they found the same increased risk of medically 
significant infections for etanercept versus MTX (HR 2.1).11 Likewise in another US 
commercial claims study with 2,013 DMARD-starters and 482 anti-TNF starters with a 
mean follow-up of less than a year, anti-TNF was associated with an increased risk of 
serious bacterial infection (requiring hospitalization) compared with DMARDs (HR 2.7).16 
For real serious infections they found in the German study an even more increased 
risk for etanercept (HR 6.0) and adalimumab (HR 7.3) compared to methotrexate.15 The 
very high infectious risk of rituximab we found with an unadjusted OR of 16.3 was only 
studied in the Finnish JIA population in which they also found the highest incidence of 
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serious infectious for rituximab with a RR to anti-TNFs of 6.2.12 Biologics such as 
anakinra and tocilizumab and high-dose corticosteroids may affect body temperature 
(no fever) and acute phase reactions (low C-reactive protein and erythrocyte 
sedimentation rate) and some biologics may induce neutropenia instead of 
leukocytosis.17 Therefore, one should be cautious when using these parameters to 
diagnose an infection in the setting of these agents. It is yet too early to recommend 
antibiotic prophylaxis or vaccination strategies at the start of biologics, but awareness 
and patient instructions concerning infections are mandatory.   
Our study further revealed that the addition of steroids to both MTX and biologics 
increased the risk of infections more significantly (OR 11.9 and 10.5, respectively) than 
only MTX (5.1) or MTX with biologics (OR 3.7). Baseline oral steroid use was a predictor 
of having medically significant infections in the UK population as well.11 In the German 
study also a HR of 3.0 for previous steroid treatment and 2.4 for concomitant steroid 
treatment was found for serious infections.15 Higher rates of hospitalized bacterial 
infection were observed in the US patients receiving steroids at dosages >10 mg/day 
as well.14 The huge increase in the risk (OR 112) for infection associated with rituximab 
with steroids and DMARDs within 6 months that we found, has never been described 
for JIA before. It might however directly implicate that one should either not combine 
these drugs anymore or consider to take precautionary measures with vaccinations 
and/or antibiotic prophylaxis which has been suggested before for patients with 
rheumatic diseases who are starting corticosteroids.18 
Our next goal is to define opportunistic infections in JIA patients and to do separate 
analysis for specific organisms and  different grades of infections (moderate, severe, 
serious, opportunistic) we encountered in our population. We also need to further 
study the role of the exact time and duration of drug exposure. We conclude that 
although the risk for at least moderate infections is increased already by young age, 
ANA positivity and having either sJIA or polyarticular JIA, this risk is increased further 
by anti-rheumatic treatment. More specifically this risk increases by methotrexate, 
biologics and especially the use of corticosteroids. The worst combination possible for 
infection risk is rituximab with steroids and a DMARD. We recommend monitoring for 
infections in JIA patients on immunosuppressive therapy via Pharmacovigilance 
registries and in case of steroid need one should consider preventive measures.
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ABSTRACT

We found 1,585 moderate or worse infections in 895 (10.8%) of 8,274 JIA patients during 
a median observation of more than 6 years. For adjudication by an infectious expert 
panel 772 events in 572 patients were eligible of which 335 as serious/very severe/
severe non-opportunistic infections and 437 classified as opportunistic infections (OI) 
by the local pediatric rheumatologist. Of these 772 safety events the experts considered 
682 (99.0%) as infections, 603 (88.4%) as common and only 119 (17.4%) as opportunistic. 
Therefore OI had an incidence rate of 2.4 per 1,000 patient-years. Of the cases in which 
consensus was reached, the experts considered in 77% the treatment of the adjudicated 
infection appropriate and in 76% the drug possibly related to the event. Herpes viral 
infections, respiratory tract infections and EBV were the most frequent infections, while 
the 119 events of adjudicated opportunistic infections (OI) consisted of many 
complicated herpes virus infections and mycobacterial infections. Because there was 
a great gap between local pediatric rheumatologists and the consensus expert opinion 
of what was considered as OI, we provided an expert panel approved list of definite 
and probable OI in children with JIA on immunosuppressive drugs. If this OI-list was 
used as diagnostic test for diagnosing OI (with the expert panel as the gold standard), 
the sensitivity of the OI-list would be 86% (19/22) and the specificity 98% (117/119). 
The consensus list on the definition of opportunistic infections in JIA patients makes 
future studies on this subject easier to compare.
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INTRODUCTION

The “Pharmacovigilance in Juvenile Idiopathic Arthritis patients treated with biologic 
agents and/or MTX” (Pharmachild) study is a European Union funded project with the 
aim to create a pharmacovigilance registry for children with juvenile idiopathic arthritis 
(JIA). This project has prospective (first 3 years) and retrospective components (up to 
10 years) and has been conducted by 86 participating centers of over 32 countries 
reporting to the Pediatric Rheumatology INternational Trials Organisation (PRINTO) 
and the Paediatric Rheumatology European Society (PRES). The study started in 2011 
and, as of now, over 8000 patients are included in the registry, as recently described.1 
Primary endpoint of the registry is pharmacovigilance and safety. A major concern in 
JIA patients treated with synthetic disease modifying anti-rheumatic drugs (DMARDs) 
and biologic agents is infections. Recent literature suggests a likely high incidence of 
infections among JIA patients treated with immunosuppressants,2,3 but conclusive data 
are not yet available, and in particular little evidence exists on the role of JIA or its 
immunosuppressive therapy in acquiring an opportunistic infection (OI).
In 2011 the U.S. Food and Drug Administration (FDA) added the pathogens Legionella 
and Listeria to the Boxed Warning for the entire class of TNFα blockers, so that 
healthcare professionals are aware that these pathogens can cause serious and 
potentially fatal outcomes in patients treated with TNFα blockers.4

The primary objective of this study was to adjudicate the reported serious, severe, very 
severe or opportunistic infectious events by an independent Safety Adjudication 
Committee (SAC). The SAC adjudicated (by consensus) the events according to the 
following items: established infection; common infection; opportunistic infection; 
appropriateness of treatment; possibility relationship to immunosuppression. As 
secondary endpoint, the SAC constructed and approved by consensus through three 
Delphi steps, a list of opportunistic pathogens in immunosuppressed children.

PATIENTS AND METHODS

The data of 8,274 patients enrolled in the Pharmachild registry at January 2017 were 
used with 50,024 patient-years. The SAC was organized as an independent group 
consisting of 5 physicians: 2 pediatric infectious disease specialists and 3 pediatric 
rheumatologists, who have experience and expertise in the diagnosis and treatment 
of infectious diseases or rheumatic diseases. 
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Eligible cases in Pharmachild for adjudication by SAC
For the Pharmachild study, the investigators from participating centers reported online 
all adverse events (AE) and Events of Special Interest (ESI) from the disease onset to 
the last available follow-up visit. All the events were reported as new events and 
presented an at least moderate intensity. Mild intensity was reported only in the 
follow-up of those events that were not resolved. AEs and ESIs were coded initially by 
the local investigators during data entry. On the ESI form for Infections the investigator 
is asked if the patient experienced an opportunistic infection. Next the event is checked 
and recoded if necessary by the PRINTO staff and lastly by the PRINTO medical monitor 
(JS), using the most current version of the Medical Dictionary for Regulatory Activities 
(MedDRA) and in absence of the existence of a list of opportunistic infections (Figure 
1). 

Since only serious, severe, very severe or opportunistic infectious needed to be 
adjudicated by the SAC, we excluded the infections that were moderate only, unless 
they were found to be opportunistic by the local investigator. Thus, for adjudication 
by the SAC, eligible cases were all the events (both initial and follow-up) reported in 
Pharmachild on January 2017 pertaining to the MedDRA System Organ Class (SOC) 
Infections and Infestations, corresponding to the ESI groups “Infections” and 
“Tuberculosis” classified as serious/severe/very severe or as opportunistic.

Figure 1. Event adjudication flow

201815 Joost Swart_binnenwerk.indd   144 09-05-18   09:20



145

OPPORTUNISTIC INFECTIONS IN JIA

7

The adjudication process
The list of the events to be adjudicated was provided in an external area of the 
Pharmachild website, only accessible to the SAC experts with secure personal 
passwords. The following fields were available for the Safety Adjudication Committee 
members for review of the retrospective visits: 1. Demographic characteristics of the 
patient (with personal data encrypted); 2. ILAR category of JIA; 3. Laboratory and clinical 
information; 4. Complete drug therapy with exposure information for methotrexate 
and all the biologic DMARDs taken; 5. Concurrent medications at the time of the event; 
6. Serious adverse event narrative. In addition, forms for prospective visits were 
available to the experts. The members of the committee had the possibility to access 
the clinical information through a READ ONLY modality. A numeric code without any 
patient or center identifier was used. The members of the committee were subsequently 
not even able to recognize their own patients if a member of the committee happened 
to be also a provider of patient data to this study. If required by the Committee , the 
PRINTO Safety Team could provide any additional information related to the event and 
at any time.
The adjudication process of the SAC consisted of answering 6 questions: 
1. Based on the information provided, do you confirm that this patient had an infection?
2. Is this infection common?
3. Is this an opportunistic infection? 
4. Was the treatment appropriate for the infection?
5. Could the event be possibly related to any of the drug(s) taken at the time of the 

event?
6. Recode the MedDra Lower Level Term (LLT) or approve the current LLT code

The 3 possible answers were: “No”, “Yes” and “Impossible to determine”. For analysis 
on opportunistic infections only those events were retained for which 3 out of 5 SAC 
experts achieved consensus on the first 3 questions (“Is this an infection?”, “Is it 
common?”, “Is it opportunistic?”). The next step was the removal of the events that 
were by consensus considered not to be an infection. The remaining events were 
indeed all classified within the SOC Infections and Infestations and could be recoded 
by the SAC according to MedDRA dictionary on High Level Term (HLT) and Preferred 
Terms (PT) (see Supplemental Figure 1 for the MedDRA hierarchy). In case of 
discrepancies between the HLT/PT assigned by the medical monitor and the HLT/PT 
ultimately assigned by SAC, a third examiner (GG) analyzed again the case reports and 
assigned the HLT/PT which was the most appropriate, taking into account the experts’ 
opinion (still in the absence of an OI-list).
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Construction of a consensus list by LLT of opportunistic pathogens
The SAC elaborated and approved by consensus, through three Delphi steps, a PT list 
of opportunistic pathogens for use in immunosuppressed children, according to the 
definition of definite and probable OI already approved by a panel of adult 
rheumatologists and infectiologists.5

The OI list defined by the SAC compared to the expert adjudication for 
opportunistic infections 
All adjudicated events were categorized for their corresponding PT. The PT were 
subsequently searched for in the SAC-constructed OI-list to be “opportunistic or not”. 
The probable OI-pathogens also counted for “opportunistic”. The corresponding events 
with prior answers to question 3 by the SAC were evaluated per PT. In case of 3/5 
consensus of the specific PT-events it was called either “opportunistic” or “not 
opportunistic” depending on the consensus. It was called “not determined” if there 
was no 3/5 consensus on that question 3 by the SAC, if it could not be evaluated by 
the SAC or if there were conflicting events within the PT.

Statistical analysis
Descriptive statistics were reported in terms of absolute frequencies and percentages 
for qualitative data. 
Quantitative data were described in terms of median values and inter-quartile range 
(IQR) values due to their non-normal (Gaussian) distribution.

RESULTS

Safety events eligible for adjudication
Among the 8,274 patients enrolled in the Pharmachild registry at January 2017, 895 
(10.8%) patients experienced 1,585 moderate to serious infections. The local pediatric 
rheumatologist originally classified 437 events (27.6% of total infections) as 
opportunistic infections. For adjudication by the SAC, 813 events were excluded 
because they were only moderate in severity. A total of 772 events in 572 patients were 
finally eligible: 335 serious/very severe/severe non-opportunistic infections in addition 
to the aforementioned 437 allegedly OI (57% of eligible events) (Figure 2). 
In Table 1 we show the baseline characteristics of the total 895 patients with 1,585 
infections and the comparable characteristics of the subset of 572 patients had 772 
eligible events that were adjudicated by the SAC.
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Results from the adjudication
Table 2 shows that of the total 772 safety events submitted to the SAC, 689 (89.2%) 
events received consensus on the first 3 questions and, of these, 682 (99.0%) were 
considered as infections by the experts (question 1) while the remaining 7 events were 
considered as impossible to determine. Among the 682 confirmed infections, the 
experts considered 603 (89%) as common (question 2) and 119 (17%) as opportunistic 
(question 3). Therefore the incidence rate (119 per total 50,024 patient-years) of OI was 
2.4 per 1,000 patient-years in our cohort. If the treatment was appropriate for the 
infection (question 4) reached no consensus in 54 events, leaving 628 events evaluable 
for this question. In 484 (77%) of these remaining 628 cases the treatment of the 
infection was considered as appropriate. The administration of a synthetic DMARD 

Figure 2. Flowchart description of the analyzed population of patients and their events
P.R. = Pediatric Rheumatologist
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plus a biologic (most commonly anti-TNF) was the most frequently found drug use 
during the adjudicated infections (32% of the cases), followed by methotrexate only 
(21%), etanercept only (20%), a synthetic DMARD plus a biologic plus systemic steroids 
(9%) and least frequently a synthetic DMARD plus systemic steroids (4%) (data not 
shown). If the event could be possibly related to any of the drugs taken at the time of 
the event (question 5) reached no consensus in 279 events. In 307 (76%) of the 
remaining 403 cases the experts considered the drug possibly related to the event 
(Table 2). 

According to MedDRA dictionary, the 682 infectious events corresponded to a final 
number of 50 HLT which consisted of 149 PT in total. Herpes viral infections, respiratory 
tract infections and EBV were the most frequent HLT (see Supplementary Table 1). 
The opportunistic infections (OI) adjudicated by the SAC (question 3) were described 
by only 22 PT. The most frequent opportunistic pathogens were herpes virus (excluding 
primary varicella) and mycobacterial infections.

Table 1. The baseline characteristics of the total 895 patients with 1,585 infections of which 572 patients had 772 
eligible events that were adjudicated by the SAC

All patients
with

infections

Patients with 
eligible infections for 
adjudication by SAC

N 895 572

Gender, F, n(%) 629 (70.3) 388 (67.8)

Age at onset,  median ( IQR) 3.5 (1.9-7.3) 3.1 (1.7-6.7)

Age at J IA diagnosis,  median ( IQR) 4.1 (2.2-8.1) 3.7 (2.1-7.5)

Disease duration at last FU, median ( IQR) 7.1 (4.2-10.8) 7.6 (5.0-11.1)

    Systemic 157 (17.5) 120 (20.9)

    Oligo persistent 181 (20.2) 101 (17.7)

    Oligo extended 150 (16.8) 100 (17.5)

    Polyarticular RF- 216 (24.1) 132 (23.1)

    Polyarticular RF+ 34 (3.8) 19 (3.3)

    Psoriatic 33 (3.7) 25 (4.4)

    Enthesitis 57 (6.4) 36 (6.3)

    Undifferentiated 67 (7.5) 39 (6.8)

F = female; FU =Follow-up;  IQR = interquartile range; RF = rheumatoid factor; SAC = Safety Adjudication Committee
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Consensus list by LLT of opportunistic pathogens, according to the definition of 
definite and probable OI 
After three Delphi rounds the SAC defined a consensus list of opportunistic pathogens 
in immunosuppressed children, according to the definition of definite and probable 
OI5 as reported in the Table 3.
To test the usefulness of the OI list we searched the final 149 PT, corresponding to 682 
infectious events, in the approved list of OI and scored them for being opportunistic 
or not opportunistic (Table 4). We then compared the 149 PT with their corresponding 
events which were beforehand adjudicated as opportunistic infections or not (question 
3) by the expert panel (Table 4). The panel had reached no consensus or could not 
determine 8 PT as being OI or not: cytomegalovirus infection, infectious pleural effusion, 
papilloma viral infection, systemic mycosis, viraemia, varicella zoster pneumonia, 
tuberculosis, tuberculosis of intrathoracic lymph nodes. Five of these 8 were present 
in the OI list (see for details Supplementary Table 2). For the completely adjudicated 
cases only 3.5% (5/141) discrepancies were found between the OI list and the expert 
panel. Three PT were dismissed by the OI-list as opportunistic infection (oral candidiasis, 
candida balanitis and herpes virus infection) despite the positive adjudication of the 
expert panel. On the other hand 2 PT (latent tuberculosis and ophthalmic herpes 
simplex infection) were both found to be OI by the list and not by the experts although 
the (unspecified) PT “herpes ophthalmic” was adjudicated as OI by the experts.
If the OI-list was used as diagnostic test for OI and the expert panel (if determined) 
being the gold standard, the sensitivity of using the OI-list would be 86% (19/22) and 
the specificity 98% (117/119).

Table 2. Frequency of consensus answers by the SAC of the 689 events with consensus on the first 3 questions

Question for adjudication No 
consensus

Impossible to 
determine

No Yes Total with 
consensus

1. Infection confirmed NA 7 0 682 (99%) 689

2. Infection common NA 1 78 603 (89%) 682

3. Infection opportunistic NA 7 556 119 (17%) 682

4. Treatment appropriate 54 140 4 484 (77%) 628

5. Possibly drug-related 279 26 70 307 (75%) 403

The percentages are row-percentages. NA = not applicable; SAC = Safety Adjudication Committee
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Table 3. Consensus list by LLT of opportunistic pathogens, according to the definition of definite and probable OI. 

DEFINITION OF DEFINITE OPPORTUNISTIC INFECTION

1. Generally does not occur in the absence of immunosuppression and whose presence suggests a severe 
alteration in host immunity  OR

2. Can occur in patients without recognized forms of immunosuppression, but whose presence indicates a 
potential or likely alteration in host immunity 

List of definite pathogens and/or presentations of specific pathogens (level of evidence I-V)*

Aspergillosis (invasive disease only) (II) 

Bartonellosis (disseminated disease only) (V) 

BK virus disease including PVAN (V)  

Blastomycosis (IV)

Candidiasis (invasive disease or pharyngeal) (II) 

Coccidioidomycosis (II) 

Cryptococcosis (II) 

Cytomegalovirus disease (V) with onset at age > 1 month: pneumonia (CMV in BAL), colitis, CNS disease (CMV 
in CSF), liver (biopsy), retina (confirmed by ophthalmologist), nephritis, myocarditis, pancreatitis, other organs

HBV reactivation (IV) 

Herpes simplex (invasive disease only) (IV)

Herpes zoster (any form) (II)

Histoplasmosis (II) 

Legionellosis (II) 

Listeria monocytogenes (invasive disease only) (II) 

Nocardiosis (II) 

Non-tuberculous mycobacterium disease (II) 

Other invasive fungi: Mucormycosis (zygomycosis) (Rhizopus, Mucor and Lichtheimia), Scedosporium /
Pseudallescheria boydii, Fusarium (II) 

Pneumocystis jirovecii (II) 

Post-transplant lymphoproliferative disorder (EBV) (V)

Progressive multifocal leucoencephalopathy (IV) 

Salmonellosis (invasive disease only) (II) 

Strongyloides (hyperinfection syndrome and disseminated forms only) (IV) 

Toxoplasmosis (IV) of central nervous system, onset at age ≥ 1 month; Disseminated toxoplasmosis, visceral 
toxoplasmosis

Tuberculosis (I)

*Level of evidence from Zhang W et al. Ann Rheum Dis 2006
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DEFINITION OF PROBABLE OPPORTUNISTIC INFECTION

Published data is currently lacking, but expert opinion believes that risk is likely elevated in the setting of 
biologic therapy. In case of the unusually severe course of infection due to a common pathogen with usually 
mild disease the pathogen might tentatively be considered opportunistic in a patient with impaired immune 
function. Below there is a non-exhaustive list of possible pathogens (III- IV) 

List of probable pathogens and/or presentations of specific pathogens (level of evidence I-V)*

Campylobacteriosis (invasive disease only) (V) 

Cryptosporidium species (chronic disease only) (IV) 

Enterovirus chronic encephalitis (V)

Giardia, Isospora: chronic (>1 month) diarrhea (V)

HCV progression (V) 

Human Herpes Virus (HHV6-7): pneumonia, encephalitis (V)

Human Herpes Virus (HHV8): kaposi sarcoma (V)

Human metapneumovirus (hMPV): pneumonia, ARDS (V)

Human Papilloma Virus (HPV): extensive warts (V)

Human respiratory syncytial virus (RSV): pneumonia with onset > 6 months of age (V)

Leishmaniasis (Visceral only) (IV)

Microsporidiosis (IV) 

Molluscum contagiosa: chronic, disseminated (V)

Paracoccidioides infections (V) 

Parvovirus B19: pure red cell aplasia (V)

Penicillium marneffei (V)

Rota-Arena-Norovirus: chronic (> 1 month) diarrhea (V)

Shigellosis (invasive disease only) (V) 

Sporothrixschenckii (V) 

Trypanosoma cruzi infection (Chagas’ disease) (disseminated disease only) (V)

Varicella: encephalitis (excluding cerebellitis), hepatitis, pneumonia (V)

Vibriosis (invasive disease due to Vibrio vulnificus) (V) 

West Nile, Usutu: chronic encephalitis (V)

*Level of evidence from Zhang W et al. Ann Rheum Dis 2006 
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DISCUSSION

The introduction of biologics in the year 2000 for the treatment of JIA6,7 has dramatically 
improved the prognosis of children affected by JIA, but also raised concerns for the 
possible risk of infections and other diseases in these patients. There is still a lack of 
knowledge regarding the long-term safety of the biologics in JIA, which is why 
Pharmachild, being the largest JIA registry worldwide including more than 8000 patients, 
represents such a precious source of information. We found that 10.8% of 8,274 JIA 
patients in Pharmachild experienced 1,585 moderate to serious infections during a 
median disease duration of more than 6 years. US Medicaid data showed before that 
the hospitalized bacterial infection rate with 2.8 per 100 patient-years was twice as 
high in patients with JIA not exposed to methotrexate or TNF inhibitors, compared to 
children with attention-deficit hyperactivity disorder (ADHD).2 At the moment of the 
analysis a large proportion of our data contained retrospective data and therefore we 
might have underestimated the infection rate, especially for the moderate infections. 
Of the 1,148 originally classified as non-opportunistic events, 335 were severe to serious 
infections with herpes viral infections, respiratory tract infections and EBV being the 
most frequent ones. In the US study the risk for hospitalized bacterial infections was 
not higher by methotrexate (MTX) use or with biologic agents, but increased significantly 
with glucocorticoids at doses of more than 10 mg per day.2 More recently a similar 
study analyzing health insurance claims across the USA showed however when adjusted 
for corticosteroid use, a 2.7 fold-increase in the risk of bacterial serious infections in 
children with JIA on first-use TNF-inhibitors compared to synthetic DMARDs.8 The 
German registry BiKer also found that TNF-inhibitors increased the rate of medically 
important infections in JIA patients compared with MTX only, but so did high disease 
activity.9 In the smaller UK registry however, biologics and DMARDs were no risk factors 
for serious infections, while having comorbid conditions at onset and a longer history 

Table 4. Comparison of the OI List with the adjudication as OI by the SAC

Adjudication of infections

OI in the List OI for the expert No OI for the expert ND for the experts Total

Yes 19 2 5 26

No 3 117 3 123

Total 22 119 8 149

The rows form the 149 PT (corresponding to 682 infections) scored as opportunistic or not opportunistic by the 
List of opportunistic pathogens. The columns form the consensus scores on adjudication by the SAC on question 
3 (“Is this an opportunistic infection”). 
ND = not determined; OI = opportunistic infections; PT = Preferred Terms; SAC = Safety Adjudication Committee
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of disease did increase this risk.10 As has been stated before collaborative studies 
addressing the safety of these new drugs in JIA and data from large registries are 
needed before firm conclusions can be drawn on their safety in JIA patients.11–13

The black-box warning of the FDA on serious and potentially fatal outcomes in patients 
infected with Legionella and Listeria while treated with TNFα blockers was a reason to 
look further into OI.4 The local investigators of Pharmachild considered 437 (28%) of 
the 1,585 infectious events as OI. This was 437 (57%) of the 772 eligible events send to 
the SAC, while only 119/682 (17%) were by consensus adjudicated to be OI by the SAC. 
Apparently there is a great gap between what (local) pediatric rheumatologists feel can 
be considered as an OI and what an expert panel by consensus adjudicates as OI. 
Indeed we found that there is a lack of a validated and approved definition of OI in 
children on immunosuppressive therapy. Even the SAC considered some events (6%) 
to be both common and opportunistic, which in ideal circumstances should be mutually 
exclusive. Certainly the majority of serious infections occur in the general population, 
however in case of immunosuppression some events are more frequent or severe. 
Conversely, some infections more commonly seen in immunocompromised children, 
such as tuberculosis, may affect the general population as well albeit usually less 
severely.14 Considering these difficulties in correctly defining OI and since our expert 
opinion based consensus process could be a limitation itself by reducing the number 
of events to analyze, we felt something more robust was needed. 
We made an effort to produce a document defining OI specifically in children with JIA 
on immunosuppression, based on the example of an expert Committee convened in 
the adult setting to define OI in adults with immune mediated diseases on biologics.5 
With the same approach, our panel of specialists voted, through the three-step Delphi 
procedure, for a correct definition of definite and probable OI, and subsequently 
produced a list of OI to be used in children with JIA on immunosuppressive drugs (table 
3). With a sensitivity of 86% and a specificity of 98% of correctly diagnosing OI compared 
to the gold standard of an expert panel, this OI list can be used as reference for future 
works in order to identify OI in immune-suppressed children. Among the Pharmachild 
patients, a considerable percentage (17.4%) of severe, very severe or serious infections 
were opportunistic; the most frequent opportunistic pathogens were herpes viruses 
(excluding primary varicella) and mycobacterial infections. Varicella was the most 
debated infection for the OI-list and despite being a herpes virus infection and present 
in the list for adults5, our panel only considered it as OI in case of encephalitis (excluding 
cerebellitis), hepatitis or pneumonia because it is a very frequent virus infection in 
childhood. The only other publication on opportunistic infections in JIA was a brief 
report on the use of Medicaid data.15 The 15 pathogens they used to define their OI 
were all in our definite OI list of 24 pathogens (LLT). Of the 24 pathogens listed as 
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probable OI in our list they only included one: primary varicella infection (chickenpox) 
if also received critical care services during the hospitalization. They found 42 OI in 
their JIA population leading to an incidence rate of 3.0 per 1,000 person-years which 
is comparable to the 2.4 per 1,000 person-years we found. Compared with the ADHD 
comparator cohort they found incidence rate ratios (IRR) for OI of 2.4 (95% CI 1.7–3.3).15 
The most common OI among children with JIA they found were herpes zoster (32/42 
cases) with an IRR 2.1 (95% CI 1.4–3.0), Salmonella (5/42) with an IRR 3.8 (95% CI 1.2–9.5) 
and Coccidioides (3/42) with an IRR 101 (95% CI 8.1–5,319).15 For herpes zoster a 
comparable IRR of 2.9 (95% CI 1.8–4.5) was found in a German study with a significant 
further rise of the IRR when receiving monotherapy etanercept or combined with 
steroids and/or methotrexate, but not in JIA patients exposed to methotrexate only.16

We conclude from our analysis that the incidence rate of OI is 2.4 per 1,000 patient-
years and more than 1/6 of all severe to serious infections in JIA patients on 
immunosuppressive therapy are caused by OI. The most frequent opportunistic 
pathogens were herpes virus (excluding primary varicella) and mycobacterial infections. 
Because there was a great gap between local pediatric rheumatologists and the 
consensus expert opinion of what was considered to be an OI, we provided an expert 
panel approved list of definite and probable OI in children with JIA on immunosuppressive 
drugs. With a sensitivity of 86% and a specificity of 98% of correctly diagnosing OI 
compared to the gold standard of an expert panel, this OI list can be used as reference 
for future works in other studies. International and standardized data collection in the 
vulnerable group of JIA patients, such as Pharmachild, provides a valuable source of 
information for surveillance purposes.
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ADDENDUM

Supplementary Figure 1. Hierarchy of MedDra clinically-validated international medical terminology
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Supplementary Table 1. Frequency of the 682 infections per 50 corresponding High Level Term (HLT) 
HLT NAME N %

Herpes viral infections 265 38,9

Lower respiratory tract and lung infections 49 7,2

Upper respiratory tract infections 44 6,5

Epstein-Barr viral infections 38 5,6

Abdominal and gastrointestinal infections 32 4,7

Tuberculous infections 29 4,3

Bacterial infections NEC 27 4

Infections NEC 19 2,8

Ear infections 18 2,6

Candida infections 17 2,5

Influenza viral infections 14 2,1

Streptococcal infections 14 2,1

Salmonella infections 9 1,3

Urinary tract infections 9 1,3

Cytomegaloviral infections 8 1,2

Molluscum contagiosum viral infections 7 1

Papilloma viral infections 7 1

Sepsis, bacteraemia, viraemia and fungaemia NEC 7 1

Campylobacter infections 5 0,7

Staphylococcal infections 5 0,7

Viral infections NEC 5 0,7

Escherichia infections 4 0,6

Pneumocystis infections 4 0,6

Skin structures and soft tissue infections 4 0,6

Bordetella infections 3 0,4

Dental and oral soft tissue infections 3 0,4

Giardia infections 3 0,4

Mycoplasma infections 3 0,4

Caliciviral infections 2 0,3

Eye and eyelid infections 2 0,3

Hepatitis viral infections 2 0,3

Parvoviral infections 2 0,3

Rotaviral infections 2 0,3

Yersinia infections 2 0,3

Aspergillus infections 1 0,1

Blastocystis infections 1 0,1

Bone and joint infections 1 0,1

Borrelial infections 1 0,1

Clostridia infections 1 0,1

Coxiella infections 1 0,1

Enteroviral infections NEC 1 0,1

Fungal infections NEC 1 0,1

Haemophilus infections 1 0,1

Helicobacter infections 1 0,1

Leprous infections 1 0,1

Muscle and soft tissue infections 1 0,1

Mycobacteria identification and serology 1 0,1

Pseudomonal infections 1 0,1

Respiratory syncytial viral infections 1 0,1

Rubeola viral infections 1 0,1
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Supplementary table 2. Comparison of the adjudication of the PT as OI by the SAC and the OI List
PT NAME EXPERT OI LIST Agreement  

expert opinion 
and OI List

Abscess limb No OI No OI Yes
Adenoiditis No OI No OI Yes
Anal abscess No OI No OI Yes
Anal candidiasis No OI No OI Yes
Anogenital warts Yes OI Yes OI Yes
Appendicitis No OI No OI Yes
Appendicitis perforated No OI No OI Yes
Atypical pneumonia No OI No OI Yes
Balanitis candida Yes OI No OI No
Blastocystis infection No OI No OI Yes
Bone tuberculosis Yes OI Yes OI Yes
Bordetella infection No OI No OI Yes
Bronchitis No OI No OI Yes
Bronchopulmonary aspergillosis Yes OI Yes OI Yes
Campylobacter gastroenteritis No OI No OI Yes
Candida infection No OI No OI Yes
Candida pneumonia Yes OI Yes OI Yes
Candida sepsis Yes OI Yes OI Yes
Cellulitis No OI No OI Yes
Chronic sinusitis No OI No OI Yes
Clostridium difficile colitis No OI No OI Yes
Conjunctivitis No OI No OI Yes
Coxiella infection No OI No OI Yes
Cystitis No OI No OI Yes
Cystitis escherichia No OI No OI Yes
Cytomegalovirus infection Not evaluable No OI Not evaluable
Cytomegalovirus mononucleosis Yes OI Yes OI Yes
Cytomegalovirus viraemia Yes OI Yes OI Yes
Device related sepsis No OI No OI Yes
Disseminated tuberculosis Yes OI Yes OI Yes
Ear infection No OI No OI Yes
Ear infection bacterial No OI No OI Yes
Enterovirus infection No OI No OI Yes
Epstein-Barr viraemia No OI No OI Yes
Epstein-Barr virus infection No OI No OI Yes
Erysipelas No OI No OI Yes
Escherichia pyelonephritis No OI No OI Yes
Exanthema subitum No OI No OI Yes
Furuncle No OI No OI Yes
Gastroenteritis No OI No OI Yes
Gastroenteritis caliciviral No OI No OI Yes
Gastroenteritis norovirus No OI No OI Yes
Gastroenteritis rotavirus No OI No OI Yes
Gastroenteritis salmonella No OI No OI Yes
Gastroenteritis viral No OI No OI Yes
Gastroenteritis yersinia No OI No OI Yes
Gastrointestinal infection No OI No OI Yes
Genital herpes simplex No OI No OI Yes
Giardiasis No OI No OI Yes
H1N1 influenza No OI No OI Yes
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Haemophilus infection No OI No OI Yes
Helicobacter gastritis No OI No OI Yes
Hepatitis B No OI No OI Yes
Hepatitis C No OI No OI Yes
Hepatitis infectious mononucleosis No OI No OI Yes
Herpes dermatitis No OI No OI Yes
Herpes ophthalmic Yes OI Yes OI Yes
Herpes simplex No OI No OI Yes
Herpes virus infection Yes OI No OI No
Herpes zoster Yes OI Yes OI Yes
Herpes zoster oticus Yes OI Yes OI Yes
Impetigo No OI No OI Yes
Infection in an immunocompromised host Yes OI Yes OI Yes
Infectious mononucleosis No OI No OI Yes
Infectious pleural effusion Not evaluable No OI Not evaluable
Influenza No OI No OI Yes
Injection site infection No OI No OI Yes
Laryngitis No OI No OI Yes
Latent tuberculosis No OI Yes OI No
Leprosy Yes OI Yes OI Yes
Lower respiratory tract infection No OI No OI Yes
Lyme disease No OI No OI Yes
Lymph node abscess No OI No OI Yes
Lymphadenitis bacterial No OI No OI Yes
Molluscum contagiosum No OI No OI Yes
Mycoplasma infection No OI No OI Yes
Nail bed infection bacterial No OI No OI Yes
Oesophageal candidiasis Yes OI Yes OI Yes
Ophthalmic herpes simplex No OI Yes OI No
Ophthalmic herpes zoster Yes OI Yes OI Yes
Oral candidiasis Yes OI No OI No
Oral herpes No OI No OI Yes
Osteomyelitis acute No OI No OI Yes
Otitis externa No OI No OI Yes
Otitis externa bacterial No OI No OI Yes
Otitis media No OI No OI Yes
Otitis media acute No OI No OI Yes
Otitis media chronic No OI No OI Yes
Papilloma viral infection Not evaluable Yes OI Not evaluable
Parvovirus B19 infection No OI No OI Yes
Peritonitis bacterial No OI No OI Yes
Pertussis No OI No OI Yes
Pharyngitis No OI No OI Yes
Pharyngitis bacterial No OI No OI Yes
Pharyngitis mycoplasmal No OI No OI Yes
Pharyngitis streptococcal No OI No OI Yes
Pharyngotonsillitis No OI No OI Yes
Pneumocystis jirovecii pneumonia Yes OI Yes OI Yes
Pneumonia No OI No OI Yes
Pneumonia bacterial No OI No OI Yes
Pneumonia cytomegaloviral Yes OI Yes OI Yes
Pneumonia measles No OI No OI Yes
Pneumonia mycoplasmal No OI No OI Yes
Pneumonia pneumococcal No OI No OI Yes
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Pneumonia staphylococcal No OI No OI Yes
Postoperative wound infection No OI No OI Yes
Pseudomonal sepsis No OI No OI Yes
Psoas abscess No OI No OI Yes
Pulmonary tuberculosis Yes OI Yes OI Yes
Pyelonephritis No OI No OI Yes
Pyelonephritis acute No OI No OI Yes
Pyomyositis No OI No OI Yes
Respiratory syncytial virus infection No OI No OI Yes
Respiratory tract infection No OI No OI Yes
Rhinitis No OI No OI Yes
Salmonella bacteraemia No OI No OI Yes
Salmonellosis No OI No OI Yes
Scarlet fever No OI No OI Yes
Sepsis No OI No OI Yes
Sepsis syndrome No OI No OI Yes
Sialoadenitis No OI No OI Yes
Sinusitis No OI No OI Yes
Staphylococcal sepsis No OI No OI Yes
Streptococcal bacteraemia No OI No OI Yes
Streptococcal infection No OI No OI Yes
Streptococcal sepsis No OI No OI Yes
Subcutaneous abscess No OI No OI Yes
Systemic mycosis Not evaluable Yes OI Not evaluable
Tonsillitis No OI No OI Yes
Tooth abscess No OI No OI Yes
Toxic shock syndrome staphylococcal No OI No OI Yes
Tuberculin test positive No OI No OI Yes
Tuberculosis Not evaluable Yes OI Not evaluable
Tuberculosis of intrathoracic lymph nodes Not evaluable Yes OI Not evaluable
Typhoid fever No OI No OI Yes
Upper respiratory tract infection No OI No OI Yes
Upper respiratory tract infection bacterial No OI No OI Yes
Urinary tract infection No OI No OI Yes
Urinary tract infection bacterial No OI No OI Yes
Varicella No OI No OI Yes
Varicella zoster pneumonia Not evaluable Yes OI Not evaluable
Varicella zoster virus infection No OI No OI Yes
Viraemia Not evaluable No OI Not evaluable
Viral upper respiratory tract infection No OI No OI Yes
Vulvovaginal candidiasis No OI No OI Yes
Vulvovaginal human papilloma virus infection Yes OI Yes OI Yes
Wound infection No OI No OI Yes
Wound infection bacterial No OI No OI Yes
Yersinia infection No OI No OI Yes

All 149 PT (corresponding to 682 infectious events) are displayed in the rows. In the columns: the consensus scores 
on adjudication by the SAC on question 3 (“Is this an opportunistic infection”), next the scoring as opportunistic or 
not opportunistic by the List of opportunistic pathogens and lastly if there was agreement between the SAC and 
the OI List. 
ND = not determined; OI = opportunistic infections; PT = Preferred Terms; SAC = Safety Adjudication Committee
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ABSTRACT 

Objectives
To describe the comorbidities in children with juvenile idiopathic arthritis (JIA) and how 
they impact the life of a JIA patient.

Methods
In the largest JIA-registry (Pharmachild) worldwide, the pharmacovigilance data of 8,309 
patients with a total observation time of 50,767 patient-years were analysed. Only 
chronic diseases with a duration longer than 3 months were considered as comorbidity. 
Data on both quality of life and functional abilities were available for 2,761 patients, 
in order to evaluate the impact of having a comorbid condition on the patient’s life.

Results
We found 4,451 comorbidities in 3,059 patients. Therefore 36.8% of our JIA patients 
had a comorbidity with uveitis (17.6%), psoriasis (2.9%), macrophage activation 
syndrome (1.7%), asthma (1.5%) and thyroid disease (1.2%) forming the top 5 most 
encountered diseases. Celiac disease, inflammatory bowel disease, depressive disorder 
and diabetes mellitus were also not uncommon (around 0.5%). Malignancies, 
demyelinating diseases and interstitial lung disease were not seen more often than in 
the general population. Having a comorbid condition negatively impacted our patients 
on pain, well-being, functioning and quality of life.

Conclusions
Comorbid conditions were found in more than 1/3 of our JIA patients. They negatively 
impacted the lives of our patients. With better understanding of comorbid conditions 
we might be able to screen for them or even prevent some in selected populations in 
order to reduce the burden of disease.
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INTRODUCTION 

In 2009, 7 out of 10 deaths in the United States of America (US) were due to chronic 
diseases1, defined by the US National Center for Health Statistics as conditions lasting 
3 months or more. Chronic diseases generally cannot be prevented by vaccines or 
cured by medication and they affect more than 40% of the total US population1 with 
more than half of them having multiple conditions by 2020.2  Approximately 8 percent 
of children aged 5 to 17 were reported by their parents to be limited in their activities 
due to at least one chronic disease or disability.3 Almost a third of the population is 
now living with multiple chronic conditions.4 More than 80% of aged Medicare 
beneficiaries had 1 or more types of chronic conditions, with the costs exponentially 
increasing with the number of chronic conditions.5

Comorbidity is mostly defined as any distinct additional entity that has existed or may 
occur during the clinical course of a patient who has the index disease under study.6 
It may represent an active, past, or transient illness.7 The patient’s complexity is the 
overall impact of the different diseases on an individual taking into account their 
severity and other health-related attributes (e.g., socioeconomic, cultural, 
environmental, and patient behaviour characteristics).8 In rheumatoid arthritis (RA), 
comorbidities (e.g. cardiovascular and gastrointestinal diseases) occur more frequently  
compared to the general population.9 This higher prevalence is usually explained by 
either the activity of the disease itself, or by its treatment, in particular glucocorticoids.9 
Juvenile idiopathic arthritis (JIA) is the most common chronic rheumatic disease in 
childhood with a population-based estimate indicating a prevalence of approximately 
1 to 2 per 1,000 children, and an incidence of 11 to 14 new cases per 100,000 children.10 
JIA is defined as arthritis of unknown origin starting before the age of 16, persisting for 
at least six weeks with other known conditions excluded.11 Only the RF+ JIA subtype 
affecting 2-7% is similar to RA in adults.12 Many children with arthritis will continue to 
have active disease as adults, some with severe disability despite the dramatically 
improved disease outcomes since the use of biologic therapy. Childhood arthritis is 
costly to society, in both personal and economic terms. Patients with JIA show a medium 
impairment in health status and caregivers have a life burden.13 It is important to 
understand all potential interactions of co-existing diseases and its impact on the 
patient’s overall well-being, in order to provide safe, efficient, and optimal care of our 
patients. For JIA the burden of comorbidity is largely unknown, while one can imagine 
that with modifiable risk factors (e.g. healthy diet, physical activity and no tobacco use) 
a huge impact can be gained in even preventing a chronic disease in these patients. 
More research into patients’ perspectives on the ways in which multiple conditions 
affect their health, well-being, and clinical care is needed to complement the 
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professional perspective and ensure that care is truly patient-centered.8 With this study 
we are the first to analyse the presence of all comorbid conditions in JIA patients 
regardless their treatment. With this study we create awareness for comorbidities and 
set the stage for more in-depth research in certain comorbidities to screen for them 
or maybe even prevent them from evolving in the near future. Furthermore we want 
to find out if having a comorbid condition does impact the life of a JIA patient.

METHODS

For this project, data from the international Pharmachild registry were used. The 
Pharmachild database captures information on clinical and laboratory data of JIA 
patients following a very rigorous procedure as described before.14 This 
pharmacovigilance project started in 2011 and reports both reported adverse events 
(AE) occurring both before the informed consent date (retrospective part) as well as 
after their informed consent was given (prospective part). There are two types of study 
patients: the ones with retrospective data only and the ones with additional prospective 
data. As others, we defined comorbidity as any chronic disease lasting for more than 
3 months and co-existing with JIA.7,15 The comorbidities were collected in three ways: 
as free-text (retrospective only), as AE (retrospective or prospective) and as prespecified 
ESI (retrospective or prospective). The burden of comorbidity on the well-being of JIA-
patients was analysed with the use of the last known parent Juvenile Arthritis 
Multidimensional Assessment Report (JAMAR).16

We use the Medical Dictionary for Regulator Activities (MedDRA) to describe the 
comorbidities. The system organ classes (SOC) of are used as the highest level in the 
hierarchy of comorbidities and the lower level terms (LLT) as the lowest used for this 
analysis. We excluded flare-ups or second instances of already known comorbidities 
and eliminated all duplicates per patient if present. 
As of March 2017 data of 8,309 (6,517 retrospectively-only and 1,792 both retrospectively 
and prospectively followed) JIA patients with a total observation time of 50,767 patient-
years were collected. All data of the JAMAR were available for 2761 patients (from 1131 
retrospective-only patients and 1630 prospective patients). 
The patients were either with AE/ESI (n=2,233) or without them (n=6,076). The 2,233 
patients with AE/ESI had 6,191 comorbidities consisting of 457 free-text comorbidities, 
3,605 AEs, and 2,129 ESIs (Figure 1). The 457 free-text (retrospective) comorbidities, 
contained 6 diseases not being a chronic disease and these were excluded. From the 
AEs / ESIs the following System Organ Classes were eliminated because they could not 
be defined as chronic diseases: infections/infestations (n=1898), investigations (n=599), 
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surgical/medical procedures (n=224), social circumstances (n=12), injury/poisoning/
procedural complications (n=338), general disorders/administration site conditions 
(n=276). The remaining 2,387 AE’s and ESI’s were then checked at the LLT for symptoms 
instead of diseases and after the elimination of “abdominal pain” (n=93), “nausea” 
(n=267), vomiting (n=65) and a large mix of less prevalent symptoms e.g. “dizziness, 
palpitations, pruritus” (n=635) there remained only 1,152 AEs and 171 ESIs as 
comorbidities in 1,363 patients. Of these 1,152 AEs 197 were prospective and of the 
171 ESIs 17 were prospective. Even the patients without AE/ESI could still have a 
comorbidity, since (after the removal of 33 infections) 2,612 free-text comorbidities 
were mentioned in 1,696 patients in this group. In total 4,451 comorbidities were found 
in 3,059 patients: 3,063 retrospective free-text, 955 retrospective AEs, 154 retrospective 
ESIs, 197 prospective AEs and 17 prospective ESIs. 

Statistical analysis
We used IBM SPSS Statistics, Version 21 (21.0.0.0) for data analysis. The table 1 
characteristics is calculated separately for the patients in the retrospective-only and 
prospective patients to find out if the prospectively followed cohort is any different 
from the retrospectively observed population. 
For the cumulative incidence we use the whole observation period per patient from 
onset of JIA to last recording of data which has particular meaning since the 
comorbidities we were looking for concerned chronic diseases that are not likely to 
subside. To calculate the annual incidences of comorbidities we used yearly observation 
periods for which the retrospective observation period was defined as the period 
starting from the disease onset date of JIA till the date of completion of the retrospective 
baseline form. The prospective observation period was defined as the date of signing 
the informed consent form till the date of the last prospective visit. 
Age, observation periods, patient reported outcomes and the number of comorbidities 
will be shown as medians with their interquartile ranges. The 2-sided Mann-Whitney-U 
test will be used as non-parametric test for these variables between patient with and 
without AEs or comorbidities. Binary parameters (e.g. Sex, antinuclear antibody (ANA), 
rheumatoid factor (RF), Human Leukocyte Antigen-B27+, diagnosis subtype, drug 
category and comorbidities) will be displayed in plain numbers and column percentages 
and the 2-sided Fisher’s Exact test will be used for these variables.
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RESULTS

As of March 2017 data of 8,309 (6,517 retrospectively-only and 1,792 both retrospectively 
and prospectively followed) JIA patients with a total observation time of 50,767 patient-
years were collected. In total 4,451 comorbidities were found in 3,059 patients: 4,172 
retrospective and 214 prospective comorbidities. 
Table 1 shows the baseline differences between patients without comorbidities and 
the 36.8% of patients with comorbidities. Patients with comorbidities had longer 
retrospective observation with a median of 5.1 years compared to 3.5 years for the 
patients without comorbidities and also a slightly longer prospective observation. The 
patients with comorbidities were younger at JIA diagnosis with 4.5 years versus 6.0 
years, more likely to have psoriatic JIA, and a higher prevalence of ANA positivity with 
47.7% versus 36.9. A much higher percentage of patients with comorbidity had received 
systemic steroids (44.9% versus 37.0%vs), and anti-TNF (66.5 versus 54.3%) than those 
without comorbidities. 
Table 2 displays the comorbidities per System Organ Class (SOC) and shows that the 
most affected SOC was the eye (mainly uveitis and its complications cataract and 
glaucoma as is displayed in the Addendum), followed by the endocrine system (mainly 
Cushing’s syndrome, thyroid disease, diabetes mellitus and growth retardation) and 
then the skin (mainly psoriasis, eczema and alopecia). The hepatobiliary system and 
the ear were rarely involved.
Table 3 displays the comorbidities per Lower Level Term and shows the 25 most found 
chronic diseases. The top 3 consists of conditions known to be specifically associated 
with JIA with the most common comorbidity being uveitis having a cumulative incidence 
of 17.6%. Psoriasis was the second most incident comorbid condition, followed by 
macrophage activation syndrome (MAS). More common diseases such as asthma, 
atopic dermatitis/eczema, allergy, and obesity were all present in the top 10 of most 
incident disease in JIA patients. Iatrogenic Cushing’s syndrome and anaemia (of the 
chronic disease) were in this top 10 as well. Surprisingly thyroid disease was ranked 
as number 5 with a cumulative incidence of 1.2%. Celiac disease, inflammatory bowel 
diseases, depressive disorder and diabetes mellitus were present in roughly 1 out of 
every 200 JIA patients each in our JIA cohort.
Table 4 shows a selection of comorbidities that were found to be relevant in previous 
studies for rheumatoid arthritis9 or JIA.17,18 Osteoporosis and gastrointestinal bleeding 
were both rather rare conditions despite the widespread use of steroids and NSAIDs 
in JIA patients. Primary Immuno-deficiencies and IgA-deficiency were each present in 
1 per 400 patients in our cohort. 
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Malignancies were rare events found ever in only 1.6 per 1000 JIA patients with a 
prospective  incidence rate of 3.6 per 10,000 patient-years. The 13 malignant neoplasms 
were all different in origin, except for myelodysplasia which affected two patients. 
Except for the retinoblastoma which was present several years before the onset of JIA, 
most malignancies developed years later. One patient with neurofibromatosis however 
developed acute leukaemia already 5 months after the onset of JIA and had only used 
MTX till that point. Interstitial lung disease, optic neuritis and demyelinating diseases 
were all extremely rare with cumulative incidences of 1-2 per 10,000 JIA patients.
Table 5 shows the results of the parents’ reported outcomes of the 2,761 patients as 
assessed by their last completed Juvenile Arthritis Multidimensional Assessment 

Table 2. Comorbidity table of all System Organ Classes during retrospective and prospective observation

SYSTEM ORGAN CLASS Cumulative
Incidence

Incidence 
rate

Retrospective 
Incidence 
Rate

Prospective 
Incidence 
Rate

P-value

Eye 19.70 3.22 3.34 1.24 <0.001

Endocrine 5.86 0.96 0.99 0.50 0.010

Skin and subcutaneous tissue 5.56 0.91 0.88 1.35 0.015

Gastrointestinal 3.49 0.57 0.56 0.75 0.196

Blood and lymphatic system 2.82 0.46 0.45 0.60 0.250

Psychiatric 2.58 0.42 0.38 1.10 <0.001

Nervous system 2.39 0.39 0.38 0.64 0.041

Metabolism and nutrition 2.09 0.34 0.35 0.28 0.739

Respiratory, thoracic & mediastinal 2.05 0.33 0.33 0.36 0.739

Immune system 2.00 0.33 0.33 0.36 0.733

Musculoskeletal and CTD 1.75 0.29 0.27 0.50 0.042

Congenital, familial and genetic 1.37 0.22 0.23 0.11 0.219

Renal and urinary 1.13 0.19 0.19 0.07 0.178

Cardiac 0.88 0.14 0.15 0.00 0.035

Vascular 0.59 0.10 0.09 0.14 0.348

Neoplasms benign and malignant 0.37 0.06 0.05 0.21 0.006

Hepatobiliary 0.37 0.06 0.06 0.07 0.689

Reproductive system and breast 0.34 0.06 0.05 0.21 0.003

Ear and labyrinth 0.22 0.04 0.04 0.04 >0.99

Pregnancy & perinatal conditions 0.19 0.03 0.03 0.00 >0.99

Comorbidities are shown per system organ class with the most prevalent at top. The table shows the cumulative 
incidence of the comorbidities as found at last study visit in our study-population displayed per 100 patients. The 
incidences rates are displayed per 100 observed patient-years, which were also subdivided in retrospective and 
prospective incidence and compared. 
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Reports (JAMAR). Around half of all the patients (/parents) with a JAMAR were found to 
state that they (/their child) have active disease, experience pain, not being completely 
well, unable to carry out all activities without difficulties and the quality of life score 
was even hampered in around two-thirds. Nevertheless almost three-quarters of the 
patients were satisfied with their situation as it was at that moment and did not feel 
that a change in the situation was required for the next few months. Patients having 

Table 3. Comorbidity table of the 25 most prevalent chronic diseases

Comorbid condition Cumulative
Incidence

Incidence 
rate

Retrospective 
Incidence 
rate

Prospective 
Incidence 
rate

P-value

Uveitis 17.64 2.89 3.04 0.36 <0.001

Psoriasis 2.89 0.47 0.49 0.14 0.004

MAS 1.65 0.27 0.28 0.18 0.453

Asthma 1.50 0.25 0.25 0.14 0.328

Thyroid disease 1.18 0.19 0.20 0.04 0.045

Hypothyroidism  (if known) 0.70 0.11 0.12 0.04 0.379

Obesity 1.07 0.18 0.18 0.11 0.490

Cushing’s syndrome 1.00 0.16 0.16 0.25 0.228

Atopic dermatitis/ eczema 0.95 0.16 0.15 0.28 0.082

Allergy 0.83 0.14 0.13 0.25 0.106

Gastritis/gastroduodenitis 0.79 0.13 0.14 0.04 0.271

Anemia 0.75 0.12 0.11 0.32 0.007

Headache 0.73 0.12 0.10 0.39 <0.001

Seizures/Epilepsy 0.71 0.12 0.12 0.11 1.000

Congenital heart defect 0.65 0.11 0.11 0.00 0.075

Celiac disease 0.61 0.10 0.11 0.00 0.116

Congenital malformation 0.58 0.09 0.09 0.11 0.748

Cataract 0.57 0.09 0.09 0.18 0.186

Depressive disorder 0.53 0.09 0.06 0.50 <0.001

Inflammatory bowel disease 0.53 0.09 0.09 0.07 1.000

ADD/ADHD 0.48 0.08 0.08 0.07 1.000

Other Skin disorders 0.47 0.08 0.06 0.39 <0.001

Diabetes mellitus total 0.43 0.07 0.07 0.04 0.721

Growth retardation 0.43 0.07 0.08 0.00 0.265

Osteochondrosis 0.43 0.07 0.06 0.18 0.047

Hypertension 0.40 0.07 0.06 0.11 0.428

The comorbidities per lower level terms. The table shows cumulative incidences of the comorbidities as found in 
our study-population (per 100 patients) as well as the incidence rates per 100 patient-years. The comorbidities 
were also divided in retrospective and prospective incidence rates and compared. 
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a comorbid condition were significantly more likely to report on the JAMAR a higher 
disease activity, more pain, worse well-being and quality of life scores. This was even 
clearer when we looked at absence or presence of any “positive” items on these 
subjects. Patients with a comorbid condition were more likely to report disease activity, 
problems in their well-being, to have any issue on their quality of life and less likely to 
be satisfied with their situation.

Table 4. Selected comorbid conditions

Comorbid condition Total
Cumulative 
Incidence

Incidence 
rate

Retrospective
Incidence
rate

Prospective 
Incidence 
rate

P-value

Osteoporosis 0,35 0,06 0,06 0,00 0,407

Gastrointestinal bleeding 0,24 0,04 0,04 0,04 1,000

Primary Immunodeficiency, other 0,24 0,04 0,04 0,00 0,625

Selective IgA Deficiency 0,24 0,04 0,04 0,00 0,625

Malignant Neoplasms 0,16 0,03 0,03 0,04 0,523

Acute lymphoblastic leukemia 0,01 0,00 0,00 0,00 1,000

Anaplastic large-cell lymphoma 0,01 0,00 0,00 0,00 1,000

Fibroxanthoma 0,01 0,00 0,00 0,00 1,000

Hodgkin’s lymphoma 0,01 0,00 0,00 0,00 1,000

Leukaemia cutis 0,01 0,00 0,00 0,04 0,055

Leukemia acute 0,01 0,00 0,00 0,00 1,000

Myelodysplasia 0,02 0,00 0,00 0,00 1,000

Neoplasm cervix 0,01 0,00 0,00 0,00 1,000

Non-Hodgkin’s lymphoma stage IV 0,01 0,00 0,00 0,00 1,000

Pulmonary fibrosarcoma 0,01 0,00 0,00 0,00 1,000

Retinoblastoma 0,01 0,00 0,00 0,00 1,000

Thyroid carcinoma 0,01 0,00 0,00 0,00 1,000

Interstitial pneumonia/ lung disease 0,14 0,02 0,03 0,00 1,000

Hyperlipidemia 0,08 0,01 0,01 0,00 1,000

Optic neuritis 0,06 0,01 0,01 0,04 0,248

Demyelinating disease 0,05 0,01 0,01 0,00 1,000

The comorbidities per lower level terms. The table shows cumulative incidences of the comorbidities as found in 
our study-population (per 100 patients) as well as the incidence rates per 100 patient-years. The comorbidities 
were also divided in retrospective and prospective incidence rates and compared. 
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DISCUSSION

This is the first study to specifically address the issue of comorbidities in children with 
JIA so far with 50,767 observation years in 8,309 patients of whom 33.6% never used 
a biological. Just one study looks into self-reported comorbidity in 344 adult JIA patients 
only, almost none being biological-naïve15 and another study described 16 specified 
comorbidities in 423 adult JIA patients all using anti-TNF-therapy.19 We found that 37% 
of JIA patients had comorbidities, which was much lower than the 62% self-reported 
found in adults with JIA.15 However with longer observation into adulthood we expect 
this percentage to rise in our population as well, since comorbidities do not easily 
subside and already we found that patients with comorbidity had already significantly 
(almost two years) longer observation than those without it. 
ANA positive OJIA patients were at significantly higher risk for comorbidity which is 
largely explained by the higher risk of uveitis and likewise the patients with psoriatic 
arthritis run the highest risk of psoriasis, both accounting for the top two of comorbid 
conditions. A significantly higher percentage of patients with comorbidity had 
received systemic steroids (8% more) and anti-TNF (12% more). The use of these 
could increase the risk for certain events (e.g. Cushing’s syndrome and steroid use) 

Table 5. The effects of having a comorbidity for JIA prospective patients as scored by 2,761 parents

No comorbidity
(n=1630)

Comorbidity 
(n=1,131)

p-value

Median Patients VAS disease activity (IQR) 0.0 (0.0-2.0) 0.5 (0.0-3.0) 0.004

Patient VAS disease activity  >0 48.3% 54.1% 0.002

Median VAS pain (IQR) 0.0 (0.0-2.0) 0.5 (0.0-3.0) 0.017

VAS pain > 0 48.2% 52.2% 0.037

Median VAS well-being (IQR) 0.0 (0.0-2.0) 0.5 (0.0-3.0) <0.001

VAS well-being > 0 48.9% 56.3% <0.001

Median Functional Ability score (IQR) 0.0 (0.0-3.0) 0.0 (0.0-3.0) 0.147

Functional Ability score > 0 43.2% 45.3% 0.274

Median Quality of Life score (IQR) 2.0 (0.0-6.0) 3.0 (0.0-7.0) <0.001

Quality of Life score  > 0 63.5% 72.3% <0.001

Satisfaction with situation 77.1% 73.1% 0.017

The VAS disease activity and well-being reflected the moment of the report, the VAS pain described that of the last 
week and the evaluation of Functional Ability and Quality of Life was considering the last 4 weeks before the report. 
Percentages shown are column-percentages. The last row represents the item “considering all the ways the illness 
affects your child would you be satisfied if his/her condition remained stable/unchanged for the next few months”.
MWU-test was used for continuous variables and Chi-square test for the dichotomous variables. 
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although we did not yet look into the details of the incidence of specific comorbidities 
while being exposed to certain drugs. All drug-categories were also significantly more 
used in the prospective cohort with 7% more systemic steroids and 17% more anti-
TNF, while the total observation period was only 0.5 years longer. This more intensive 
use of multiple drugs did however not significantly affect the median incidence of 
comorbidities.
The top 3 of the most found chronic diseases (uveitis, psoriasis and macrophage 
activation syndrome) are known to be specifically associated with JIA. Uveitis was found 
to have a cumulative incidence of 17.6% in our cohort which is in the range of that 
found in epidemiologic studies after the implementation of the screening programs 
varying between 11.6% found in the CARRA registry to 20.5% in the long-term Nordic 
JIA cohort.20–23 Our incidence rate of uveitis was significantly lower in the prospective 
observation period (0.4/100 patient-years) compared to that of the retrospective period 
(3.0/100 patient-years) but this can be explained by the fact that the collection of 
prospective data started only after a median of 4.2 years while it is known that almost 
all children develop their uveitis within the first four years after onset of JIA.[19] For 
the reporting of psoriasis as an adverse event which can be even paradoxical psoriasis 
after the start of an anti-TNF agent24, specific details are asked to how and by whom 
the diagnosis was made. Psoriasis was the second most found comorbid condition 
with a cumulative incidence of 2.9% in our cohort (median age of 13.6 years at last 
visit) which is much higher than the 1.04% in the same age group in the general 
population25, but comparable to the 3.2% found in the Nordic cohort.26 Macrophage 
activation syndrome (MAS) was seen in 1.65% and only in the patients that had systemic 
JIA (sJIA) forming 11.0% of the whole cohort. Therefore the cumulative incidence of 
MAS was 15.0% in our sJIA cohort which was comparable with the 13% clinically 
diagnosed with MAS in a case series of patients with sJIA.27 
More common diseases such as asthma, atopic dermatitis/eczema, allergy, and 
obesity were all present in the top 10 of most found comorbid conditions in JIA 
patients. Allergic conjunctivitis, allergic rhinitis, atopic dermatitis (AD) and asthma 
are all considered clinical manifestations of allergy or atopy. AD is among the most 
prevalent chronic inflammatory diseases.28. A recent study reported that Taiwanese 
children with allergic diseases even had an increased risk of developing JIA.29 The 
cumulative incidence of asthma was rather low with 1.5% in our JIA cohort while it 
was 7.6% in the self-reported comorbidities of the German adult JIA population15. 
Maybe the treating pediatric rheumatologist was not always aware of the asthma 
treatments their patients received from their general practitioners or found it not 
relevant enough to mention since in our pharmacovigilance cohort we are not 
collecting mild adverse events and hence might miss the mild asthma cases. The 
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same underestimation was likely true for atopic dermatitis and allergy in our cohort 
with only 1.0% and 0.8% respectively while it was mentioned by patients themselves 
in 8.7% and 24.4% in the adult population.15

Surprisingly clinical thyroid disease (mainly hypothyroidism) was ranked as number 
5 with a cumulative incidence of 1.2% of the children with JIA which was comparable 
to the 1.3% with clinical hypothyroidism seen in 79 JIA patients screened for 
autoimmune diseases.30 This is much higher than in the general population with 
clinical hypothyroidism occurring in 0.14% in people under 22 years of age31 and will 
likely further increase with age as was seen in the adult population with 2.0% in 
Germany.15 When screened for thyroid disease by blood tests subclinical autoimmune 
thyroid disease is found in even 10-11% of JIA patients 30,32, with 5-7 times higher 
prevalence of anti-thyroid antibodies than in the healthy matched controls.33 The 
same is true when screening for celiac disease (CD). We found CD in 0.6%, however 
when screened for a much higher prevalence for CD was found of 3.8-6.6%.30,32 
Screening for diabetes mellitus (DM) with antibodies and oral glucose tolerance tests 
was less useful though.34 DM was seen in 0.4% of our patients which was comparable 
to the 0.5% found in a German JIA database and 1.8 more often than found in their 
general population.35 In adult JIA patients DM was self-reported with a described 
prevalence of 0.9%.15 Inflammatory bowel diseases (IBD) was reported in 0.5% in our 
cohort with an incidence of 0.09/100 patient-years which is 16 times more frequent 
than the normal incidence in a childhood population.36 The incidence in our cohort 
was comparable to the 0.13/100 patient-years in a large German JIA registry who 
found that etanercept monotherapy, but not the combination of etanercept and MTX 
was associated with an increased incidence of IBD.37 In the adult patients the 
prevalence of self-reported IBD has even come up to 2.1%.15 A depressive disorder 
was mentioned in only 0.5% of our patients, which was much higher in a study with 
JIA patients still followed as adults with 4.9%.15. A small study from Minnesota U.S.A. 
with 89 JIA patients and 89 non-JIA comparators showed an already high background 
rate of clinician diagnosed depression (8%) before they were diagnosed with JIA 
compared to 4% in the comparator group and a higher cumulative incidence of 24.9% 
compared to 13.4% without JIA. In fact depressive and behavioural problems might 
be an underestimated issue as children with JIA showed higher rate of anxiety/
depression, withdrawal/depression, somatic complaints, rule breaking behaviours, 
and aggressive behaviours as well as thought and social problems compared to a 
healthy control group (p < 0.001).38 
Malignancies were rare events found ever in only 1.6 per 1000 JIA patients with a 
prospective incidence rate of 3.6 per 10,000 patient-years which is comparable to the 
4.3 per 10,000 patient-years in a normal childhood population.39 In a German registry 
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an incidence rate of 9.1 malignancies per 10,000 patient-years was found40, much higher 
than the 3.2 per highly probable malignancies found by usage of Medicaid data in the 
USA41 and the only 0.45 10,000 patient-years found by linkage of JIA registries with 
regional tumour registries in Canada.42 Interstitial lung disease, optic neuritis and 
demyelinating diseases were all extremely rare with cumulative incidences of 1-2 per 
10,000 patients in our cohort. 
Patients having a comorbid condition were significantly more likely to report a higher 
disease activity, more pain, worse well-being and quality of life scores which is in full 
agreement with the findings in adult JIA patients with at least one comorbidity.15 
Patients with a comorbid condition were also significantly less likely to be satisfied with 
their situation and felt that a change in the situation was required for the next few 
months. However the differences were not very large and every comorbid condition 
will have a different effect on the real burden of disease. Certainly, many symptoms 
(e.g pain, nausea, vomiting, injection site reactions)  now excluded for our analysis of 
chronic diseases can have a huge impact on the burden of disease as well.
Our pharmacovigilance registry is the worldwide largest JIA registry using MedDRA 
coding and awarded with a European Network of Centres for Pharmacoepidemiology 
and Pharmacovigilance study-seal for high standards throughout the research process 
based on the principles of robust methodologies, transparency and scientific 
independence. This makes our database very suitable for analysing comorbid 
conditions in JIA. However at the moment of analysis a large proportion of our data 
contained retrospective data and therefore full awareness at the physician side of all 
comorbid conditions might have lacked. To get a hint of the incidence of the 
comorbidities we therefore dissected the retrospective events from the prospective 
ones and calculated for every condition if there was higher reporting in the prospective 
cohort which could be explained by a higher prospective alertness and/or by not 
mentioning retrospective conditions that were in the end found to be non-relevant. 
The next step would be to analyse per comorbid condition the role of drugs and patient 
characteristics. We recently started to collaborate with National JIA registries on the 
subject of comorbid conditions. After harmonization of our data we will in the future 
better understand what comorbidities we should detect at an earlier stage by screening 
in selected populations or maybe even prevent from happening even they are drug 
related. An integrated follow-up by the necessary specialists might further decrease 
the burden of disease.
In conclusion we found that 36.8% of our JIA patients had a comorbid condition with 
uveitis, psoriasis, macrophage activation syndrome, asthma and thyroid disease 
forming the top 5. Celiac disease, inflammatory bowel disease, depressive disorder 
and diabetes mellitus were also not uncommon. Malignancies, demyelinating diseases 
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and interstitial lung disease were not seen more often than in the general population. 
Having a comorbid condition negatively impacted our patients on disease activity, pain, 
well-being, functioning and quality of life. With better understanding of comorbid 
conditions we might be able to screen for them in selected populations or maybe 
ultimately even prevent them, all in order to reduce the burden of disease.
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ADDENDUM

Blood and lymphatic system 
disorders

Cumulative 
Incidence 

Incidence 
Rate 

Retrospective 
Incidence 
Rate 

Prospective 
Incidence 
Rate 

P-value 

Anemia 0.75 0.12 0.11 0.32 0.007

Coagulation disorder 0.18 0.03 0.03 0.00 1.000

Lymphadenopathy 0.07 0.01 0.01 0.07 0.040

Macrophage activation 
syndrome

1.65 0.27 0.28 0.18 0.453

Neutropenia 0.14 0.02 0.02 0.04 0.495

Other 0.02 0.00 0.00 0.00 1.000

Total 2.82 0.46 0.45 0.60 0.250

Cardiac disorders Cumulative 
Incidence 

Incidence 
Rate 

Retrospective 
Incidence 
Rate 

Prospective 
Incidence 
Rate 

P-value 

Arrhythmia 0.13 0.02 0.02 0.00 1.000

Congenital heart defect 0.65 0.11 0.11 0.00 0.075

Pericardial effusion 0.07 0.01 0.01 0.00 1.000

Valve disorders 0.16 0.03 0.03 0.00 1.000

Other 0.00 0.00 0.00 0.00 NA

Total 0.88 0.14 0.15 0.00 0.035

Congenital. familial and 
genetic disorders

Cumulative 
Incidence 

Incidence 
Rate 

Retrospective 
Incidence 
Rate 

Prospective 
Incidence 
Rate 

P-value 

Chromosomal abnormality, 
other 

0.11 0.02 0.02 0.00 1.000

Congenital malformation 0.58 0.09 0.09 0.11 0.748

DiGeorge’s syndrome 0.16 0.03 0.03 0.00 1.000

Down’s syndrome 0.25 0.04 0.04 0.00 0.628

Genetic disorder 0.22 0.04 0.04 0.00 0.621

Turner’s syndrome 0.08 0.01 0.01 0.00 1.000

Other 0.08 0.01 0.01 0.00 1.000

Total 1.37 0.22 0.23 0.11 0.219

Ear and labyrinth disorders Cumulative 
Incidence 

Incidence 
Rate 

Retrospective 
Incidence 
Rate 

Prospective 
Incidence 
Rate 

P-value 

Hearing difficulties 0.18 0.03 0.03 0.04 0.575

Other 0.04 0.01 0.01 0.00 1.000

Total 0.22 0.04 0.04 0.04 1.000
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Endocrine disorders Cumulative 
Incidence 

Incidence 
Rate 

Retrospective 
Incidence 
Rate 

Prospective 
Incidence 
Rate 

P-value 

Corticoadrenal insufficiency 0.06 0.01 0.01 0.00 1.000

Cushing’s syndrome 1.00 0.16 0.16 0.25 0.228

Delayed puberty 0.07 0.01 0.01 0.00 1.000

Diabetes mellitus total 0.43 0.07 0.07 0.04 0.721

Insulin-dependent DM  
(if known)

0.14 0.02 0.03 0.00 1.000

Early puberty 0.13 0.02 0.02 0.07 0.121

Growth retardation 0.43 0.07 0.08 0.00 0.265

Thyroid disease 1.18 0.19 0.20 0.04 0.045

Hypothyroidism
(if known)

0.70 0.11 0.12 0.04 0.379

Other 0.10 0.02 0.02 0.00 1.000

Total 5.86 0.96 0.99 0.50 0.010

Eye disorders Cumulative 
Incidence 

Incidence 
Rate 

Retrospective 
Incidence 
Rate 

Prospective 
Incidence 
Rate 

P-value 

Band keratopathy 0.10 0.02 0.01 0.04 0.366

Cataract 0.57 0.09 0.09 0.18 0.186

Congenital eye disorder 0.11 0.02 0.02 0.00 1.000

Glaucoma 0.37 0.06 0.06 0.04 1.000

Keratoconjunctivitis 0.13 0.02 0.02 0.11 0.020

Refractive disorders 0.13 0.02 0.02 0.04 0.466

Uveitis 17.64 2.89 3.04 0.36 0.000

Uveitis flare up 0.35 0.06 0.04 0.32 0.000

Other 0.30 0.05 0.04 0.18 0.011

Total 19.70 3.22 3.34 1.24 0.000

Gastrointestinal disorders Cumulative 
Incidence 

Incidence 
Rate 

Retrospective 
Incidence 
Rate 

Prospective 
Incidence 
Rate 

P-value 

Celiac disease 0.61 0.10 0.11 0.00 0.116

Colonic inflammation eci 0.08 0.01 0.01 0.00 1.000

Constipation 0.36 0.06 0.04 0.36 0.000

Dental and oral disease 0.13 0.02 0.02 0.04 0.466

Diarrhea 0.25 0.04 0.04 0.07 0.326

Gastritis/gastro-duodenitis 0.79 0.13 0.14 0.04 0.271

Gastroesophageal reflux 
disease

0.22 0.04 0.04 0.04 1.000

Gastrointestinal bleeding 0.24 0.04 0.04 0.04 1.000

Inflammatory bowel disease 0.53 0.09 0.09 0.07 1.000

Other 0.26 0.04 0.04 0.11 0.119

Total 3.49 0.57 0.56 0.75 0.196
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Hepatobiliary disorders Cumulative 
Incidence 

Incidence 
Rate 

Retrospective 
Incidence 
Rate 

Prospective 
Incidence 
Rate 

P-value 

Autoimmune hepatitis 0.08 0.01 0.01 0.00 1.000

Chronic hepatitis eci 0.10 0.02 0.02 0.00 1.000

Congenital disorders 0.07 0.01 0.01 0.04 0.290

Hepatic steatosis 0.08 0.01 0.01 0.00 1.000

Other 0.04 0.01 0.00 0.04 0.157

Total 0.37 0.06 0.06 0.07 0.689

Immune system disorders Cumulative 
Incidence 

Incidence 
Rate 

Retrospective 
Incidence 
Rate 

Prospective 
Incidence 
Rate 

P-value 

Allergy 0.83 0.14 0.13 0.25 0.106

Autoinflammatory disease 0.20 0.03 0.04 0.00 1.000

Autoimmune connective tissue 
disease

0.22 0.04 0.04 0.04 1.000

Autoimmune disease, other 0.13 0.02 0.02 0.04 0.466

Demyelinating disease 0.05 0.01 0.01 0.00 1.000

Optic neuritis 0.06 0.01 0.01 0.04 0.248

Primary Immunodeficiency 
other

0.24 0.04 0.04 0.00 0.625

Selective IgA Deficiency 0.24 0.04 0.04 0.00 0.625

Other 0.02 0.00 0.00 0.00 1.000

Total 2.00 0.33 0.33 0.36 0.733

Metabolism and nutrition 
disorders

Cumulative 
Incidence 

Incidence 
Rate 

Retrospective 
Incidence
Rate 

Prospective 
Incidence 
Rate 

P-value 

Appetite low 0.19 0.03 0.03 0.11 0.055

Hyperlipidemia 0.08 0.01 0.01 0.00 1.000

Inborn error of metabolism 0.14 0.02 0.03 0.00 1.000

Low weight 0.13 0.02 0.02 0.00 1.000

Obesity 1.07 0.18 0.18 0.11 0.490

Osteoporosis 0.35 0.06 0.06 0.00 0.407

Other 0.12 0.02 0.02 0.07 0.085

Total 2.09 0.34 0.35 0.28 0.739

Musculoskeletal and 
connective tissue disorders

Cumulative 
Incidence 

Incidence 
Rate 

Retrospective 
Incidence 
Rate 

Prospective 
Incidence 
Rate 

P-value 

Acquired bone disease 0.14 0.02 0.02 0.07 0.140

Congenital bone malformation 0.25 0.04 0.04 0.07 0.326

Hypermobility 0.22 0.04 0.04 0.00 0.621

Muscle disorder 0.11 0.02 0.02 0.04 0.401

Osteochondrosis 0.43 0.07 0.06 0.18 0.047

Pain syndrome 0.35 0.06 0.06 0.04 1.000

Scoliosis 0.10 0.02 0.01 0.04 0.366

Spine disease, other 0.07 0.01 0.01 0.00 1.000

Other 0.07 0.01 0.01 0.07 0.027

Total 1.75 0.29 0.27 0.50 0.042
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Neoplasms benign. malignant 
and unspecified 
(incl cysts and polyps)

Cumulative 
Incidence 

Incidence 
Rate 

Retrospective 
Incidence 
Rate 

Prospective 
Incidence 
Rate 

P-value 

Benign Neoplasms 0.22 0.04 0.03 0.18 0.002

Hemangioma 0.05 0.01 0.00 0.07 0.017

Osteochondroma 0.04 0.01 0.00 0.04 0.157

Other 0.13 0.02 0.02 0.07 0.121

Malignant Neoplasms 0.16 0.03 0.03 0.04 0.523

Acute lymphoblastic leukemia 0.01 0.00 0.00 0.00 1.000

Anaplastic large-cell 
lymphoma

0.01 0.00 0.00 0.00 1.000

Fibroxanthoma 0.01 0.00 0.00 0.00 1.000

Hodgkin’s lymphoma 0.01 0.00 0.00 0.00 1.000

Leukaemia cutis 0.01 0.00 0.00 0.04 0.055

Leukemia acute 0.01 0.00 0.00 0.00 1.000

Myelodysplasia 0.02 0.00 0.00 0.00 1.000

Neoplasm cervix 0.01 0.00 0.00 0.00 1.000

Non-hodgkin’s lymphoma nos 
stage IV

0.01 0.00 0.00 0.00 1.000

Pulmonary fibrosarcoma 0.01 0.00 0.00 0.00 1.000

Retinoblastoma 0.01 0.00 0.00 0.00 1.000

Thyroid carcinoma 0.01 0.00 0.00 0.00 1.000

Total 0.37 0.06 0.05 0.21 0.006

Nervous system disorders Cumulative 
Incidence 

Incidence
Rate 

Retrospective 
Incidence 
Rate 

Prospective 
Incidence 
Rate 

P-value 

Autonomic dysfunction 0.08 0.01 0.01 0.04 0.329

Congenital nerve system 
disorder

0.19 0.03 0.03 0.04 0.598

Developmental delay 0.17 0.03 0.03 0.00 1.000

Dyskinesia/tremor 0.07 0.01 0.01 0.00 1.000

Headache 0.73 0.12 0.10 0.39 0.000

Intracranial hypertension 0.06 0.01 0.01 0.00 1.000

Mono-radiculo/-neuropathy 0.10 0.02 0.02 0.00 1.000

Paresthesia 0.12 0.02 0.02 0.07 0.103

Seizures/Epilepsy 0.71 0.12 0.12 0.11 1.000

Other 0.16 0.03 0.03 0.00 1.000

Total 2.39 0.39 0.38 0.64 0.041

Pregnancy and perinatal 
conditions

Cumulative 
Incidence 

Incidence 
Rate 

Retrospective 
Incidence 
Rate 

Prospective 
Incidence 
Rate 

P-value 

Pregnancy 0.02 0.00 0.00 0.00 1.000

Prematurity 0.12 0.02 0.02 0.00 1.000

Other 0.05 0.01 0.01 0.00 1.000

Total 0.19 0.03 0.03 0.00 1.000
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Psychiatric disorders Cumulative 
Incidence 

Incidence 
Rate 

Retrospective 
Incidence 
Rate 

Prospective 
Incidence 
Rate 

P-value 

Anorexia nervosa 0.08 0.01 0.01 0.07 0.053

Attention deficit (hyperactivity) 
disorder

0.48 0.08 0.08 0.07 1.000

Depressive disorder 0.53 0.09 0.06 0.50 0.000

Sleep disorder 0.24 0.04 0.03 0.21 0.001

Mental retardation 0.26 0.04 0.05 0.00 0.632

Pervasive developmental 
disorder

0.11 0.02 0.02 0.00 1.000

Anxiety disorder 0.25 0.04 0.04 0.07 0.326

Behavioural problem 0.16 0.03 0.03 0.00 1.000

Mood changes 0.13 0.02 0.02 0.07 0.121

Somatopsychic disorders 0.07 0.01 0.01 0.00 1.000

Other 0.25 0.04 0.04 0.11 0.107

Total 2.58 0.42 0.38 1.10 0.000

Renal and urinary disorders Cumulative 
Incidence 

Incidence 
Rate 

Retrospective 
Incidence 
Rate 

Prospective 
Incidence 
Rate 

P-value 

Congenital urinary tract 
disorder

0.34 0.06 0.06 0.04 1.000

Nephrotoxicity 0.10 0.02 0.02 0.00 1.000

Urolithiasis/ renal colic 0.20 0.03 0.03 0.04 0.598

(Glomerulo-)nephritis 0.10 0.02 0.02 0.00 1.000

Hematuria 0.12 0.02 0.02 0.00 1.000

Nephrotic syndrome 0.05 0.01 0.01 0.00 1.000

Renal failure 0.04 0.01 0.01 0.00 1.000

Other 0.19 0.03 0.03 0.00 1.000

Total 1.13 0.19 0.19 0.07 0.178

Reproductive system and 
breast disorders

Cumulative 
Incidence 

Incidence 
Rate 

Retrospective 
Incidence 
Rate 

Prospective 
Incidence 
Rate 

P-value 

Amenorrhea 0.08 0.01 0.01 0.11 0.005

Dysmenorrhea 0.11 0.02 0.01 0.07 0.085

Endometriosis 0.02 0.00 0.00 0.00 1.000

Other 0.12 0.02 0.02 0.04 0.434

Total 0.34 0.06 0.05 0.21 0.004

Respiratory. thoracic and 
mediastinal disorders

Cumulative 
Incidence 

Incidence 
Rate 

Retrospective 
Incidence 
Rate 

Prospective 
Incidence 
Rate 

P-value 

Asthma 1.50 0.25 0.25 0.14 0.328

Chronic bronchitis 0.07 0.01 0.01 0.04 0.290

Interstitial pneumonia/ lung 
disease

0.14 0.02 0.03 0.00 1.000

Chronic rhino-/sinusitis 0.12 0.02 0.01 0.18 0.000

Other 0.20 0.03 0.04 0.00 1.000

Total 2.05 0.33 0.33 0.36 0.739
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Skin and subcutaneous 
tissue disorders

Cumulative 
Incidence 

Incidence 
Rate 

Retrospective 
Incidence 
Rate 

Prospective 
Incidence 
Rate 

P-value 

Acne 0.10 0.02 0.01 0.04 0.366

Alopecia 0.32 0.05 0.06 0.00 0.401

Atopic dermatitis/ eczema 0.95 0.16 0.15 0.28 0.082

Erythematous rash 0.11 0.02 0.01 0.07 0.085

Granulomatous skin disease 0.11 0.02 0.01 0.18 0.000

Nodules 0.05 0.01 0.01 0.04 0.204

Pseudoporhyria 0.06 0.01 0.01 0.00 1.000

Psoriasis 2.89 0.47 0.49 0.14 0.004

Urticaria 0.26 0.04 0.04 0.11 0.119

Vitiligo 0.24 0.04 0.04 0.11 0.096

Other 0.47 0.08 0.06 0.39 0.000

Total 5.56 0.91 0.88 1.35 0.015

Vascular disorders Cumulative 
Incidence 

Incidence 
Rate 

Retrospective 
Incidence 
Rate 

Prospective 
Incidence 
Rate 

P-value 

Hypertension 0.40 0.07 0.06 0.11 0.428

Thrombosis 0.07 0.01 0.01 0.00 1.000

Other 0.12 0.02 0.02 0.04 0.434

Total 0.59 0.10 0.09 0.14 0.348
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ABSTRACT

Autologous hematopoietic stem cell transplantation (HSCT) is the only treatment that 
is able to induce long-term, drug-free and symptom-free remission in several refractory 
autoimmune rheumatic diseases. Over 3,000 HSCT procedures for rheumatic and 
non-rheumatic severe autoimmune diseases have been performed worldwide. Specific 
conditioning regimens are currently used for the eradication of the autoreactive 
immunological memory. Whereas immune cell depletion in vivo with ATG or anti-CD52 
is usually performed across many regimens, the need for ex vivo selection of CD34+ 
stem cells from the graft is less clear . Because of the extensive immune depletion with 
serotherapy and chemotherapy, HSCT leads to a reset of the immune system by 
renewal of the CD4+ T-cell compartment, especially within the Treg cell population.  
The risk of transplant-related mortality (TRM) within the first 100 days should be 
weighed against the disease-related mortality and, therefore, a careful selection and 
screening of patients before transplantation is essential. Systemic sclerosis is the first 
autoimmune disease for which HSCT has been shown, in a randomized, controlled 
trial, to be associated with increased TRM in the first year but a significant long-term, 
event-free survival afterwards. In this review, we will discuss the immunological 
mechanism of HSCT in various autoimmune diseases and the current HSCT regimens. 
After carefully taking into consideration the risks and benefits of HSCT and alternative 
therapies, we will also discuss the efficacy, complications and proposed indications of 
this procedure.
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All procedures that involve the partial or total replacement of the haematopoietic 
system of a recipient with hematopoietic stem cells of a donor or source (bone marrow, 
peripheral blood or cord blood) are defined as haematopoietic stem cell transplantation 
(HSCT).1 The aim of HSCT in autoimmune disease (AID) is the eradication of autoreactive 
immune cells and the regeneration of a naive, self-tolerant immune system.2 Clinical 
remission in AID after HSCT has been shown to be the result of a true reconfiguration 
of the immune system instead of a prolonged immunosuppression. 
A 1989 study showed that supralethal total-body irradiation of rats, followed by infusion 
of histocompatible allogeneic bone marrow from a resistant strain improved adjuvant 
arthritis.3. Furthermore, transplantation of autologous bone marrow in rats had been 
shown to be as effective as allogeneic bone marrow transplantation from a different 
rat strain not susceptible to adjuvant arthritis.4 
Case reports have documented that HSCT resolved AID in patients that had a coincident 
hematological disease5–10, and in 1994 an article reviewed seven patients with 
rheumatoid arthritis (RA) complicated by iatrogenic severe aplastic anaemia who 
underwent allogeneic bone marrow transplantation from HLA-identical siblings.11 
Although three patients died as a result of the transplant, RA had resolved in all seven 
patients.11 The first treatment with autologous HSCT for a patient with rheumatic AID 
only was described in 1996.12 This patient, who had connective tissue disease and 
severe pulmonary hypertension, was denied a lung transplantation but benefited from 
HSCT. Following these studies, further autologous procedures have been performed, 
especially in the framework of the European Society for Blood and Marrow 
Transplantation (EBMT)/European League against Rheumatism (EULAR) Autoimmune 
Disease Stem Cell Project.13 The EBMT registry now comprises over 1,800 HSCT 
procedures performed to treat several types of severe AID, including systemic sclerosis 
(SSc), RA, juvenile idiopathic arthritis (JIA), systemic lupus erythematosus (SLE) and 
Sjögren syndrome (SS).14

In this Review, we describe the sequential steps of current HSCT regimens, such as 
collection and mobilization of stem cells and conditioning and selection of CD34+ stem 
cells (Figure 1). We also discuss what is known about the immunological mechanisms 
of HSCT in various autoimmune diseases, including the role of lymphopenia and 
thymopoiesis in immune cell reconstitution, the role of regulatory T (Treg) cells and T 
cell receptor (TCR) heterogeneity. We will then address unmet clinical needs in 
autoimmune disease, the evidence for therapeutic HSCT in such diseases and its 
adverse effects. Taking into consideration the risks and benefits of HSCT and alternative 
therapies, we will finally discuss the proposed indications for this procedure in 
rheumatic diseases. 
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Steps of autologous HSCT 
Specific recommendations for each sequential step of HSCT exist in children and adults, 
including patient selection, chemotherapy-based mobilization, stem cell collection, 
conditioning regimens, stem cell infusion, supportive care during recovery of 
neutrophils and lymphocytes and post-transplant care (Figure 1). The risk of transplant-
related mortality and toxicity of HSCT varies according to the type of AID, donor cells 
and the intensity of conditioning regimens.15 In all cases, safer but equally effective 
alternative treatments including biological therapies should also be pursued.15 If 
possible, the patient should be included in prospective clinical studies, ideally 
randomized controlled trials (RCTs), or otherwise monitored in prospective non-
interventional studies in a centre accredited by HSCT programmes.15 However, 
participation in clinical trials is usually limited because trials not investigating a specific 
drug are not sponsored by the pharmaceutical industry and thus lack financial 
resources. A careful patient selection with extensive screening is needed in order to 
optimize the patient’s condition before transplantation as well as to assess whether 
the potential benefit of transplantation outweighs its risks. An example of such a 
screening performed in the Netherlands in adult patients with SSc is shown in Table 1.16 
Collecting data such as the patient characteristics, HSCT regimen used, outcomes and 
supporting data analyses in the respective working parties as well as on center level 
due to a quality platform established by Joint Accreditation Committee-ISCT & EBMT 
(JACIE) requiring yearly outcome reports is essential not only to monitor local clinical 
practice but also to assess clinical outcomes of HSCT in AID in general.
Autologous hematopoietic stem cells can be derived from peripheral blood or bone 
marrow. According to the EBMT recommendations, cytokine-mobilized peripheral 
blood progenitor cells are the preferred choice of autologous HSCT because they 
enable a larger harvest of CD34+ stem cells and better engraftment15, resulting, 
therefore, in a more rapid reconstitution of the haematopoietic system.1

Mobilization and collection of stem cells
For stem cell collection it is recommended to enhance their mobilization while controlling 
the disease and preventing a potential flare, which might be a consequence of the 
necessary administration of granulocyte colony stimulating factor (G-CSF).15 The 
mobilization regimen recommended by the EBMT is cyclophosphamide (2–4 g/m2) plus 
uromitexan and careful hyperhydration, followed by administration of G-CSF (5–10 μg/
kg).15 Of note in a retrospective analysis the administration of cyclophosphamide at 2x2 
g/m2 (n=16) and 1x2 g/m2 (n=17) were found to be equally effective for peripheral blood 
stem cell mobilization in patients with refractory autoimmune disease.17 Duration of 
leucopenia and G-CSF treatment might be reduced by administering lower doses of 
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cyclophosphamide. This reduction is important because G-CSF is known to be toxic in 
patients with AID.18 If an insufficient mobilization is accomplished with G-CSF-based 
regimens, an adequate harvest of stem cells can still be obtained by inhibiting the binding 
of CXC chemokine receptor 4 (CXCR4) to stromal derived factor 1α .19 Combined treatment 
with plerixafor (a CXCR4 antagonist) and G-CSF is successfully used for autologous stem 
cell mobilization in patients with multiple myeloma or malignant lymphoma20, but not 
yet in patients with AID. However, this treatment might be associated with a lower 
number of CD34+ cells and should not be considered outside clinical trials.21 
After mobilization, peripheral blood stem cells are collected via leukapheresis; the 
target amount for infusion is 3–5 × 106 CD34+ cells per kg. Therefore, 10 × 106 CD34+ 
cells per kg should be collected to compensate the 50% loss of cells resulting from 
selection and thawing procedures.22 Irrespective of any graft manipulation, the EBMT 
recommends the reinfusion of a minimum dose of 2 × 106 CD34+ cells.1,21 

Figure 1. Haematopoietic stem cell transplantation in patients with severe autoimmune disease
The schematic illustrates the timeline of haematopoietic stem cell transplantation (HSCT) according to the 
guidelines of the European Society for Blood and Marrow Transplantation.15 Stem cells are mobilized by 
treatment with cyclophosphamide and granulocyte colony stimulating factor (G-CSF). Cyclophosphamide is 
also administered to prevent a possible flare of autoimmune disease caused by G-CSF. Stem cell collection is 
performed 4 or 5 days after G-CSF administration and approximately 4 or 5 weeks before autologous stem cell 
infusion. The patient is then discharged and readmitted after 1 or 2 weeks for immunoablative (intermediate 
intensity) conditioning, which consists of treatment with anti-thymocyte globulin, cyclophosphamide and 
fludarabine.1,15 In adult patients, cyclophosphamide dosage in the conditioning regimen is usually higher than 
that used in children, but fludarabine is not administered. The conditioning is followed by infusion of autologous 
(CD34+) stem cells, and the patient is discharged from hospital as soon as their neutrophil numbers have 
recovered, which generally occurs within 1–3 weeks after stem cell infusion. Most patients are severely 
lymphopenic for several months after HSCT while their immune system fully reconstitutes. 
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Conditioning
The conditioning regimens used in HSCT vary considerably and a consensus has not 
been reached yet. In autologous HSCT for patients with AID, the conditioning regimens 
are immune-ablative rather than myeloablative, and their function is the elimination 
of autoreactive T cells from the host as well as the depletion of T cells from the 
autologous graft with sufficient concentrations of antithymocyte globulin (ATG) or 
anti-CD52 (campath), which are administered during stem cell infusion. The conditioning 

Table 1. Indications and contraindications for autologous HSCT in diffuse cutaneous systemic sclerosis in the 
Netherlands

Indications Contraindications (any of the following) 

Diagnosis of diffuse cutaneous SSc according to ACR/
EULAR 2015 criteria AND:
• disease duration ≤2 years since development of 

skin tightness 
• modified Rodnan Skin Score (mRSS) ≥20 
• involvement of the torso 
• erythrocyte sedimentation rate >25 mm/hour and/

or hemoglobin concentration <11 g/dL without 
active scleroderma 

OR
• disease duration ≤4 years since development of 

skin tightness 
• mRSS ≥15 
• substantial organ involvement (occurring or 

worsening in the 6 months prior to HSCT), which 
includes:

-  pulmonary involvement: diffusing capacity of 
the lung for carbon monoxide (DLCO)of 
predicted value, plus signs of interstitial lung 
disease 

-  renal involvement: at least one of the 
following criteria: hypertension (systolic blood 
pressure ≥160 mmHg or diastolic blood 
pressure >110 mmHg (two consecutive 
measurements performed at least 12 hours 
apart)), persistent abnormalities in urine 
sediment (proteinuria, haematuria, casts), 
microangiopathic hemolytic anaemia, new 
onset of renal failure (serum creatinine > 
upper limit of normal)

-  cardiac involvement: at least one of the 
following criteria: reversible congestive heart 
failure, atrial or ventricular arrhythmias 
including recurrent episodes of atrial 
fibrillation or flutter, recurrent atrial 
paroxysmal tachycardia or ventricular 
tachycardia, second or third degree 
atrioventricular block, pericardial effusion 

• Pregnancy or refusal of contraceptives
• Severe comorbidities
• Respiratory: mean pulmonary arterial pressure on 

echocardiography >50mmHg or with right heart 
catheterization >25mmHg, DLCO <40% (of 
predicted value), respiratory failure 

• Renal: Creatinine clearance rate <40 ml/min 
(measured or estimated)

• Cardiac: clinical indications of refractory heart 
failure; left ventricular ejection fraction <45% on a 
multigated acquisition scan or echocardiography, 
chronic atrial fibrillation requiring oral 
anticoagulants, uncontrolled ventricular 
arrhythmias, pericardial effusion with 
haemodynamic consequences as assessed by an 
experienced cardiologist

• Liver failure: persistent increase of serum 
transaminases or bilirubin to levels three times 
higher than normal levels 

• Abuse of drugs or alcohol
• Presence of neoplasms or myelodysplasia
• Leukopenia <4.0 x 109 per litre, thrombocytopenia 

<50 x 109 per litre, anaemia <8 g/dL, CD4+ T 
lymphopenia < 200 x 106 per litre

• Therapy-resistant hypertension
• Therapy-resistant acute or chronic infection, 

including HIV, HTLV-1,2 positivity 
• Prior radiotherapy for an underlying lymphoid 

malignancy, total body irradiation or alkylating 
agents including CYC (>5g iv cumulative or >3 
months oral up to 2mg/kg body weight/day)

• Poor compliance of the patient as reported by the 
referring doctor

Adapted from Van Rhijn-Brouwer FCC, et al.16
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regimens can be classified as high-intensity, such as those including total-body 
irradiation or high-dose busulphan; low-intensity, such as those based on the use of 
cyclophosphamide, melphalan or fludarabine; or intermediate-intensity, which in most 
patients with AID consists of the combination of ATG with either high-dose 
cyclophosphamide or other chemotherapeutic drugs.15. Although ATG is a polyclonal 
antibody targeting T cells, it can also induce complement-independent apoptosis of 
naive, activated B cells and bone marrow-resident plasma cells at clinically relevant 
concentrations.23 Long-lived plasma cells are known to support chronic inflammatory 
processes by continuous secretion of pathogenic antibodies, and they can contribute 
to flares in AID.24 Furthermore, long-lived plasma cells are not sufficiently eliminated 
by current therapies.24 In fact, in immune-ablated patients with SLE not only 
autoantibodies but also protective serum antibodies against diphtheria, measles, 
mumps and and tetanus are eliminated.25

Among the many conditioning regimens reported, the Autoimmune Disease Working 
Party from the EBMT recommends 200 mg/kg cyclophosphamide with polyclonal or 
monoclonal serotherapy, whereas for children, 120 mg/kg cyclophosphamide, 150 mg/
m2 fludarabine and serotherapy such as ATG.22 After conditioning, stem cells are 
reinfused at a minimum dose of 2 × 106 CD34+ cells per kg.1 Hospital discharge after 
HSCT is generally within the first 1–3 weeks after stem cell infusion, that is, when the 
number of neutrophils increases. However, before reconstitution of the immune 
system, most patients are severely lymphopenic for several months after HSCT. Why 
AID does not immediately relapse during the recovery of lymphocytes derived from a 
patient’s own immune system can be explained by the immunological mechanisms 
underlying HSCT, which will be explained later in this Review.

Selection of CD34+ stem cells
In addition to severe lymphocyte depletion and exposure of transplanted stem cells 
to ATG or alemtuzumabin, additional selection of CD34+ stem cells has been explored 
but remains controversial. It is still unclear whether such a manipulation of the graft 
by ex vivo depletion of T cells and potentially autoreactive T cells from the stem cell 
population is helpful in prolonging responses. A pilot, multicentre, randomized trial 
compared the transplantation of haematopoietic stem cells depleted of T cells (on the 
basis of CD34+ cell selection) with transplantation of unmanipulated haematopoietic 
stem cells in 33 patients with severe, refractory RA receiving a high-dose 
immunosuppressive treatment (200 mg/kg cyclophosphamide without serotherapy).26 
The rate of ACR70 response was similar in the two groups.26 In another study, a 
retrospective analysis was performed on clinical and laboratory data from 138 patients 
with SSc at diagnosis, before and after HSCT.27 HCST with CD34+ stem cell selection was 
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performed in 47% of patients, 83% of which received prior ATG, whereas the other 
53% of patients received unmanipulated cells and 100% serotherapy (ATG or 
alemtuzumab). The overall survival, progression-free survival and incidence of relapse 
or progression between the two groups was not significantly different.27 A 2013 study 
showed that relapse incidence at 3 years in ten patients with SLE who received HSCT 
with CD34+ stem cell selection was lower than that of patients with SLE who received 
normal HSCT (11% versus 68%, respectively). However, low-intensity conditioning was 
performed in 50% of patients undergoing normal HSCT but in 10% of patients receiving 
HSCT with CD34+ stem cell selection.28 Therefore, the role of additional serotherapy in 
the reduction of relapse incidence in patients receiving HSCT with CD34+ stem cell 
selection cannot be ruled out. Furthermore, the selection procedure requires the 
harvesting of additional CD34+ cells, which increases considerably the costs of 
autologous HSCT.15 Thus, even though CD34+ selection of stem cells is standard practice 
in many centres, compelling evidence that justifies its use is lacking. The EBMT states 
indeed that no evidence exists to support ex-vivo graft manipulation, although decisions 
can be made on the basis of individual patients and ex-vivo graft manipulation should 
be the focus of future clinical trials.15 As suggested from allogeneic HSCT studies, 
individualized ATG treatment might influence the outcomes. Indeed, an excessive ATG 
exposure can retard T-cell reconstitution and increase the risk of viral infections, 
whereas a low ATG exposure can increase the risk of AID relapse.29

Disease remission without stem cell infusion
It is interesting to note that stem cell mobilization as well as conditioning regimen 
might be sufficient alone to induce disease remission. Furthermore, it is unclear 
whether stem cell rescue is really required after high-dose cyclophosphamide (≥120 
mg/kg over 2–4 days). Indeed, in a 1977 report, autologous haematopoietic recovery 
was observed in a patient with severe aplastic anaemia after an attempted allogeneic 
HSCT with high-dose cyclophosphamide conditioning without donor engraftment.30 A 
small pilot study performed 20 years later supported this finding, as durable remission 
was observed in seven out of 10 patients with severe aplastic anaemia after high-dose 
cyclophosphamide therapy without HSCT.31 An observational, retrospective study in a 
tertiary-care hospital showed an haematological recovery in 140 patients with various 
severe, progressive AID (including SLE, multiple sclerosis, myasthenia gravis, 
scleroderma and autoimmune hemolytic anemia) receiving only high-dose 
cyclophosphamide (200 mg/kg for 4 consecutive days) without stem cell infusion, 
although these patients did not receive prior serotherapy.32 It is unclear whether 
cryopreserved haematopoietic stem cells would have been superior to endogenous 
stem cells in resetting the immune system, but haematologic recovery after this high-
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dose cyclophosphamide occurred in all these patients. In this study, the overall 
response rate (a decrease in disease activity together with a decrease or elimination 
of immune-modulating drugs) was 94%, and during a median follow-up of 36 months, 
44% of these patients remained progression-free.32 
In case of disease relapse, high-dose cyclophosphamide can also be safely 
readministered in patients with refractory, severe AID, and the quality and duration of 
second remissions seem to be at least equal to those of the first remission.33 Although 
immunosuppression alone would be sufficient to induce remission of AID, stem cell 
rescue minimizes the duration of neutropenia and enables the containment of viruses 
by the quicker recovery of the innate immune system (natural killer cells and γδ T cells), 
and subsequently, CD4+ and CD8+ lymphocytes.

Resetting the immunological clock
The rationale behind autologous HSCT is that after the profound depletion of immune 
cells, including auto-reactive T and B cells, a new and naive immune system 
reconstituted from the stem cell graft re-establishes immune tolerance through the 
thymus. However, how HSCT rewires an immune system that is out of control is still 
unknown.34 It is unclear, for instance, which cells need to be depleted and which ones 
are important to maintain. In addition, despite the conditioning regimen, not all 
potentially pathogenic T cells are completely depleted as specific CD8+ and CD4+ T-cell 
clones can be still detected after HSCT.35,36 Although some of these T-cell clones were 
abundant before HSCT, they have been found to remain subdominant after treatment. 
Autoreactive T cells can survive the HCST conditioning and if they are vigorously 
stimulated they might hinder the restoration of immune tolerance. In a 2005 study35, 
patients with AID showed sustained disease remission after HSCT even though pre-
existing dominant T-cell clones were also present after transplantation, suggesting that 
these cells were neither autoreactive nor able to induce disease activity within the new 
environment. It is important to mention that in early studies, patients with AID, 
especially those with multiple sclerosis, were usually treated with a very strong 
conditioning regimen before HSCT. Nowadays, conditioning regimens are less intensive 
and might allow the number of T-cell clones to survive. 

Role of lymphopenia and thymopoiesis in immune cell reconstitution
Several factors might have a role in resetting the immunological clock (Figure 2). The 
first mechanism responsible for T-cell reconstitution after HSCT is lymphopenia-
induced proliferation. The lymphopenic environment drives expansion of existing 
peripheral T-cell populations via homeostatic cytokines and antigen stimulation. 
Importantly, given that only few T cells survive the intermediate-intensity conditioning, 
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clonal expansion will increase the absolute number of T cells, leading to T-cell 
receptor oligoclonality.35,37 The antigens driving this expansion can be self or foreign 
antigens, and might thus induce T-cell autoreactivity.38–40 Indeed, an association exists 
between lymphopenia and autoimmunity41–43, and the expansion and activation of 
autoreactive. T cells surviving conditioning might lead to adverse effects in HSCT. 
The second phase of immune reconstitution is thymopoiesis. The thymus produces 
naive T cells with unique T cell receptors (TCR), and it is thereby responsible for the 
establishment of a heterogeneous TCR repertoire whose expansion lasts longer than 
that of existing T cells mediated by lymphopenia-induced proliferation. Several clinical 
studies demonstrated that disease remission after HSCT is associated with increased 

Figure 2. Renewal of the CD4+ T-cell compartment after autologous haematopoietic stem cell transplantation
a) The regulatory T (Treg) cell compartment in patients with active autoimmune disease is oligoclonal before 
autologous haematopoietic stem cell transplantation (HSCT).
b) After conditioning and stem cell infusion, the T-cell compartment begins to be reconstituted. Owing to the 
lymphopenic environment, T cells proliferate (lymphopenia-induced proliferation), which leads to clonal 
expansion (blue cells). 
c) However, over time, the thymus starts to generate naive CD4+ T cells from the infused graft, and the T-cell 
compartment largely consists of graft-derived T cells (green cells). After transplantation, Treg cells display a 
renewed and restored T cell receptor (TCR) repertoire. Graft-derived Treg cells have an enhanced suppressor 
activity compared with those that survived conditioning. Furthermore, graft-derived effector T (Teff) cells produce 
less proinflammatory cytokines than Teff that survived conditioning.
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thymus activation25,35,44,45, including the renewal of a polyclonal TCR repertoire35,37,45 and 
reduction of central memory T-cell numbers.35 In the syngeneic, proteoglycan-induced 
arthritis (PGIA) mouse model, we have shown that after bone marrow transplantation 
the CD4+ T-cell compartment is gradually replaced by graft-derived and thymus-derived 
T cells producing less proinflammatory cytokines than those that survived 
conditioning.46,47 In addition, two small studies have investigated T-cell-derived cytokines 
responses post HSCT.25,48 After HSCT in patients with SLE, memory T cells produced 
IFNγ when stimulated with viral antigens but not autoantigens.25 In patients with 
multiple sclerosis the number of T cells producing IL-17 decreased after transplantation 
compared with that of T cells producing IFNγ , suggesting a shift in the ratio between 
T helper type 1 and type 17 cells.48 Together, these findings indicate a reduction in 
disease-associated CD4+ T-cell responses after HSCT. Given that the conditioning 
regimen affects a broad range of immune and nonimmune cells, their production of 
proinflammatory cytokines and chemokines is also influenced. 
The levels of C-X-C motif chemokine 10 (CXCL10), Galectin 9 and TNF receptor 
superfamily member 1B have been shown to be highly correlated with active juvenile 
dermatomyositis.49 After HSCT, a slow but steady and sustained reduction in the levels 
of these plasma proteins was found, which correlated with improved clinical scores in 
patients.50 It is important to note that the conditioning regimens used in these studies 
are very heterogenic, which makes it difficult to gather conclusive data on the immune 
reconstitution and mechanisms after HSCT. In addition, the majority of studies have 
focused on immune reconstitution in circulation, and, therefore, whether the same 
process occurs in the sites of inflammation is unclear.

Role of regulatory T cells in HSCT
Regulatory T (Treg) cells play a suppressive role in peripheral immune tolerance and 
are important for immune homeostasis, autoimmunity and inflammation. Treg cells 
are characterized by the expression of forkhead box protein P3 (FOXP3), which is 
important for their development, maintenance and function.51 Findings from several 
animal and human studies52,53, including those involving patients with Crohn’s disease, 
multiple sclerosis and SLE, suggested that Treg cell numbers increase after HSCT.25,54,55 
In a study involving patients with SSc, the number of CD4+CD25hi FOXP3+ Treg cells was 
measured before and after transplantation and compared with those in healthy 
controls.56 Treg cell numbers in patients with SSc were reduced before HSCT, but 2 
years after transplantation they returned to levels comparable to those of healthy 
controls. Moreover, the suppressive function of reconstituted Treg cells remained 
unaltered after HCST and was similar to that of Treg cells in healthy controls. Two 
studies suggest that reconstituted Treg cells express markers of recent thymic 
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emigrants. First, in the PGIA mouse model we showed that after HCST the number 
of naive Treg cells in the graft-derived Treg cell population was increased compared 
with that in Treg cells that survived conditioning.47 Second, Helios+ Treg cells from 
patients who received HSCT were shown to express higher levels of naive markers 
(such as CD45RA and CD31 [also known as PECAM1]) than those from patients with 
active SLE.57 Few studies also addressed suppressive function of reconstituted Treg 

cells (post HSCT), which was comparable to the Treg present before transplantation 
and to Treg in HC.56 In patients with SSc, Treg cells prior to HSCT displayed a less 
suppressive activity towards autologous T effector cells compared with Treg in healthy 
controls, whereas Treg suppressive activity after HSCT were more suppressive 
compared to that of healthy controls.56 In the PGIA mouse model, depletion of Treg 
cells after HCST led to an increase of disease activity, suggesting that these cells are 
crucial in preventing disease relapse.58 In addition, we showed that graft-derived Treg 
cells had an increased suppressive function compared with Treg cells that survived 
conditioning, indicating that renewal of the Treg cell compartment is essential for 
long-term restoration of immune homeostasis and disease remission.47 
Infusion of Treg cells in HSCT have been explored in murine models and humans. Treg 
cell infusion during allogeneic HSCT have been demonstrated to reduce acute and 
chronic graft-versus-host disease59–63, and clinical trials involving solid-organ 
transplantation are ongoing.64,65 Patients with AID undergoing HSCT might also benefit 
from Treg infusion but no human studies have been performed yet to test this hypothesis. 
In the PGIA mouse model, the addition of Treg cells to the bone marrow graft did not 
lead to positive clinical outcomes despite a decrease in proinflammatory cytokine 
production.46,47 At the same time, Treg infusion was associated with a delay in the 
reconstitution of graft-derived T cells, indicating that this treatment might have side 
effects. In contrast with this finding, an enhanced T-cell reconstitution was observed 
in patients treated with additional Treg cells few days before allogeneic HSCT.59,66 
Therefore, Treg cell therapy could have beneficial effects, but to date, little is known 
about the optimal setting, timing and dosing.

TCR heterogeneity before and after HSCT
As discussed above, HCST leads to renewal of the T-cell compartment and the thymus 
plays an important role in the generation of a diverse TCR repertoire. Whether the 
heterogeneity of TCR repertoire is also important for disease remission, or if a diverse 
TCR repertoire is important for Treg cell function, is currently unknown. Data from 
experimental models suggest that TCR-restricted Treg cells with a restricted TCR 
repertoire are less functional.67,68 Indeed, a TCR Treg compartment with a polyclonal TCR 
is more likely to have an antigen-specific clone than that with a restricted TCR. The 
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activation and expansion of a diverse Treg cell compartment have been also proposed 
to be more likely in presence of a specific antigen.67 Therefore, an imbalance between 
Treg cells with a restricted TCR and heterogeneous effector T cells might increase the 
risk of AID. We have recently shown that prior to HSCT, Treg cells from children with AID 
expressed an oligoclonal TCR repertoire.47 After HSCT, a complete renewal and increase 
heterogeneity of the Treg cell compartment was observed in these patients, except for 
one patient that had disease relapse. Other cell populations also demonstrated an 
increase in TCR diversity. Thymus function declines during aging, but we measured the 
increased TCR diversity after HSCT in patients with JIA who probably still had a functional 
thymus. It would be interesting to analyse TCR diversity in Treg cells and other 
populations from adult patients to learn if the same phenomenon occurs. In patients 
with multiple sclerosis undergoing HSCT, the CD4+ T-cell compartment have been 
shown to be mostly renewed whereas CD8+ T cells showed expansion of existing TCR 
repertoire.69 In patients with multiple sclerosis, restoration of TCR diversity in the CD4+ 
T-cell population has been suggested to predict clinical response after HSCT69. However, 
given that TCR heterogeneity might be higher in Treg cells than CD4+ T cells47, the TCR 
repertoire of Treg cells might be a stronger predictor of clinical outcome following HSCT.
Reconstitution of B cells has been also reported between 2 months and 1 year after 
HSCT.25,70,71 In patients with AID (such as RA, SSc and SLE) who underwent HSCT, an 
initial increase in the number of memory B cells was observed, followed by a decline 
of memory cells and an increase in naive B cells.71 In patients with SLE, B-cell 
homeostasis was restored with the recovery of naive B cells within 12 months after 
HSCT, and disease-associated autoantibodies largely disappeared. Consistent with this 
finding, we demonstrated that bone marrow transplantation in the PGIA mouse model 
leads to decreased levels of proteoglycan-specific IgG1 antibodies.46 

Unmet clinical need in AID
The impact of a refractory rheumatic disease on patients is dependent on the duration 
and severity of symptoms and also on the damage caused by the therapies used. Since 
the second half of the twentieth century, DMARDs such as methotrexate and 
cyclophosphamide have been widely used in the treatment of severe AID. These 
DMARDs have even become the cornerstone in the treatment of AID, usually combined 
with corticosteroids.72 However, DMARDs are nonspecific and might cause serious or 
even life-threatening adverse effects. AID could be treated much more effectively since 
the registration in November 1998 of the first biological response modifier (biologic), 
a specific drug that is produced by biological processes rather than chemical synthesis. 
However, despite the increasing numbers of biologics, treatment with these agents is 
still symptomatic rather than curative. Furthermore, a large proportion of patients will 
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not benefit from, or become resistant to, any of these new drugs. Even in RA, the most 
common AID with a prevalence of 0.24%73, 28–34% of patients do not achieve 20% 
improvement according to ACR criteria (ACR20) in clinical trials when treated with 
etanercept74,75 or adalimumab.76 Moreover, 20–45% of all patients with RA discontinue 
anti-TNF therapy within 1 year77, and 70–90% of patients still have active disease 1 year 
after switching to a second biologic such as CTLA4-Ig (abatacept), anti-CD20 (rituximab), 
or to a second anti-TNF therapy.78 Unfortunately, we are still unable to predict which 
patients will be  refractory to which therapeutic agent, although the timing seems to 
be important as an early anti-TNF therapy in patients with RA was shown to be 
correlated with improved outcomes.79 Other AID such as SSc are particularly refractory 
to various therapeutic regimens, including biologic therapies. No biologics have been 
approved for the treatment of dermatomyositis, polymyositis and SSc, and strikingly, 
these diseases are characterized by the presence of known autoantigens: e.g. Ro, La 
and Scl-70 in SSc, histidyl-tRNA-synthetase in DM and anti-SRP for PM.80 This illustrates 
the difficulty in finding an effective treatment by blocking a single immune pathway 
given the redundancy of the immune system.80 In patients with refractory AID, the 
quality of life is not only hampered by the disease itself but also by the cumulative 
toxicity of the immunosuppressants used. Corticosteroids are often part of this 
therapeutic strategy and lead to several side effects, such as weight gain, osteoporosis, 
avascular necrosis, glaucoma, diabetes mellitus, cardiovascular disease and serious 
infections.81 Clearly, many patients with refractory AID would benefit from more 
effective treatments characterized by fewer adverse effects and shorter duration.

Evidence for therapeutic HSCT in AID
The first HSCT for AID was performed in 1995, and the Autoimmune Disease Working 
Party of the EBMT was launched in 1996.13 EULAR collaborated progressively with the 
EBMT. Outside Europe, the Center for International Bone Marrow Transplant Registry 
(CIBMTR) and the National Institutes of Health in the USA interacted with large HSCT 
programs in Australia, Brazil, China and USA.15 In 1997 a consensus report was written 
on behalf of the EULAR and the EBMT regarding stem cell transplantation in AID, and an 
internationally coordinated clinical program was started.13 Retrospective analyses from 
the EBMT AID, the largest registry collecting HSCT data in AID, were followed by the 
CIMBTR analyses. These studies, together with small, prospective phase I/II trials, 
supported the feasibility, safety and efficacy of HSCT in several severe, therapy-resistant 
AID.15 These studies also led to large-scale phase II and III HSCT trials in several AID.15 In 
2012, it was estimated that around 3,000 patients with AID had been treated with HSCT 
worldwide.15 Table 2 summarizes the results of HSCT in the largest registries of EBMT 
and CIMBTR. The database created by EBMT centres incorporated data from 1’273 
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patients with AID who underwent HSCT between 1996 and 201115, whereas the CIMBTR 
database contains data from 368 patients with AID who underwent HSCT between 1996 
and 2009.82 Most of HSCT in the EMBT registry involved autologous grafts (1’209 patients), 
9.8% of which were performed in children <18 years old. By contrast, in the CIMBTR 
registry the autologous grafts were transplanted in 339 patients, of which 9.4% were 
children <21 years old. In the combined data from EBMT and CIMBTR databases, 
allogeneic HSCT was performed in 93 patients (6.0%), and in both registries the majority 
were children. The most frequent refractory AID in patients undergoing HSCT were SSc 
(363; 22.1%), SLE (122; 7.9%) and RA (86;5.6%).15,82 In the EBMT registry, other frequent 
AID indications were JIA (71 patients; 5.6%), vasculitis (29 patients; 2.2%) and PM/DM (16 
patients; 1.3%).15 Other, non-rheumatic AID were MS, autoimmune haematological 
conditions and Crohn’s disease.15,82 A more in-depth analysis of the AID patients in the 
EBMT registry was performed in 2010, involving 900 patients who underwent a first 
autologous HSCT for a rheumatic (60%) or neurological (33%) AID, and nine patients (1%) 
received a second autologous HSCT.83 The median interval between time of diagnosis 
and performance of HSCT treatment for rheumatic AID was shortest for patients with 
SSc (30 months) and longest for those with RA (86 months).83 During a median follow-up 
of 34 months, 12.3% of patients in the EBMT registry had died, whereas in the CIMBTR 
10.3% of patients died during a median follow-up of 31 months.82,83 The overall survival 
for patients with SSc 3 years after HSCT was 80% in the EBMT registry and 83% in the 
CIMBTR registry.82,83 In the EBMT registry, 5 years after HSCT the overall survival was 76% 
for patients with SSc, 94% for patients with RA, 76% for patients with SLE and 82% for 
patients with JIA.83 In the EBMT cohort, the 100-day transplant-related mortality (6.6%; 
table 2) decreased considerably compared with that reported in 2001 in a smaller number 
of patients (12%)84, and was comparable to that in the CIBMT registry (7.1%).82 However, 
even a small difference in TRM is an important factor that needs to be taken into 
consideration when performing an HSCT, since TRM is still the main cause of death being 
53.1% in the EBMT registry and even 68.4% in the CIMBTR registry, with fatal infections 
as the leading cause of the TRM in both databases.82,83 Disease-related mortality, defined 
as death caused by the original rheumatic AID, was 38.7% in the EBMT registry and 28.9% 
in the CIMBTR registry. In patients with SSc, disease-related mortality was highest (13.1%), 
and in contrast to other AID, it was even higher than the transplant-related mortality.83 
The 5-year progression-free survival, defined as survival without evidence of relapse or 
progression in 5 years, was 55% for patients with SSc, 18% for patients with RA, 44% for 
patients with SLE and 52% for patients with JIA.83 Besides the disease indication, other 
factors associated with a positive outcome were the centres where HSCT was performed, 
patient’s age <35 years, HSCT performed after December 2000, the use of peripheral 
blood stem cells and, surprisingly, a longer disease duration before HSCT.83
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Table 2. The results of and indications for HSCT in ARD patients in the two largest registries worldwide

HSCT-Registry in ARD EBMT CIBMTR

Baseline characteristics  
of all HSCT(Pasquini et al., 
 2012; Snowden et al., 2012)

Inclusion year 1996-2011 1996-2009

No. of patients 1273 368

Female 815 (64%) 196 (58%)

Children# 119 (9.8%) 32 (9.4%)

Age (yrs) 35 (2.7-76) 39 (6-64)

Time from diagnosis (months) 62 (<1-494) 52 (<1-413)

Autologous 1209 (94.9%) 339 (92.1%)

Systemic sclerosis 266 (20.9%) 97 (26.4%)

Systemic lupus erythematosus 97 (7.6%) 27 (7.3%)

Rheumatoid arthritis 78 (6.1%) 10 (2.7%)

Allogeneic in children 40/64 (62.5%) 16/29 (55.2%)

Results autologous HSCT 
(Farge et al., 2010; Pasquini  
et al., 2012)

Inclusion year 1996-2007 1996-2009

No. of patients 900 339

Follow-up (months)^ 34 (0.5-148) 31 (<1-144)

Overall survival 85% after 5 yrs 86% after 3 yrs

100-day TRM* 6.6% 7.1%

DRM 4.8% 3.0%

5-year progression-free survival 43% No data

Results allogeneic HSCT 
(Daikeler et al., 2009;  
Pasquini et al., 2012)

Inclusion year 1984-2007 1996-2009

No. of patients 35 29

Overall 1-yr survival 70% 58%

2-year TRM* 22.1% 34.0% 

2-year DRM 3.2% 3.4% 

Indications for autologous 
HSCT~(Majhail et al., 2015; 
Sureda et al., 2015)

Severe systemic sclerosis Indicated for certain 
subgroups (Level I)

Developmental,  
but promising

Systemic lupus erythematosus Should be considered for 
certain subgroups (Level 
II)

Developmental,  
but promising

Juvenile idiopathic arthritis Optional for subgroup of 
polyarticular JIA (Level II)

Standard of care,  
rare indication

Juvenile systemic sclerosis Optional for carefully 
selected patients (Level III)

Standard of care,  
rare indication

DRM= disease related mortality, TRM = transplant related mortality.  
All time scales are displayed as medians with the full range.
# Defined as below 18 years of age in the EMBT and below 21 years of age in the CIBMTR group
^ Follow-up duration for the CIBMTR-group was for survivors only
* Defined as death without relapse or progression of autoimmune disease within 100-day of autologous HSCT or as mortality 
related to the allogeneic HSCT including GVHD
~Needs to be considered together with the risk of the disease, the risk of the transplant procedure and the results of non-transplant 
strategies.
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Predictably, given the results described above, the logical next step was to investigate 
HSCT in SSc, as the first rheumatic AID, in a large phase III HSCT trial . Ideally, a double-
blind, placebo-controlled, randomized controlled trial is performed to test the efficacy 
of a therapy. However, the use of placebo is not an option in severe diseases that 
requires HSCT, and blinding of patients and physicians is not possible because 
precautionary measures required after a HSCT should be known to all. One should 
realize that these studies are unblinded especially when subjective measures such as 
patient reported outcomes and skin thickening are interpreted.85 However, the results 
of two phase III randomized controlled trials are consistent with data from registries, 
pilot studies and a small phase II randomized controlled trial. The first randomized 
controlled trial was the ASSIST, a single-centre phase II trial performed in Chicago in 
which 10 patients were allocated to HSCT treatment and 9 patients to 6-month 
cyclophosphamide therapy. HSCT was more effective than cyclophosphamide in 
respect of pulmonary function, skin thickness and quality of life.86 Eight out of nine 
patients in the cyclophosphamide group also underwent HSCT because of an insufficient 
response. Due to the small sample size the two groups differed a bit and the control 
group received less cumulative cyclophosphamide than is usually administered in 
clinical practice, perhaps inflating the relative efficacy of HSCT.85 Remarkably, no deaths 
were observed during the study and even serious toxicity was not common. This result 
can be explained by either the experience of the clinical team or by chance, given the 
small number of patients and the short follow-up (maximum of 2 years after HSCT).85 
The trial was stopped prematurely for the benefit observed in the HSCT group. 
However, interrupted randomized controlled trials which have been stopped early for 
benefit are associated with overestimation of the treatment effects for the outcome 
that precipitated this early stopping and even more so in smaller studies.87 
The first randomized phase III HSCT trial in patients with SSc was the ASTIS88, which 
demonstrated for the first time that in early diffuse cutaneous SSc the long-term poor 
prognosis can be altered by intensive immunosuppressive therapy. The primary end 
point of this trial was the event-free survival, defined as time from the randomization 
until the occurrence of major organ failure or death. From 2001 to 2009, 156 patients 
were randomly allocated to either HSCT (n = 79) or cyclophosphamide (n = 77). During 
the first year, 11 deaths (13.9%) including eight transplant-related deaths, occurred in 
the HSCT group, whereas seven deaths (9.1%) occurred in the cyclophosphamide group, 
none of which were treatment-related. During a median follow-up of 5.8 years,  
53 pre-specified events including deaths occurred, 22 in the HSCT group and 31 in the 
cyclophosphamide group. Irreversible organ failure events occurred three times in the 
HSCT group, and eight in the cyclophosphamide group, whereas the number of total 
deaths were 19 in the HSCT group and 23 in the cyclophosphamide group. Also the 

201815 Joost Swart_binnenwerk.indd   209 09-05-18   09:20



PART FOUR  |  CHAPTER 9

210

secondary endpoints defined as the change in the first 2 years of mRSS and generic 
health status measures (e.g. Health Assessment Questionnaire) were significantly better 
in the HSCT group. An increase in pulmonary function tests (forced vital capacity/vital 
capacity) was observed in the HSCT group, but without a significant change in diffusion 
capacity for carbon monoxide of the lung. The left ventricular ejection fraction did not 
significantly change in the two groups, but a modest but significant decrease in 
creatinine clearance was found in HSCT group. From the study it was concluded that 
HSCT was associated with increased treatment-related mortality within the first year 
after treatment, but from 1 year onwards, the event rate in the HSCT group was 
favourable compared with the relatively constant event rate of the cyclophosphamide 
group. In addition, nonsmokers had the greatest survival rate after HSCT.88 
The ongoing SCOT trial in North America not only involved inclusion criteria very similar 
to those in the ASTIS trial, but was also characterized by an almost identical control 
group.89 In both trials, the populations studied were relatively similar in terms of extent 
of skin thickening, organ involvement and disease duration. Therefore, comparative 
analyses between the ASTIS and SCOT trials are possible, and these might help identify 
the optimal patient profile for HSCT-candidature and might also reveal if differences 
in transplant regimens have any effect on the outcome. Although previously 
underappreciated owing to the strict screening procedures used in trials, conditions 
such as gastric antral vascular ectasia have now been revealed to be relatively 
common.89 
HSCT might also become a therapeutic option for the Behçet’s disease (BD), which is 
life threatening and might be refractory to corticosteroids and immunosuppressants. 
One systematic review described HSCT in 20 patients with Behçet’s disease, including 
nine with refractory disease (8 patients received autologous HSCT and 1 patients 
allogeneic HSCT), and 11 with concomitant haematological conditions.90 Of the nine 
patients with refractory Behçet’s disease, three patients who had neurological 
involvement, two patients with pulmonary artery aneurysm and one patient with 
intestinal involvement achieved complete remission. All six patients with haematological 
conditions, who also had gastrointestinal involvement of BD, achieved complete 
remission of their gastrointestinal manifestations after HSCT.90

Refractory JIA used to be a prominent indication for autologous HSCT around 15 years 
ago, but since the registration of multiple biologics it is now uncommon. . One article 
described complete clinical remission in eight out of 20 patients after autologous HSCT. 
Among the remaining patients, seven partially responded to therapy, and five 
experienced disease relapse (occurring 7 years after HSCT in one patient).70 During 
follow-up, the two patients who had disease relapse died from infections developed 
after restarting immunosuppressive medications.70
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Autologous HCST was also performed to treat SLE (a refractory disease with high 
burden) in 28 patients with SLE with a median age of 29 (16–48) years and a median 
disease duration of 52 (9-396) months.28 60% of these patients had nephritis. Ex vivo 
CD34+ stem cell selection was performed in 36% of patients and the conditioning 
regimens used were either low (n=10) or intermediate (n=18). During a median follow-
up of 38 months after HSCT, 5 year overall survival was 81%, disease-free survival 
29%, relapse incidence 56% and nonrelapse mortality 15%.28 Five deaths occurred 
within 2 years after HSCT, including three deaths caused by infection, one death 
caused by secondary autoimmune disease and one death caused by progressive 
SLE.28

Adverse effects of HSCT in AID  
Before administration of cyclophosphamide for mobilization of stem cells and 
immuneablation, the risk of inducing infertility and premature menopause should be 
carefully considered.15 Cryopreservation of semen, oocytes or embryo, as well as 
hormone replacement therapy, should be offered where appropriate.15 Patients with 
AID might already have reduced organ function, which might increase the toxicity 
resulting from the conditioning.91 Careful evaluation of the heart is also important, 
especially in SLE and SSc. Indeed, cardiac toxicity decreased since the consensus 
statement clearly addressed the potentially fatal toxicity of the heart which might occur 
during HSCT for AID.92 
The immune system of patients with AID is often substantially weakened by both the 
disease and the chronic use of immunosuppressants. The mobilization, conditioning 
regimen and the T-cell depletion of the autologous graft are associated with an 
increased risk of both latentand acquired infections.15 Bacterial or fungal infections 
occur in the early post-HSCT phase with neutropenia, while the prolonged lymphopenia, 
till the immune system is reconstituted, endangers patients for the reactivation of 
latent viruses and other opportunistic infections.91 Therefore, during aplasia all patients 
should receive broad-spectrum antibacterial prophylaxis, anti-fungal as well as anti-
herpes prophylaxis for at least 100 days post-transplant. Furthermore, as usual in HSCT 
prophylaxis against the prevalent, opportunistic, but rapidly fatal Pneumocystis jiroveci 
should be given to all patients while neutropenic.15

Autoimmunity can develop de novo during immune reconstitution after HSCT because 
of the loss of regulatory mechanisms. The cumulative incidence of a secondary 
autoimmune disease was 9.8% 5 years after HSCT as revealed by specific questionnaires 
sent to EBMT centers to identify patients having cases or not with newly developed 
AID.93 Also, the effects of autologous HSCT on the endocrine system or frequency of 
malignancies are of concern.91
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Allogeneic HSCT have a higher risk of mortality compared with autologous HSCT, which 
was historically 30% at 1 year among 35 patients with AID in the EBMT registry and 
42% among 29 patients with AID in the CIBMTR registry.82,94 However, it is important 
to note that nowadays transplant-related mortality for all indications have been 
reduced through individualized conditioning regimens and better monitoring of 
infections. In addition, strict pre-transplantation screenings before allogeneic HSCT 
should be mandatory, as for autologous HSCT. Although a complete clinical response 
was observed in 55% of the patients who underwent an allogeneic HSCT for their AID, 
and 23% of patients had at least a partial response, the transplant-related mortality at 
2 years (22.1%)91 was higher than that associated with autologous HSCT (6.6%).83  In 
the CIMBTR registry, transplant-related mortality of allogeneic HSCT (34.5%) was also 
much higher than that of autologous HSCT (7.1%).82 
Allogeneic HSCT also causes more long-term complications than autologous HSCT, 
which are due to graft-versus-host disease, toxicity or still the disease itself and can 
affect virtually all tissues and organ systems.95 The occurrence of long-term adverse 
effects is associated with the conditioning regimen, the use of total-body irradiation 
and graft-versus-host disease. Patients receiving allogeneic HSCT also have a twofold–
threefold increase in the risk of developing a solid tumor.96 However, novel 
transplantation strategies, such as individualized conditioning regimens to reduce 
toxicity and T-cell depletion, might overcome these limitations. 
Individualized conditioning by the monitoring of drugconcentrations such as busulfan 
and ATG has proven to influence transplant-related mortality.29,97,98 The cellular source 
of allogeneic HSCT might also influence the risk of adverse effects. For example, cord 
blood-derived samples are generally associated with a low probability of chronic graft-
versus-host disease99, but the precise dosing of ATG is challenging. Indeed, when the 
exposure to ATG after HSCT is too high, the probability of immune reconstitution is 
reduced and transplant-related mortality is higher.97

Allogeneic HSCT can be considered in the treatment of life-threatening forms of AID 
or relapsing AID occurring after an autologous transplantation.15,100 Within the pediatric 
Blood and marrow transplantation program at the UMC, an allogeneic HSCT study 
protocol for therapy-resistant AID is used with an individualized conditioning regimen 
and cord blood as a cellular source. To date, three patients, including one with multiple 
sclerosis, one with relapsing polychondritis and one with SLE, are alive and disease-free 
at 1–5 years after allogeneic HSCT. 

Rheumatic disease indications for HSCT according to the EBMT and ASBMT
Patients with a severe AID which progresses despite established standard or approved 
treatment can be considered for autologous HSCT.1 Various levels of evidence of long-
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term prolonged survival after autologous HSCT are available for each specific AID. The 
EBMT published in 2015 recommendations on indications for HSCT in all kinds of 
diseases.1 These recommendations were not a rigorous and extensive literature review, 
but found its basis on prospective clinical trials, registry data and even expert opinion.1  
The American Society for Blood and Marrow Transplantation (ASBMT) established a 
task force consisting of multiple-stakeholders such as payer representatives, HSCT 
experts, and a patient advocate in order to guide on “routine” indications for HSCT.101 
Neither the guidelines of the ASBMT nor the EBMT recommendations should be used 
to determine whether HSCT should be pursued as a treatment for an individual patient.1 
Whether or not to proceed with HSCT in an individual patient is a clinical decision best 
made between the patient and his or her provider after a careful consideration of the 
alternatives, risks, and benefits of the procedure.101 The risk of the disease, the results 
of non-transplant strategies and the risk of the transplant procedure should all be 
taken into account. Pre-transplantantion screening and cardiopulmonary evaluation 
are of vital importance to exclude those patients at high risk of TRM.1 Besides a possible 
gain of survival one should address the expected post-transplant quality of life and 
possible late effects. This is even more important in children. A simple overview of the 
indications can be found in table 2.
We believe that for any individual child or adult with a severe and therapy-refractory 
AID an autologous HSCT can be considered but only after a well-balanced decision 
whether the transplantation risk outweighs the disease burden by an experienced 
transplantation team. 
It is unlikely that large clinical trials will be initiated to systematically investigate the 
role of allogeneic SCT in the near future in AID. Given the high risk of this intervention, 
transplantation with an allogeneic donor in AID should only exceptionally be considered 
and only performed at centers with substantial experience in transplanting AID. 
Allogeneic HSCT for AID was in 2013 in Europe alone reported in 23 patients versus 
171 patients receiving an autologous HSCT for AID,102 indicating that a broader 
consensus in transplantation regimens and indications is needed in order to allow for 
a careful analyses of the outcomes.

Other cellular therapies
In addition to allogeneic HSCT, other cellular therapies such as those using multipotent 
mesenchymal stromal cells (MSCs) might also have potential for AID treatment. MSCs 
isolated from bone marrow and other body sites have specific immunomodulatory 
and anti-inflammatory properties, can be easily expanded to clinically relevant 
numbers, and are now close to clinical use.103 It is now important to start trials examine 
the clinical efficacy of MSC infusion or injection compared with non-cellular 
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immunosuppressive therapies. Furthermore, again a careful patient selection is needed 
to gain insight into the safety and efficacy of MSC therapy.103 

CONCLUSIONS

Autologous HSCT is the only treatment able to induce long-term, drug-free and 
symptom-free remission in several refractory AID. Over 3,000 HSCT procedures for 
severe AID have been performed worldwide. The sequential steps for autologous HSCT 
include careful patient selection, chemotherapy-based mobilization of stem cells, stem 
cell collection, conditioning regimens, stem cell infusion, supportive care during 
recovery of neutrophils and lymphocytes and post-transplant care. 
Indications on the basis of historic results have been formulated for several therapy 
refractory AID as guidance by the EBMT and ASBMT, only after a careful consideration 
of the alternatives, risks, and benefits of the procedure. Systemic sclerosis is the first 
autoimmune disease for which HSCT has been shown, in a randomized, controlled 
trial, to be associated with increased TRM in the first year but a significant long-term, 
event-free survival afterwards. We display in another table the indications and 
contraindications for autologous HSCT in SSc which we use in our clinic for. in HSCT 
G-CSF and CYC are used for the mobilization of the autologous stem cells in order to 
collect them from the peripheral blood. It is uncertain if graft manipulation is required. 
For the eradication of the autoreactive immunologic memory an immunoablative 
conditioning is required (usually including T cell depleting antibody, a T cell depleting 
alkylator CYC and a T cell depleting nucleoside analogue Fludarabine. By individualizing 
conditioning regimens (e.g. with ATG) better long term remission may be achieved.  
A minimum dose of 2×106/kg CD34+ stem cells are reinfused as rescue therapy. Stem 
cell rescue minimizes the duration of neutropenia and enables the containment of 
viruses by the quicker recovery of the innate immune system. All patients should 
anyhow receive broad-spectrum antibacterial prophylaxis, anti-fungal as well as anti-
herpes prophylaxis for at least 100 days post-transplant. and prophylaxis against 
Pneumocystis jiroveci while neutropenic. TRM was still the cause of death in over 50% 
of the patients that died during follow-up after HSCT for AID. HSCT leads to a reset of 
the immune system by renewal of the CD4+ T cell compartment and especially within 
the Treg population which is accompanied with an increase in Treg numbers, TCR diversity 
and function. The thymus likely plays an important role in restoring this immune 
balance. But also the B cell compartment becomes naïve and less auto-reactive 
antibodies are measurable post transplantation.Long term adverse effects should be 
registered as well. Secondary autoimmune disease develops in 1 out of 10 patients 
after autologous HSCT for AID. More consensus is needed for the application of an 
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allogeneic HSCT, since it harbors an even higher risk for TRM in around 1 out of 3 
patients. Other cellular therapies such as MSC are now under investigation for AID.

Key points
* Haematopoietic stem cell transplantation (HSCT) requires a careful selection of 

patients according to autoimmune disease, and a consideration of therapeutic 
alternatives, risks and benefits, and the expertise of the transplantation team

* The need for graft manipulation before HSCT is uncertain

* Individualized conditioning regimens might provide increased long-term remission 
rates, and stem cell rescue could minimize the duration of neutropenia and improve 
the containment of viruses 

* HSCT resets the immune system by renewing the CD4+ T cell compartment, especially 
within the Treg cell population, and by restoring T cell receptor diversity and function 

* In patients with systemic sclerosis, HSCT results in increased mortality within the first 
year but a considerable long-term, event-free survival benefit afterwards. 
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ABSTRACT

Objectives
To explore the immunosuppressive effect and mechanism of intraperitoneal (ip) and 
intraarticular (ia) mesenchymal stem cell (MSC) injection in proteoglycan induced 
arthritis (PGIA).

Methods
MSC were administered ip or ia after establishment of arthritis. We used serial 
bioluminescence imaging (BLI) to trace luciferase-transfected MSC. Mice were sacrificed 
at different timepoints to examine immunomodulatory changes taking place in blood 
and secondary lymphoid organs.

Results
Both ip and local ia MSC injection resulted in a beneficial clinical and histological effect 
on established PGIA. BLI showed that MSC ip and ia in arthritic mice are largely retained 
for several weeks in the peritoneal cavity or injected joint respectively, without signs 
of migration. Following MSC treatment pathogenic PG-specific IgG2a-antibodies in 
serum decreased. The Th2-cytokine interleukin (IL)-4 was only upregulated in PG-
stimulated lymphocytes from spleens in ip treated mice and in lymphocytes from 
draining lymph nodes in ia treated mice. An increase in production of IL-10 was seen 
with equal distribution. Although IFN-g was also elevated, the IFN-g/IL-4 ratio in MSC 
treated mice was opposite to the ratio in (untreated) active PGIA.

Conclusions
MSC treatment, both ip and ia suppresses PGIA, a non-collagen induced arthritis model. 
MSC are largely retained for weeks in the injection-region. Furthermore, MSC treatment 
induced at the region of injection a deviation of PG-specific immune responses 
suggesting a more regulatory phenotype with production of IL-4, IL-10, but also of IFN-g 
and a systemic decrease of pathogenic PG-specific IgG2a-antibodies. These findings 
underpin the potential of MSC treatment in resistant arthritis. 
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INTRODUCTION

Mesenchymal stromal cells (MSC), a subset of non-haematopoietic stem cells cultured 
from the plastic adherent cell-fraction from bone-marrow, exert a strong 
immunomodulatory effect both in-vitro and in-vivo.1 Allogeneic MSC were first 
successfully used to rescue a patient from life-threatening steroid-refractory acute 
graft-versus-host-disease, an inflammatory complication of haematopoietic stem cell 
transplantation with high mortality rate (90%).2 This case report was a major break-
through, soon followed by a phase II study.3 Trials with MSC are now underway in a 
broad spectrum of inflammatory diseases and are considered for rheumatoid arthritis 
(RA) and Juvenile Idiopathic Arthritis (JIA).
Studies in arthritis showed that MSC are present in synovial fluid (SF)4, 5 and their number  
in SF is much lower in RA patients than in osteoarthritis.6 This low number of SF MSC in 
RA patients could be explained by an impaired MSC recruitment to the joint 7 and 
suppressed proliferation potential of MSC 8 associated with decreased telomere length.9 
Earlier studies showed that RA patients failing multiple drugs can still respond 
favourable to a strong immune-ablative conditioning with autologous haematopoietic 
stem cells as rescue therapy, unfortunately with high morbidity and even mortality.10, 

11 Treatment with MSC would not require such hazardous conditioning. Moreover, local 
MSC therapy could be helpful in therapy-resistant oligoarthritis for which registered 
therapeutic agents are currently only limited available. 
To further examine the potential of MSC in RA and JIA we explored the distribution of 
injected MSC and their effect on established arthritis after intraperitoneal (ip) or intra-
articular (ia) administration. We chose to use proteoglycan induced arthritis (PGIA), 
one of the most extensive studied models of inflammatory arthritis. Once established, 
PGIA progresses in symmetrical polyarthritis with ankylosis of joints without a chance 
of full recovery.12 

MATERIALS AND METHODS

Animals and experimental setup
All animals were female BALB/c mice, retired breeders from Charles River (Sulzfeld, 
Germany). They were housed in standard conditions in our University’s Central Animal 
Laboratory. The treatment-regimens were randomly placed in cages and blinded to 
researchers. The experiments were conducted with permission of the local Ethical 
Committee for Animal Experimentation and in compliance with National Guidelines 
for laboratory-animal use. 
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The mice (10 per treatment-group) were injected twice ip with 0.4mg human 
proteoglycan (PG) with 3 week intervals to induce arthritis as previously described.[14]  
At 7 and 36 days after final PG injection 5x106 MSC ip or 1x106 MSC ia were subsequently 
administered as treatment. Ia injections were performed on the right knee; the left 
knee stayed untouched. Control-group received PBS ip. Arthritis was scored till day 67 
in a blinded fashion as described elsewhere by 2 independent persons (J.S. and F.H.).13 
The cumulative arthritis score consists of scoring 4 paws with maximum 4 per paw and 
obligatory sacrification at cumulative score of 12. Another experiment was performed 
for in-vivo tracking with 6 mice per treatment-group. A separate study was performed 
to explore the effect of immunomodulation by MSC in which temporal sacrification of 
4 mice per treatment-group was allowed.

MSC
Murine MSC were obtained by culture of single-cell-suspensions in polystyrene flasks 
(Falcon, BD Bioscience, Bedford, USA) at 5% CO2 and 21% O2 derived from femoral 
and tibial bonemarrow of 7 week old BALB/c mice. Adherent cells were harvested by 
trypsinization and subsequently passaged twice before use. MSC used were Sca1+, 
CD106+, CD90+, CD44+ as checked by flow-cytometry (antibodies obtained from BD,and 
Caltag-Medsystems, Buckingham UK). Multilineage differentiation was shown with 
adipocytes grown out of MSC in Adipogenic stimulatory supplement (mouse) diluted 1:5 
in Mesencult® MSC Basal medium (both Stem Cell Technologies, Vancouver, Canada) 
as shown by positive oil-red-O-staining and osteoblastic differentiation stained with 
FAST™ 5-Bromo-4-chloro-3-indolyl phosphate/Nitro-blue-tetrazolium substrate (Sigma-
Aldrich Chemie, Zwijndrecht, Netherlands). Prior to in vivo use, suppressive capacity of 
MSC was checked by suppression of in vitro proliferation with anti-CD3 stimulated 
CFSE-stained splenocytes.

Histology
Between 71-79 days after last PG injection mice were sacrificed and knee joints 
removed. Joints were decalcified in 10% EDTA for 48 hours and embedded in paraffin. 
Tissue sections were stained with haematoxylin and eosin. For the ia and ip treated 
groups 8 paws per group were histologically scored and compared to 9 paws from 
untreated mice. Joints were scored for presence or absence of cartilage erosions in a 
blinded fashion by an independent person.
In vivo MSC tracking
MSC were transduced with a GFP-luciferase retroviral vector as described elsewhere.14 
The transduced MSC used for Bioluminescence imaging (BLI) showed 65% positivity 
for GFP-Luciferase as assessed by flow-cytometry. In 6 ia and 6 ip treated mice the 

201815 Joost Swart_binnenwerk.indd   226 09-05-18   09:20



227

MESENCHYMAL STEM CELL THERAPY IN PROTEOGLYCAN INDUCED ARTHRITIS 

10

presence and location of luciferase-expressing MSC was monitored 1 and 4-5 weeks 
after injection of marked MSC as previously described.14 With this BLI-method we are 
able to detect in vivo clusters of 100 cells.

PG-specific IgG ELISA
Four ip and 4 ia treated mice received 2.5x106 and 1x106 MSC respectively at 7 and 10 
days after the last PG injection. Sera were obtained 12 and 13 days after the last PG 
injection. Sera were diluted 1:400 with PBS and incubated in PG-coated wells for 2 
hours at room-temperature. IgG1- and IgG2a-anti-mouse antibodies were detected 
with HRP anti-IgG1 (Clone X56, BD Bioscience) and anti-IgG2a (Clone R19-15, BD 
Bioscience) with 3,3′,5,5′-Tetramethylbenzidine (MP-Biomedicals, Illkirch, France). 
Extinction was measured at 405 nm.

Cytokine measurement after ex vivo restimulation with PG of lymphocytes
Four ip and 4 ia treated mice received 2.5 and 1 million MSC respectively at 7 and 10 
days after the last PG injection. On day 26 and 27 after the last PG injection these mice 
were sacrificed and their cells from spleen and draining lymphnodes (LN, inguinal and 
popliteal combined) were harvested with the LN separated for 3 ia mice according to 
injected or non-injected side. Splenocytes were lysed with shock buffer (1:10 KCl) for 
10 minutes. Isolated spleen and LN cells were stimulated in a 96 well plate (2x105/well) 
with 10 μg/ml human PG or medium for 4 days. Cytokine concentrations (IFNg, IL-10, 
IL-17, IL-1β, IL-4, IL-6, TNFa) in supernatants were measured with Bio-Rad (Veenendaal, 
Netherlands) mouse 7-plex cytokine-assay and analysed with Bio-Plex Manager 4.1.

Statistics
Results were tested for significant differences with Graphpad Prism 5 for Windows. 
For dichotomous variables the Chi-square test was used, for normally distributed 
variables the parametric ANOVA with Dunnett’s post-hoc test and for the other variables 
we used the non-parametric Kruskal-Wallis test with Dunn’s Multiple Comparisons 
Test; *,p<0.05; **, p<0.01.

RESULTS

The murine MSC were shown to suppress lymphocyte proliferation in vitro (figure 1A). 
The set up of our experiments is shown in figure 1B. The mice that were injected with 
PG developed arthritis at the expected incidence (mean 85.9% for all 3 studies) with a 
median onset of arthritis at 5.8 days after the second injection of proteoglycan.
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Figure 1. In vitro suppression of splenocytes by MSC and experimental setup
A. Proliferation of anti-CD3 stimulated CFSE-stained splenocytes was effectively suppressed from 100% 
(splenocytes only) to 54.2% when MSC were added in a 1:1 ratio. 
B. Experimental setup. Mice were injected twice intraperitoneally (ip) with proteoglycan (PG) and received MSC 
ip (n=10) or MSC intra-articularly (ia; n=10) or PBS ip (n=9) when arthritis had established at day 10 after PG 
injection and 4 weeks later. Arthritis was scored twice a week until 67 days after the first PG injection by 2 
independent blinded observers. 
Mice (n=6 per treatment group) receiving luciferase transfected MSC were tested for Bioluminescence on the 
indicated days.
For specific PG-IgG measurement mice (n=4 per treatment group) were sacrificed 5-6 days after first MSC 
treatment. For measuring cytokine production of PG-restimulated PG-specific lymphocytes another 4 mice per 
treatment group were sacrificed 19-20 days after first MSC treatment. The lymphocytes from spleen and draining 
lymphnodes were studied separately in all treatment groups. In the ia treated mice the lymphocytes from the 
draining lymphnodes were additionally separated per injection side.
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Intraperitoneal administration of MSC results in a beneficial clinical and 
histological effect on proteoglycan induced arthritis.
Earlier a protective effect of prophylactic MSC was shown in collagen induced arthritis 
(CIA).15 PGIA is a different model of arthritis with a marked different immunopathogenesis 
in BALB/c mice which primarily exhibit a Th2-type immune response, whereas the 
DBA/1 mice in CIA respond in a Th1-dependent manner.16 We first wanted to know 
whether in this non-collagen induced form of arthritis, MSC therapy has a beneficial 
effect. Indeed, repeated ip injection of 5x106 MSC in mice with established arthritis 
resulted in a stable arthritis score, compared to control mice which showed a marked 
increase in arthritis scores (figure 2A and B and supplemental figure 1). This effect did 
just not reach significance. Histology also showed that the incidence of cartilage 
erosions, which is the end stage of arthritic inflammation, decreased from 33.3% in 
the knee joints of control mice to 12.5% in the repeated ip-treated mice, although it 
did not reach statistical significance (p=0.3) (figure 2C shows representative histology 
for eroded versus non-eroded joints). Thus, intraperitoneal administration of MSC 
effectively suppressed arthritis.

Repeated intraarticular administration of MSC results in a beneficial clinical and 
histological effect on PGIA 
We wanted to determine whether local ia injections had a similar suppressive effect 
on arthritis. Indeed, repeated ia injection of 1x106 MSC in the right knee suppressed 
the cumulative arthritis score (figure 2A and B and supplemental figure 1). Histology 
also showed a decrease of incidence of cartilage erosions from 33.3% in the joints of 
control mice to 12.5% in the ia mice, although it was not statistically significant (p=0.3). 
Thus, intra-articular administration of 2x106 MSC effectively suppressed the arthritis.

MSC in arthritic mice survive several weeks at the region of injection without 
signs of specific migration. 
Interestingly, we noticed that repeated ia injection of MSC not only had a suppressive 
effect on the injected paw but also on the non-injected joints since the cumulative 
arthritis score of the four paws was suppressed. We questioned whether this was due 
to migration of MSC and explored this possible movement in vivo. We traced in vivo 
GFP-luc marked MSC using bioluminescence imaging (BLI) with a sensitivity of detecting 
clusters of 100 cells representing 0.002-0.01% of the injected cells in our study. This 
showed that many of the ia administered MSC are retained at the region of injection 
(figure 3), but were no longer detectable after 4 weeks in most mice and in 2 cases not 
even after 1 week. Likewise the ip administered MSC are largely retained in the 
peritoneal cavity for up to 5 weeks in the PGIA mice. Cells were at no point seen outside 
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the peritoneal cavity (figure 3). The signal of luciferase positive cells weakened 
considerably when the 1-week images were compared to those made after 5 weeks. 
There was no clear relation between the arthritis scores and the luciferase signal over 
time. In conclusion, bioluminescence imaging of MSC did not show a distribution 
outside the injected regions within 4-5 weeks while the signal weakened considerably 
during that period. Thus, the observed systemic suppressive effect was not due to 
massive migration of MSC.

Reduction of PG-specific IgG2a-antibodies in serum following MSC treatment. 
We next questioned what the effect of MSC injection was on the arthritis specific 
immune response. Since it is known that serumconcentrations of PG-specific IgG2a 
isotype autoantibody correlate highly with the onset and severity of arthritis suggesting 
a pathological role of this isotype17, we first studied whether MSC treatment influenced 
the early systemic PG-specific antibody levels. After induction of PGIA, mice injected 
with MSC showed reduced PG-specific IgG2a-levels, which reached statistical 
significance for ia injected mice (Figure 4). No effect of MSC on the non-pathogenic 
IgG1 levels was observed.
Thus, local MSC injection reduced systemically the PG-specific IgG2a antibody levels.

Shift in cytokine production of PG-specific T cells after MSC treatment
We next questioned whether indeed MSC treatment can influence the cytokine 
production of PG-specific T-cells. To investigate this, we isolated mononuclear cells 
from spleen and draining lymph nodes, restimulated them with PG for 4 days and 
measured cytokine production in the supernatants by multiplex immunoassay.
A shift in immune activation in the lymphocytes of the spleen was only observed after 
ip infusion of MSC (Figure 5). After PG restimulation we observed a significant increase 
in production of IL-4, IL-10 and IFN-g by spleen-derived lymphocytes in the ip treatment-
group (Figure 5). No shift in cytokine-production of spleen-derived lymphocytes was 
seen after local ia administration of MSC (Figure 5). 

t Figure 2. IP and IA injected MSC show systemic clinical effect
A. Arthritis scores (Mean +/- Range) of mice from the second PG injection onward. Mice were scored twice a 
week. 
B. Area under the Curve of A, AUC of each individual mouse was calculated. Figure shows mean AUC +/-SEM. 
Significance was tested with ANOVA.
C. Histology of the joints of mice sacrificed 71-79 days after the last PG injection was assessed with microscopy 
by a blinded independent observer. Representative pictures of eroded joints of an untreated mouse (left panels) 
and of a MSC-injected mouse (right) at different magnifications. Loss of cartilage (red arrows) is seen with 
replacement by fibrous tissue which fills the joint space.
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To study the local effect of MSC, we compared draining lymph node (LN) cells between 
treatment groups. For the ia-group we even separated the LN cells into either derived 
from ia-injection side or from contralateral non-injected side (Figure 6). In the LN cells 
of ia-treated mice an upregulation of IL-4, IL-10 and IFN-g_ was seen at the injection-side 
only (Figure 6). This upregulation was not found in LN cells of ip treated mice (Figure 6).
Other cytokines were found in low amounts, but showed similar elevated local 
production at the region of injection of MSC only (Figure 5 and 6). 
Thus, in PGIA MSC have a local immune modulating capacity (Figure 5 and Figure 6), 
with a profound systemic effect (Figures 2A and 4).

IP IA

Figure 3

Figure 3. Bioluminescence imaging (BLI) in IP and IA 
treated mice
BLI was performed in a separate experiment with 
luciferase transfected MSC. Bioluminescence was 
observed only at the region of MSC injection, either ip (left) 
or ia (right). The figure shows mice 7 days after MSC 
injection.
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Figure 4. MSC treatment reduces the amount of PG-specific IgG2a
Serum was obtained from 4 mice of each treatment group. PG-specific antibody concentration was measured 
by ELISA 5-6 days after the 1st MSC treatment. Data are expressed as relative units obtained by extinction. Total 
PG-specific IgG (A), PG-specific IgG1 (B) and the pathogenic PG-specific IgG2a (C). Differences between treated 
and non-treated groups were tested using Kruskal Wallis test and Dunn’s Multiple comparisons for significance. 
*, p<0.05; n.s., not significant.
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Figure 5. Lymphocytes in the spleen are activated only after ip injection of MSC
For the ip and ia treated and control mice splenocytes (n=4 per group) were isolated 19-20 days after the 1st 
MSC injection and restimulated with PG for 4 days. Supernatant was tested for concentration of IFN-γ (A), IL-4 
(B), IL-10 (C), IL-17 (D), TNFα (E), IL-1β (F) and IL-6 (G). To investigate the effect of treatment on the ratio of Th1 
and Th2 type responses the IFNγ/IL-4 ratio was calculated (H). Differences between treated and non-treated 
groups were tested using Kruskal Wallis test and Dunn’s Multiple comparisons for significance.
*, p<0.05
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Figure 6. Lymphocytes in the draining lymph nodes are activated only at the side of ia injection of MSC 
For the ip (n=4) and ia treated (n=3) and control mice (n=4) inguinal and popliteal lymph node cells cells were 
isolated 19-20 days after the 1st MSC injection and restimulated with PG for 4 days. Supernatant was tested 
for concentration of IFN-γ (A), IL-4 (B), IL-10 (C), IL-17 (D), TNFα (E), IL-1β (F) and IL-6 (G). For the IA treated mice 
the lymph node cells were compared within a mouse between the MSC-injection side and the non-injected 
(contralateral) side. The lines connect the results of cells from both sides within one mouse. Differences between 
treated and non-treated groups were tested using Kruskal Wallis test and Dunn’s Multiple comparisons for 
significance. *, p<0.05; **, p<0.01
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DISCUSSION

Even though promising new agents have become available for the treatment of JIA and 
RA, some arthritis patients fail to achieve even a modest improvement.18 A promising 
new cellular therapy is the use of MSC which may provide an alternative to severely 
compromised children or as an adjuvant therapy earlier in the disease.18

This study shows for the first time the beneficial effect of MSC in a non-collagen induced 
rheumatoid arthritis model. Proteoglycan induced arthritis (PGIA) is a chronic, 
progressive, and self maintaining disease, where repeated inflammatory episodes 
eventually result in the complete deterioration of the articular cartilage. The MSC 
administered in established arthritis were able to decrease the arthritis score and the 
histological analysis confirmed this clinical observation. Our findings are in agreement 
with a study showing that in a CIA model a single prophylactic ip injection of 5 million 
MSC can prevent exacerbation of the clinical severity and the occurrence of bone and 
cartilage erosions in the joints.15 Also other studies showed that injection of 1-5 million 
xenogenic MSC iv or ip prevents the occurrence or deterioration of CIA19, 20. This effect 
depends on timing, dose and route of administration of MSC.19 Immortalized MSC from 
the C3-celline have been shown to worsen CIA21, whereas the same group showed 
beneficial effects on CIA when using freshly isolated MSC.22

The specific migration and engraftment of systemically administered MSC to locally 
damaged areas has been shown in several animal studies.23-26 Therefore we expected 
to observe migration of at least a fraction of the MSC to the affected and damaged 
joints with bioluminescence imaging (BLI). With BLI, sensitive enough to locate clusters 
consisting of 0.002% of the ip and 0.01% of the ia injected cells, we did however not 
find indications that MSC home to the affected joint itself or to any other specific region 
when injected ip or ia. The MSC remained visible at the region of injection for up to 5 
weeks. Our results are in agreement with a recent study showing with PCR that the 
majority of ia injected cells remained in the joints and were still after 3 months 
detectable in 20 to 30% of the mice.27 In ip treated mice another group could not detect 
marked donor MSC in the (inflamed) joints at the end of their experiment.15 These data 
all suggest that the effect of MSC on arthritis does not involve massive homing of MSC 
themselves towards the site of inflammation. 
For PGIA it has been shown before that inflammatory responses take place in spleen 
and draining lymphnodes more readily than in the joint itself.28 It also appears to be 
more dependent on the availability of circulating IgG2-autoantibodies and neutrophils, 
rather than on the small population of T-cells that migrate to the joints.28 PG-antibody 
production may be the primary event initiating activation of synovial macrophages 
and fibroblasts, which then may provoke and amplify the inflammatory process.29 
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The systemic response we found in cumulative arthritisscore could thus be a result 
of the reduced PG-specific IgG2-antibodies as we observed early in the serum of the 
treated mice. 
The resulting immune-activation of PG-restimulated lymphocytes we found despite 
the small group size, suggests a deviation towards a more regulatory phenotype, with 
production of IL-4, IL-10, but also of IFN-g. The Th2-cytokine IL-4 was most strongly 
upregulated in PG-specific lymphocytes and only when drawn from the region of 
injection: in the ip group only when derived from the spleen and in ia treated mice only 
when derived from draining LN at the injection side. A strong elevation in 
immunosuppressive IL-10 was seen with equal distribution. Although IFN-g was also 
elevated, the much higher amounts of IL-4 resulted in an inversed IFN-g/IL-4 ratio 
opposite to what is normally seen in active PGIA.30 Interestingly, it has been shown that 
in IL-4-deficient mice the PG-specific IgG2a-concentration is six times higher than in 
wild-type and corresponds to increased severity of arthritis.17 Furthermore treatment 
with IL-4 prevents PGIA and induces a switch from Th1-type to Th2-type response.30 
IL-4 is even able to suppress arthritis when given at time of maximum joint 
inflammation.30 
MSC require to be ‘licensed’ for their immunosuppressive activity. MSC appear to have 
dual immunomodulatory capacity; they have the ability to inhibit immune cell activation 
and proliferation, but also enhance immune responses via the secretion of pro-
inflammatory factors and chemokines.31 There is a possibility that the puncturing with 
a needle played a role in triggering the inflammation which activated the MSC to exert 
their immunosuppressive effect. The nature of the immunomodulatory effect of MSC 
depends on local immunological conditions, where in particular IFN-γ and TNF-α play 
a crucial role in inducing the immunosuppressive function of MSC.31 IFN-γ which has 
the potential to provoke PGIA32 is a very powerful inducer (license) of MSC 
immunosuppressive activity.33 MSC interact with T-lymphocytes, B-lymphocytes, NK-
cells and dendritic cells through growth factors such as Transforming Growth Factor-β 
and Hepatocyte Growth Factor,34 cytokines such as IL-10 and directly via adhesion 
molecules35 with a general effect to skew the immune-response towards anti-
inflammatory or tolerant phenotypes, including a shift from Th1 towards Th2.36 
Furthermore MSC can exert systemic effects without migration by means of MSC-
derived extracellular vesicles37, potential mediators shedding peripheral tolerance 
toward auto-reactive cells via tolerogenic molecules and not visible by BLI, since our 
marked MSC contain luciferase in their DNA only.37 
In conclusion, we showed for the first time the therapeutic suppressive effect of 
intraperitoneal and intraarticular MSC in a non-collagen induced arthritis model. In 
our opinion, this further supports the potential clinical and intraarticular use of MSC 
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in inflammatory arthritis since before clinical trials are started on the basis of available 
evidence from preclinical studies it is not sufficient to rely on the evidence of benefit 
obtained in a single animal model38 and 2 different RA models are more predictive of 
clinical efficacy in human RA than data from either model alone.39 Furthermore we 
showed that the MSC are largely retained at the region of injection and an immune-
reaction took place resulting in an early systemic decrease of PG-specific IgG2a 
antibodies with especially high IL-4 production by PG-specific lymphocytes in the region 
of injection.
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SUPPLEMENTAL

Supplemental Figure 1. Arthritis scores are normalized to the scores of each individual mouse at the day of 
the last MSC injection (A). Area under the curves (AUC) were calculated for each individual mouse to obtain a 
value for disease activity over the entire period from the last MSC injection onward and differences were tested 
for significance with ANOVA (B).
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ABSTRACT

Patients with refractory inflammatory arthritis can still respond favourable to 
autologous haematopoietic stem cell transplantation. However, this treatment has 
a high morbidity and even 5% mortality. Mesenchymal stromal cells (MSC), a subset 
of the non-haematopoietic stromal cells obtained from bone marrow, were found to 
have a strong immunosuppressive effect. MSC treatment is explored in many diseases 
like diabetes, SLE, MS and RA. This review covers all relevant literature regarding MSC 
treatment of inflammatory arthritis (RA and JIA). This review contains data of in vitro 
studies, animal studies and clinical studies. The following subjects will be discussed 
in detail: properties of MSC, presence of MSC in the joint, intra-articular versus 
intravenous route, autologous versus allogeneic, ideal source of MSC, distribution, 
transdifferentiation, engraftment, rejection, efficacy and toxicology. After reading 
this review the reader will be totally updated in this quickly evolving field of MSC 
therapy.
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INTRODUCTION

Rheumatoid arthritis (RA) and juvenile idiopathic arthritis (JIA) are autoimmune diseases 
in which persistent inflammation, if untreated, will result in damage of the cartilage 
and bone of joints. Despite the use of combinations of antirheumatic drugs, 
corticosteroids and the newer so called biologicals (blocking the TNFα, Interleukin-1 
or Interleukin-6 pathways) a proportion of individuals with arthritis remain resistant 
also to these therapies and suffer from a very severe, debilitating and sometimes 
potentially fatal disease. For children with refractory disease autologous stem cell 
transplantation (ASCT) is successfully performed since 1997.1-3 Although ASCT holds 
considerable morbidity and even mortality, overall favourable responses were seen 
with a drug free remission rate of 50-55 %. In the more recent years late relapses were 
noted with lower percentages for drug free long term outcome.4

Since a few years mesenchymal stromal cells (MSC) are a fast growing field of interest 
for science. MSC are adult (non-embryonic) stromal cells that are present in bone 
marrow, fat and in lower numbers in many other tissues. MSC are now widely studied 
for their regenerative capacities as well their immunosuppressive qualities.5 MSC have 
strong immunosuppressive qualities in vitro. The immunosuppression seems to work 
both by paracrine action and cell-cell contact. MSC inhibit NK-cells, B-cells, dendritic 
cells, Th1-cells and activate regulatory T-cells.6 Another great advantage is that MSC 
are valuable donor cells since they are hardly recognized by any immune systemic 
because they normally do not express MHC class II and only little MHC class I. 
In the human joint the presence of floating single MSC in human synovial fluid (SF) is 
a normal phenomenon and it has been shown that they are even capable of adhesion-
independent survival and expansion.7 The number of mesenchymal progenitor cells 
in SF is much lower in RA than in osteoarthritis (OA) without significant differences 
between early and established RA higher.8 Synovial fluid in RA might be impaired in 
recruiting MSC to the joint.9 Furthermore the proliferation potential of MSC in RA 
patients could be suppressed by the severity of the synovitis in RA10 or exhausted 
suggested by the observed telomere length decrease irrespective of previous 
treatments.11 The in vitro anti-proliferative effect of MSC on PBMCs however was 
preserved independent of the clinical activity of the autoimmune disease.12 
In preclinical studies we showed the beneficial effect of syngeneic bone-marrow derived 
MSC in a non-collagen induced rheumatoid arthritis model, proteoglycan induced 
arthritis (PGIA), which is a chronic, progressive, and selfmaintaining disease, where 
repeated inflammatory episodes eventually result in the complete deterioration of the 
articular cartilage 13. The syngeneic murine MSC administered in established arthritis 
were able to decrease the arthritis score and the histological analysis confirmed this 
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clinical observation.13 Our findings are in agreement with a study by Augello et al., who 
showed in a collagen induced arthritis (CIA) model that a single intraperitoneal (ip) 
injection of high dose (5 million) allogeneic murine MSC in established arthritis at time 
of boost injection (day 21) prevented exacerbation of the clinical severity and the 
occurrence of bone and cartilage erosions in the joints.14 Also Mao et al.15 and Gonzalez 
et al.16 showed that injection of 1-5 million xenogenic MSC intravenously or ip could 
prevent the occurrence or deterioration of CIA. The effect depended on timing, dose 
and route of administration of MSC.16 Immortalized MSC from the C3-celline have been 
shown to worsen CIA17, whereas the same group showed beneficial effects on CIA when 
using freshly isolated MSC.18

Administration of additional MSC might therefore have great potential in the treatment 
of inflammatory arthritis in patients. They are easily harvested and expandible outside 
the body and are not only immunosuppressive but also hardly recognized by the 
immune systemic itself.19 Therefore the hazardous immune ablation as needed in ASCT 
can be omitted. In 2004 Dr. Le Blanc published a patient with a severe graft-versus-host 
disease (GVHD) after an HLA identical Stromal Cell Transplantation who received MSC 
from his mother with a striking clinical response.20 This resulted in a new therapeutic 
approach of steroid resistant GVHD since 2006 that is being evaluated by the European 
Group for Blood and Marrow Transplantation. The median dose of bone-marrow 
derived MSC was 1.4x10E6 (min-max range 0.4-9x10E6) cells per kg bodyweight. Twenty-
seven patients received one dose, 22 received two doses, and 6 three to five doses of 
cells obtained from HLA-identical sibling donors (n=5), haploidentical donors (n=18), 
and third-party HLA-mismatched donors (n=69). Thirty patients had a complete 
response and nine showed improvement. No patients had side-effects during or 
immediately after infusions of MSC. Response rate was not related to donor HLA-match. 
Three patients had recurrent malignant disease and one developed de-novo acute 
myeloid leukaemia of recipient origin. Complete responders had lower transplantation-
related mortality 1 year after infusion than did patients with partial or no response 
(37% vs 72%; p=0.002) and higher overall survival 2 years after haemopoietic-stromal-
cell transplantation (53% vs 16%; p=0.018).21 Since 2009 we conduct an open-label, 
non-randomized prospective phase II study for prednisone resistant GVHD using MSC, 
extracted from the bone marrow of healthy volunteers, expanded with human plasma 
and platelet lysate (hPPL). The current experience within the European Blood and 
Marrow Transplantation Group (EBMT) of more than 700 patients with aGVHD after 
allogeneic SCT also show that allogeneic MSC infusion is safe.
Recently, a patient group with another autoimmune disease with much lower short 
term mortality, systemic lupus erythematosus (SLE), was studied for the beneficial 
effect of MSC.22-24 Eighty-seven patients with persistently active SLE who were refractory 
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to standard treatment or had life-threatening visceral involvement were enrolled.25 
Allogeneic bone marrow or umbilical cord-derived MSCs were harvested and infused 
intravenously (1 x 106 cells/kg of body weight). During the 4-year follow-up and with a 
mean follow-up period of 27 months, the overall rate of survival was 94% (82/87). 
Complete clinical remission rate was 28% at 1 year (23/83), 31% at 2 years (12/39), 42% 
at 3 years (5/12), and 50% at 4 years (3/6). Rates of relapse were 12% (10/83) at 1 year, 
18% (7/39) at 2 years, 17% (2/12) at 3 years, and 17% (1/6) at 4 years. The overall rate 
of relapse was 23% (20/87). Disease activity declined as revealed by significant changes 
in the SLEDAI score, levels of serum autoantibodies, albumin, and complements. A 
total of five patients (6%) died after MSCT from non-treatment-related events in the 
4-year follow-up, and no transplantation-related adverse event was observed. 
Allogeneic MSCT resulted in the induction of clinical remission and improvement in 
organ dysfunction in drug-resistant SLE patients.
Nowadays clinical trials have been completed or are recruiting patients for MSC 
injection against many diseases amongst which cardiac failure, osteoarthritis and many 
autoimmune diseases including lupus nephritis, systemic sclerosis, multiple sclerosis, 
Crohn’s disease and diabetes mellitus, and even two recent ones for rheumatoid 
arthritis.

IN VITRO STUDIES

Properties of MSC
MSC are adult (non-embryonic) stromal cells with multipotentiality, meaning that they 
have the ability to differentiate into various mesodermal cell lineages which are also 
very important in inflammatory arthritis. Recently it has been proved that a single-cell-
derived population was capable of differentiating into different mesenchymal cell types 
in vivo.26 By current definition MSC do at least express CD73, CD105 and CD90, but lack 
the haematopoietic and endothelial markers CD45, CD11b, CD31 and CD14. MSC are 
capable of in vitro formation in colonies of fibroblastlike cells (CFU-F) and the frequency 
of these colonies is accepted as a measure of MSC-content. Since there is no uniformly 
accepted method for prospective isolation of MSC yet, their ability to adhere to plastic 
and their differentiation in vitro into osteoblasts, chondrocytes and adipocytes is still 
needed for their profile. MSC are present in relatively low numbers in bone marrow, 
fat, muscle and in lower numbers in many other tissues. BM-derived MSC (BM-MSC) 
are part of the haematopoietic niche, where they support haematopoiesis.27 MSC can 
be expanded ex vivo up to a billion-fold without loss of their multipotent properties 
and are excellent vehicles for gene therapy (e.g. for specific homing or cytokine 
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production) since they maintain the expression of transfected genes for up to 40 
divisions.28

Another very important and largely studied feature of MSC is the potent 
immunosuppressive and anti-inflammatory effects they exert in vitro and in vivo. MSC 
seem to regulate lymphopoiesis and suppress the immune response as well. Bone 
marrow MSC participate in the developmental process of both T lymphocytes and B 
lymphocytes through growth factors, cytokines, adhesion molecules. Some crucial 
surface molecules are expressed on both MSC and thymic stromal cells, indicating 
similarities between two different microenvironments of bone marrow compartments 
and thymus. Moreover, MSC mediate immunoregulatory effects on both innate and 
adaptive immunity through either indirect soluble factors or direct cell-cell contact. 
Numerous studies convincingly demonstrate that MSC are able to modulate the 
function of different immune cells in vitro, particularly involving the suppression of 
T-cell proliferation and the inhibition of dendritic cell maturation. This effect is dose 
dependent and is exerted on T-cell responses to polyclonal stimuli or to their cognate 
peptide.29,30 The inhibition does not appear to be antigen specific and targets both 
primary and secondary T-cell responses.30 After co-culture with MSC, the T cells 
exhibited a regulatory phenotype (CD4+CD25loCD69loFoxP3+). MSC downregulated T 
cell responses through direct contact and secretion of anti-inflammatory and 
tolerogenic cytokines, which may involve the recruitment of regulatory T cells.31 The 
general effects are to skew the immune response towards anti-inflammatory/tolerant 
phenotypes, including the shift from Th1 towards Th2, downregulation of IFN-γ 
production from NK and reduction in the antibody productions of B cells.32 Such 
immunosuppressive activity does not seem to be spontaneous but requires MSC to 
be ‘licensed’ in an appropriate environment. IFN-γ has been shown to be a powerful 
inducer of such activity.33 Immunosuppression might not be confined to MSC only, 
since stromal cells (e.g. chondrocytes or fibroblasts) from different human tissues were 
recently shown to inhibit the proliferation of peripheral blood monocytes following 
polyclonal stimuli. This was in marked contrast to parenchymal cells.34

Moreover MSC express low levels of human MHC class I and lack human MHC class II. 
In addition, MSC do not express the CD40, CD80 or CD86 co-stimulatory molecules. All 
these features make that MSC are less immunogenic which enables their transplantation 
in an non-immunocompromised allogeneic host without swift rejection or graft-versus-
host-reaction.35

Presence of MSC in the joint
Normal (healthy) human synovial fluid (SF) was reported to have 250 CFU-F per 1 million 
SF cells.36 The frequency of MSC in SF of osteoarthritis (OA) patients is higher than in 
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normal subjects and higher than in patients with early or established RA.37 MSC have 
been shown to be capable of adhesion-independent survival and expansion as floating 
single cells.38 Furthermore individual MSC can survive in the viscous, antiadhesive 
medium of the SF of RA patients in vivo and, in spite of their pathologic environment, 
can maintain their multipotentiality in vitro.37 The potential of SF of RA patients for 
recruitment of mesenchymal progenitor cells was impaired when compared to SF from 
normal or OA donors.39 Bone marrow-MSC (BM-MSC) from RA patients (n=26) and age-/
sex-matched healthy individuals (n=21) were similar in frequency, differentiation 
potential, survival, immunophenotypic characteristics, and protein profile. Patient MSC, 
however, had impaired clonogenic and proliferative potential in association with 
telomere length loss. Previous treatment with methotrexate, corticosteroids, anti-
cytokine and biological agents or other disease-modifying anti-inflammatory drugs did 
not correlate with the clonogenic and proliferative impairment of BM-MSC.40 In another 
study however, the same clonogenicity (CFU-F frequency) was found between BM-MSC 
from healthy donors and patients with RA. BM-MSC from both healthy donors as well 
as from patients with an autoimmune disease reduced the proliferation of autologous 
and allogeneic PBMCs by up to 90% in a cell dose-dependent fashion. MSC prevented 
the onset of the in vitro immune response and also down regulated an ongoing immune 
response. Furthermore it was independent of the clinical activity of the autoimmune 
disease.12 
MSC can produce matrix proteins as type II collagen (CII).41 CII is a major component 
of hyaline cartilage that acts as an auto-antigen in RA42 it was necessary to prove that 
MSC are capable of suppressing T-cells that specifically respond to collagen. One study 
in which 18 of the 37 RA patients (48.6%) had specific T-cell responses to CII in both 
peripheral blood and SF showed that MSC from healthy donors significantly suppressed 
CII-stimulated T-cell proliferation and activation.43 Moreover, the MSC inhibited 
production of IFN-γ and TNF-α by both CD4+ and CD8+ T cells, while they increased 
the levels of IL-10 and restored the secretion of IL-4. TGF-β1 was confirmed to play a 
critical role in the inhibition.43 
MSC with immunomodulatory capability are present in the SF of JIA patients as well.44 
JIA patients normally have around 20 milliliters of synovial fluid in a large arthritic joint. 
In their synovial fluid we find around 5-10x106 cells per ml with 1.2-2.4 x106 CD4+ cells 
per milliliter and 1.6-3.2 x106 CD8+ cells per milliliter. This is a little bit lower for CD4+ 
T-cells but the same for CD8+ cells as has been published before by others who 
calculated that synovial fluid of their JIA patients contains a median of 8.5x106 CD4+ 
T-cells and 2.4x106 CD8+ cells per millilitre.45 In the synovial fluid (SF) of arthritic knees 
from 14 JIA patients we found mesenchymal stromal cells at a low rate: a median of 4 
CFU-F per million SF cells with a maximum of 81 CFU-F. On the contrary normal (healthy) 
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SF was reported to have 250 CFU-F per 1 million SF cells.36 We found that adding 
allogeneic healthy human bone-marrow derived MSC to anti-CD3 stimulated synovial 
fluid cells of JIA patients showed a significant dose dependent suppression of synovial 
CD4+ and CD8+ T cell proliferation. For this purpose we used CFSE staining for the 
lymphocytes and our standard setting as used for suppression with regulatory T-cells 
as previously described.46 A ratio of 1 MSC per 5 CD4+ or 5 CD8+ cells already yielded 
good results.

ANIMAL STUDIES

Distribution
Major amounts of intravenously (iv) injected MSC are trapped within the pulmonary 
capillaries because of their large size, causing pulmonary and hemodynamic alterations 
and preventing the intended access to other organs.47 However, the specific migration 
and engraftment of systemically administered MSC to locally damaged areas has been 
shown in multiple studies.48-51 Systemic administration of syngeneic MSC or allogeneic 
MSC promoted the healing of fascial and cutaneous incisional wounds. Labeling of the 
MSC with iron oxides/fluorescent dye revealed that systemically administered MSC 
engrafted to the wound.48 In a distribution study rat marrow-derived MSC were ex vivo 
culture-expanded, labeled with 111In-oxine, and infused into syngeneic rats via an artery, 
iv and intraperitoneal cavity infusions.52 The dynamic distribution of infused MSC was 
monitored by real-time imaging using a gamma camera immediately after infusion 
and at 48h postinfusion. After 48h, radioactivity in excised organs, including liver, lungs, 
kidneys, spleen and long bones, was measured in a gamma well counter and expressed 
as a percentage of injected doses. After both intra-artery and iv infusion, radioactivity 
associated with MSC was detected primarily in the lungs and then secondarily in the 
liver and other organs. When sodium nitroprusside was used, more labeled MSC 
cleared the lungs resulting in a larger proportion detected in the liver. Most importantly, 
the homing of labeled MSC to the marrow of long bones was significantly increased 
by the pretreatment with vasodilator. These results indicate multiple homing sites for 
injected MSC and that the distribution of MSC can be influenced by administration of 
vasodilator.52

Transdifferentiation and engraftment
In vivo (trans-)differentiation of MSC has been the subject of debate. The newest 
insights suggest that tissue regeneration is the result of the capability of MSC to change 
the microenvironment via secretion of soluble factors rather than their own in vitro 

201815 Joost Swart_binnenwerk.indd   250 09-05-18   09:20



251

MESENCHYMAL STROMAL CELLS FOR TREATMENT OF ARTHRITIS 

11

capacity to transdifferentiate.53 According to highly esteemed experts in the field Uccelli 
and Prockop it is clear that the first descriptions of functional integration of MSC in the 
central nervous systemic should be re-evaluated since these suggestions relied on the 
parenchymal presence of labeled cells but did not take into account possibilities of 
cell-fusion or fagocytosed MSC.54 They conclude that many publications support a 
‘touch and go’ mechanism for the therapeutic effects without the need for enduring 
engraftment of MSC themselves.54 Unwanted differentiation is also unlikely when MSC 
are injected as a suspension of single cells in a large fluid-filled space where they are 
also naturally present in healthy individuals without causing such problems.36 In a 
damaged osteoarthritic (OA) joint the number of MSC in synovial tissue and synovial 
fluid is significantly higher than in healthy or rheumatic joint, nevertheless no cartilage 
or bone formation in such a damaged joint occurs.36,37,55 Many research groups have 
investigated whether one can obtain cartilage formation by injecting a suspension of 
MSC in a joint in OA. Unfortunately, MSC are insufficient to develop properly functioning 
tissue when injected in a joint. Therefore, many groups make use of growth factors 
during expansion to push differentiation in the desired direction. Attempts are made 
to form ex vivo graft tissue with or without a matrix (scaffold) in which the desired cells 
are grown and surgically attach this tissue with sutures in a local cartilage defect.56 Still 
large defects as seen in OA patients cannot yet be treated with the help of MSC.57 
Furthermore a proinflammatory environment with Interferon-g (IFN-g) (like in an 
inflamed joint) is even less likely to show proliferation or transdifferentiation since it 
has been shown that human MSC with IFN-g resulted in diminished proliferation of 
MSC and inhibition of osteogenic differentiation.58

The engraftment in tissues of MSC seems to be low. Only 0.1-2.9 % of the human MSC 
injected intracardially (ic) in the left ventricle of diabetic NOD/SCID mice were found in 
the pancreas after 32 days and in the kidneys this was up to 11.6 %.59 In a non-
conditioned baboon the transgene marker, enhanced Green Fluorescent Protein 
(eGFP), could be detected in the bone marrow 1 year after iv administration of gene 
marked autologous BM-MSC.60

Recent research demonstrates our own finding that MSC injected in a joint remain 
localized to the transplant site without mobilization to distant organs.61

Rejection
Although MSC are immuno-privileged with low-level of MHC-molecules, allogenic MSC 
have been shown to be immunogenic and are immune rejected by MHC class I- and 
class II-mismatched recipient mice.62,63 A proinflammatory environment with IFN-g like 
in an inflamed joint leads to an upregulation of MHC-I and MHC-II-molecules resulting 
in a more rapid rejection as has been shown before.64 Autologous and allogeneic MSC 
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with low level of MHC-molecules can be efficiently lysed by IL-2-activated NK cells, but 
NK-mediated lysis was inhibited when IFN-g-exposed MSC were used as target cells as 
a consequence of the up-regulation of HLA class I molecules at the MSC surface.65

MSC distribution in animal models with arthritis
The first study describing collagen induced arthritis (CIA) treated luciferase-expressing 
murine C3 MSC (C3H10T1/2 MSC line) did not detect any (threshold of 0.1% or more) 
of their luminescent cells in cellular extracts from patellae pouches at the end of the 
study.17 Tissue distribution seemed to be unaffected by the route of administration (iv, 
ip, intramuscular [im] or intraarticluar [ia]), except in the case of iv injection in which 
the lung showed high luciferase activity. In CIA mice, principally targeted tissues were 
the muscle, lung, spleen, and brain, with the muscle being the first targeted tissue. To 
a lesser extent, the marrow, heart, kidney, and liver were targeted. No striking 
difference was observed in comparison with healthy naive mice, although the lung and 
muscle were the 2 tissues mainly targeted in this latter group.17

Also another group could not detect marked donor MSC in the joints of ip treated CIA 
mice at the end of their experiment.14 At the end of their experiment the cells were not 
evident in the peritoneum or in secondary lymphoid organs, such as the spleen. 
However, they were able as well to detect these cells at intermediate time points during 
the course of the disease. MSC were found to colonize the peritoneum throughout the 
first week after the initiation of treatment. At the same time, they possibly started to 
circulate through the bloodstream, ending in the spleen, where they were found as 
cell ghosts 7 day after treatment. At day 11, both the peritoneum and spleen were 
negative. 
Another study found that xenogenic (human) adipose tissue derived MSC were 
detectable in the recipient CIA mice for more than 5–7 days after injection, although 
they did not specify their location.16 
In a different animal model of RA (proteoglycan induced arthritis) we expected to be 
able to locate injected MSC in the affected joints with bioluminescence imaging (BLI) 
which detects in vivo clusters of 100 cells representing 0.002-0.01% of the injected cells 
in our study. However with Bioluminescence imaging (BLI) we did not find migration 
to sites of inflammation of MSC injected iv or ip.66 BLI showed that the iv administered 
MSC aggregated largely in the lungs leading to pulmonary embolism in a substantial 
proportion of these mice. Injection of MSC in the left ventricle followed the routes of 
the aorta (large branches of aortic arch, mesenterial and renal arteries). At no point 
the cells were seen to migrate to the joints in any of the mice. In the ip and ia group 
the cells stayed at the injection site for 1-5 weeks. In none of the mice the MSC were 
visible after 5 weeks, so there was no sign of enduring engraftment in large quantities. 
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At no point an increase in signal was seen in any of the mice, suggestive of a lack of 
expansion of the MSC in vivo. We observed no difference in the elimination rate 
between allogeneic or syngeneic MSC in another experiment. 

Toxicology 
When entering the clinical arena, a few potential risks of MSC therapy have to be taken 
into account: immunogenicity of the cells, biosafety of medium components, risk of 
ectopic tissue formation, and potential in vitro transformation of the cells during 
expansion.67

As shown above MSC can be immunogenic and rejected. Furthermore in mice the 
trapping of large quantities of iv injected (aggregated) MSC can lead to pulmonary 
embolism.
The biosafety of medium components varies on which sources are used for proteins. 
The use of bovine proteins might be associated with the risk of transmission of 
zoonoses and potential immune reactions in the host, resulting in rejection of the cells 
especially after repeated treatments.67 Ex vivo culture conditions utilized by different 
Laboratories may contribute to the varying reports of immune responses against MSC. 
Of particular interest is the treatment of animal-derived reagents often used in the cell 
culture process, fetal bovine serum (FBS), which contains bovine serum albumin (BSA), 
and porcine trypsin.68 Porcine trypsin is used to cleave cell-to-cell and cell-to-surface 
matrix adherence bonds, generating single cell suspensions. Both proteins are known 
allergens, which can lead to potential adverse reactions in patients susceptible to 
bovine and porcine products, and cause non-allergic patient sensitization leading to 
allergic reactions upon multiple exposures at certain doses.69-71

Another study in human subjects detected alloantibodies against FBS proteins in 
patients who were administered donor hMSC cultured in FBS.72 In contrast, no 
alloantibodies against the donor allogeneic MSC were found. In a third report different 
culture methods were used to change the amount of FBS contaminants in cellular 
products, and the immune reaction in recipients was directly related to the level of 
residual FBS proteins.73 By a sensitive fluorescence-based assay it was determined that 
7 to 30 mg of FCS proteins are associated with a standard preparation of 100 million 
human MSC, a dosage that probably will be needed for clinical therapies.73 These 
investigators replaced FBS with species-specific serum for the last 48 hours of culture 
thereby removing up to 99.9% of FBS contaminants.73 MSC grown under the resulting 
culture conditions were tested for immunogenicity in a rat model. Syngeneic rat MSC 
were grown in the presence of FBS and infused into Sprague-Dawley rats. In one 
experimental group, MSC were cultured in adult rat serum supplemented with 
epidermal and basic fibroblast growth factors for the last 48 hours. This procedure 
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eliminated xenoantibody formation against FBS proteins, as shown by ELISA and 
immunoblot analysis. The theory was that internalized FBS proteins were removed 
from the cells during culture.73 Because of the potential danger of fetal calf serum for 
human beings (e.g. mad cow disease, immunogenicity and formation of anti-FCS 
antibodies), we use in our hospital animal serum free media (with human plasma and 
platelet lysate) to generate bone-marrow derived MSC for clinical applications.
One of the other potential risks of MSC treatment involves the formation of 
mesenchymal tissues at ectopic sites. In a rat myocardial infarction model, it has been 
reported that MSC may form bone following local injection into the myocardium.74 
Similarly, formation of adipose tissue in kidneys has been observed in a rat model of 
experimental glomerulonephritis.75 In arthritis models no ectopic tissue formation has 
been described after ia injection.
French researchers have demonstrated that the occasional presence of aneuploidy in 
some MSC preparations may be related to the occurrence of senescence (only after 
>250 population doublings), but not to the development of transformation.76 More 
importantly, the reports on MSC malignant transformation have been recently retracted 
because it was found that the tumour cells in MSC cultures were unrelated to the 
original MSC; rather, they derived from contaminating tumour cell lines.77,78 Together, 
these data indicate that malignant transformation in ex vivo expanded human MSC is 
likely to be an extremely uncommon event, estimated to be in the frequency of <10−9.79 
As a general recommendation, phenotypic, functional and genetic assays, although 
known to have limited sensitivity, should be routinely performed on MSC before in vivo 
use; in particular, a genetic characterization of MSC through conventional/molecular 
karyotyping may be considered before release of MSC for clinical application, in 
particular for patient-derived MSC.67

STUDIES IN HUMAN SUBJECTS

Distribution
Stromal cell biodistribution after peripheral infusion of MSC was examined in four 
cirrhotic patients.80 After intravenous infusion of 250–400×106 cells, of which only 50% 
of the cells were labeled with 111In-oxine, the radioactivity was first observed to 
accumulate in the lungs. During the following hours to days, the radioactivity gradually 
increased in the liver and spleen, with spleen uptake exceeding that in the liver in all 
patients. Region-of-interest analysis showed that the percentage of cells homing to 
the liver (following decay and background corrections and geometric mean calculation) 
increased from 0.0%-2.8% at immediately post-infusion images to 13.0–17.4% in 10th-
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day post-infusion. Similarly, the residual activities in the spleen increased from 2.0%-
10.2% at immediately post-infusion images to 30.1%-42.2% in 10th-day post-infusion. 
During the same period, the residual activities in the lungs decreased from 27.0–33.5% 
to 2.0–5.4%.80

Transdifferentiation, engraftment and rejection
The fate of MSC after infusion is largely unclear and long-term safety regarding 
malignant transformation and ectopic tissue formation has not been addressed in all 
patients treated with MSC. One study examined autopsy material from 18 patients 
who had received human leukocyte antigen (HLA)-mismatched MSC, and 108 tissue 
samples from 15 patients were examined by PCR.81 No signs of ectopic tissue formation 
or malignant tumours of MSC-donor origin were found on macroscopic or histological 
examination. MSC donor DNA was detected in one or several tissues including lungs, 
lymph nodes, and intestine in eight patients at levels from 1/100 to <1/1,000. Detection 
of MSC donor DNA was negatively correlated with time from infusion to sample 
collection, as DNA was detected from nine of 13 MSC infusions given within 50 days 
before sampling but from only two of eight infusions given earlier. There was no 
correlation between MSC engraftment and treatment response 81. It was concluded 
that MSC appear to mediate their function through a “hit and run” mechanism. The 
lack of sustained engraftment limits the long-term risks of MSC therapy. Another study 
followed six children who had undergone standard bone marrow transplantation for 
severe osteogenesis imperfecta and who had received two iv infusions of gene-marked 
donor marrow-derived mesenchymal cells.82 Five of six patients showed engraftment 
by PCR in one or more sites, including bone, skin, and marrow stroma. Overall, the 
fraction of donor cells at any biopsy site never exceeded 1%. Failure to detect 
engraftment of cells expressing the neomycin phosphotransferase marker gene 
suggested the potential for immune attack against therapeutic cells expressing a 
foreign protein and thereby rejection of these cells.82 
Now, we know that even the low level of “engraftment” seen could be cell fusion or 
phagocytosed MSC rather than real engrafted MSC.83

Autologous versus allogeneic MSC
Autologous MSC may be useful for certain therapeutic applications, however allogeneic 
MSC infusions have several advantages over autologous MSC infusions including their 
immediate “off-the-shelf” availability, and higher quality due to control of donor age 
and health of the bone marrow donors.68 Allogeneic cells can be manufactured ahead 
of time meaning that they are an “off-the-shelf” product immediately ready for use. 
Another benefit of using allogeneic MSC is that the age of the donor is controlled, and 
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cells can be selectively derived from young donors. This is important because MSC 
number and functionality decrease with age. Another problem with using autologous 
MSC to treat a patient is that their MSC might have contributed to their underlying 
disease. Defective MSC may also play a role in autoimmune diseases.84,85 It is possible 
that endogenous MSC in these patients are not completely functional. In addition, MSC 
from patients with autoimmune disease are difficult to grow in culture and yield low 
cell numbers.85 Using allogeneic MSC as a therapeutic agent is a real prospect in that 
they do not have to be HLA matched to the recipient. Therapeutic allogeneic MSC are 
manufactured in accordance with good manufacturing practice and are subjected to 
a series of lot release testing to ensure lot-to-lot comparability of manufactured cellular 
products. These tests include screening for chromosomal aberrations, viral 
contamination, sterility, identity, purity, and cell potency. While time and cost for 
product development are disadvantages, the extensive testing required for generating 
donor derived cells for clinical use contributes to the safety and efficacy profile of the 
cellular therapy.68 Since allogeneic are more likely rejected than autologous MSC we 
feel it is more safe to use allogeneic to avoid longterm complications as a result of 
engraftment. The downside could be that the immune-rejection causes an inflammatory 
reaction. However it was shown recently in the JAMA in a phase 1/2 study that 
alloimmune reactions in patients receiving allogeneic MSC for ischemic LV-dysfunction 
were low (3.7%) and both groups (allogeneic and autologous) were associated with low 
rates of treatment-emergent SAEs.86

Cell Source
MSC can be derived from bone marrow, adipose tissue, umbilical cord, amniotic 
membrane or placenta. 
Adipose tissue-derived multipotent stromal cells (AT-MSC) are studied as an alternative 
to the gold standard bone marrow-derived MSC (BM-MSC) for immunomodulatory 
treatment since they are more easily isolated (safer approach and also considerably 
larger amounts of AT-MSC can be obtained compared with the BM-MSC). One study 
showed that BM-MSC and AT-MSC share a similar immunophenotype and capacity for 
in vitro multilineage differentiation.87 The immunomodulatory capacities of BM-MSCs 
and AT-MSCs are similar, but differences in cytokine secretion cause AT-MSC to have 
more potent immunomodulatory effects than BM-MSC. Therefore, lower numbers of 
AT-MSC evoke the same level of immunomodulation. These data indicate that AT-MSC 
can be considered as a good alternative to BM-MSC for immunomodulatory therapy.87 
Also  differences were found between MSC derived from perinatal tissues umbilical 
cord (UC) and amniotic membrane (AM) in comparison to adult MSC from bone marrow 
(BM), which were used as gold standard.88 While AM- and UC-MSC were closer to each 
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other than to BM-MSC, they also exhibited differences between each other. AM-MSC 
from different donors but not UC-MSC displayed high interdonor variability. In addition, 
although all MSC expressed similar surface markers, MSC populations from UC and 
AM showed differential profiles of gene expression and paracrine factor secretion to 
BM-derived MSC. Notably, pathway analysis of gene expression data revealed intriguing 
differences between MSC suggesting that MSC from UC and AM possess in general a 
higher potential of immunomodulatory capacity, whereas BM-MSC showed a higher 
potential of supporting regenerative processes as exemplified by neuronal 
differentiation and development. These differences between perinatal and BM-derived 
MSC may be relevant for future clinical applications.88

Dose and frequency
A double-blind, placebo-controlled, dose-ranging (0.5, 1.6, and 5x106 cells/kg) safety 
trial of intravenous allogeneic hMSCs (Prochymal, Osiris Therapeutics, Inc., Baltimore, 
Maryland) was performed in reperfused myocardial infarction patients (n=53).89 The 
primary end point was incidence of treatment-emergent adverse events within 6 
months. Adverse event rates were similar between the hMSC-treated (5.3 per patient) 
and placebo-treated (7.0 per patient) groups, and renal, hepatic, and hematologic 
laboratory indexes were not different.89 For the treatment of acute GVHD a minimum 
of 2 MSC infusions was recommended with about 5 to 7 days of interval between 
them.90 Each MSC infusion aimed at reaching 1.5x106 cells/kg of recipient body weight 
and further MSC administrations could be provided upon request of the treating 
physician.90 Most studies use 1-2 x106 cells per kg, although doses of 4 x106cells per kg 
have been described as well. The frequency differs per study and ranges from given 
once to weekly, monthly or when needed with a maximum of 3 doses.

Safety of intravascular MSC in patients
A recently published article systematically reviewed clinical trials that examined the 
use MSC to evaluate their safety.91 MEDLINE, EMBASE, and the Cochrane Central 
Register of Controlled Trials (to June 2011), were searched. Prospective clinical trials 
that used intravascular delivery of MSC (intravenously or intra-arterially) in adult 
populations or mixed adult and paediatric populations were identified. Studies using 
differentiated MSC or additional cell types were excluded. The primary outcome 
adverse events were grouped according to immediate events (acute infusional toxicity, 
fever), organ systemic complications, infection, and longer term adverse events (death, 
malignancy) as shown below.91 2347 citations were reviewed and 36 studies met 
inclusion criteria. A total of 1012 participants with clinical conditions of ischemic stroke, 
Crohn’s disease, cardiomyopathy, myocardial infarction, graft versus host disease, and 
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healthy volunteers were included. Eight studies were randomized control trials (RCTs) 
and enrolled 321 participants. Sixteen studies used autologous MSC, eight used third 
party unmatched MSC, five used MSC from matched donors, and seven used both 
matched and unmatched cells. Twenty-seven of the 36 studies cultured the MSC in 
fetal bovine serum, five in human serum, and four did not report the source of serum 
used. Nine of the 36 studies cryopreserved MSC prior to administration and one used 
both fresh and cryopreserved MSC, while the remainder of studies used only fresh 
MSC. Fifteen investigations reported the viability of prepared MSC (range 70–99%, 
median 95%).91 Meta-analysis of all the RCTs did not detect an association between 
acute infusional toxicity, organ systemic complications, infection, death or malignancy. 
There was a significant association between MSC and transient fever.91 Meta-analysis 
of the four RCTs revealed a significant increase in fever with MSC as compared to the 
control group (OR 16.82, 95% CI 5.33–53.10). The authors conclude, based on the 
current clinical trials, that MSC therapy appears safe. However, further larger scale 
controlled clinical trials with rigorous reporting of adverse events are required to 
further define the safety profile of MSC.91

Safety of intra-articular injected MSC in patients
Even when injected directly into a joint autologous and even allogeneic BM-MSC seem 
to be safe. Neither tumours nor infections were observed between 5 and 137 (mean 
75) months after autologous BM-MSC transplantation among the 45 large joints in 41 
patients.92 They also transplanted MSC into the elbow joints of four children (mean age 
13.5 years). The longest follow-up period in these children is 6 years and so far, these 
four patients are satisfied with the outcome of the transplantation.92 
Another clinical study showed autologous BM-MSC cultured with platelet lysate 
technique to the 2nd- 7th passage and re-injected with an average number of 19.8 x106 
MSC into peripheral joints (n=213) or into intervertebral discs (n=13) with use of c-arm 
fluoroscopy.93 While both groups had prospective surveillance for complications, Group 
1 (n=45) additionally underwent 3.0T MRI tracking of the implant sites. Mean follow-up 
from the time of the re-implant procedure was 10.6 ± 7.3 months. Serial MRI’s at 3 
months, 6 months, 1 year and 2 years failed to demonstrate any tumour formation at 
the re-implant sites. Formal disease surveillance for adverse events based on HHS 
criteria documented 7 cases of probable procedure-related complications (thought to 
be associated with the re-implant procedure itself) and three cases of possible stromal 
cell complications, all of which were either self-limited or were remedied with simple 
therapeutic measures. An update of this study mentioned 5 additional patients in 
Group 1 and an additional MRI after 3 years and another 108 patients in Group 2 
(without MRI follow-up).94 Now 50 patients underwent 210 MRI surveillance procedures 
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at 3 months, 6 months, 1, 2, and 3 years which failed to demonstrate any tumour 
formation at the re-implant sites. Formal disease surveillance for adverse events based 
on HHS criteria documented significantly less morbidity than is commonly reported 
for more invasive surgical procedures, all of which were either self-limited or were 
remedied with therapeutic measures. Two patients were diagnosed with cancer out 
of 339 patients treated since study inception; however, this was almost certainly 
unrelated to the MSC therapy and the neoplasm rate is similar to that seen in the U.S. 
Caucasian population. They conclude that using both intensive high field MRI tracking 
and complications surveillance in 339 patients, no neoplastic complications were 
detected at any stromal cell re-implantation site following implantation of MSC for 
orthopedic use.94 
A different study followed for 2 years 28 patients with unicompartmental osteoarthritic 
knees and genu varum who underwent intra-articular injection of 10x106 autologous 
BM-MSC with hyaluronic acid 3 weeks after surgery (microfracture and medial opening-
wedge high tibial osteotomy).95 A MRI-scan was made in all patients after 2 years. There 
were no deep infections of implants, periprosthetic fractures, or any other serious 
adverse events reported during the duration of that study.95

Lastly, 55 patients are described who underwent a partial medial meniscectomy. A 
single superolateral knee injection was given within 7-10 days after the meniscectomy. 
Patients were randomized to one of three treatment groups: Group A, in which patients 
received an injection of 50x106 allogeneic mesenchymal stem cells; Group B, 150x106 
allogeneic mesenchymal stem cells; and Group C, the control group with a sodium 
hyaluronate vehicle control. Patients were followed at intervals through two years and 
evaluations included sequential MRI-scans.96 No ectopic tissue formation or clinically 
important safety issues were identified. 

Clinical experience with MSC in patients with rheumatoid arthritis
The first of two large RA studies that have been published or presented showed that 
136 patients with active RA who had inadequate responses to traditional medication 
received 40x106 allogeneic umbilical cord derived MSC (UC-MSC) and 36 patients only 
received the cell-solvent without the cells.97 Patients were divided into two groups for 
different treatment: disease-modifying anti-rheumatic drugs (DMARDs) plus medium 
without UC-MSC, or DMARDs plus UC-MSC group via intravenous injection. Adverse 
events and the clinical information were recorded. Tests for serological markers to 
assess safety and disease activity were conducted. Serum levels of inflammatory 
chemokines/cytokines were measured, and lymphocyte subsets in peripheral blood 
were analyzed. No serious adverse effects were observed during or after infusion. The 
serum levels of tumor necrosis factor-alpha and interleukin-6 decreased after the first 
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UC-MSC treatment (P < 0.05). The percentage of CD4 +CD25+Foxp3+ regulatory T cells 
of peripheral blood was increased (P < 0.05). The treatment induced a significant 
remission of disease according to the American College of Rheumatology improvement 
criteria, the 28-joint disease activity score, and the Health Assessment Questionnaire. 
The therapeutic effects maintained for 3–6 months without continuous administration, 
correlating with the increased percentage of regulatory T cells of peripheral blood. 
Repeated infusion after this period can enhance the therapeutic efficacy. In comparison, 
there were no such benefits observed in control group of DMARDS plus medium 
without UC-MSC. No patients showed acute serious side-effects either during or after 
UC-MSC infusion, and 4% showed mild adverse effects during the infusion, such as 
chill and/or fever ( < 38.5°C), which disappeared within 2 h without any treatment. No 
major abnormal findings in hematologic or serum chemical profiles were found in the 
study. Thus, these data indicate that treatment with DMARDs plus UC-MSC may provide 
safe, significant, and persistent clinical benefits for patients with active RA.97

The second study presented at the ACR-congress in San Diego in 2013 showed in a 
randomized clinical trial concerning 53 refractory RA patients that iv allogeneic adipose-
derived MSC was safe in a dose of 3 times 1-4 x106 cells per kg when given at day 1,8 
and 15 with rescue therapy allowed at month 3 and 6.98 Dose-limiting safety signals 
were not identified and only one of the 53 patients experienced a serious adverse 
event leading to discontinuation of the treatment (lacunar infarction). Most other 
adverse events were mild and transient. Signals of possible clinical benefit warrant 
further investigation.98

In a small third study 4 patients with anti-TNF-failing active RA were iv treated with a 
single dose of 1 x106 cells per kg allogeneic BM-MSC or UC-MSC infusion.99 Three of 
four patients experienced a reduction in erythrocyte sedimentation rate, disease 
activity score (DAS)-28, and pain VAS score at 1 and 6 months after transplantation. 
Two also had a European league against rheumatism (EULAR) moderate response at 
6 months but experienced a relapse at 7 and 23 months, respectively. No one had 
achieved the DAS-28-defined remission in the follow-up period. No adverse events 
were observed during or immediately after infusions of MSC in any of the four patients. 
No severe infections, malignancies, or death occurred. None of the donors had serious 
or life-threatening reactions.99 
A fourth small study describes 3 RA patients who received adipose tissue derived MSC 
(AdMSC).100 Five grams of fat tissue were collected by liposuction, transferred 
immediately to the GMP facility and Stromal Cell Research Center of RNL BIO and 
culture-expanded for 3 passages using the standard protocol to obtain AdMSC. The 
first patient received 2 iv injections of 300 x 106 AdMSC. The second patient received 
800 x 106 AdMSC in total. One iv injection of 200 x 106 AdMSC and 100 x 106 AdMSC 
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intra-articular (divided over the following joints: finger, wrist, elbow, knee joints) 
injection. Afterwards she received another iv injection of 350 x 106 cells and 150 x 106 
cells intra-articular. The third patient received 4 times iv injection of 200 x 106 AdMSC 
in intervals of one month. All 3 patients improved and no adverse events were 
observed.100

Our center now recruits 6 children with juvenile idiopathic arthritis resistant to 
treatment with local prednisone treatment, NSAIDS, MTX and registered biologicals to 
study the safety of  iv infusion of 2x106 per kg allogeneic BM-MSC (study registered 
under number NTR4146).

Practice Points
• MSC therapy appears to be safe both for iv as for ia administration
• Allogeneic MSC are more advantageous than autologous MSC
• It is not yet certain if MSC therapy can treat refractory arthritis

Research agenda
• The ideal cell source of MSC for treating arthritis is yet unknown
• The ideal dose and frequency of MSC therapy is yet unknown
• The ideal route of administration (iv or ia) is yet unknown
• Double blind placebo controlled randomized clinical trials are needed to ascertain 

the efficacy of MSC in arthritis

CONCLUSIONS

Patients with refractory inflammatory arthritis can still respond favourable to 
autologous haematopoietic stem cell transplantation. However, this treatment has a 
high morbidity and even 5% mortality. Mesenchymal stromal cells (MSC), a subset of 
the non-haematopoietic stromal cells obtained from bone marrow, were found to have 
a strong immunosuppressive effect. MSC treatment is explored in many diseases like 
diabetes, SLE, MS and RA. A systematic review examining the intravascular delivery of 
MSC identified 1012 participants and showed it appears safe apart from a transient 
fever. The first large study in RA shows that 136 therapy refractory RA patients received 
40 million allogeneic umbilical cord derived MSC and 36 received placebo only.  
The treatment induced a significant remission of disease, which maintained for 3–6 
months. Repeated infusion after this period could enhance the therapeutic efficacy. 
No serious adverse effects were observed during or after infusion, although 4% showed 
chill and/or fever during infusion which disappeared within 2h without any treatment. 

201815 Joost Swart_binnenwerk.indd   261 09-05-18   09:20



PART FOUR  |  CHAPTER 11

262

The second yet unpublished study in 53 refractory RA patients shows that iv allogeneic 
adipose-derived MSC was safe in a dose of 3x1-4 million cells per kg when given at day 
1,8 and 15 with rescue therapy allowed at month 3 and 6. Dose-limiting safety signals 
were not identified and only one of the 53 patients experienced a serious adverse 
event leading to discontinuation of the treatment. Most other adverse events were 
mild and transient. We are now recruiting refractory JIA patients  to examine the safety 
of iv MSC treatment.
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ABSTRACT

Objectives 
To compare the total number of adverse events (AEs) before and after mesenchymal 
stromal cell (MSC) infusion in refractory JIA and to evaluate its effectiveness.

Methods
Single-center Phase Ib/IIa, open label intervention study in JIA patients previously failing 
all biologicals registered for their diagnosis. Six patients will receive 2 million/kg 
intravenous infusions of allogeneic bone-marrow derived MSC. In case of ACR-Ped30-
response but subsequent loss of response one and maximal two repeated infusions 
are allowed. 

Results 
Six JIA patients with 9.2 years median disease duration, still active arthritis and damage 
were included. All had failed methotrexate, corticosteroids and median 5 different 
biologicals. MSC were administered twice in 3 patients. No acute infusion reactions 
were observed and a lower post-treatment than pre-treatment incidence in AEs was 
found. The one sJIA patient had again an evolving macrophage activation syndrome, 
9 weeks after tocilizumab discontinuation and 7 weeks post- MSC infusion. Eight weeks 
after one MSC infusion, 4 patients showed less active joints, 5 patients improved in 
many clinical parameters and inflammatory parameters decreased in 3/4. After 1 year, 
we found significantly lower active joint counts, improved well-being scores, normalized 
median ESR- and CRP-levels. Inactive disease was reached by 3 patients at 1 year. 

Conclusion
MSC infusions in refractory JIA patients are safe, although in sJIA stopping the “failing” 
biologic treatment carries a risk of a MAS flare since the drug might still suppress the 
systemic features. Furthermore, intravenous administration of MSC might be efficacious 
even in multiple biological-failing JIA patients with damage.
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INTRODUCTION 

Juvenile Idiopathic Arthritis (JIA) is a frequent childhood autoimmune disease with a 
prevalence of 16-150 per 100,000 children.1 Although the introduction of the biological 
agents has greatly improved the outcome, only 56-60% of children with arthritis reach 
an ACR Ped 70% improvement at 12 months.2,3 The patients that remain resistant to 
these biological therapies might still suffer from a very severe, debilitating and 
potentially fatal disease. For such children autologous stem cell transplantation (ASCT) 
is successfully performed since 1997.4 ASCT holds considerable morbidity and even 
mortality,5 but overall favourable responses were seen with a drug-free remission rate 
of 50-55%. Late relapses led to lower percentages for drug-free long-term outcome.6,7

Cellular therapies are evolving and now include for instance third party T-regulatory 
cells and mesenchymal stromal cells (MSC). MSC are adult (non-embryonic) stromal 
cells that are present in bone marrow, fat, umbilical cord and in lower numbers in 
many other tissues. MSC are now widely studied for therapeutic purposes, because 
they are relatively easily harvested and expandable outside the body.8 MSC have strong 
immunosuppressive qualities in vitro by cell-cell contact and paracrine action. MSC 
inhibit Th1-cells, B-cells, dendritic cells, NK-cells, and activate regulatory T-cells.9 A huge 
advantage compared to ASCT is that immune-ablation may be omitted, because MSC 
do not express MHC class II and only little MHC class I which makes them valuable (off 
the shelf) third party donor cells. Others have shown that there is only a small chance 
of in vitro alloimmune reactions and low rates of treatment-related serious adverse 
events similar to what is seen with the use of autologous MSC.10 In 2004 for the first 
time a patient with a severe graft-versus-host disease after an HLA-identical stem cell 
transplantation received MSC from his mother with a striking clinical response.11 Since 
then over thousand patients have been described that were treated with intravenous 
(iv) MSC for various diseases, including autoimmune diseases.12 
As far as we know, JIA patients were never before treated with allogeneic bone-marrow 
derived MSC, we hypothesize they may profit from MSC. Therefore we conducted a small 
phase Ib/IIa clinical trial including refractory JIA patients who failed registered biologics.

PATIENTS AND METHODS

Ethical considerations and registration
The study is conducted according to the principles of the Declaration of Helsinki.  
The study is registered at EUDRACT with number 2012-002067-10 and approved by 
the National Competent Authority (Dutch Ministery of Health) and The Central 
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Committee on Research Involving Human Subjects (CCMO) under number 
NL40454.000.13. It is registered in the Dutch National Trial Register under study 
number NTR4146. All parents and (if needed) patients consented to the study.

Study population
Subjects eligible for this study needed to meet all of the following criteria: Patients 
(4-18 years of age) diagnosed with JIA according to the ILAR-criteria with active arthritis 
resistant to intra-articular steroids and systemic use of methotrexate and who 
previously failed at all biologicals registered for their JIA subtype. The patient is followed 
for adverse events via the Pharmachild pharmacovigilance database.13

Exclusion criteria for participation in this study were refusal to withdraw from biological 
response modifiers, concurrent infection, febrile illness malignancy or pregnancy.

Use of co-medication
Non-steroidal anti-inflammatory drugs (NSAIDs) and paracetamol and stable doses of 
systemic steroids were allowed. Stable doses of synthetic disease modifying anti-
rheumatic drugs (DMARDs) were allowed: methotrexate, leflunomide, sulfasalazine, 
plaquenil. NSAIDs, paracetamol and tramadol could be used as escape medication 
during acute pain attacks. Biologicals and additional intraarticular steroid injections 
were not allowed.

Sample size calculation
Using an 80% one-sided confidence interval, it was estimated that a pilot trial should 
have at least 9% of the sample size of the main planned trial.14 In the trials leading to 
registration of new biologicals for the indication of JIA, the number of biological allocated 
patients in the randomized phase contained 25 for etanercept,15a soluble tumor necrosis 
factor receptor (p75 68 for adalimumab16 and 60 for abatacept.17 If MSC were to be 
studied with an equal randomized controlled trial (RCT) in the near future, with 6 patients 
in this tolerability pilot study we fulfilled the above mentioned requirements.

Investigational product
The MSC used were isolated from bone marrow mononuclear cells obtained from 
healthy (consenting) donors by plastic adherence and expanded using human platelet 
lysate (PL) as source of growth factors as described before.18 Human platelet lysate 
(PL) was derived from 5 pooled platelets donations which were frozen (-80°C), thawed 
and then centrifuged. The MSC were obtained as follows: density separated bone-
marrow cells were seeded in two-layer CellStacks in αMEM with 5% PL and 2 IU/ml 
Heparin. After 7 days, non-adherent cells were depleted and when 80–100% confluency 
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is reached, the cells were harvested using trypsin. A part of the cells (P1 cells) is then 
put into new CellStacks for further expansion. The cells are passaged again (P2 cells) 
when again confluency is reached and finally, the cells are expanded till passage 3, 
harvested and cryopreserved (P3 cells) before infusion. The MSC differentiated towards 
osteoblasts, adipocytes and chondrocytes. The release criteria (all needed) were:
- > 70% express the MSC phenotype (CD73+, CD90+ and CD105+)
- < 10% hematopoietic cells (CD45+) 
- < 1% T cells (CD45+, CD3+ cells) 
- Sterility testing (no bacteria, fungi or yeast)
- Mycoplasma tests < 10 CFU/mL
- Endotoxins < 1 IU/ml 
The MSC were thawed and injected iv in a dose of 2 million cells/kg bodyweight with a 
maximum of 3 doses.

Study design
Single center Phase Ib/IIa, open label, non-randomized study during 64 weeks per 
patient (Figure 1) and continuous follow-up for Adverse events (AEs) or Suspected 
Unexpected Serious Adverse Reactions (SUSARs) for as long as patient is followed in 
our center via Pharmachild database. The study procedures are shown and explained 
in Figure 1. The study consists of 9 visits (V) at week -12(V0), 0(V1), 4(V2), 8(V3), 12(V4), 
16(V5), 26(V6), 39(V7), 52(V8). At V0, patients and physicians record the AEs on the 
current therapeutic regimen in the 12 weeks before the MSC-therapy. At V1 
questionnaires, physical examination, venepuncture and a MRI of a clinically active 
large joint are performed with subsequently the first MSC infusion. At V2-8 
questionnaires, physical examination and venepuncture are performed, with a repeated 
MRI only at V3 and V8. The MSC infusion can be repeated at V3 and V5 if there is at 
least ACR Ped 30% improvement at V2 or V4 but weaning of the effect at the following 
visit. The patients are their own historic controls regarding both safety and efficacy.

Collection of the study data
The visits encompassed complete medical history and monitoring for side effects. 
Continuously AE’s and SUSAR’s were reported according to MedDra via our Pharmachild 
pharmacovigilance system.13 The Childhood Health Assessment Questionnaire (CHAQ)19, 
the Juvenile Arthritis Functionality Scale (JAFS)20 and the Juvenile Arthritis 
Multidimensional Assessment Report21 were completed by parents and/or patients. 
Furthermore complete physical examination was performed including an articular 
index of tender joints, evaluation of the joint range of motion (EPM-ROM scale)22 and 
contained an evaluation of all joints as described previously.23 Global assessment by 
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the physician was measured with a 10-cm visual analogue scale (VAS). A weighted joint 
score was calculated24 as were the ACR Pedi-30 criteria25 and Juvenile Arthritis Disease 
Activity Scores (JADAS).26 
At week 0 an MRI was performed on the clinically most active (large) joint before MSC-
infusion and if allowed also 8 weeks and 1 year after MSC infusion. No data on treatment 
was provided to the radiologist. Venapuncture was performed at every clinical visit for 
routine follow up. Furthermore, absolute lymphocyte counts were measured using 
Trucount tubes (BD Bioscience) and lymphocyte subpopulations were analyzed using 
FACS Canto II (BD) and by PBMC cytokine production after 4 day plate bound anti-CD3 
(Okt3, 1µg/ml) stimulation measured by Luminex as previously described.27 Serum 
cytokines were examined by Luminex (including IL1, IL4, IL6, IL10, IL12, IL17, IL23, TNFα, 
IFNγ).28 The blood of 13 healthy adult donors were used for comparison.

Outcome measures
The primary outcome was the number of adverse events per 3 months after MSC 
infusion compared to 3 months prior to the MSC. Secondary objectives were 1-year 
measures of effectiveness (e.g. Juvenile Arthritis Disease Activity Score-71)26 and the 
16 weeks post-administration changes in concentrations of circulating serum cytokines, 

Figure 1. Schematic overview of the study procedures 
At Visit 0, patients and physicians record the adverse events on the current therapeutic regimen in the 12 weeks 
before starting the MSC-therapy. At Visit 1 Questionnaires are completed, physical examination is performed, 
blood is drawn and a MRI is performed of an active joint; afterwards the first MSC infusion is administrated. 
At Visit 2-8 Questionnaires are completed, physical examination is performed and blood is drawn. MRI is 
repeated at Visit 3 and 8. MSC infusion can be repeated if there is an initial effect of at least ACR Pedi-30 at Visit 
2 but weaning of the effect at Visit 3 and for these patients a third infusion is allowed when an ACR Pedi-30 
improvement is seen at Visit 4 while weaning of the effect at Visit 5. 
ICF=Informed Consent Form; MRI=Magnetic Resonance Imaging; MSC=MSC infusion; V=Visit; VP=Venapuncture; 
( )=only if necessary.
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specific T-helper cell populations and cytokines in the culture supernatant after 
overnight anti-CD3 stimulation. 

Statistical analysis
For the comparative pre- and post-MSC incidences of adverse events the two-sided 
Chi-square test (Fisher’s exact) for related samples were used. For the comparison of 
start- and end-of-study results the Wilcoxon signed Ranks test (2-tailed) for related 
samples were used. The significance level was set at p<0.05. We use SPSS version 
21.0.0.0.

RESULTS

Patients
Six therapy-refractory JIA patients, 2 females and 4 males were included (Table 1). Three 
patients (referred from other centres, including foreign centres) had the follow-up visits 
by their local treating physician after Visit 1 (patient 6) or Visit 3 (patient 2 and 5). 
Unfortunately, this resulted in some missing data especially on questionnaires, MRI 
and blood-analyses. For all patients complete safety data was obtained. Almost all 
patients had articular joint damage and also suffered from extra-articular damage. All 
had failed methotrexate, corticosteroids (intra-articular and/or systemic) and median 
5 (2-7) different biologicals (Table 1). All patients had stable persistent disease activity 
at study start. 

Treatment during the study
All patients had discontinued their biological therapy at a median of 9 weeks before 
their first MSC administration. MSC were administered at baseline in all patients and 
also in week 8 (or ultimately delayed till week 11) in the 3 patients that qualified for a 
repeated infusion reaching an ACR Ped-30 improvement 4 weeks after the first MSC 
with weaning effect at week 8 (Table 2). None of these 3 patients qualified for the third 
MSC-infusion since none of them reached an ACR Ped-30 4 weeks after their second 
MSC infusion. Other anti-rheumatic therapy changes than the MSC were made in 
patients 2, 4, 5 and 6 at week 28, 22, 13 and 9 respectively (Table 2).  

Safety
No acute infusion reactions were observed during any of the 9 MSC-administrations. 
The total number of adverse events in the 3 months prior to the first MSC infusion and 
in the 12 months thereafter are shown in table 2. In the three months before MSC 
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Table 1. Patient characteristics at baseline

 Patient number 1 2 3     4 5 6 Total
(% or median)

Patient characteristics
Sex (female%) F F M M M M 33%
Age at 1st MSC 12.1 15.9 9.4 14.0 16.8 16.2 15.0 yrs
Disease duration at 1st MSC 4.4 9.2 6.7 13.3 9.3 12.7   9.2 yrs
Extended oligo-articular   33%
Poly-articular RF-    50%
Systemic  17%
Antinuclear antibodies + - - - + + - 33% 
Uveitis ever - - - - - - 0%
JADI-Articular damage 1 7 18 1 12 0 4
JADI-Extra-articular damage 1 0 1 1 3 7 1

Medication history (duration in months)

Corticosteroids
IA steroids (ever)    

MP pulse iv 3x 7x
Oral steroids 70 67 18 15 153 43

sDMARDs

MTX 43 16 59 152 81 153 70
Sulfasalazine 6 41
Leflunomide 22
Ciclosporine 2
Thalidomide 34

Alkylating agents Cyclophosphamide 9
Kinase inhibitor Tofacitinib 3

Biologicals

Abatacept 5 19 3 7 4
Anakinra 1 5
Adalimumab 30 11 1 9 46 10
Certolizumab 4
Canakinumab 2 3
Etanercept 18 8 100 15 3 12
Golimumab 23
Infliximab 3
Rituximab 6
Tocilizumab 6 3 3 4 2 75 4
aHSCT (CYC & ATG) 

Last time biological prior to MSC (weeks) 5 31 12* 5 17 2 9
Concurrent medication use

MTX (mg/wk) 25 7.5 25
Prednisolone (mg/d) 10 13 5 14 2 8

The underlined biologicals are the ones last used by that specific patient. 
* This patient used his last tocilizumab as 2-weekly subcutaneous injections
aHSCT= autologous Hematopoietic stem cell transplant; ATG= antithymocyte globulines; CYC= 
cyclophosphamide; IA= intraarticular; JADI= Juvenile Arthritis Damage Index; Mo= months; MP= 
methylprednisolone; MSC= mesenchymal stromal cells, MTX= methotrexate; RF=  rheumatoid factor; sDMARDs= 
synthetic disease modifying antirheumatic drugs
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administration two serious adverse events (SAEs) were recorded in patient 1 with 
hospitalizations for (drug-induced) hematemesis and 3 weeks later for fecal impaction; 
for the latter condition she needed to be readmitted twice also in the year post-MSC. 
Patient 2 was admitted 50 weeks post-MSC for bilateral pneumonia while on 10 mg/day 
prednisolone and 20 weeks after her second rituximab infusion. Patient 6 was the only 
systemic JIA patient and had a medical history of a macrophage activation syndrome 
(MAS) in 2005 and a systemic flare in 2014 four weeks after switching from tocilizumab 
to tofacitinib. In our study at week 7 (9 weeks after his last tocilizumab administration) 
he presented to the emergency room with significant headache and afebrile lethargy. 
Compared to the regular visit 2 days before, he now had a marked flare of his polyarthritis 
and blood analysis showed a significant drop in his white blood cell count (from 3.2 to 
1.7 x 109/l) and platelet count (from 170 to the 89 x 109/l), normal ferritin level 41.2 µg/l 
(41.2 ng/ml), elevated triglyceride 2.8 mmol/l (248 mg/dl) and low fibrinogen 3.36 mmol/l 
(114 mg/dl) suggesting the possibility of an evolving MAS. He did however not (yet) fulfil 
the criteria for MAS since he was afebrile and had a normal ferritin.29 He was admitted 
and treated for evolving MAS with pulse intravenous methylprednisolone 1 gram daily 
for 3 days with a dramatic clinical improvement the following morning. There was no 
evidence of an intercurrent infection and blood cultures were negative. He was restarted 
on tocilizumab on the second day of admission and discharged a day later with 
normalization of all the aforementioned laboratory values. 
Overall we found a non-significant (p=0.60) lower incidence of SAEs and a non-
significant (p=0.36) lower incidence of moderate-severe AEs after the MSC compared 
to before the MSC (Table 2).

Efficacy
Four out of 6 patients showed a decrease in total number of clinically active joints 4 and 
8 weeks after the first MSC administration (Addendum 1). The same decrease was found 
in the weighted joint count, also seen for a fifth patient at week 8. The VAS well-being, 
the VAS pain, the PGA, the cJADAS-10 and the JADAS-71 all decreased in at least 5 out 
of 6 patients 8 weeks after a single administration of MSC. One year after the first MSC 
administration we found significantly lower active joint counts, VAS well-being, PGA, 
JADAS-71 and cJADAS-10 (Table 3). The median quality of life and functionality scale both 
improved during the study, but not significantly. The median active joint count decreased 
from 6.5 to 0.5. At the end of the study 3 out of 6 patients had inactive disease and a 
fourth had only 1 active joint of the 16 initially active joints. These results were  attained 
with a non-significant lower dose of prednisolone (median from 7.5 to 4.4 mg/day).
At start of the study all 6 patients had imaging features consistent with synovitis of the 
clinically most active large joint on a MRI scan. At 8 weeks, comparable to the clinical 
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situation, inflammation was still seen in 4 patients with a repeated MRI scan of that 
same joint (data not shown).
At week 8 the ESR and CRP had decreased in 3 of the 4 patients with an elevated value 
at the start and the median ESR and CRP levels were within normal ranges at the end 
of the study while they were at least 3 times the upper limit of normal at the start of 
the study (Table 3).

Immunomodulation by the MSC
The serum cytokines were mostly below threshold and  the ones measurable such as 
IL-6 and S100A8 did not show any trend (data not shown). Although patients had slightly 
elevated Th17 cells at the moment prior to MSC administration compared to healthy 
controls (data not shown), large variety between individuals prevented us from drawing 
any firm conclusions. Finally, the cytokines in the culture supernatant showed increased 
concentrations of IL-10, IL-13, IL-17, IP-10 (CXCL-10), and IFN-γ in the weeks after 
administration (Addendum 2). Again there was a large variation between patients over 
time. 

DISCUSSION

In this study we did not see any acute infusional reactions after MSC administration 
which is in agreement with the metanalysis showing no reports of acute infusional 
toxicity in 13 studies using unmatched allogeneic MSC.12 Although transient fever 
without long term sequelae was significantly associated with MSC administration,12 we 
did not observe fever during or short after MSC infusion. Strikingly, we found a lower 
incidence for (both moderate-severe and serious) AEs post-treatment than pre-
treatment, even though we ascribed all found AEs within a year to the MSC infusion(s). 
Some of the adverse events that we encountered post-treatment were due to a chronic 
pre-existent problem (faecal impaction) and probably just a common viral respiratory 
tract infection. The bilateral pneumonia one patient had at week 50 was more likely to 
be due to the combination of 10 mg/d prednisolone and repeated rituximab infusions 
she had 20 weeks after the single infusion MSC than due to the MSC. Indeed in 7,884 
patients in the international Pharmachild study an odds ratio of 112 was found for 
infection when using steroids, rituximab and a DMARD during the last 6 months 
(compared to patients only on NSAIDs and/or intraarticular steroids).30 The one sJIA 
patient in our study with a history of both MAS and recurrence of systemic symptoms 
4 weeks after discontinuation of tocilizumab years earlier, did now suffer from an 
evolving MAS 9 weeks after the discontinuation of tocilizumab, but we cannot claim 
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that the MSC infusion 7 weeks earlier was not causative. It should be noted that this 
patient had no laboratory or clinical effect of the single infusion of MSC, but rather 
suffered from a flare already 3 weeks before the evolving MAS. This flare is also more 
likely due to the second unsuccessful discontinuation of the tocilizumab in this patient, 
than provoked by the immunosuppressive MSC.
In our study 4 out of 6 patients showed a decrease of clinically active joints 4 and 8 
weeks after the first MSC administration with a decrease of CRP and ESR in 3 of the 4 
patients with an elevated value at the start. Three out of 6 had clinically inactive disease 
after a year with a fourth almost reaching this. Two of these 4 well responding patients 
did also receive additional treatments half way, while discussing about an ASCT at that 
stage. One received two rituximab infusions and the other now attained inactive 
disease on etanercept which failed him in the past. Also significantly lower active joint 

Table 3. Secondary outcomes (Efficacy) in 6 refractory JIA patients treated with MSC

Pre-treatment 1 year post-treatment p-value

Prednison use (mg/d) 7.5 (1.5-12.9) 4.4 (1.5-10.6) 0.655

ESR (mm/hr) 42.5 (7.3-76.3) 10.0 (1.5-22.3) 0.075

CRP (mg/L) 37.0 (0.0-81.0) 2.0 (0.8-23.8) 0.080

Active joint count 6.5 (2.8-16.0) 0.5 (0.0-5.8) 0.042

Tender joint count 2.0 (1.8-7.8) 1.0 (0.0-2.3) 0.104

Limited joint count 11.0 (6.8-15.0) 8.0 (2.8-16.0) 0.674

Weighted joint count 28.0 (19.3-63.0) 4.0 (0.0-40.3) 0.046

VAS well-being 67.0 (54.0-77.5) 30.0 (15.5-49.5) 0.043

VAS pain 56.0 (42.0-72.5) 39.0 (15.5-65.0) 0.080

Physician global assessment 40.0 (25.0-70.0) 12.5 (0.0-22.5) 0.046

JADAS-71 24.5 (13.9-32.0) 7.9 (3.4-13.4) 0.043

cJADAS-10 19.5 (14.8-21.7) 7.9 (2.4-11.9) 0.043

CHAQ 1.375 (0.469-2.189) 0.500 (0.094-1.750) 0.066

Quality of Life (from JAMAR) 13.0 (8.0-22.0) 12.0 (6.5-21.5) 0.496

JAFS 11.5 (8.0-15.0) 8.0 (2.3-13.8) 0.131

One year after the treatment of the (first) MSC the patients had significantly lower active joint count, weighted joint 
count, VAS well-being, Physician global assessments and cJADAS10-scores than at the start of the study.
For all scores: lower values indicate a better health condition.
Missing values were not imputed. All variables are presented as median with their interquartile ranges (IQR). The 
non-parametric Wilcoxon signed Ranks test (2-tailed) for paired samples was used for statistical analysis.
ESR= erythrocyte sedimentation rate; CRP= C-reactive protein; VAS= visual analogue scale; JADAS-71= juvenile 
disease activity score on 71 joints; cJADAS-10= clinical JADAS with maximally 10 active joints counted; CHAQ= 
Childhood health assessment questionnaire; JAMAR= Juvenile arthritis multidimensional assessment report; JAFS= 
Juvenile arthritis functionality scale
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counts, VAS well-being, PGA, JADAS71 and cJADAS10 were found at the end of our study. 
This is in line with what was found in other studies. One study described the iv 
administration of 40 million umbilical cord derived MSC (UC-MSC), which was repeated 
after 3 months in 10 children with inflammatory arthritis all using steroids.31 Since in 
8 patients repeated fever was mentioned as a symptom, likely 80% had a systemic 
onset JIA, but unfortunately the authors referred to a non-existing classification system 
for the arthritis.31 It is not known if any patient still had active systemic features when 
entering the study or what their active joint count was. However, the treatment was 
found to be safe and an improvement was observed in an adult disease activity score 
they used, as well as a decrease of ESR and CRP and better functionality and growth.31 
In rheumatoid arthritis (RA) in 136 patients 40 million allogeneic UC-MSC iv also induced 
a significant remission of disease, which maintained for 3–6 months without continuous 
administration compared to 36 control patients.32 A trend for clinical efficacy was 
furthermore observed in a randomised, single-blind (double-blind for efficacy), placebo-
controlled, phase Ib/IIa clinical trial in 53 patients with active refractory RA (failure to 
at least two biologicals) receiving three intravenous infusions of allogeneic adipose-
tissue derived MSC.33 
Regarding the immunomodulatory mode of action of MSC, we could not draw any 
conclusions. Increased concentrations of IL-10, IL-13, IL-17, IFN-γ and IP-10 (CXCL10) 
in the supernatant of overnight stimulated PBMC were observed, but with a large 
variation between patients over time. We did however not find decreased serum levels 
of TNFa and IL-6, nor an increased percentage of CD4+CD25+Foxp3+ regulatory T cells 
as found in two studies,31,32 but not in another.33

In conclusion, from the findings in our study we believe that MSC are safe in JIA patients, 
but one should be aware of (evolving) MAS in sJIA patients and consider to not 
concomitantly discontinue the “failing” biologic treatment since it might still unknowingly 
suppress the systemic features. Furthermore we feel that our data support the idea 
that intravenous administration of MSC might be efficacious even in very therapy-
refractory JIA patients with articular and/or extra-articular damage. Randomized, 
blinded studies are needed to look further into the efficacy of MSC (maybe combined 
with biologicals) in refractory JIA and to elucidate the mode of action.
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Treatment results of Mesenchymal Stromal Cells in therapy refractory JIA patients.
MSC were administered at week 0 in all patients and also at week 8-11 in Patients 1, 4 and 5 (displayed in red). 
Other therapy changes were made as well in patients 2, 4, 5 and 6 (see also Table 2). 
Panels show the course of the: a. Erythrocyte sedimentation rate in mm/1st hour; b. CRP in mg/L;  b. Active 
Joint Count; d. Tender Joint Count; e. Limited Joint Count; f. Weighted Joint Count; g. VAS Well-being; h. VAS pain; 
i. Physician Global Assessment; j. composite Juvenile Arthritis Disease Activity Score of 71 joints; k. clinical 
Juvenile Arthritis Disease Activity Score of 10 joints; l. Childhood Health Assessment Questionnaire; m. Quality 
of Life (derived from JAMAR); n. Juvenile Arthritis Functionality Scale.
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MSC were administered at week 0 in all patients and also at week 8-11 in Patients 1, 4 and 5 (displayed in red). Other therapy 
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Childhood Health Assessment Questionnaire; m. Quality of Life (derived from JAMAR); n. Juvenile Arthritis Functionality Scale. 
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Cytokine production in T-lymphocytes before and after MSC administration 
MSC’s were administered at week 0 in all patients and also at week 8-11 in Patients 1 and 4 (displayed in red). No other therapy 
changes were made in these patients during the first 16 weeks.  
After overnight anti-CD3 stimulation of PBMC. Cytokines in the culture supernatant showed increased concentrations of IL-10, IL-
13, IL-17, IFNγ and IP-10 (CXCL10). No effect was observed for TNFα, IL-1β, and IL-6  
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Cytokine production in T-lymphocytes before and after MSC administration
MSC’s were administered at week 0 in all patients and also at week 8-11 in Patients 1 and 4 (displayed in red). 
No other therapy changes were made in these patients during the first 16 weeks. After overnight anti-CD3 
stimulation of PBMC. Cytokines in the culture supernatant showed increased concentrations of IL-10, IL-13, 
IL-17, IFNγ and IP-10 (CXCL10). No effect was observed for TNFα, IL-1β, and IL-6.
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Below I will outline the burden of having juvenile idiopathic arthritis (JIA), the most 
common chronic rheumatic disease in children with an incidence of about 16-
150/100,000/year and an important cause of short-term and long-term disability.1 To 
ensure that research will be relevant to the stakeholders, Dutch JIA patients and parents 
will collaboratively with care providers now develop a research agenda for JIA. In a 
‘Priority Setting Partnership’ they will gradually establish a top-10 list of the most 
important unanswered research questions for JIA following the James Lind Alliance 
methodology. Input from patients and their relatives will be given the same weight 
when determining priorities as that from clinicians. The biggest advantage for future 
JIA-research will be that an established research agenda leads to a dialogue between 
makers and users of knowledge about what the relevant research questions for JIA 
would be. An International task force recently agreed that the JIA treatment targets 
and the therapeutic strategy should be based on shared decisions between the parents/
patient and the paediatric rheumatology health care team.2 Another principle was that 
the goals of treating JIA patients are to control signs and symptoms; to prevent 
structural damage; to avoid comorbid conditions and drug toxicities; and to optimize 
function, growth and development, quality of life and social participation.2

I will discuss the weaknesses of the current classification system and of the current 
therapeutic strategies. I will sketch the burden for the patient and family of the hospital 
logistics, the burden of adverse events, the burden of comorbidities, the burden of 
having a refractory disease and the possible role of cellular therapies. I will point out 
the knowledge gaps which are now partly completed by this thesis. I will sketch the 
still unmet needs and the necessary next steps in research in order to come to 
personalized precision medicine: “Tailoring treatment in JIA”.

Classification
The current classification system for JIA is outdated.
JIA is defined as arthritis with no apparent cause, which makes it impossible to prevent. 
Families with a child with JIA all wonder why this disease hit their family, but apart from 
a certain genetic predisposition in less than 20% of patients (psoriatic and enthesitis 
related subtypes) there is no real clue.1 By definition it may take up to 6 months to 
diagnose a patient with the correct subtype of the 7 different clinical patterns of JIA 
recognized.3 While families would rather want to know right away what the prognosis 
is, we are even in the largest group (OJIA) not able to predict which 50% will have 
extension of arthritis nor which 30% will develop a potentially blinding complication 
called uveitis.1 The biologic basis of this 20-year old classification system is not very 
distinctive and it seems unlikely that its hallmark, a simple joint count, would be 
sufficient to identify patients with different immune pathogenesis rather than reflect 
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disease severity.4 Patients are also in large numbers categorized as undifferentiated 
JIA merely because of exclusion criteria such as a first degree relative with psoriasis or 
being a HLA-B27 positive male older than 6 years. In our Pharmachild database 7% of 
8,309 JIA patients is subtyped as undifferentiated arthritis, 37% of them because of 
their first degree relative with psoriasis comparable to the 42% in the psoriatic arthritis 
category. However none of the patients ending up in the underinvestigated 
undifferentiated subtype developed psoriasis in the mean 5 years of follow up. In 
Chapter 2 we show which biomarkers are now used for classification in JIA. We also 
explain that in the future with the use of biomarkers, algorithms can be made for the 
individual risk of disease, the prediction of non-response to specific drugs, success of 
therapy-withdrawal, complications, and damage.

Current therapeutic strategies in JIA
The current therapeutic strategies in JIA are time-consuming, physician-centred and non-
transparent.
The treatment of JIA is multidisciplinary since many aspects can be affected, such as 
physical limitations, pain, fatigue, self-image, social environment, sports, school and 
parents’ work. In addition to pediatric rheumatologists, pediatricians, rheumatologists, 
ophthalmologists, rehabilitation doctors, pain specialists, orthopedic surgeons, 
physiotherapists, occupational therapists, podiatrists, social workers, child 
psychologists, educational specialists, and general practitioners can be all involved in 
the care for JIA patients. However also in an academic setting with all care providers 
available, the care is currently centered around the pediatric rheumatologist instead 
of around the patient. Even if the family would be aware of the existence of all the 
aforementioned care providers, still the approval of the pediatric rheumatologist is 
needed to be able to make appointments with them. It is indeed known that the 
decision-making process is one in which clinicians, rather than the family or other care 
team members, consistently initiate treatment decisions5 and typically included family 
members only after limiting the options to fit the clinical situation and the clinician’s 
own preferences.5 
For the drug choices in 2011 the worldwide very much appreciated clinical practice 
guidelines (CPG) “American College of Rheumatology (ACR) recommendations on the 
treatment of JIA” were published.6 However medication contraindications and 
intolerance were not considered in that CPG, nor any word on patient preference. 
Nevertheless, the proposed order in the ACR-CPG to step up to various synthetic and 
biologic disease modifying anti-rheumatic drugs (DMARD) for the different subtypes 
of JIA is roughly followed by most pediatric rheumatologists in the developed countries 
including the Netherlands. We don’t know of any center that completely follows the 
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ACR-CPG in their daily practice, monitored its implementation and assessed the impact, 
nor is there any publication about it. The likely reason that these recommendations 
are not completely implemented is that the criteria that recommend the next treatment 
step are much too complicated to be fully applicable in clinical practice. The ACR-CPG 
contains five expert-opinion based tables differing in poor prognostic features as well 
as disease activity levels and there are multiple algorithms for different subtypes of 
JIA. When a cumulative fifth joint starts to become active, suddenly for therapy 
escalation different factors are considered to be poor prognostic features and different 
scores are needed for the disease activity.6 
The first step in treating oligo-articular JIA (OJIA) is the start of non-steroidal anti-
inflammatory drugs which often fail and is followed by the second step being intra-
articular corticosteroid injection(s) preferably with triamcinolone hexacetonide, a local 
therapy that does not prevent extension of the disease to other joints or the eyes.6 
The third step, if needed, is the first choice DMARD in JIA: methotrexate (MTX). Whether 
upfront methotrexate (MTX) has the capacity to prevent arthritis extension in OJIA has 
not yet been established,7 nor if MTX can prevent or only postpone the development 
of uveitis.8,9 Although the availability of new potent medications such as biologicals 
have led to a dramatic improvement in the treatment of JIA10, we are still dealing with 
therapy-failures of at least 50% in the first 12 months of treatment, resulting in 
frustration, pain and probably even damage.11,12 It is unclear what the exact decisive 
reasons are that physicians do not escalate therapy beyond MTX, but in a recent 
inception cohort during the first 14 months of disease only 40% of 695 German JIA 
patients achieved a continuously inactive disease for at least 3 months while biologicals 
were prescribed in only 22% of cases.11 Likewise in another prospective inception cohort 
of 1104 consecutive Canadian JIA patients the probabilities of attaining an active joint 
count (AJC) of 0 was only 45% in the first year.12 However, they only had less than 20% 
chance of receiving biological agents within 5 years of diagnosis unless having RF-
positive polyarthritis or systemic JIA, while even at two years 22% still did not have 
inactive disease.12 
Although we felt that in our centre we comply to the step-up approach of the ACR-CPG 
for the treatment of our JIA patients, in fact in Chapter 3 we showed we were missing 
physician global assessments (PGA) in almost 1/4, visual analogue scale well-being 
(VAS)-patient scores in up to 1/3 and erythrocyte sedimentation rate (ESR) / c-reactive 
protein (CRP)-values in up to 1/5 of the visits. Clearly we were not aiming to collect all 
the data needed to guide us through the difficult decision-algorithms of the ACR-CPG. 
Nevertheless we could deduct the post-MTX recommendations in 80-97% of the cases 
and found that the physicians even then followed it in only 28.7% and 0% for the OJIA 
patients at 3 and 6 months respectively and in 29.5% and 18.6% for the polyarticular 
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course JIA (PJIA) patients at 3 and 6 months respectively. The implementation of the 
ACR-CPG would make us treat with the anti-tumour necrosis factor biologicals (anti-
TNF) 11% more OJIA at 3 months and almost none at 6 months, while for PJIA, we would 
need to treat with anti-TNF around 60% more patients at 3 and 6 months since the 
ACR-CPG recommends to escalate >75% of these patients. Our patients that were given 
anti-TNF do also encompass all the already over-treated patients, but it is impossible 
to know which ones would have had inactive disease at 12 months without anti-TNF 
as well. However, our physician’s decision not to escalate was correct in 70%–75% of 
the cases that stayed on MTX, so we can safely state that the ACR-CPG seems to result 
in over-treatment with anti-TNF. The ACR-CPG even recommended to escalate to anti-
TNF in some patients regarded as inactive by their physician at that exact moment. 
The ACR-CPG would probably already improve for PJIA at 3 months if the VAS cut off 
would have been higher than 2 since 81% of the patients had this most prevalent 
criterion, being the single reason to start anti-TNF in more than 40% of the patients 
who received that recommendation. For the PJIA at 6 months a VAS ≥ 2/10 was less 
prevalent but again it was sometimes the only reason to recommend escalation and 
it would also be wise to take more than a single active joint in order to recommend 
escalation to anti-TNF, since this was now the case in more than 90% of the patients 
while the physicians disregarded this fact in almost 60% of their patients as reason for 
escalation. Furthermore the logic fails to require only 1 joint in a PJIA patient but 2 
joints in an OJIA patient before one gets recommended to start anti-TNF at 6 months.
Because there is no standardized approach to the initial treatment of PJIA, the 
comparative effectiveness of diverse therapeutic options in the first 12 months is now 
studied in the USA in the form of three consensus treatment plans (CTPs).13 The CTPs 
are developed by consensus of pediatric rheumatologists and are intended to be 
initiated in treatment-naive recent-onset PJIA patients and are mostly similar to the 
ACR-CPG, but additionally acknowledge that other treatment pathways commonly used 
by U.S. physicians to treat PJIA need to be evaluated (early combination strategy and 
biologic only strategy). It is anticipated that data collected from patients treated using 
CTPs will ultimately help inform future updates of the ACR-CPG which is anticipated 
for 2019.13 All CTP strategies suggest treatment modifications at 3–4-month interval 
assessments in the following circumstances: the patient is not much better, PGA is 
>2/10, and/or the patient is still on glucocorticoids.13 Indeed the investigators already 
admit that the decision-making process outlined in the CTPs may need to be adjusted, 
as ideally this would incorporate continuous measures of disease activity such as 
Juvenile Arthritis Disease Activity Score (JADAS),13 while now it fully depends on steroids 
(if given at all) and on the PGA. The greatest disadvantage of this is that the treating 
physician realizes that the value of his/her PGA will be the tipping point for a treatment 
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modification and hence it will be very hard to still objectively score it without taking 
into account the own wish to escalate treatment or not. Apparently, as shown in 
Chapter 3, in our current clinical practice the physician escalates patients with 
significantly higher PGA, cJADAS, also mostly higher VAS, and with higher AJC in the PJIA 
patients. However there are no strict rules in our center which situations exactly ask 
for escalation to anti-TNF, nor is there specific guidance by the recently finished Dutch 
Recommendations on Drug Treatment in Children with JIA (“Richtlijn medicamenteuze 
behandeling van kinderen met juveniele idiopathische artritis”). This 327-page 
document has 1 page-tables for the treatment of the different subtypes of JIA in which 
the same step-up approach is used as in the ACR-CPG. Nonetheless, the more simplified 
Dutch recommendations are easier to follow and do take into account the possibility 
of MTX intolerance. Regular assessments (mostly every 3 months) and intensification 
of therapy are recommended in case of both MTX-intolerance and persisting or 
increasing disease activity with the aim to reach inactive disease within a year. 
Unfortunately no clear definition of disease activity is given, which still gives room to 
subjective interpretation and therefore heterogeneity in the treatment.

Treat-to-target strategies in JIA
Treat-to-target by regular assessment of disease activity and adapting therapy accordingly 
will greatly improve JIA care, even with the same step-up sequence of drugs.
For rheumatoid arthritis (RA) there is evidence that the strategy is more important than 
the agent, with frequent monitoring of a quantitative index and consideration of routine 
adjustment of therapy at each visit.14 In fact already in 2013 it was recommended by 
the EULAR that treatment for RA should be aimed at reaching a target of sustained 
remission or low disease activity in every patient and monitoring should be frequent 
in active disease.15 It is also stated that after the start of RA treatment if there is no 
improvement by at most 3 months or the target has not been reached by 6 months, 
therapy should be adjusted.15 The JADAS was found to be a valid instrument for 
assessment of disease activity in JIA.16 The JADAS is constructed around 4 elements: 
the AJC, PGA, parent/patient VAS and the ESR. A 3-elements variant without having to 
wait for the ESR laboratory results is called clinical JADAS (cJADAS). 
In Chapter 3 we showed that the use of (c)JADAS in identifying patients in need of 
anti-TNF therapy outperformed the ACR-CPG with a much higher sensitivity, specificity 
and accuracy. The cJADAS threshold for treatment escalation at month 3 and 6 was >5 
and >3 for OJIA and >7 and >4 for PJIA, respectively. The performance of the cJADAS  
overall did not improve by adding the ESR and improved when the patient VAS 
contribution to the total score was increased to its normal 1/3. We are in favor of using 
the cJADAS instead of the JADAS since it is very user-friendly and does not need waiting 
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for ESR results before a decision can be made nor does it burden the physician with 
manipulating the PGA (as in the CTP) in order to force a decision. In our opinion if there 
is no improvement at most 3 months after the start of treatment or low disease activity 
or inactive disease has not been reached by 6 months, therapy should be adjusted in 
order to reach inactive disease within 12 months. In fact our physicians must also look 
out for worsening of cJADAS after 3 months MTX since all 7 such patients did receive 
anti-TNF within 5 months anyway or failed to respond in our study. We propose to 
incorporate the findings of our study in the treatment of JIA and from there on further 
improve them by adapting the cut-off values for the best results (see Figure 1a). With 
this scheme it is crystal clear for the physician as well as for the patient what the next 
goal will be and what will happen if it is not attained. We are confident that with this 
approach patients will not be the victim of their own patience nor of that of their 
physician. For now we have started to use show the individual cJADAS-graph to our 
patient while discussing an individual cJADAS target for the next patient visit. Thereby 
also the most missing part in this score, the Patient/Parent-VAS-scores, needs to be 
completed before the actual new point in the cJADAS-graph appears. While additional 
studies are needed to validate our findings and to optimize the best cut-off values for 
the cJADAS in order to further increase the sensitivity and specificity of its prognostic 
value, we thus propose to already use the cJADAS for treat-to-target treatment in JIA. 
This route-map for JIA treat-to-target-treatment gives transparent and clear-cut 
thresholds for escalation of therapy in the first year in order to augment the possibility 
that the targets are really met (Figure 1a). Coincidentally, an international task force 
has recently discussed recommendations on treat-to-target in JIA that will be published 
soon and is in line with our proposal.2

The German/Austrian-Canadian study using case-based vignettes for oligoarticular and 
seronegative polyarticular JIA found no significant differences between German/
Austrian and Canadian physicians in the time to consider a biologic agent (5.1 months 
vs. 5.7 months) after start of DMARD treatment and ongoing joint complaints and still 
8 active joints.17 Apparently these physicians also feel that one should not wait too long 
before escalating to a biologic agent. Another reason for this is probably that we 
normally discontinue both synthetic and biologic DMARD’s in our patients starting 9 
months after reaching inactive disease. For MTX we discontinue after 9 months of 
inactive disease as previously published18 (Figure 1b) and although there is no evidence 
what the best discontinuation/tapering regime for biologicals would be, we are in favor 
of tapering (see Figure 1c). If already during tapering a flare occurs there will be no 
reason to fully discontinue the drug and if full discontinuation leads to a flare while 
there were no problems with prolonged intervals, one might return sooner to the 
earlier successfully prolonged intervals. Providing patients with both the treatment- 
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and the tapering-schemes (Figure 1a-c) would allow them to oversee the whole drug 
treatment process, while ensuring that the physician keeps on track with it. 
It might be that in the near-future more patients will be treated top-down with anti-TNF 
upfront as opposed to after failing other therapies as now stated in the ACR-CPG6 and 
the Dutch JIA treatment recommendations, because indeed the two studies who 
investigated this were promising.19,20 In our treatment-scheme that would mean 
skipping the first step of the less effective MTX. Health-economic analyses would be 
needed to reveal if such a strategy is cost-effective, which will be more likely if it is 
implemented in those individuals for whom we will be able to predict intolerance or 
non-response to MTX.

Burden of the system
The hospital logistics are physician-centered and lack decisions based on a continuum of 
care.
The patient’s complexity is the overall impact of the different diseases on an individual 
taking into account their severity and other health-related attributes (e.g., 
socioeconomic, cultural, environmental, and patient behaviour characteristics, values 
and preferences).21 Currently the patient is not at all in the “driver-seat” when it comes 
to important decisions affecting their health and well-being. 
They cannot control when they will have the first appointment with a paediatric 
rheumatologist and even thereafter they will have to follow-up the regular visits as 
routine requires. The rigidity of the hospital logistics also does not allow for dynamic 
outpatient clinics in which patients may stay at home when they feel nothing needs to 
be discussed, nor for all patients to be directly examined whenever the need is high. 
The result of the current system is that during many visits the patient needs to tell you 
how bad it was a few weeks earlier or they will tell you in 3 months time how bad it 
was next week while now feeling great. Treatment decisions are currently therefore 
mostly based on the disease activity of these prescheduled points in time rather than 
on the cumulative burden of multiple daily disease activities. It is however widely known 
in JIA that joint stiffness and pain could be mild one day, but at the next moment be 
so severe that it would inhibit movement.22 During phases of pain participants felt tired, 
powerless, and incapacitated. The intense and episodic nature of pain disrupted the 
participants’ sense of normality and their ability to lead lives like their healthy peers.22 
A research project in our hospital (PROactive) focusses on coping with chronic severe 
fatigue that affected 25% of our 10-18 year old JIA patients which was significantly 
higher than among the healthy control group.23 Fatigued patients had significantly 
lower levels of physical functioning and a higher percentage of school absences. Among 
JIA patients, the level of pain was significantly correlated with fatigue, but interestingly 

201815 Joost Swart_binnenwerk.indd   299 09-05-18   09:20



PART FOUR  |  CHAPTER 13

300

Fi
gu

re
 1

b.
 P

ro
po

sa
l f

or
 S

to
p-

sc
he

m
e 

fo
r 

JIA
 p

at
ie

nt
s 

re
ac

hi
ng

 in
ac

tiv
e 

di
se

as
e 

on
 M

TX
 (S

w
ar

t a
nd

 S
ch

at
or

jé
)

Th
e 

lig
ht

 g
re

en
 o

va
ls

 a
re

 p
ot

en
tia

l v
is

its
 th

at
 m

ig
ht

 b
e 

sk
ip

pe
d 

if 
th

e 
pa

tie
nt

/p
ar

en
ta

l J
AD

AS
 in

 th
e 

Re
um

a-
2-

G
o-

ap
p 

st
ill

 in
di

ca
te

s 
in

ac
tiv

e 
di

se
as

e 
cJ

AD
AS

 =
 c

lin
ic

al
 

Ju
ve

ni
le

 A
rt

hr
iti

s 
D

is
ea

se
 A

ct
iv

ity
 S

co
re

; I
AI

 =
 in

tr
a-

ar
tic

ul
ar

 s
te

ro
id

s;
 M

0 
= 

m
on

th
; M

TX
 =

  m
et

ho
tr

ex
at

e;
 p

JA
D

AS
 =

 p
at

ie
nt

/p
ar

en
ta

l J
AD

AS
; V

AS
 =

 p
at

ie
nt

 w
el

l-b
ei

ng
 

vi
su

al
 a

na
lo

gu
e 

sc
al

e

201815 Joost Swart_binnenwerk.indd   300 09-05-18   09:20



301

GENERAL DISCUSSION

13

disease activity was not a predictor for fatigue. Another project in our hospital called 
“Living with JIA: unpredictable, yet reliable” (“Grillig en toch betrouwbaar”) specifically 
aims at adolescents for self-management of this fluctuating disease and how to be 
appreciated by your environment as a reliable person.24

To create a continuum of care we launched a successful smartphone application, called 
Reuma-2-Go-app, built by My-Own-Med® and with the support of the UMCU board of 
directors. This app enables our patients to score and record their own disease activity 
at any moment and additionally to directly communicate with their paediatric 
rheumatologist. At each visit it is therefore possible to interpret the graph of the in-
between-visit disease activity and decide upon the full information what is needed 
next. After reaching inactive disease on medication, we will soon implement and 
research the option for patients to cancel some of the scheduled 3-month visits if their 
recent home-scored disease activity (by the patient/parental JADAS in the Reuma-2-
Go-app) still indicates inactive disease. This is visualized in Figure 1b and 1c as the light 
green ovals, which are potential visits that might be skipped. Furthermore the app will 
soon have other functionalities such as the possibility for a patient to directly plan their 
own referrals to other care providers without the current necessary approval of the 
treating physician. It is the start for more autonomy of the patient regarding the 
frequency of hospital visits as well as the to demand the care they themselves feel they 
need.
Another project funded by the National Health Care Institute “Deciding together in the 
care for rare” (“Samen beslissen in de zorg voor zeldzaam”) enables patient-
representatives to prioritize the key decision points in the lives of children with JIA that 
need to be addressed by the care providers, while also mapping the landscape of JIA-
care providers in the Netherlands and subsequently professionalizing it. This offers a 
unique opportunity to give the patient more control in order to achieve their personal 
goals, not necessarily being the same ones as that of the physician.25 We have already 
restructured our electronical medical records in such a way that a patient’s personal 
treatment goals with a target-date appears on the front page. We might however also 
need to adjust the logistics in the anticipated duration of a visit. It feels more secure 
for a patient/family to know upfront that they can rely on the fact that the choice for 
the high-school or other key decision will be fully addressed at the next visit without 
the pressure of a busy outpatient clinics schedule.
Certainly for patient empowerment it is already a big step forward if the cJADAS is at 
the center of treatment-decisions, since 1/3 of the score is indeed derived from the 
well-being score of the patient/parent. Also patient-preferences for frequency and 
route of administration should be known when prescribing anti-rheumatic drugs; since 
they might otherwise increase the burden of disease. For example, methotrexate is 
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still the systemic drug of first choice in JIA, but whose choice is that really? Surely not 
of the 50% of patients that do not tolerate this drug and suffer from abdominal pain, 
nausea and vomiting either from the drug or in time anticipatory or even by 
association.26 Why not start with biologicals right away since they are likely more 
effective than MTX in JIA if started upfront.19,20,27 Physicians are not allowed to do so by 
insurance companies because of the huge price difference between the cheap MTX 
and the costly biologicals. In the revised Hippocratic oath the following sentence is 
included: “I know my responsibility for society and will promote the availability and 
accessibility of healthcare” which makes even the treating physician responsible for all 
patients in the whole health care system. Still does that mean that MTX should be the 
drug of first choice if half of them do not tolerate it. For a good comparison we certainly 
need to know the side effects of biologicals compared to MTX. 

The burden of adverse events
The risk of (opportunistic) infections is not a reason to choose MTX over anti-TNF, but rather 
a reason to stay away from corticosteroid use.
The Dutch recommendations for drug treatment in JIA are based on the yet unpublished 
European SHARE recommendations for JIA. The Dutch working-group (which included 
the Dutch JIA Patient Association) prioritized the patient-relevant outcomes concerning 
drug treatment in JIA and reached consensus on 5 crucial and 3 important outcomes. 
The 5 crucial ones are: disease activity, infections, malignancies, quality of life and 
death. The 3 important ones were growth, uveitis and development of Inflammatory 
bowel diseases (IBD).
The only complication we encounter in clinical practice for intra-articular triamcinolone 
hexacetonide injections is skin atrophy at the injection site in 2.3-8.3% of the patients.28,29  
For MTX, the DMARD of first choice used for the last 25 years30, no large observational 
data on adverse events (AEs) are available. 
The most common adverse events in 80 JIA patients receiving MTX during a year were 
were nausea in 21%, vomiting in 11%, mouth sores in 10%, loss of appetite in 7.5%, 
hair loss in 5%, and malaise in 5%.31 In a German registry study 411 JIA patients on oral 
MTX and subcutaneous MTX were observed during a year and at least 1 documented 
adverse event was seen in 22% and 27% respectively.32 The main AEs were 
gastrointestinal symptoms (mainly nausea and vomiting), infectious events and 
elevated liver enzymes. To get a grasp on the side effects of biologicals we first did a 
literature review as layed out in Chapter 4 and apart from injection site reactions, 
(serious) infections were the most commonly found adverse events when using 
biologicals, which was also described as being a crucial patient-relevant outcome. In 
the meanwhile we started in 2011 a very large EU-funded pharmacovigilance database 
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called Pharmachild with now already data of more than 8,000 JIA patients worldwide 
in 32 countries, which when combined with some national registries harnesses the 
data of even 15,000 JIA patients as shown in Chapter 5. Pharmachild is set up in such 
a way that at any moment every center and every national Printo-coordinator can 
download all data from their center or country respectively. This has the advantage 
that every center has the possibility to retrieve real-time the percentage of their 
patients in remission, their medication use, their damage index, their quality of life 
score etcetera. These numbers are all relevant to improve the care. 
The analysis of the data of 7,000 JIA patients in Pharmachild showed that multiple 
baseline characteristics are risk factors for infection (low age at onset, ANA positivity 
and certain JIA subtypes) as displayed in Chapter 6. Likewise, in a UK study they found 
significantly increased risks of medically significant infections for systemic JIA and 
younger age, but they did not look at ANA.33 In a German registry no influence was 
found for age, JIA category, or ANA positivity on serious infection rate, but this analysis 
was not performed for the medically important infections.34 In the Pharmachild study 
population only 9.9% of the 6,969 patients (2/3 ever using a biologic) had at least one 
moderate infection during a median follow-up of 5.3 years. This was comparable to 
the 12.0% of patients (77% on etanercept) with at least one medically significant 
infection found in the UK during almost 3 years follow-up.33 According to US Medicaid 
insurance data the crude rate of being hospitalized with bacterial infections was 2.8 
per 100 person-years and nearly three-fold higher among children diagnosed as having 
JIA (16% on anti-TNF and 36% on MTX) than among children diagnosed as having 
attention deficit hyperactivity disorder (ADHD).35 Even in children with JIA who were 
not currently being treated with steroids, MTX or TNF inhibitors, a two-fold increase 
was found in the rates of hospitalized bacterial infections compared to children with 
ADHD. This finding suggests that the inflammatory process of JIA itself may predispose 
children to infection irrespective of therapy.35 Indeed in a German registry with 3,350 
JIA patients (57% on anti-TNF) and 5,919 observation-years the baseline cJADAS 
appeared to be an independent risk factor for serious infection.34 In a UK study they 
did however not find an association between the medically significant infections and 
the baseline disease activity parameters such as childhood health assessment 
questionnaire and JADAS-71.33  
For the first time in a registry we compared the risk of infection by MTX to patients on 
NSAIDs or intra-articular steroids only. MTX increased this (at least moderate) infection 
rate by 5.1. The only other study describing infection rates in JIA patients without MTX 
is the US study using insurance data and medication claims.35 They found a similar rate 
in MTX-only users with a hazard ratio (HR) of 1.2 as those not claiming MTX prescriptions, 
but this was for hospitalized bacterial infections only.35 
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In our study biologics per se also increased the risk of infection in JIA patients with an 
OR of 2.7 and even higher (OR 3.7) when combined with MTX. The relative risk (RR) for 
infections for etanercept and adalimumab compared to MTX found in the German 
study was 1.4 and 2.2 respectively and increased further in combination with MTX.36 
For medically important infections in that same study the RR of etanercept increased 
even to 2.1 compared to MTX.36 In the UK study they found the same increased risk of 
medically significant infections for etanercept versus MTX (HR 2.1).33 Likewise in another 
US commercial claims study with 2,013 DMARD-starters and 482 anti-TNF starters with 
a mean follow-up of less than a year, anti-TNF was associated with an increased risk 
of serious bacterial infection (requiring hospitalization) compared with DMARDs (HR 
2.7).37 For serious infections they found in the German study the highest risk for 
etanercept (HR 6.0) and adalimumab (HR 7.3) compared to MTX.34 Surprisingly the risk 
for infection with MTX was in our study even higher than with biologicals. The 
hospitalized infection rate for patients treated with anti-TNF was in the US study similar 
to that for patients receiving MTX-only.35 The very high infectious risk of rituximab on 
the other hand with an unadjusted OR of 16.3 that we found, was only studied in the 
Finnish JIA population in which they also found the highest incidence of serious 
infectious for rituximab with a RR to anti-TNFs of 6.2.38 
Our study further revealed that the addition of steroids to both MTX and biologics 
increased the risk of infections more significantly (OR 11.9 and 10.5, respectively) than 
only MTX (5.1) or MTX with biologics (OR 3.7). Baseline oral steroid use was a predictor 
of having medically significant infections in the UK population as well.33 In the German 
study also a HR of 3.0 for previous steroid treatment and 2.4 for concomitant steroid 
treatment was found for serious infections.34 Higher rates of hospitalized bacterial 
infection were observed in US patients receiving steroids at dosages >10 mg/day as 
well.35 The huge increase in the risk (OR 112) for infection associated with rituximab 
with steroids and DMARDs within 6 months that we found, has never been described 
for JIA before. It might however directly implicate that one should either not combine 
these drugs anymore or consider to take precautionary measures with vaccinations 
and/or antibiotic prophylaxis which has been suggested before already for patients 
with rheumatic diseases who are starting corticosteroids.39 
In 2011 the U.S. Food and Drug Administration (FDA) added the pathogens Legionella 
and Listeria to the Boxed Warning for the entire class of TNFα blockers, so that 
healthcare professionals are aware that these pathogens can cause serious and 
potentially fatal outcomes in patients treated with TNFα blockers.40 Surely the benefit-
risk ratio will shift immensely if opportunistic infections (OI) are caused by biologicals. 
Therefore we wondered how many OI were seen in more than 8,000 JIA patients as 
shown in Chapter 7, but in fact found out that a clear definition for OI in 
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immunosuppressed children was lacking. The local pediatric rheumatologists of 
Pharmachild considered 437 (28%) of the 1,585 infectious events as OI. This was 437 
(57%) of the 772 eligible events send to the Safety Adjudication Committee (SAC), while 
only 119/682 (17%) were by consensus adjudicated to be OI by the SAC. Apparently 
there is a great gap between what pediatric rheumatologists feel can be considered 
as an OI and what an expert panel by consensus adjudicates as OI. Indeed we found 
that there is a lack of a validated and approved definition of OI in children on 
immunosuppressive therapy. Even the SAC considered some events (6%) to be both 
common and opportunistic, which in ideal circumstances should be mutually exclusive. 
Certainly the majority of serious infections occur in the general population, however 
in case of immunosuppression some events are more frequent or severe. Conversely, 
some infections more commonly seen in immunocompromised children such as 
tuberculosis may affect the general population as well, albeit usually less severely.41 
Considering these difficulties in correctly defining OI and since our expert opinion 
based consensus process could be a limitation itself by reducing the number of events 
to analyze, we felt something more robust was needed. We made an effort to produce 
a document defining OI specifically in children with JIA on immunosuppression, based 
on the example of an Expert Committee convened in the adult setting to define OI in 
adults with immune mediated diseases on biologics.42 With the same approach, our 
panel of specialists voted, through the three-step Delphi procedure, for a correct 
definition of definite and probable OI, and subsequently produced a list of OI to be 
used in children with JIA on immunosuppressive drugs. With a sensitivity of 86% and 
a specificity of 98% of correctly diagnosing OI compared to the gold standard of an 
expert panel, this OI list can be used as reference for future works in order to identify 
OI in immune-suppressed children. Among the Pharmachild patients, a considerable 
percentage (17.4%) of severe, very severe or serious infections were opportunistic; the 
most frequent opportunistic pathogens were herpes viruses (excluding primary 
varicella) and mycobacterial infections. The only other publication on opportunistic 
infections in JIA was a brief report on the use of Medicaid data.43 The 15 pathogens 
they used to define their OI were all in our definite OI list of 24 pathogens (LLT). Of the 
24 pathogens listed as probable OI in our list they only included one: primary varicella 
infection (chickenpox) if also received critical care services during the hospitalization. 
They found 42 OI in their JIA population leading to an incidence rate of 3.0 per 1,000 
person-years which is comparable to the 2.4 per 1,000 person-years we found. 
Compared with the ADHD comparator cohort they found incidence rate ratios (IRR) 
for OI of 2.4 (95% CI 1.7–3.3).43 The most common OI among children with JIA they 
found were herpes zoster, Salmonella and Coccidioides.43 For herpes zoster a 
comparable IRR of 2.9 (95% CI 1.8–4.5) was found in a German study with a significant 

201815 Joost Swart_binnenwerk.indd   306 09-05-18   09:20



307

GENERAL DISCUSSION

13

further rise of the IRR when receiving monotherapy etanercept or combined with 
steroids and/or methotrexate, but not in JIA patients exposed to methotrexate only.44

With different definitions of infections and multiple different data sources used, it is 
still uncertain to what extent anti-TNF increases the infection risk and if this exceeds 
that of MTX but it is unlikely to fully justify the second position of anti-TNF in the 
treatment scheme. As has been stated before collaborative studies and data from large 
registries are needed before firm conclusions can be drawn on the safety of biologicals 
in JIA patients.45–47 The OI list we produced can be used as reference for future works 
in order to identify OI in immune-suppressed children.

The burden of comorbid conditions
There are no published data on general comorbidities in children with JIA.
As stated before, the patient-relevant outcomes concerning drug treatment in JIA 
include malignancies as crucial and growth, uveitis and IBD as important ones. Between 
2001 and 2008, the U.S. FDA received reports of 48 malignancies occurring in children 
and adolescents exposed to TNF-blockers (31 infliximab, 15 etanercept, 2 adalimumab) 
of which 15 occurred in patients younger than 18 years with JIA. It was suggested that 
an elevated rate of malignancy, particularly lymphoproliferative cancers (e.g. 
hepatosplenic T-cell lymphoma), was observed in patients with JIA treated with TNF-
antagonists. This led to a black box warning for these drugs by the FDA without 
providing an incidence risk ratio.48 However, to appreciate the additional risk of a drug 
it is necessary to know the background rate of malignancies in patients with JIA and 
the role of other immunosuppressants they are taking (e.g. MTX). Surprisingly no 
general data were available on comorbidities (chronic diseases with a duration longer 
than 3 months) in children with JIA.
In Chapter 8 we found 4,451 comorbidities in 3,059 (37%) of the 8,309 patients during 
a total observation time of 50,767 patient-years.  The top 3 of the most found chronic 
diseases (uveitis, psoriasis and macrophage activation syndrome) are known to be 
specifically associated with JIA. Uveitis was found to have a cumulative incidence of 
18% in our cohort which is in the range of that found in epidemiologic studies after 
the implementation of the screening programs varying between 12% found in the 
CARRA registry to 21% in the long-term Nordic JIA cohort.8,49–51 Multiple baseline 
characteristics are known to be associated with an elevated risk for uveitis: e.g. 
geographic location (Europe), presence of ANA, JIA subtype (OJIA) and gender (female).52 
For the development of uveitis apart from the aforementioned baseline characteristics, 
it is yet unknown if etanercept provokes it,53 nor if methotrexate prevents it.54,55 Uveitis 
is the only comorbid condition in JIA that all patients are screened for at specific 
intervals depending on the age of onset, subtype of JIA and disease duration.56 Psoriasis 
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was the second most encountered comorbid condition with a cumulative incidence of 
2.9% in our cohort (median age of 13.6 years at last visit) which is much higher than 
the 1.0% in the same age group in the general population57, but comparable to the 
3.2% found in the Nordic cohort.58 Although anti-TNF is used to combat psoriasis, it 
can emerge even as “paradoxical” psoriasis after the start of an anti-TNF agent.59 
More common diseases such as asthma, atopic dermatitis/eczema, allergy, and obesity 
were all present in the top 10 of most found comorbid conditions in JIA patients. 
Surprisingly clinical thyroid disease (mainly hypothyroidism) was ranked as number 5 
with a cumulative incidence of 1.2% of the children with JIA comparable to the 1.3% 
with clinical hypothyroidism seen in 79 JIA patients screened for autoimmune diseases60 
and much higher than the 0.14% clinical hypothyroidism in the general population 
under 22 years of age.61 When screened for thyroid disease by blood tests subclinical 
autoimmune thyroid disease is found in even 10-11% of JIA patients 60,62, with 5-7 times 
higher prevalence of anti-thyroid antibodies than in the healthy matched controls.63 
Maybe this screening can be narrowed down to a more specific population. Our 
preliminary findings showed that older age at JIA diagnosis, ANA positivity, RF positive 
JIA, psoriatic JIA and a positive family history of autoimmune diseases were all risk 
factors for developing autoimmune thyroid disease. We found celiac disease (CD) in 
0.6%, however when screened for a much higher prevalence for CD was found of 3.8-
6.6%.60,62 Screening for diabetes mellitus (DM) with antibodies and oral glucose 
tolerance tests was less useful though.64 DM was seen in 0.4% of our patients which 
was comparable to the 0.5% found in a German JIA database and 1.8 more often than 
found in their general population.65 It is unsure which proportion of the DM was caused 
by corticosteroid use. IBD was reported in 0.5% in our cohort with an incidence of 
0.09/100 patient-years which is 16 times more frequent than the normal incidence in 
a childhood population,66 but comparable to the 0.13/100 patient-years in a large 
German JIA registry.67 They found that etanercept monotherapy, but not the 
combination of etanercept and MTX was associated with an increased incidence of 
IBD.67 Rather than a provocative effect of etanercept, it is indeed possible that MTX has 
a preventive effect on the development of IBD since it is also used as second-line 
treatment for IBD itself.
Malignancies were rare events found ever in only 1.6 per 1000 JIA Pharmachild patients 
with a prospective incidence rate of 3.6 per 10,000 patient-years comparable to the 
4.3 per 10,000 patient-years in a normal childhood population.68 Also optic neuritis and 
demyelinating diseases were all extremely rare with cumulative incidences of 1-2 per 
10,000 patients in our cohort. 
Having a comorbid condition also negatively impacted our patients on pain, well-being, 
functioning and quality of life. A much higher percentage of patients with comorbidity 
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had ever received systemic steroids (45% versus 37%) and anti-TNF (67 versus 54%) 
than those without comorbidities. The next step would be to analyse per comorbid 
condition the causative, provocative, preventive or no role of drugs and patient 
characteristics in order to be able to better individually predict the risk for certain 
comorbidities. We recently started a collaborative study (called Foreum) with National 
JIA registries from the UK and Germany on the subject of comorbid conditions. After 
harmonization of our data in 15,000 JIA patients we will in the future better understand 
what comorbidities we should detect at an earlier stage by screening in selected 
populations or maybe even prevent them from happening if they are drug related. An 
integrated follow-up by the necessary specialists might further decrease the burden 
of disease. More research into patients’ perspectives on the ways in which multiple 
conditions affect their health, well-being, and clinical care is needed to complement 
the professional perspective and ensure that care is truly patient-centered.21 With 
current knowledge, (fear of) comorbidities in JIA are in general not the reason to choose 
MTX over biologicals.

Therapy-refractory JIA and cellular therapies
Autologous hematopoietic stem cell transplantation is still an optional therapy for refractory 
JIA, while less toxic alternatives need to be explored.
Although biologicals are more effective than MTX for the treatment of JIA, still some 
patients do not benefit from these new developments. Up to one third of all arthritis 
patients fail to achieve even a modest 20% improvement in randomized controlled 
trials.69 Patients with JIA treated for 4 months with a non-anti-TNF biological (abatacept) 
showed an improvement in 76% of the anti-TNF-naïve children compared to only 39% 
of the children who had already failed anti-TNF therapy.70 Indeed patients failing a first 
biological are more likely to fail the next again. If patients after failing several biologicals 
have had multiple rounds of multi-disciplinary visits (see Figure 1a), it is time to assess 
all aspects of the burden of disease and make benefit-risk ratios for  less desirable or 
experimental therapeutic options. What is the current status (including damage from 
the disease and adverse events of therapy) and what does future seem to hold (e.g. in 
case of corticosteroid-dependency in a growing child). Unfortunately demographic, 
clinical and laboratory values are insufficient as early predictors for long-term outcome 
in JIA.71 Certainly, we would like to cure a patient from JIA, rather than to suppress the 
disease. In fact, some patients do outgrow the disease in which the remission off 
medication continues. It is uncertain however what characteristics a patient must have 
to be able to have long lasting disease quiescence without taking medication, nor if 
the prior used therapy was pivotal for this wonderful outcome.
The only treatment that might claim to induce long-term, drug- and symptom-free 
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remission in JIA is an autologous hematopoietic stem cell transplantation (HSCT). In 
Chapter 9 we review why we do not treat all JIA patients with this HSCT. The impact of 
refractory JIA on patients is dependent on the duration and severity of symptoms and 
also on the damage caused by both the disease and therapies used. Therapy refractory 
JIA used to be a prominent indication for autologous HSCT but since the registration 
of multiple biologics it is now much more uncommon than 15 years ago. The results 
with HSCT from those days came surely with more morbidity and mortality than it 
would nowadays. One article described complete clinical remission of their JIA after 
autologous HSCT in 8 of the 20 evaluable patients, 7 partial responders, and 5 
experienced a relapse of their disease (occurring 7 years after HSCT in 1 patient).72 
During follow-up, 2 of the 5 patients whose disease relapsed died from infections after 
restarting immunosuppressive medication.72 For the eradication of the autoreactive 
immunologic memory a myeloablative intermediate-intensity conditioning is used with 
alkylating agents and antibodies targeting T-lymphocytes. Over the last decade 
transplant related mortality (TRM) in the first 100 days came down significantly from 
12% to around 7%, but still this risk of TRM should be weighed against the disease 
related mortality which is so low in JIA that this procedure is rarely performed nowadays.
As an alternative for HSCT not requiring myeloablation and thus without that risk of 
TRM we explored the immunosuppressive capacities of the easily expandable 
mesenchymal stromal cells (MSC), a subset of the non-haematopoietic stem cells that 
can be cultured from the plastic adherent cell fraction from bone marrow, adipose 
tissue, umbilical cords and placentae.73 The first report in humans showed that 
allogeneic MSC can successfully be used to rescue a patient from a life threatening 
steroid-refractory acute graft-versus-host-disease (GVHD), an inflammatory 
complication of HSCT with a high mortality rate (90%).74 This case report led to a phase 
II study showing that treatment with MSC leads to a complete response in 30 out of 
55 patients with grade IV GVHD.75 No patients had side-effects during or immediately 
after infusions of mesenchymal stem cells. Also a much higher overall survival for 
patients with a grade IV acute GVHD two years after HSCT was seen in this study being 
53% as compared to the previously described 10% survival for these patients.75 A 
multicenter double blinded randomized controlled trial for this indication is currently 
being performed in our and other hospitals.
To determine the efficacy of MSC on established arthritis we chose to use the 
proteoglycan induced arthritis (PGIA) mouse model, one of the most extensive studied 
models of rheumatoid arthritis. Once established, PGIA progresses in symmetrical 
polyarthritis with ankylosis of the joints without a chance of spontaneous full recovery.76 
In Chapter 10 we showed for the first time the beneficial effect of MSC in a non-
collagen induced rheumatoid arthritis model. The MSC administered in established 
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arthritis were able to decrease the arthritis score and the histological analysis confirmed 
this clinical observation. Our findings are in agreement with a study showing that in a 
collagen induced arthritis (CIA) model a single prophylactic ip injection of 5 million MSC 
can prevent exacerbation of the clinical severity and the occurrence of bone and 
cartilage erosions in the joints.77 Also other studies showed that injection of 1-5 million 
xenogenic MSC iv or ip prevents the occurrence or deterioration of CIA.78,79 This effect 
depends on timing, dose and route of administration of MSC.77 Immortalized MSC from 
the C3-celline have been shown to worsen CIA80, whereas the same group showed 
beneficial effects on CIA when using freshly isolated MSC.81

The specific migration and engraftment of systemically administered MSC to locally 
damaged areas has been shown in several animal studies.82–85 Therefore we expected 
to observe migration of at least a fraction of the MSC to the affected and damaged 
joints with bioluminescence imaging (BLI). With BLI, sensitive enough to locate clusters 
consisting of 0.002% of the ip and 0.01% of the ia injected cells, we did however not 
find indications that MSC home to the affected joint itself or to any other specific region 
when injected ip or ia. The MSC remained visible at the region of injection for up to 5 
weeks. Our results are in agreement with a recent study showing with PCR that the 
majority of ia injected cells remained in the joints and were still after 3 months 
detectable in 20 to 30% of the mice.86 In ip treated mice another group could not detect 
marked donor MSC in the (inflamed) joints at the end of their experiment.77 These data 
all suggest that the effect of MSC on arthritis does not involve massive homing of MSC 
themselves towards the site of inflammation. 
For PGIA it has been shown before that inflammatory responses take place in spleen 
and draining lymphnodes more readily than in the joint itself.87 It also appears to be 
more dependent on the availability of circulating IgG2-autoantibodies and neutrophils, 
rather than on the small population of T-cells that migrate to the joints.87 PG-antibody 
production may be the primary event initiating activation of synovial macrophages and 
fibroblasts, which then may provoke and amplify the inflammatory process.88 The 
systemic response we found in cumulative arthritis score could thus be a result of the 
reduced PG-specific IgG2-antibodies as we observed early in the serum of the treated 
mice. 
The resulting immune-activation of PG-restimulated lymphocytes we found despite 
the small group size, suggests a deviation towards a more regulatory phenotype, with 
production of IL-4, IL-10, but also of IFN-γ. The Th2-cytokine IL-4 was most strongly 
upregulated in PG-specific lymphocytes and only when drawn from the region of 
injection: in the ip group only when derived from the spleen and in ia treated mice only 
when derived from draining lymph nodes at the injection side. A strong elevation in 
immunosuppressive IL-10 was seen with equal distribution. Although IFN-γ was also 
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elevated, the much higher amounts of IL-4 resulted in an inversed IFN-γ/IL-4 ratio 
opposite to what is normally seen in active PGIA.89 Interestingly, it has been shown that 
in IL-4-deficient mice the PG-specific IgG2a-concentration is six times higher than in 
wild-type and corresponds to increased severity of arthritis.90 Furthermore treatment 
with IL-4 prevents PGIA and induces a switch from Th1-type to Th2-type response.89 
IL-4 is even able to suppress arthritis when given at time of maximum joint 
inflammation.89 
MSC require to be ‘licensed’ for their immunosuppressive activity. MSC appear to have 
dual immunomodulatory capacity; they have the ability to inhibit immune cell activation 
and proliferation, but also enhance immune responses via the secretion of pro-
inflammatory factors and chemokines.91 There is a possibility that the puncturing with 
a needle played a role in triggering the inflammation which activated the MSC to exert 
their immunosuppressive effect. The nature of the immunomodulatory effect of MSC 
depends on local immunological conditions, where in particular IFN-γ and TNF-α play 
a crucial role in inducing the immunosuppressive function of MSC.91 IFN-γ which has 
the potential to provoke PGIA92 is a very powerful inducer (license) of MSC 
immunosuppressive activity.93 MSC interact with T-lymphocytes, B-lymphocytes, NK-
cells and dendritic cells through growth factors such as Transforming Growth Factor-β 
and Hepatocyte Growth Factor,94 cytokines such as IL-10 and directly via adhesion 
molecules95 with a general effect to skew the immune-response towards anti-
inflammatory or tolerant phenotypes, including a shift from Th1 towards Th2.96 
Furthermore the MSC can exert a systemic effect without migrating themselves by 
means of MSC-derived microvesicles.97 Microvesicles are viewed as potential mediators 
to shed peripheral tolerance toward auto-reactive cells via bearing of tolerogenic 
molecules.97 This would explain why it was not visible by BLI, since our marked MSC 
contain luciferase in their DNA only. We are now performing new studies to analyse 
the potential of MSC derived exosomes98 compared to MSC in suppressing PGIA.
Our study thus showed for the first time the therapeutic suppressive effect of 
intraperitoneal and intraarticular MSC in a non-collagen induced arthritis model. In 
our opinion, this further supports the potential clinical and intraarticular use of MSC 
in inflammatory arthritis since before clinical trials are started on the basis of available 
evidence from preclinical studies it is not sufficient to rely on the evidence of benefit 
obtained in a single animal model99 and 2 different RA models are more predictive of 
clinical efficacy in human RA than data from either model alone.100

To translate our knowledge from the bench to bedside we first reviewed literature. In 
Chapter 11 we reviewed the data of in vitro studies, animal studies and clinical studies. 
We review the immunomodulatory properties of MSC and the presence of MSC in the 
normal joint and joint disease. We discuss the different doses and frequencies of MSC 
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therapy, autologous versus allogeneic origin, the different tissue-sources of MSC 
currently used: bone marrow, adipose tissue, umbilical cord, amniotic membrane or 
placenta. We show what is known about the distribution of the cells throughout the 
body after intravenous (iv) administration, the level of engraftment, the hypothetical 
transdifferentiation and the speed of rejection. The side effects of systemic or ia 
administered MSC in animals studies as well as in human clinical studies are reviewed. 
The clinical efficacy of MSC in the setting of inflammatory arthritis in both animal 
models and patients are shown and the expected benefits and downsides of ia versus 
iv route are discussed. 
After finishing this review we discussed with the Dutch Central Committee on Research 
Involving Human Subjects (CCMO) what would be the best way to perform our Phase 
Ib/IIa, open label intervention study with allogeneic MSC in JIA patients previously failing 
all biologicals registered for their diagnosis funded by the Netherlands Organisation 
for Health Research and Development (ZonMw). We chose to administer the allogeneic 
bone marrow derived MSC101 via the known iv route as already used in our hospital for 
steroid resistant GVHD. In Chapter 12 we show the results of iv administration of 2 
million MSC /kg body weight in 6 very therapy refractory JIA patients. All patients 
suffered from articular and/or extra-articular damage by either their disease or by the 
medication used. Interestingly, it was not very easy to recruit patients for this study 
since nowadays it is rather rare to be refractory to all registered drugs for their specific 
subtype of JIA. Three patients (referred from other centres, including 2 foreign centres) 
had the follow-up visits by their local treating physician. All 6 patients had failed 
methotrexate, corticosteroids and median 5 (2-7) different biologicals. All patients had 
discontinued their biological therapy at a median of 9 weeks before their first MSC 
administration. MSC were administered at baseline in all patients and repeated in the 
3 patients that qualified for it. Other anti-rheumatic therapy changes than the MSC 
were made in patients 2, 4, 5 and 6 at week 28, 22, 13 and 9 respectively. 
No acute infusion reactions were observed during any of the 9 MSC-administrations 
which is in agreement with the meta-analysis showing no reports of acute infusional 
toxicity in 13 studies using unmatched allogeneic MSC.102 Although transient fever 
without long term sequelae was significantly associated with MSC administration, we 
did not observe fever during or short after MSC infusion in our study,102 Strikingly, we 
found a lower incidence for (both moderate-severe and serious) AE’s post-treatment 
than pre-treatment, even though we ascribed all found AE’s within a year to the MSC 
infusion(s). Some of the adverse events that we encountered post-treatment were due 
to a chronic pre-existent problem (faecal impaction) and probably just a common viral 
respiratory tract infection. The bilateral pneumonia one patient had at week 50 was 
more likely to be due to the combination of 10 mg/d prednisolone and repeated 
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rituximab infusions she had 20 weeks after the single infusion MSC than due to the 
MSC. Indeed in 7,884 patients in the international Pharmachild study an odds ratio of 
112 was found for infection when using steroids, rituximab and a DMARD during the 
last 6 months (compared to patients only on NSAIDs and/or intraarticular steroids).103 
The one systemic JIA (sJIA) patient in our study with a history of both MAS and recurrence 
of systemic symptoms 4 weeks after discontinuation of tocilizumab years earlier, did 
now suffer from an evolving MAS 9 weeks after the discontinuation of tocilizumab, but 
we cannot claim that the MSC infusion 7 weeks earlier was not causative. It should be 
noted that this patient had no laboratory or clinical effect of the single infusion of MSC, 
but rather suffered from a flare already 3 weeks before the evolving MAS. This flare is 
also more likely due to the second unsuccessful discontinuation of the tocilizumab in 
this patient, than provoked by the immunosuppressive MSC.
In our study 4 out of 6 patients showed a decrease of clinically active joints 4 and 8 
weeks after the first MSC administration with a decrease of CRP and ESR in 3 of the 4 
patients with an elevated value at the start. Three out of 6 had clinically inactive disease 
after a year with a 4th almost reaching this. Two of these 4 well responding patients did 
also receive additional treatments half way, while discussing about an HSCT at that 
stage. One patient received two rituximab infusions and the other now attained inactive 
disease on etanercept which failed him in the past. Also significantly lower active joint 
counts, VAS well-being, PGA, JADAS71 and cJADAS10 were found at the end of our study. 
This is in line with what was found in other studies. One study described the iv 
administration of 40 million umbilical cord derived MSC (UC-MSC), which was repeated 
after 3 months in 10 children with inflammatory arthritis all using steroids.104 Since in 
8 of these patients repeated fever was mentioned as a symptom, likely 80% had sJIA, 
but unfortunately the authors referred to a non-existing classification system for the 
arthritis.104 It is not known if any patient still had active systemic features when entering 
the study or what their active joint count was. However, the treatment was found to 
be safe and an improvement was observed in an adult disease activity score they used, 
as well as a decrease of ESR and CRP and better functionality and growth.104 In 
rheumatoid arthritis (RA) in 136 patients 40 million allogeneic UC-MSC iv also induced 
a significant remission of disease, which maintained for 3–6 months without continuous 
administration compared to 36 control patients.105 A trend for clinical efficacy was 
furthermore observed in a randomised, single-blind (double-blind for efficacy), placebo-
controlled, phase Ib/IIa clinical trial in 53 patients with active refractory RA (failure to 
at least two biologicals) receiving three intravenous infusions of allogeneic adipose-
tissue derived MSC.106 
Regarding the immunomodulatory mode of action of MSC, we could not draw any 
conclusions from our results. Increased concentrations of IL-10, IL-13, IL-17, IFN-γ and 
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IP-10 (CXCL10) in the supernatant of overnight stimulated PBMC were observed, but 
with a large variation between patients over time. We did however not find decreased 
serum levels of TNFα and IL-6, nor an increased percentage of CD4+CD25+Foxp3+ 
regulatory T cells as found in two studies,104,105 but not in another.106

We conclude that MSC are safe in JIA patients, but one should be aware of (evolving) 
MAS in sJIA patients and consider to not concomitantly discontinue the “failing” biologic 
treatment since it might still unknowingly suppress the systemic features. Furthermore 
we feel that our data support the idea that iv administration of MSC might be efficacious 
even in very therapy-refractory JIA patients with articular and/or extra-articular damage.  
Further studies are needed to confirm the safety and efficacy of MSC in JIA and we are 
already involved in the start of such trials in Cleveland USA and in Rome Italy.

Tailoring treatment in JIA: Future perspectives
Personalized medicine will replace standard step-up therapy in JIA.
Ideally, algorithms can be made for the individual disease-phenotype, the prediction 
of non-response to specific drugs, risk of side effects, risk of comorbidities, risk of 
damage and the risk of failing therapy-withdrawal. After knowing the values, 
preferences and personal goals of a patient and integrating these with extensive clinical 
and laboratory characteristics a tailor-made treatment plan would then be presented 
with the maximum chance for success. A big step forward has recently been made by 
a Canadian/Dutch consortium (UCAN CAN-DU) in which all academic paediatric 
rheumatology centres in those countries commit themselves to collect the same clinical 
and biological data of thousands of JIA patients. Patients, parents, laboratory 
technicians, mathematicians, health economists, application builders, psychologists, 
anesthiologists, ophthalmologists, educators, geneticists, stakeholders are all involved 
in this unprecedented project.
We want to define a robust biology-based disease taxonomy that accurately predicts 
disease trajectories with this project funded by the Dutch Arthritis Foundation, ZonMw 
and the Canadian Institutes of Health Research. Another project is UCAN CURE in which 
the same consortium collaborates with Canada to develop the first genomics-based, 
low-cost biomarker blood test to rapidly identify the best treatment for each child. 
These projects will also use novel eHealth-tools for clinicians and patients with real-
time integration of individual biological profiles and (graphical) feedback of their 
disease activity status. A smartphone- and web-based system of eHealth apps will give 
children and their families a powerful voice and establish an integrated network of 
patients, physicians and researchers. 
The health economic part of the study will look at the associated health care resource 
use and costs of the integrated multi-dimensional disease trajectories. The adverse 
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events will be recorded via Pharmachild (Europe) or the Childhood Arthritis and 
Rheumatology Research Alliance (Canadian centers). An updatable model of the risks, 
benefits and costs of biological therapy will help inform health-policy decision makers. 
The research is expected to have immediate impact on treatment for children with JIA, 
improving their health and the quality of life for themselves and their families. We are 
confident that with the commitment of all paediatric rheumatology care providers 
across Canada and the Netherlands to the UCAN CAN-DU mission of integrating 
innovative precision medicine strategies into practice, we will forever transform the 
care of children with arthritis in our countries and beyond. 
Soon the patient will be fully engaged in all dimensions concerning the care. They will 
be equipped to voice their opinions and modify their care as felt necessary and in line 
with their values and preferences.
We will start to implement treat-to-target therapy in JIA and standardize our care. We 
will be able to reduce the burden of the logistics of the hospital system and take notice 
of what happens at home by a new continuum of care. We believe that soon we do 
not need to try MTX in every patient which is not tolerated by half and will not be 
effective in many patients either. We will be able to prevent serious infections because 
we will not need corticosteroids as much anymore since we start personal effective 
medication in a more timely fashion. We may prevent, screen or at least early detect 
comorbidities in JIA patients since we know what to look for or even how to avoid them. 
For our refractory JIA-patients we will always look for alternative evidence-based cellular 
or non-cellular treatments with as little as possible side effects. We are welcoming 
personalized precision medicine and will continue to improve our “Tailoring treatment 
in JIA”.
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SUMMARY 

SUMMARY

This thesis describes the results of epidemiological, preclinical and clinical research in 
juvenile idiopathic arthritis (JIA) aiming at the unmet needs in treatment. 

In Chapter 1 I described how current treatment in JIA is performed and what issues 
patients may encounter due to the disease or its treatment. The unmet needs and 
necessity for tailoring the treatment in JIA are outlined.

PART 1 THERAPEUTIC STRATEGIES IN JIA

In Chapter 2 I reviewed the relevant time points in JIA (individual risk of disease, 
complications, damage, prediction of response to, and successful withdrawal of 
therapy) for which biomarkers may represent strong added value and which are already 
used or currently under study for clinical practice. For non-systemic JIA subtypes Human 
Leukocyte Antigen-B27, antinuclear-antibodies, rheumatoid factor, erythrocyte 
sedimentation rate and C-reactive protein are still used for classification, prognosis or 
active disease. Further immunological studies identified new immune markers (e.g. 
Myeloid Related Protein [MRP]-8, MRP-14 and S100-A12) and we describe the current 
status of immunological biomarkers used in diagnosis and treatment of JIA.

In Chapter 3 I described that in our center the worldwide accepted “American College 
of Rheumatology recommendations on the treatment of JIA” (ACR-CPG) are not strictly 
followed and that the implementation of the ACR-CPG would increase the current anti-
Tumor necrosis factor (anti-TNF) use from 12% to 65% one year after the start of 
methotrexate (MTX). The decision not to escalate was correct in 70%–75% as shown by 
MTX response and the implementation of the ACR-CPG would lead to overtreatment. 
Physicians in our center escalate to anti-TNF in patients with significantly higher 
physician global assessment, clinical JADAS (cJADAS) and patient Visual Analogue Scale 
(VAS).  The use of (c)JADAS in identifying patients in need of anti-TNF therapy outperforms 
the ACR-CPG with a much higher sensitivity, specificity and accuracy. The cJADAS 
threshold for treatment escalation at month 3 and 6 is >5 and >3 for oligoarticular JIA 
and >7 and >4 for polyarticular course JIA, respectively. The performance of the cJADAS 
decreases when the patient VAS contribution to the total score was restricted and overall 
did not improve by adding the erythrocyte sedimentation rate. For the first time it was 
shown that the cJADAS identifies patients in need of anti-TNF and is a user-friendly tool 
ready to be used for treat-to-target in JIA.
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PART 2 PHARMACOVIGILANCE IN JIA

In Chapter 4 I reviewed the known immunological consequences of biological therapies 
used in JIA. For every frequently used biological agent their characteristics are clearly 
specified (molecular target, the isotype, registered indication for JIA, route of 
administration, half-life, contraindication, very common side effects, expected time of 
response and average cost in the first year). For every separate agent the adverse 
events have been calculated as incidence per 100 patient-years for the following 
categories: serious infections, tuberculosis, malignancies, response to vaccination, 
new-onset autoimmune diseases and development of anti-drug antibodies. There are 
large differences in side effects between various agents and there is a clear need for 
an international and standardized collection of post-marketing surveillance data of 
biologicals in the vulnerable group of JIA patients.

In Chapter 5 I presented the set up and the first results of the largest international 
pharmacovigilance JIA registry called Pharmachild. Sharing of data from national and 
international registries represents the most powerful tool for future analysis of safety 
and effectiveness of immunosuppressive therapies in JIA. The baseline characteristics 
of 15,284 patient’s are reported: 8,274 (54.1%) from the Pharmachild registry, 3,990 
(26.1%) from the German (BiKeR) and 3,020 (19.8%) from the Swedish registry. 
Pharmachild patients showed a younger age (median of 5.4 years versus 7.6) at JIA 
onset and shorter disease duration (5.3 versus 6.1-6.8) when compared to the other 
registries. The most frequent JIA category was the rheumatoid factor negative 
polyarthritis (range 24.6-29.9%). MTX (61-84%) and etanercept (24%-61.8%) were the 
most frequently used synthetic and biologic disease-modifying anti-rheumatic drug 
(DMARD), respectively. There was a wide variability in glucocorticoid use (16.7-47.6%). 
Serious adverse events were present in 572 (6.9%) patients in Pharmachild versus 297 
(7.4%) in BiKeR. Infection and infestations were the most frequent AE (29.4-30.1%) 
followed by gastrointestinal disorders (11.5-19.6 %). The most frequent predefined 
events of specific interest were infections (75.3-90.2%).

In Chapter 6 I analyzed and described the predictive risk factors for moderate, severe 
and serious infections in patients using drugs for JIA. The data of 7,884 unique JIA 
patients with 49,708 observation years were available. We excluded 915 patients who 
had no recordings of any drug use for their JIA. In 6,969 patients (2/3 with ever a 
biological) with a median follow-up of 5.3 years 9.9% had at least one moderate 
infection. Polyarticular course (OR 1.3) and systemic JIA (OR 1.7), younger age at 
diagnosis (OR 2.3) and antinuclear antibody (ANA) positivity (OR 1.6) are all risk factors 
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of infection. Our study is the first observational study showing that MTX increases the 
risk of infection (OR 5.1) compared to patients only on NSAIDs or i.a. steroids. Biologics 
also increased the risk of infection (OR 2.7) and even higher (OR 3.7) when combined 
with MTX. The addition of steroids to both MTX and biologics increased the risk of 
infection even more significantly (OR 11.9 and 10.5, respectively). An enormous increase 
in the risk of infection (OR 112) was associated with rituximab with steroids and 
DMARDs. 

In Chapter 7 I analyzed and described 1,585 moderate or worse infections in 895 
(10.8%) of 8,274 JIA patients during a median observation of more than 6 years. For 
adjudication by an infectious expert panel 772 events in 572 patients were eligible of 
which 335 as serious/very severe/severe non-opportunistic infections and 437 classified 
as opportunistic infections (OI) by the local pediatric rheumatologist. Of these 772 
safety events the experts considered 682 (99.0%) as infections, 603 (88.4%) as common 
and only 119 (17.4%) as opportunistic. Therefore OI had an incidence rate of 2.4 per 
1,000 patient-years. Of the cases in which consensus was reached, the experts 
considered in 77% the treatment of the adjudicated infection appropriate and in 76% 
the drug possibly related to the event. Herpes viral infections, respiratory tract 
infections and EBV were the most frequent infections, while the 119 events of 
adjudicated opportunistic infections (OI) consisted of many complicated herpes virus 
infections and mycobacterial infections. Because there was a great gap between local 
pediatric rheumatologists and the consensus expert opinion of what was considered 
as OI, we provided an expert panel approved list of definite and probable OI in children 
with JIA on immunosuppressive drugs. If this OI-list was used as diagnostic test for 
diagnosing OI (with the expert panel as the gold standard), the sensitivity of the OI-list 
would be 86% (19/22) and the specificity 98% (117/119). The consensus list on the 
definition of opportunistic infections in JIA patients makes future studies on this subject 
easier to compare.

PART 3 THE BURDEN OF COMORBID CONDITIONS

In Chapter 8 I analyzed and described the data of 8,309 patients with a total observation 
time of 50,767 patient-years. Only chronic diseases with a duration longer than 3 
months were considered as comorbidity. We found 4,451 comorbidities in 3,059 
patients. Therefore 36.8% of our JIA patients had a comorbidity with uveitis (17.6%), 
psoriasis (2.9%), macrophage activation syndrome (1.7%), asthma (1.5%) and thyroid 
disease (1.2%) forming the top 5 most prevalent diseases. Celiac disease, inflammatory 
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bowel disease, depressive disorder and diabetes mellitus were also not uncommon 
(around 0.5%). Malignancies, demyelinating diseases and interstitial lung disease were 
not seen more often than in the general population. Having a comorbid condition 
negatively impacted our patients on pain, well-being, functioning and quality of life.

PART 4 CELLULAR THERAPIES FOR THERAPY-REFRACTORY ARTHRITIS

In Chapter 9 I reviewed autologous haematopoietic stem cell transplantation (HSCT) 
as the only treatment able to induce long-term, drug-free and symptom-free remission 
in several refractory autoimmune rheumatic diseases. Over 3,000 HSCT procedures 
for rheumatic and non-rheumatic severe autoimmune diseases have been performed 
worldwide. Specific conditioning regimens are currently used to eradicate the 
autoreactive immunological memory of patients. Although in vivo immune cell depletion 
with anti-thymocyte globulin or anti-CD52 is the norm for many regimens, ex vivo 
selection of CD34+ stem cells from the graft is controversial. Following the extensive 
immune depletion associated with serotherapy and chemotherapy, HSCT effectively 
resets the immune system by renewing the CD4+ T cell compartment, especially the 
regulatory T cell population. The risk of transplant-related mortality (TRM) within the 
first 100 days should be weighed against the risk of disease-related mortality, and the 
careful selection and screening of patients before transplantation is essential. I discuss 
the immunological mechanisms of HSCT in various autoimmune diseases and current 
HSCT regimens. After carefully taking into consideration the risks and benefits of HSCT 
and alternative therapies, I also discuss the efficacy, complications and proposed 
indications of this procedure.

In Chapter 10 I presented the results of an experimental arthritis model. I showed 
that both intraperitoneal (ip) and intraarticular (ia) mesenchymal stromal cell (MSC) 
injection resulted in a beneficial clinical and histological effect on established 
proteoglycan induced arthritis (PGIA) in mice. Bioluminescence imaging showed that 
MSC ip and ia in arthritic mice are largely retained for several weeks in the peritoneal 
cavity or injected joint respectively, without signs of migration. Following MSC treatment 
pathogenic PG-specific IgG2a antibodies in serum decreased. The Th2 cytokine 
Interleukin-4 (IL-4) was only upregulated in PG-stimulated lymphocytes from spleens 
in ip treated mice and in lymphocytes from draining lymph nodes in ia treated mice. 
An increase in production of IL-10 was seen with equal distribution. Although 
interferon-γ (IFN-γ) was also elevated, the IFN-γ/IL-4 ratio in MSC treated mice was 
opposite to the ratio in (untreated) active PGIA. 
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In Chapter 11 I reviewed the literature regarding MSC treatment of inflammatory 
arthritis; containing data of in vitro studies, animal studies and clinical studies. The 
properties of MSC, presence of MSC in the joint, intra-articular versus intravenous 
route, autologous versus allogeneic, ideal source of MSC, distribution, 
transdifferentiation, engraftment, rejection, efficacy and toxicology are all discussed 
in detail.

In Chapter 12 I described that in a single-center Phase Ib/IIa, open label intervention 
study 6 JIA patients received 2 million/kg intravenous infusions of allogeneic bone-
marrow derived MSC. In case of response but subsequent loss of response, one and 
maximal two repeated infusions were allowed. The 6 patients had 9.2 years median 
disease duration and all had failed methotrexate, corticosteroids and median 5 
different biologicals. All had still active arthritis and damage. MSC were administered 
twice in 3 patients. 
No acute infusion reactions were observed and a lower post-treatment than pre-
treatment incidence in AE’s was found. The one systemic JIA patient had again an 
evolving macrophage activation syndrome, 9 weeks after tocilizumab discontinuation 
and 7 weeks post-MSC infusion. 
Eight weeks after one MSC infusion, 4 patients showed less active joints, 5 patients 
improved in many clinical parameters and inflammatory parameters decreased in 3/4. 
After 1 year, we found significantly lower active joint counts, improved well-being 
scores, normalized median ESR- and CRP-levels. Inactive disease was reached by 3 
patients at 1 year. 

GENERAL DISCUSSION

In Chapter 13 I integrated the knowledge derived from this thesis and explored what 
can be implemented already in clinics. I discussed the remaining questions and 
presented what future studies are already planned or yet need to be set up in order 
to further improve the lives of children with JIA.
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LIST OF ABBREVIATIONS

LIST OF ABBREVIATIONS

ACPA Anti-Citrullinated Peptide Antibody-Positive
American College Of Rheumatology 
American College Of Rheumatology Clinical Practice Guideline
Anti-Drug Antibodies
Attention Deficit Hyperactivity Disorder 
Adverse Events
Active Joint Count
Antinuclear Antibodies
Anti-Tumour Necrosis Factor
Autologous Haematopoietic Stem Cell Transplantation 
Antithymocyte Globulin
Area Under The Curve
Bioluminescence Imaging
Bone Marrow-Derived Msc
Celiac Disease 
Colony Forming Units
Childhood Health Assessment Questionnaire
Collagen-Induced Arthritis
Center For International Bone Marrow Transplant Registry
Clinical Juvenile Arthritis Disease Activity Score
Case Report Form
C-Reactive Protein
Diffusing Capacity Of The Lung For Carbon Monoxide
Diabetes Mellitus 
Disease-Modifying Anti-Rheumatic Drug
European Society For Blood And Marrow Transplantation
Events Of Specific Interest
Erythrocyte Sedimentation Rate
Etanercept
European League Against Rheumatism 
Eular Recommendations For Treatment Of Ra
Female
Food And Drug Administration Of The Usa
Granulocyte Colony Stimulating Factor
Green Fluorescent Protein 
Graft-Versus-Host-Disease

ACR
ACR-CPG
ADA
ADHD
AE
AJC 
ANA
Anti-TNF
ASCT
ATG
AUC
BLI
BM-MSC
CD
CFU
CHAQ
CIA
CIBMTR
cJADAS
CRF
CRP
DLCO
DM
DMARD
EBMT
ESI
ESR
ETN
EULAR
EULAR-RA
F
FDA
G-CSF
GFP
GVHD
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HLA Human Leukocyte Antigen
High Level Term 
Hazard Ratio 
Haematopoietic Stem Cell Transplantation
Intra-Articular
Inflammatory Bowel Disease
Interferon-Γ
Immunoglobulin-G
Interleukin
International League Of Associations For Rheumatology
Interquartile Range
Incidence Rate Ratio
International Society For Cellular Therapy
Intravenous
Juvenile Arthritis Disease Activity Score 
Juvenile Arthritis Damage Index
Juvenile Arthritis Functionality Scale
Juvenile Arthritis Multidimensional Assessment Report
Juvenile Idiopathic Arthritis 
Lower Level Term
Macrophage Activation Syndrome
Macrophage Activation Syndrome 
Medical Dictionary For Regulatory Activities
Major Histocompatibility Complex
Magnetic Resonance Imaging Scan
Myeloid Related Protein
Modified Rodnan Skin Score
Multiple Sclerosis
Mesenchymal Stromal Cells
Methotrexate
Not Applicable
Non-Steroidal Anti-Inflammatory Drugs 
Opportunistic Infections 
Oligoarticular Jia
Odds Ratio
Peripheral Blood Mononuclear Cells
Phosphate-Buffered Saline
Proteoglycan

HLT
HR
HSCT
IA
IBD
IFN-γ
IgG
IL
ILAR
IQR
IRR
ISCT
IV
JADAS
JADI
JAFS
JAMAR
JIA
LLT
MAS
MAS
MedDRA
MHC
MRI
MRP
mRSS
MS
MSC
MTX
NA
NSAIDs
OI
OJIA
OR
PBMC
PBS
PG
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PGA Physician Global Assessment
Proteoglycan-Induced Arthritis
Primary Immunodeficiency 
Polyarticular Course Juvenile Idiopathic Arthritis
Paediatric Rheumatology International Trials Organisation
Patient Reported Outcome
Preferred Terms 
Rheumatoid Arthritis 
Randomized Controlled Trial
Rheumatoid Factor 
Relative Risk
Safety Adjudication Committee 
Serious Adverse Events
Synovial Fluid
Standardized Incidence Ratio 
Systemic Jia
Systemic Lupus Erythematosus
System Organ Class
Tuberculosis 
T Cell Receptor
Transplant-Related Mortality
Upper Limit Of Normal
Parent/Patient Visual Analogue Scale Of Well Being
Varicella Zoster Virus

PGIA
PID
PJIA
PRINTO
PRO
PT
RA
RCT
RF
RR
SAC
SAE
SF
SIR
sJIA
SLE
SOC
TB
TCR
TRM
ULN 
VAS 
VZV
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Jeugdreuma of juveniele idiopathische artritis (JIA) is de meest voorkomende chronische 
reumatische aandoening bij kinderen. Jeugdreuma treft jaarlijks in Europa tussen de 
16 en 150 per 100.000 kinderen en is een belangrijke oorzaak van kortstondige en 
langdurige invaliditeit. Men spreekt van jeugdreuma als er vóór de leeftijd van 16 jaar 
een ontstoken gewricht optreedt zonder duidelijke oorzaak en deze langer dan 6 weken 
aanhoudt. Binnen de ziekte jeugdreuma worden al 20 jaar verschillende groepen 
onderkend met als belangrijkste schifting het wel of niet behoren tot de categorie van 
systemische JIA (10% van het totaal) waarbij patiënten piekende koorts hebben en 
veelal ook betrokkenheid buiten de gewrichten (huid, lymfeklieren, lever, milt, buikvlies, 
hartzakje). Bij de overige 90% vormt het tellen van het aantal betrokken gewrichten in 
de eerste 6 maanden het voornaamste onderscheid. Een aantal van maximaal 4 in de 
eerste 6 maanden wordt oligoarticulaire JIA genoemd en vanaf 5 gewrichten heet het 
polyarticulaire JIA. Als na 6 maanden de oligoarticulaire JIA toch uitbreidt naar een 5e 
gewricht spreekt men van polyarticulair verlopende JIA. De biologische basis van deze 
verouderde indeling blijkt echter zwak en is onderwerp van discussie onder 
kinderreumatologen. Niet alleen is dat tellen voor de groepsindeling (nog) van belang 
maar ook voor alle belangrijke beslissingen, zoals voor de keuze van de te starten 
behandeling of wanneer er een medicament bijgegeven of gewijzigd moet worden.
De huidige medicamenteuze behandelstrategieën in JIA volgen een strikt escalatie-
schema met verschillende type geneesmiddelen die in vaste volgorde stuk voor stuk 
maanden worden uitgeprobeerd totdat er voldoende effect is bereikt. Het eerste anti-
reumatische geneesmiddel dat patiënten krijgen als lokale gewrichtsinjecties met 
corticosteroïden niet werken of technisch onmogelijk zijn is methotrexaat (MTX). We 
weten vooraf echter al dat circa 1/3 van de patiënten hier niet voldoende aan zal 
hebben en ook dat 50% van de patiënten het geneesmiddel op termijn niet zal 
verdragen. Pas na het falen van de MTX mag de volgende nieuwere klasse (kostbare) 
geneesmiddelen worden voorgeschreven. Dit betreft biologisch geproduceerde 
geneesmiddelen, ook wel biologicals genoemd, waaronder de meest gebruikte variant 
de anti-tumor-necrose factor (anti-TNF) middelen. Naast de kosten worden de 
bijwerkingen zoals risico op ernstige infecties soms aangevoerd om de volgorde van 
MTX vóór anti-TNF te rechtvaardigen. Al met al zijn de huidige strategieën helaas 
tijdrovend, belastend, vooral op artsen gericht en bovendien qua timing ook niet erg 
transparant. 
Naast de last van de JIA zelf en de bijwerkingen van geneesmiddelen kunnen kinderen 
met JIA ook lijden aan een andere chronische ziekte, dit wordt ook wel comorbiditeit 
genoemd. Hoe vaak dit voorkomt is echter onbekend, maar een comorbiditeit kan wel 
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gevolgen hebben voor de keuze van het type geneesmiddel tegen JIA. In uitzonderlijke 
gevallen waarin de voor JIA geregistreerde geneesmiddelen falen is een 
stamceltransplantatie nog een behandeloptie. Deze behandeling is niet ongevaarlijk 
zodat er ook veiliger alternatieven moeten worden onderzocht.

Dit proefschrift beschrijft de resultaten van zowel epidemiologisch, preklinisch als 
klinisch onderzoek gericht op de verbetering van de behandeling van JIA.

In hoofdstuk 1 beschreef ik hoe de huidige behandeling in JIA momenteel wordt 
uitgevoerd en welke problemen patiënten kunnen tegenkomen als gevolg van de ziekte 
of de behandeling ervan. De nog onvervulde behoeften rondom JIA en de noodzaak 
om de huidige behandeling aan te passen, worden geschetst.

 
DEEL 1 THERAPEUTISCHE STRATEGIEËN IN JIA 

In hoofdstuk 2 besprak ik de relevante tijdstippen in JIA (individueel risico op het 
krijgen van de ziekte, complicaties, schade, voorspelling van goede reactie op en 
succesvolle stopzetting van behandeling). Biologische markers (biomarkers) zijn 
indicatoren van de medische toestand van een patiënt die objectief gemeten kunnen 
worden. Bij JIA worden de erfelijke factor HLA-B27, de antinucleaire antilichamen, 
reumafactor, bloed bezinkingssnelheid en C-reactief eiwit gebruikt voor indeling, 
voorspelling van het beloop en/of voor het weerspiegelen van actieve ziekte. Ik beschrijf 
de huidige en toekomstige toepassing van biomarkers voor de diagnose en behandeling 
van JIA.
 
In hoofdstuk 3 beschreef ik dat in ons centrum de wereldwijd geaccepteerde “American 
College of Rheumatology-aanbevelingen voor de behandeling van JIA” (ACR-CPG) niet 
strikt worden opgevolgd. Indien dit wel zou worden nageleefd dan zou 1 jaar na de 
start van MTX het gebruik van anti-TNF middelen van 12% tot 65% stijgen. Afgaand op 
het bereiken van 0 ontstoken gewrichten na 1 jaar MTX, was de beslissing om geen 
anti-TNF te geven echter nu terecht in al 70-75%. Het invoeren van de ACR-CPG zou 
dus leiden tot overbehandeling. 
Artsen in ons centrum starten de anti-TNF bij patiënten met een aanzienlijk hogere 
ziekte-ernst ingeschat door artsen, een slechtere score op welzijn gescoord door 
patiënt/ouders en een hogere score op de cJADAS. Deze cJADAS is een gecombineerde 
ziekte-activiteitsscore bestaande uit de ziekte-ernst score van de artsen, de welzijnsscore 
van de patiënt en het aantal ontstoken gewrichten.
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We tonen aan dat het gebruik van de cJADAS voor het opsporen van patiënten die 
anti-TNF-therapie nodig hebben om een jaar na starten van MTX geen ontstoken 
gewrichten meer te hebben, veel beter werkt dan het strikt naleven van de ACR-CPG. 
Deze prestaties van de cJADAS nemen af   wanneer de bijdrage van de welzijns-score 
van de patiënt aan de totale score beperkt werd. De toevoeging van de bloed 
bezinkingssnelheid verbeterde de prestaties niet. Voor de eerste keer werd door ons 
aangetoond dat de cJADAS een gebruiksvriendelijke tool is klaar om gebruikt te worden 
voor een zogenaamde treat-to-target behandelstrategie in JIA. Treat-to-target 
behandeling is een transparante strategie waarbij specifieke doelen gesteld worden 
door arts én patiënt binnen vastgestelde termijnen.
De cJADAS-drempel voor de noodzaak tot start anti-TNF in maand 3 en 6 is > 5 en > 3 
voor respectievelijk oligoarticulaire JIA en > 7 en > 4 voor polyarticulaire verlopende JIA. 

DEEL 2 GENEESMIDDELENBEWAKING BIJ  J IA 
 
In hoofdstuk 4 besprak ik de reeds bekende gevolgen voor het afweersysteem van 
biologische therapieën die in JIA worden gebruikt. Voor elk vaak gebruikt biologisch 
geneesmiddel zijn hun kenmerken weergegeven (moleculair doelwit, geregistreerde 
indicatie voor JIA, wijze van toediening, halfwaardetijd, contra-indicatie, zeer vaak 
voorkomende bijwerkingen, verwachte responstijd en gemiddelde kosten in het eerste 
jaar). Voor elk afzonderlijk middel zijn de bijwerkingen berekend als vóórkomen per 
100 patiëntjaren voor de volgende categorieën: ernstige infecties, tuberculose, 
maligniteiten, respons op vaccinatie, nieuw ontstane auto-immuunziekten en de 
ontwikkeling van antilichamen tegen geneesmiddelen. Indien al bekend, dan zijn er 
grote verschillen in bijwerkingen tussen de verschillende middelen en er is een 
duidelijke behoefte aan een internationale en gestandaardiseerde verzameling van 
bijwerkingen bij biological-gebruik in de kwetsbare groep JIA-patiënten.
 
In hoofdstuk 5 presenteerde ik de opzet en de eerste resultaten van het grootste 
internationale Bijwerkingen JIA-register met de naam Pharmachild. Het delen van 
gegevens uit nationale en internationale registers vormt het krachtigste hulpmiddel 
voor toekomstige analyse van veiligheid en effectiviteit van behandelingen in JIA. De 
kenmerken van 15.284 patiënten zijn gerapporteerd: 8.274 (54.1%) van het Pharmachild-
register, 3.990 (26.1%) van de Duitse (BiKeR) en 3.020 (19.8%) van de Zweedse database. 
Pharmachild-patiënten waren jonger (gemiddeld 5,4 jaar versus 7,6) bij aanvang van 
de JIA en hadden een kortere ziekteduur (5,3 versus 6,1-6,8) in vergelijking met de 
andere registers. De meest voorkomende JIA-categorie was de reumafactor negatieve 
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polyartritis (bereik 24,6-29,9%). MTX (61-84%) en het anti-TNF middel etanercept (24% 
-61,8%) waren respectievelijk het meest gebruikte synthetische en biologische ziekte-
modificerende anti-reumatische medicijn (DMARD). Er was een grote variabiliteit in het 
gebruik van corticosteroïden (16,7 - 47,6%). Ernstige bijwerkingen waren aanwezig bij 
572 (6,9%) patiënten in Pharmachild versus 297 (7,4%) in BiKeR. Infectie en parasitaire 
aandoeningen waren de meest frequente bijwerkingen (29,4-30,1%) gevolgd door 
gastro-intestinale stoornissen (11,5-19,6%).
 
In Hoofdstuk 6 analyseerde en beschreef ik de voorspellende risicofactoren voor 
matige, ernstige en zeer ernstige infecties bij patiënten die medicijnen gebruiken tegen 
JIA. De gegevens van 7.884 unieke JIA-patiënten met 49.708 observatie-jaren waren 
beschikbaar. We hebben 915 patiënten uitgesloten die geen registratie hadden van 
medicatiegebruik voor hun JIA in de 6 maanden voor hun laatste poliklinische  visite 
of in de 6 maanden voor een infectie. Bij 6.969 patiënten (2/3 gebruikte ooit een 
biological) met een mediane follow-up van 5,3 jaar had 9,9% tenminste één matige 
infectie. Polyarticulaire verlopende JIA (Odds Ratio 1.3) en de categorie systemische JIA 
(OR 1.7), jongere leeftijd bij diagnose (OR 2.3) en antinucleaire antilichaam (ANA) 
positiviteit (OR 1.6) zijn allemaal risicofactoren voor infectie. Onze studie is de eerste 
observationele studie die aantoont dat MTX het risico op infectie verhoogt (OR 5.1) 
vergeleken met JIA patiënten die alleen middelen als ibuprofen gebruiken of 
gewrichtsinjecties hebben gehad met corticosteroïden. Het gebruik van biologische 
geneesmiddelen verhoogde ook het risico op infectie (OR 2,7) en was zelfs hoger (OR 
3,7) in combinatie met MTX. De toevoeging van corticosteroïden aan zowel MTX als 
biologische geneesmiddelen verhoogde het risico op infectie zelfs nog aanzienlijk 
verder (OR 11,9 en 10,5 respectievelijk). Een enorme toename van het risico op infectie 
(OR 112) werd gezien bij de geneesmiddelencombinatie van de biological rituximab 
met corticosteroïden en DMARD.

In Hoofdstuk 7 analyseerde en beschreef ik 1.585 matige of ernstiger infecties bij 895 
(10.8%) van de 8.274 JIA-patiënten gedurende een observatie van meer dan 6 jaar 
gemiddeld. Aan een panel van infectie-deskundigen werden ter beoordeling 772 
gebeurtenissen van bijwerkingen bij 572 patiënten aangeboden (de matige infecties 
waren er tussenuit gehaald). Van deze 772 waren er 437 geclassificeerd als 
opportunistische infecties (OI) door de lokale kinderreumatoloog. Een opportunistische 
infectie is een infectie die kan optreden bij mensen met een verminderde afweer maar 
bij een gezond persoon niet tot een dergelijk ziektebeeld zou leiden. Van alle 772 
bijwerkingen beschouwden de experts 682 (99,0%) als infecties, 603 (88,4%) als gewone 
en slechts 119 (17,4%) als opportunistische infectie. Daarom waren er volgens de 
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experts 2,4 nieuwe OI-gevallen per 1000 patiëntjaren. Van de gevallen waarin 
overeenstemming werd bereikt, beschouwden de experts in 77% de behandeling van 
de infectie als passend en in 76% het geneesmiddel voor JIA als mogelijk bijdragend 
aan (de ernst van) de infectie. Herpesvirus infecties, luchtweginfecties en de ziekte van 
Pfeiffer waren de meest voorkomende infecties, terwijl de 119 gevallen van OI veelal 
bestonden uit gecompliceerde herpesvirusinfecties en mycobacteriële infecties. Omdat 
er een grote kloof bestond tussen de mening van lokale kinderreumatologen en de 
infectiedeskundigen over wat als OI kon worden beschouwd, hebben we een door de 
deskundigen overeengekomen lijst van definitieve en waarschijnlijke OI bij kinderen 
met JIA op afweer-onderdrukkende geneesmiddelen opgesteld. Als deze OI-lijst werd 
gebruikt als test voor het stellen van de diagnose OI (met de mening van het expertpanel 
als de gouden standaard), dan zou de gevoeligheid (sensitiviteit) van de OI-lijst 86% 
zijn en zou de specificiteit 98% zijn. De OI-lijst van opportunistische infecties bij JIA-
patiënten maakt toekomstige studies over dit onderwerp gemakkelijker te vergelijken. 

DEEL 3 DE ZIEKTELAST VAN COMORBIDITEIT

In Hoofdstuk 8 analyseerde en beschreef ik de gegevens van 8.309 patiënten met een 
totale observatietijd van 50.767 patiëntjaren. Alleen chronische ziekten met een duur 
langer dan 3 maanden werden beschouwd als comorbiditeit. We vonden 4.451 
comorbiditeiten bij 3.059 patiënten, dus had 36,8% van onze JIA-patiënten een 
comorbiditeit. Uveïtis (17,6%), psoriasis (2,9%), macrofaagactivatiesyndroom (1,7%), 
astma (1,5%) en schildklieraandoeningen (1,2%) vormden de top 5 van meest 
voorkomende ziekten. Coeliakie, inflammatoire darmziekte, depressieve stoornis en 
diabetes mellitus waren ook niet ongebruikelijk (rond de 0,5%). Maligniteiten, 
demyeliniserende ziekten en interstitiële longziekte werden niet vaker gezien dan in 
de algemene populatie. Het hebben van een comorbiditeit had een negatieve invloed 
op onze patiënten qua pijn, welzijn, functioneren en kwaliteit van leven.

DEEL 4 CELLULAIRE THERAPIEËN VOOR THERAPIERESISTENTE ARTRITIS

In hoofdstuk 9 beschreef ik hematopoietische stamceltransplantatie (HSCT) als de 
enige behandeling die in staat is langdurige, medicamentvrije en symptoomvrije 
periodes te bereiken in verschillende auto-immuun reumatische aandoeningen. Meer 
dan 3000 HSCT-procedures voor reumatische en niet-reumatische ernstige auto-
immuunziekten zijn wereldwijd uitgevoerd. Specifieke chemotherapeutische 
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behandelingen (conditionering) worden momenteel gebruikt om het autoimmuun-
reactieve deel van het afweersysteem uit te schakelen. Met serotherapie in de vorm 
van anti-thymocyt globuline of anti-CD52 in de conditionering worden de afweercellen 
in het lichaam verder vernietigd. Na deze afweercel-vernietiging door serotherapie en 
chemotherapie, stelt HSCT het immuunsysteem effectief opnieuw in door het 
afweersysteem te vernieuwen, vooral ook de regulerende T-cel afweercellen. Het risico 
van transplantatie-gerelateerd overlijden binnen de eerste 100 dagen moet worden 
afgewogen tegen het risico van ziekte-gerelateerd overlijden, en zorgvuldige selectie 
en screening van patiënten vóór transplantatie is essentieel om de kans op overlijden 
te verkleinen. Ik bespreek de immunologische mechanismen van HSCT bij verschillende 
auto-immuunziekten en de huidige HSCT-regimes. Na zorgvuldig rekening te hebben 
gehouden met de risico’s en voordelen van HSCT en alternatieve therapieën, bespreek 
ik ook de werkzaamheid, complicaties en voorgestelde indicaties van deze procedure. 
Er wordt tot slot kort ingegaan op mogelijk veiliger alternatieve vormen van celtherapie 
zoals met de afweer-onderdrukkende mesenchymale stromale cellen (MSC) die worden 
gewonnen uit het beenmerg, vetweefsel, navelstreng van gezonde vrijwilligers.

In hoofdstuk 10 presenteerde ik de resultaten van MSC in een dierexperimenteel 
chronisch gewrichtsontstekingsmodel: proteoglycaan-geïnduceerde artritis (PGIA). Ik 
toonde aan dat MSC-injectie in een knie (ia) of in de buikholte (ip) van muizen met 
gewrichtsontstekingen resulteerde in een gunstig klinisch en microscopisch 
(histologisch) effect. Na behandeling met MSC namen de ziekmakende PG-specifieke 
IgG2a-antilichamen in het bloed af. Cytokines zijn stoffen die gemaakt worden door 
afweercellen en die zelf het afweersysteem beïnvloeden. Het cytokine Interleukine-4 
(IL-4) werd hoger maar uitsluitend in PG-gestimuleerde afweercellen afkomstig uit 
milten in ip-behandelde muizen en in afweercellen van drainerende lymfeknopen aan 
de kant van de gewrichtsinjectie in ia behandelde muizen. Een toename van de 
productie van IL-10 werd met dezelfde verdeling gevonden. Hoewel interferon-g (IFN-g) 
ook was verhoogd, was de IFN-g/ IL-4-verhouding in MSC-behandelde muizen 
tegengesteld aan de verhouding die we vinden in (onbehandelde) actieve ontsteking. 
Met bioluminescentie-beeldvorming toonde ik aan dat de levende MSC gedurende 
meerdere weken in de buikholte of in het geïnjecteerde gewricht zichtbaar blijven, 
zonder tekenen van verspreiding.

In hoofdstuk 11 besprak ik de literatuur met betrekking tot MSC-behandeling van 
gewrichtsontsteking; met gegevens van laboratorium (cel-)studies, dierstudies en 
klinische studies. De eigenschappen van MSC, de aanwezigheid van MSC in de 
gewrichten, gewrichtsinjectie versus intraveneuze route, autologe (eigen) versus 
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allogene (afkomstig van een derde) MSC, de ideale weefselbron van MSC, verspreiding 
van MSC, uitgroei van MSC tot weefsel, de ingroei en overleving van MSC, afstoting, 
werkzaamheid en bijwerkingen worden allemaal in detail besproken.

In hoofdstuk 12 beschreef ik 6 patiënten met zeer moeilijk behandelbare JIA, die 
experimentele 2 miljoen/kg lichaamsgewicht allogene MSC intraveneus kregen 
toegediend. In het geval van een positief effect, maar vervolgens een verslechtering 
was één en maximaal twee herhaalde infusies toegestaan. 
De 6 patiënten hadden een gemiddelde ziekteduur van 9,2 jaar en bij iedereen hadden 
MTX, corticosteroïden en gemiddeld 5 verschillende biologicals gefaald. Allen hadden 
nog steeds actieve artritis en ook schade ondervonden van de ziekte en/of de medicatie. 
MSC werden tweemaal toegediend bij 3 patiënten.
Er werden geen acute infusiereacties waargenomen en er werden minder bijwerkingen 
per 3 maanden episodes gezien na de MSC dan voor de MSC. De ene systemische JIA-
patiënt had opnieuw een zich ontwikkelend macrofaagactivatiesyndroom, 9 weken na 
het staken van de biological tocilizumab en 7 weken na de MSC-infusie.
Acht weken na één MSC-infusie vertoonden 4 patiënten minder actieve gewrichten, 
verbeterden 5 van de 6 patiënten in veel klinische parameters en namen 
ontstekingswaarden in het bloed af in 3 van de 4 die er een verhoging in hadden. 
Na 1 jaar, waarbij er in 4 van de 6 patiënten ook overige medicatiewijzigingen waren 
geweest vonden we beduidend minder ontstoken gewrichten, verbeterde scores voor 
het welzijn en genormaliseerde ontstekingswaarden. De ziekte was compleet rustig in 
3 patiënten na 1 jaar.

ALGEMENE DISCUSSIE

In hoofdstuk 13 heb ik de kennis die is opgedaan in dit proefschrift bijeengevoegd en 
ben ik nagegaan wat nu al in de kliniek kan worden doorgevoerd. Ik besprak resterende 
vragen en presenteerde welke toekomstige studies al zijn gepland en welke nog moeten 
worden opgezet om het leven van kinderen met JIA verder te verbeteren:
Er wordt ingegaan op de James Lind Alliance methode waarbij door patiënten, ouders 
en behandelaars samen een top 10 van belangrijkste onbeantwoorde onderzoeksvragen 
wordt opgesteld. Er wordt verder gesteld dat het huidige classificatiesysteem voor JIA 
verouderd is die momenteel al 7% in een restgroep indeelt die buiten het zicht valt.
Er wordt uit de doeken gedaan dat de huidige therapeutische strategieën in JIA 
tijdrovend zijn, op artsen gericht en niet-transparant. Het escalatie-schema wordt 
geschetst dat momenteel meestal wordt gebruikt waarbij na falen van een medicament 
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een volgend medicament kan worden uitgeprobeerd. Helaas is de definitie van falen 
in ernst of tijd onderhevig aan subjectieve interpretatie waardoor de stappen niet erg 
transparant zijn. 
Er wordt beweerd dat met treat-to-target de JIA-zorg aanzienlijk zal verbeteren, zelfs 
met dezelfde oplopende volgorde van geneesmiddelen. De gedachte achter deze 
bewering is dat er weinig tijd verloren gaat, omdat er periodieke controles met 
objectieve afkappunten zijn voor escalatie. Bovendien wordt de interpretatie van de 
patiënt ten aanzien van zijn/haar eigen welzijn ook meegewogen in de beslissing om 
al dan niet te escaleren in behandeling. Er wordt een figuur geschetst ten aanzien van 
deze treat-to-target behandeling die aan patiënten kan worden meegegeven zodat zij 
precies kunnen meelezen wat de volgende stap zal zijn indien niet het gewenste 
resultaat bereikt wordt bij de volgende visite. Er worden voor betere transparantie ook 
figuren weergegeven ten aanzien van de afbouw van medicatie wanneer de ziekte tot 
rust is gekomen.
Er wordt gesteld dat de ziekenhuislogistiek gericht is op de arts en dat de beslissingen 
meer worden gedaan op vooraf bepaalde momentopnames en niet op basis van een 
continuüm van zorg. De patiënt heeft geen invloed op wanneer ze hun eerste bezoek 
bij de kinderreumatoloog zullen krijgen en volgt ondanks de grilligheid van jeugdreuma 
ook daarna een routine-schema. Hierdoor komt men soms op momenten dat het heel 
goed gaat, terwijl kort daarvoor of daarna de situatie heel anders is. Behandelbeslissingen 
kunnen alleen worden genomen op de momenten van de visite waarbij de toestand 
tussen de reguliere visites (indien herinnerd) nauwelijks wordt meegenomen. Om deze 
informatie wel te laten meewegen hebben we een Reuma-2-Go-app in gebruik 
genomen, die een patiënt de kans geeft om op elk gewenst moment zelf de ziekte-last 
te scoren en contact op te nemen met de behandelaar. Hierdoor krijgt de 
kinderreumatoloog een beter idee van de tussentijdse ziekteactiviteit en gaan we 
onderzoeken of patiënten een 3-maandelijkse afspraak kunnen afzeggen als het ook 
tussendoor thuis heel goed bleek te gaan. Ook zal men in de nabije toekomst zichzelf, 
zonder tussenkomst van de kinderreumatoloog, via de app kunnen verwijzen naar 
overige leden van het behandelteam (bijvoorbeeld kinderfysiotherapeut, 
kinderpsycholoog, maatschappelijk werk etc.) die zij op dat moment denken nodig 
hebben. 
Hoewel we de persoonlijke behandeldoelen van een patiënt al noteren en binnen de 
gestelde termijn proberen te halen (bijvoorbeeld “Over een half jaar weer kunnen 
voetballen”), zou het ook logisch zijn om de patiënt voorkeuren ten aanzien van 
medicatie mee te wegen. De vraag dringt zich op of MTX als anti-reumatisch middel 
van eerste keus, wel de eerste keus van de patiënt zal zijn, aangezien de helft van hen 
dit middel op termijn niet verdraagt door misselijkheid en braken. MTX is zeker 
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goedkoper dan anti-TNF, maar waarschijnlijk ook minder effectief. Om MTX goed te 
vergelijken met biologicals moeten we alle bijwerkingen ook met elkaar vergelijken.
Er wordt geanalyseerd dat het risico op infecties geen reden is om MTX te kiezen boven 
anti-TNF, maar wel om zo min mogelijk prednison te gebruiken. Voor de eerste keer 
werd in een grote registratie-studie met jeugdreuma patiënten het risico op minstens 
matig ernstige infecties bij MTX-gebruik vergeleken met hen die geen anti-reumatische 
medicatie kregen. MTX bleek dit infectie-risico met een factor 5 te verhogen, waarbij 
de toevoeging van een biological dit risico niet verder verhoogde in tegenstelling tot 
prednison. De medicijn-combinatie rituximab, prednison en MTX gaf een meer dan 
honderdvoudig risico op infecties zodat deze combinatie vermoedelijk beter vermeden 
kan worden. 
Of infecties die bij gezonde kinderen geen ziekte (of niet in die ernst) veroorzaken bij 
jeugdreuma kinderen vaker voorkomen is nog niet zeker mede omdat de definitie 
hiervan nog onduidelijk was. Toekomstige analyses met de door ons opgestelde lijst 
van dit soort infecties zal de rol van medicamenten hierin duidelijk gaan maken. 
Vervolgens kunnen waar nodig beschermende maatregelen genomen worden zoals 
vermijden van bepaalde medicatie-combinaties of het geven van vaccinaties of 
antibiotica.
Er zijn geen gepubliceerde gegevens over comorbiditeit in het algemeen bij kinderen 
met JIA. Met de huidige kennis zijn (angst voor) comorbiditeiten bij JIA over het algemeen 
niet de reden om MTX te kiezen boven biologicals. Volgens een publicatie zijn de 
(mogelijke) medicatie-effecten die de JIA patiënt beschouwt als cruciaal: maligniteit en 
als belangrijk: groei, uveitis en inflammatoire darmziekte. Meer dan 1/3 van de 
patiënten hadden al op de kinderleeftijd nog een andere chronische ziekte dan JIA met 
negatieve invloed op pijn, welzijn, functioneren en kwaliteit van leven. Het is denkbaar 
dat bepaalde patiëntkenmerken samen met medicatie een verhoogd risico geven op 
specifieke comorbiditeiten, waarbij daar in die groep op gescreend kan worden of deze 
wellicht zelfs kunnen worden voorkomen door bepaalde medicatie niet te starten. Om 
de exacte rol van medicatie te begrijpen zijn grootschalige onderzoeken nodig waarin 
per comorbiditeit een risicomodel moet worden gebouwd met vele patiënt-
karakteristieken en medicatie-gebruik. Voor dit doel gaan de 3 grootste JIA-registers 
(Pharmachild, het Engelse en het Duitse JIA register)) de data bundelen om dit helder 
proberen te krijgen.
Er wordt gesteld dat een stamceltransplantatie met eigen beenmergcellen nog steeds 
een optie is voor JIA patiënten die geen baat hebben bij de geregistreerde 
behandelingen. Tegelijkertijd moeten ook andere celtherapieën met minder 
bijwerkingen worden onderzocht. Het betreft lange trajecten om te komen tot nieuwe 
celtherapieën voor nieuwe indicaties zoals JIA. Naast preklinisch (dierexperimenteel) 
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onderzoek en uitgebreide literatuur-overzichten is een veiligheidsstudie in een gering 
aantal patiënten nodig alvorens te kunnen overgaan tot grotere geblindeerde studies. 
Bij de kleinere veiligheidsstudies in de beoogde populatie wordt ook een poging gedaan 
om al effectiviteit te meten hoewel dit effect heel groot moet zijn om meetbaar te zijn 
in zo weinig patiënten. Anderzijds is er het gevaar van een placebo-effect in de 
ongeblindeerde veiligheidsstudie, zeker wanneer het gegeven wordt aan patiënten die 
op hun slechtst zijn. Wij toonden aan dat MSC veilig zijn bij JIA-patiënten, maar dat men 
bedacht moet zijn op de complicatie macrofagen activatie syndroom bij sJIA-patiënten. 
Daarom moet men overwegen om niet tegelijkertijd de “falende” biological te staken, 
aangezien het nog steeds de ziekte deels zou kunnen onderdrukken ook zonder dat 
men dit doorheeft. Verdere studies zijn nodig om de veiligheid en werkzaamheid van 
MSC in JIA te bevestigen en we zijn ook al betrokken bij de start van dergelijke 
onderzoeken in Cleveland en in Rome.
Er wordt gemeld dat gepersonaliseerde geneeskunde de standaard step-up-therapie 
in JIA zal vervangen. Idealiter kunnen algoritmen worden gemaakt voor het individuele 
ziektebeloop, de voorspelling van effectiviteit van specifieke geneesmiddelen, het risico 
op bijwerkingen, op comorbiditeit, op schade en op het mislukken van staken van 
therapie. Na het in acht nemen van de waarden, voorkeuren en persoonlijke doelen 
van een patiënt en deze te integreren met uitgebreide klinische en 
laboratoriumkenmerken, zou een op maat gemaakt behandelplan kunnen worden 
gepresenteerd met de maximale kans op succes. Een grote stap voorwaarts is onlangs 
gedaan door een Canadees / Nederlands consortium (UCAN CAN-DU) waarin alle 
academische centra voor kinderreumatologie in die landen dezelfde klinische en 
biologische gegevens van duizenden JIA-patiënten gaan verzamelen. Patiënten, ouders, 
laboranten, wiskundigen, gezondheidseconomen, applicatiebouwers, psychologen, 
anesthesisten, oogartsen, genetici, en belanghebbende partijen zijn allemaal betrokken 
bij dit ongeëvenaarde project.
Wij zullen nu al beginnen met treat-to-target-therapie in JIA en onze zorg verder 
standaardiseren. We willen de last van de routine-logistiek verminderen door te 
experimenteren met flexibele poli’s en tegelijkertijd kennisnemen van wat er thuis 
gebeurt door een nieuw continuüm van zorg. Mogelijk dat we binnenkort ook niet 
meer MTX hoeven te starten bij elke JIA patiënt. We zullen mogelijk ernstige infecties 
voorkomen, omdat we minder corticosteroïden nodig zullen hebben aangezien we 
persoonlijk effectieve medicatie op een meer tijdige manier zullen starten. We kunnen 
in de nabije toekomst wellicht comorbiditeiten bij JIA-patiënten vroegtijdig opsporen 
of zelfs begrijpen hoe we ze kunnen vermijden. Voor de JIA-patiënt bij wie geen enkel 
geregistreerd geneesmiddel werkt zullen we altijd zoeken naar nieuwe behandelingen 
met zo min mogelijk bijwerkingen. Wij verwelkomen: “Behandeling op Maat in JIA”.
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En dan komen we nu aan bij het meest gelezen onderdeel van een proefschrift. 
Graag richt ik een woord van dank aan de personen die hebben bijgedragen aan de 
totstandkoming van dit proefschrift.

Allereerst en bovenal wil ik alle patiënten met jeugdreuma en hun ouders/verzorgenden 
bedanken voor hun deelname aan de onderzoeken die beschreven staan in dit boekje. 
Zij zijn mijn inspiratiebron en mijn motivatie voor al het onderzoek naar jeugdreuma 
dat ik gedaan heb en dat nog gebeuren moet. Zonder hun hartelijke medewerking in 
binnen- en buitenland was er niets geweest om over te schrijven. Zonder hun sturing 
stel ik de verkeerde onderzoeksvragen. 

Prof. dr. Wulffraat, beste Nico, mijn eerste wetenschappelijk onderzoek naar 
gewrichtsontsteking betrof het effect en werkingsmechanisme van mesenchymale 
stamcellen bij muizen. Hiermee stond zonder dat wij het door hadden vast dat jij mijn 
promotor zou worden. Gaandeweg verlegde het terrein van mijn onderzoek zich steeds 
meer naar de patiënten met jeugdreuma zelf, naar verbetering van de behandeling en 
de mogelijke bijwerkingen ervan. Allemaal onderwerpen waar jij je vol overgave al jaren 
op stort en waaraan ik mocht deelnemen. Ik geniet van jouw enthousiasme en je 
vermogen om dat over te brengen op iedereen om je heen. Ik bewonder jouw 
onvermoeibaarheid en dank je voor je onmisbare begeleiding, snelle correcties van 
manuscripten en vriendschap. Wij blijven samen opfietsen.

Dr. De Roock, beste Sytze, wat een geluk om jou op mijn pad te hebben gekregen. 
Vanaf het moment dat jij betrokken raakte bij de zoveelste muizenstudie, begon ook 
het immunologische deel ervan voor mij uit de duisternis te komen. In Mandelieu en 
Syracuse hebben we elkaar beter leren kennen en is de basis gelegd voor een blijvende 
goede en prettige samenwerking. Jouw kritische blik en no-nonsense aanpak hebben 
mij mede gevormd als wetenschapper. Dank dat jij mijn copromotor bent.

Dr. Boelens, beste Jaap-Jan. Wij kennen elkaar al sinds jouw laatste stukje fellowship 
immunologie dat overlapte met mijn begin ervan hier in het WKZ. Ik bewonder jouw 
tomeloze inzet voor verbeterde patiëntenzorg waarbij jij het meetbaar maken van alle 
behandelresultaten de basis liet vormen van wetenschappelijk onderzoek. Deze 
resultaten zette jij vervolgens weer om in nieuwe verbeterde behandelprotocollen die 
zelf ook weer geëvalueerd werden. Ik vind het zeer inspirerend om van zo dichtbij te 
zien hoe jij wetenschap en zorg in de transplantatiesetting omhoog gestuwd hebt.  
Ik ben blij dat jij mijn copromotor bent.
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Prof. dr. Kuis, beste Wietse. We hadden het bij je afscheid al gezegd “We gaan jouw 
lach missen”. Jouw enthousiasme, scherpzinnigheid, creativiteit, overtuiging in de goede 
afloop, en jouw durf om jezelf kwetsbaar op te stellen zijn buitengewoon inspirerend. 
Ik ben er trots op dat ik met jou gewerkt heb. Fijn dat wij elkaar nog steeds zien.

Prof. dr. Roord, beste John. Jij bent in al mijn carrière-beslissingen doorslaggevend 
geweest. Ik herinner me nog jouw telefoontje begin 2000 toen je me vertelde dat ik 
was aangenomen voor de opleiding tot kinderarts. Ik weet nog dat ik met jou sprak 
eind 2002 na mijn stage in Deventer, waarbij jij aan mij voorstelde om op termijn 
kinderreumatoloog te worden. Jij hebt mij een week naar het WKZ gestuurd en ik was 
overtuigd, zoals jij vast van tevoren al wist. Jij hebt ervoor gezorgd dat ik een fellowship 
tot kinderreumatoloog heb kunnen doorlopen in het WKZ. Je hebt het mij zelfs oprecht 
gegund om circa 3 jaar na het afronden ervan weer terug te keren naar het WKZ. Ik 
ben je voor alles dankbaar.

Prof. dr. Prakken, beste Berent. Vanaf het begin van mijn fellowship stond jouw deur 
voor mij open voor raad en daad. Dat heb ik enorm gewaardeerd. Ik heb als 
kinderreumatoloog de behandeling van kinderen met jeugdreuma grotendeels van 
jou geleerd en je hebt in de wetenschap mensen op mijn pad gezet die ervoor zorgden 
dat ik er niet vanaf viel, waardoor ik bleef geloven in een goed einde van dit proefschrift. 
Ik ben je zeer dankbaar daarvoor.

Dr. Ruperto, dear Nicola. I feel blessed that I am collaborating in research with you. I 
admire your vision for the Pharmachild project and how this vision resulted in such a 
wonderful registry. JIA patients will hugely benefit from the way you put it together 
and I am confident we will continue our efforts. I look forward to all our future 
collaborative projects and also want to express my gratitude for your presence at the 
day of my defense.

Prof. dr. Frenkel, beste Joost. Ik bewonder jouw grote en parate kennis van de gehele 
kindergeneeskunde en ben daarbij ook dankbaar dat je als kinderreumatoloog onze 
groep versterkt.

Prof. dr. Van de Laar, beste Mart. Al jaren wijs jij ons kinderreumatologen de weg naar 
het meetbaar maken, standaardiseren en digitaliseren van de zorg van reumatoïde 
artritis. Dank ook nu weer voor al je tijd en moeite. Ik blijf graag van je leren.
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Prof. dr. Bogaert, beste Debby. Het was fijn om jouw kamergenoot te zijn en ik heb 
veel bewondering voor jouw inzichten en volharding. Ik hoop dat onze wegen in de 
toekomst weer wat vaker kruizen. Ik ben je dankbaar dat jij 28 juni aanwezig zult zijn.

Ik dank ook de leden van de beoordelingscommissie Prof. dr. Van Laar en Prof. dr. 
Saris, die ondanks hun drukte tijd en moeite hebben willen steken in het lezen van het 
manuscript.

Prof. dr. Helders, beste Paul. Wat heb jij mij ook altijd welkom laten voelen in het WKZ 
en wat heb ik veel van jou geleerd. Jouw uitleg van chronische pijn gebruik ik nog altijd 
omdat het heel duidelijk verwoordt waar pijn zelf autonoom wordt. Ik dank je dat je 
de 28e juni voorzitter wilt zijn. 

Anton Martens, dank voor het aanvaarden van mij in jouw groep. Jouw rust en sociale 
karakter gaven mij een hele prettige start in de basale wetenschap.

Ineke Slaper, dank voor je betrokkenheid bij het onderzoek rondom mesenchymale 
stamcellen. Jouw kundige kijk was van het ontwerp tot en met de uitvoering en analyses 
onmisbaar.

Frans Hofhuis, mijn dank gaat naar jou uit voor je aanstekelijke enthousiasme, interesse 
en je onwaarschijnlijke snelheid en handigheid in dierexperimenteel onderzoek. De 
dag dat jij met pensioen ging was een enorm gemis.

Pieter Dijkhuizen “from Genoa”, wat heerlijk om met jou samen te werken aan een 
database. Het is waanzinnig leerzaam, niet alleen omdat jij het allemaal snapt, maar 
ook omdat jij het graag en goed uitlegt.

Jenny Meerding, dank voor al jouw accurate en vliegensvlugge aanpak waar het 
dierexperimenteel en cellulair onderzoek betreft. Dankzij jouw snelheid kwamen de 
logistieke nachtmerries toch tot een goed einde.

Magda Lorenowicz, ik dank jou voor je incasseringsvermogen. Wij hebben samen in 1 
dierexperiment werkelijk alle rampspoed moeten doorstaan. Verkeerde leeftijd, 
zwangere muizen, afwasbare markering en vroegtijdige beëindiging door te forse 
ontsteking. Het heeft onze samenwerking verstevigd.
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Martine van Engelen, dank voor het opzetten van de gehele gestandaardiseerde 
Pharmachild-structuur in het WKZ. Voor je niet-aflatende aansporingen om het nog 
beter te doen. Mede door jouw inzet hebben wij nu een indrukwekkend en goed 
gedefinieerd cohort jeugdreuma-patiënten die zelf al de vruchten kunnen plukken van 
onze opgedane kennis. 

Tessa en Roselie dank ik voor hun minutieuze uitpluiswerk ten behoeve van het 
retrospectieve en prospectieve WKZ-cohort JIA-patiënten.

Casper Schoemaker jij verrijkt onze onderzoeksgroep met jouw kritische houding en 
ideeën. Door jouw inbreng blijft onderzoek relevant voor patiënten en komen 
patiëntvoorkeuren in de richtlijnen. Nu gaan we verder met het samen opstellen van 
de onderzoeksagenda en hebben we ook al Laura mogen verwelkomen.

I want to thank all my research-collaborators in the Netherlands and beyond. All 
colleagues from the participating centers in Pharmachild/Printo, Foreum and the UCAN 
CAN-DU research. I do want to express my gratitude to be able to work with so many 
wonderful co-investigators: Nicola, Francesca Bovis, Francesca Bagnasco, Chiara, Luca, 
Gabriella, Angela, Lianne, Kimme, Jens, Gerd, Kirsten, Rae, Susa and Marinka.

Bas Vastert, wat een fijne collega heb ik toch in jou getroffen. Vanaf 2005 trokken we 
direct samen op en ik ben er trots op een tandem in de kinderreumatologie met jou 
te vormen. Ik vertrouw volledig op jouw klinische oordeel en ben ook blij dat jij het 
basaal wetenschappelijke onderzoek zo fantastisch vertegenwoordigt. Ik ben je 
dankbaar dat jij nu mijn paranimf bent en na 28 juni kunnen we eindelijk nieuwe 
naambordjes bestellen. Jij bent een top-kamergenoot en wij zullen elkaar blijven 
versterken in kliniek en onderzoek.

Merlijn van de Berg, wat fijn om met jou in het NVKR-bestuur te zitten. Jouw eerlijkheid 
en vaste koers zijn inspirerend en doeltreffend. Ik ben blij dat wij elkaar steeds beter 
leren kennen en vind het een genoegen om met je samen te werken. Ik ben je dankbaar 
dat je mijn paranimf bent. 

Annet van Royen, mater familias. Wat was ik aangenaam verrast hoe jij mij als fellow 
direct thuis liet voelen in het WKZ en overal bij betrok. Ik bewonder hoe jij alles wat je 
aanpakt naar een hoger plan trekt: het Summa-curriculum, NVKR-bestuur, hoofd van 
Cluster B, JDM-zorg en -onderzoek om maar wat te noemen. Ik dank jou voor het 
hooghouden van de kinderreumatologie in het WKZ. 
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DANKWOORD

Joris van Montfrans, mijn fellow-genoot bij wie ik al graag kwam buurten tijdens de 
cohort-weekenden kindergeneeskunde. Ik vind het ongelooflijk knap hoe jij de kinder-
immunologie van het WKZ verder vormgeeft zowel qua zorg als onderzoek. Ik dank 
jou voor alle gezelligheid en dat je me er regelmatig op wijst dat er buiten het PC-
scherm nog een hele andere wereld schijnt te zijn.

Marc Jansen, Jansen-44. “Wat fijn dat je er bent” om met juf Ank te spreken. Ik ben ook 
blij dat wij kamergenoten zijn en hoop na 28 juni me wat vaker te kunnen omdraaien 
en meer aandacht te besteden aan jouw opleiding dan ik deze eerste maanden heb 
gedaan.

De fellows in de kinderreumatologie Bas, Elizabeth, Felicitas, Ellen, Emanuela, Maria, 
Gabriella, Marc die ik tot op heden heb mogen begeleiden; ik hoop dat jullie wat geleerd 
hebben dat de moeite waard is om over te nemen en ook wat je zeker anders gaat 
doen.

Mijn mede-onderzoekers Sarah, Suzanne, Joost, Evelien, Henk-Jan, Bas, Coralie, Stefan, 
Lianne, Marije, Theo, Mike, Eveline, Marloes, Maja, Pieter, Gerdien, Judith, Noortje, Lisa, 
Nienke, Lotte dank ik voor de gezellige tijd, het gedeelde onderzoeksleed en het 
opluisteren van de congressen.

Mijn onderzoeksstudenten Daantje, Michelle, Anna, Inge, Gilles, Lucas, Eva, Jelle, Linda, 
Roselie, Tessa, Laurie, Jelle, Martijn, Vera, Noortje, Xandra dank ik voor hun vertrouwen 
in mij. 

I want to thank my international colleagues Alessandro, Giovanni, Erkan, Chris, Klaus, 
Claas and Kiran with whom the congresses in a real men apartment are always 
something I am looking forward to.

De academische kinderreumatologie in Nederland begint steeds meer 1 geheel op 
meerdere locaties te worden. Het is een genoegen om buiten het WKZ ook met Amara, 
Danielle, Dieneke, Elizabeth, Ellen, Esther, Leontien, Marleen, Merlijn, Philomine, Petra, 
Rebecca, Sylvia en Wineke samen te mogen werken om de zorg voor en onderzoek 
naar reumatische ziekten bij kinderen te verbeteren. 

Fenna Mossel wil ik bedanken voor al haar werk bij het UCAN CAN-DU project waarbij 
zij nu al onvermoeibaar zich door alle paperassen heen worstelt waarbij ik sinds haar 
komst al een enorme verlichting ervaar. 
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Marc Klein dank ik voor het zijn van een baken van rust in het laboratorium en nu in 
je hoedanigheid van mede-onderzoeker in zorgverbeteringsprojecten door middel van 
de Reuma-2-Go-app.

Femke, Jorg en Wilco dank voor jullie basale kijk op de processen. Ik hoop nog vaker 
van gedachten te kunnen wisselen over hoe onze werelden elkaar raken. 

Het kinderbewegingscentrum met Janjaap van der Net, Patrick, Bart, Maaike, Lianne, 
Erik, Marco en Tim dank ik voor al hun betrokkenheid bij onze patiënten met de 
moeilijkste aandoeningen en complicaties. Jullie professionaliteit is volstrekt 
complementair en noodzakelijk voor de top-kinderreumatologische zorg die wij 
gezamenlijk leveren.

Ik wil alle leden van de NVKR bedanken voor hun betrokkenheid en inzet ter verbetering 
van de kinderreumatologische zorg in Nederland en wil met name ook mijn mede-
bestuursleden Wineke, Merlijn en Simone bedanken voor hun visie, motivatie en goede 
samenwerking. 

Ik wil mijn collegae van Cluster B bedanken voor de fijne samenwerking die er tot mei 
is en ook na de verhuizing van het PMC zal voortduren. Wij vinden elkaar gaandeweg 
steeds meer en sneller en ik kijk uit naar de komende jaren. 

Ik wil mijn collegae stafleden van het WKZ bedanken voor de manier waarop zij het 
WKZ vormgeven. Een omgeving waarop ik trots ben in te mogen werken en deel van 
uit te maken. 

Ik wil de arts-assistenten danken voor hun geduld met mij op zaal en tijdens de dienst 
en nodig hen uit kennis te nemen van de volle breedte van het subspecialisme 
kinderreumatologie op de polikliniek.

Ik wil ook mijn kindergeneeskundige collegae van het VUmc danken voor hun bijdrage 
aan mijn opleiding en aan het mogelijk maken van waar ik nu sta.

Mijn dank gaat ook uit naar wijlen Kees Ultee, mijn opleider in het Deventer Ziekenhuis. 
Zijn uitspraken klinken nog vaak na in mijn hoofd: zoals “Je meerwaarde als arts zit er 
in die ziektes op te sporen die niet vanzelf over gaan, die aandoeningen waarmee de 
patiënt niet net zo goed naar de groenteboer had kunnen gaan.”
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DANKWOORD

Ik wil alle MAAZ-en bedanken voor hun uitstekende assistentie op de poli en aan de 
telefoon. Zonder jullie zou er zo weinig tijd overblijven voor onderzoek.

Gerrie, Gerda, Angela, Nieke en Marijke dank ik voor al hun hulp bij onze patiënt-
gerelateerde onderzoeken.

Mirjam, dank dat jij de logistiek rondom deze promotie nog hebt opgestart voor mij.

Ik wil Sladjana en Astrid danken voor al hun onmisbare werk op het secretariaat en al 
hun hulp. Jullie fleuren de dag op. 

Wendy jou wil ik bedanken voor de prachtige lay-out van dit boekje; iets waar ik 
huizenhoog tegenop zag totdat ik dit aan jou mocht overlaten.

Ilse onze paden kruizen uitsluitend op mijlpalen. Ooit droeg ik minimaal bij aan een 
boekje van jou en nu heb jij op prachtige wijze dit “allesomvattende” omslag gemaakt. 
Ik ben je hier dankbaar voor en hoop dat we elkaar wat vaker zullen treffen.

Tot slot wil ik graag die mensen bedanken die niet direct zichtbaar hebben bijgedragen 
aan dit proefschrift maar zonder wie het er zeker ook niet was geweest. De mensen 
achter de schermen die mij op weg hebben geholpen te worden wie ik ben en in balans 
te houden daarna.

Ik ben dankbaar voor alle vriendschappen die ik ervaar en noem hier specifiek mijn 
vrienden van het eerste uur Björn, Elco en Henk-Jan die ik dank voor hun trouwe 
vriendschap en aan wie ik meer hoop terug te kunnen geven dan ik de afgelopen 
periode heb gedaan.

Jeroen wil ik bedanken voor onze vriendschap in Groningen en alle jaren daarna. Ik ben 
ervan overtuigd dat ook jullie verhuizing naar Dubai voor ons geen obstakel zal zijn.

Ik wil van de Lichte-8 mijn ploeggenoten Johan, Vincent, Bjorn, Ronald, Martijn K., Olaf 
en Martijn R danken voor de onvergetelijke jaarweekenden die we hebben en de 
vriendschap die wel ons succes is.

Mijn weledelzeergeleerde vader, mijn zus en mijn overleden moeder dank ik voor de 
onbezorgde jeugd die ik letterlijk fluitend doorliep. Dank voor deze prachtige start die 
ik een ieder gun. 
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Mijn schoonouders dank ik voor hun hartelijk welkom heten in hun familie en het 
krijgen van een tweede thuis.

Lieve Bas en Fee wat maken jullie mijn leven compleet en mooi. Wat een voorrecht om 
jullie vader te mogen zijn. Ik ben gezegend dat ik jullie zo mooi mag zien opgroeien. Ik 
hou van jullie.

Lieve Maria, mooie, slimme, lieve en geduldige vrouw van mij. Al 24 jaar ben ik gelukkig 
met jou en delen we lief en leed. Ik weet dat dit proefschrift meer in die laatste categorie 
viel, maar nu het af is gaan we daar ook samen van genieten. Zonder jou was dit boekje 
er niet gekomen. Dank lieve schat, ik hou van jou.
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CURRICULUM VITAE 

CURRICULUM VITAE

Name:  Joost Frans Swart, M.D 
Pediatric Rheumatologist/ Immunologist

Date of birth: 21 April 1973, Groningen
Gender: Male
Nationality: Dutch
Marital state:   Married to Maria Swart-Klein Swormink,
 2 children (Bas 2002 and Fee 2004)
BIG 1st date Pediatrics:  15-March-2006
NVK 1st date Ped Rheum: 16-May-2008

Relevant employments
March 2011 – now: Pediatric Rheumatologist/ Immunologist at the Department of 

Pediatric Immunology and Rheumatology in Wilhelmina 
Children’s Hospital/ UMC Utrecht, The Netherlands

May 2008 – Feb 2011: Pediatric Rheumatologist/ Immunologist at the Department of 
Pediatric Infectiology, Immunology and Rheumatology in VU 
University Medical Center and in Reade, Centre for Re valida tion 
and Rheumatology, Department of Rheuma tology, Amsterdam, 
The Netherlands

Education
May 2008: Registered as Pediatric Rheumatologist/ Immunologist  

2005-May 2008: 
 Fellowship Pediatric Rheumatogy, WCH/ UMC Utrecht (Prof. Dr. 

W. Kuis) and VUmc Amsterdam, The Netherlands (Prof. B.A.C. 
Dijkmans) 

2000-2005: Pediatric Training, VUmc, Amsterdam, the Netherlands (Head: 
Prof. Dr. J.J. Roord)

1999: Medical Degree Cum Laude (with honor), Rijksuniversi teit 
Groningen, the Netherlands

1985-1991: Gymnasium-bèta; OSG Bataafse Kamp, Hengelo, The 
Netherlands. Subjects (A-level equivalent): Math, Physics, 
Chemistry, Biology, English, French, Dutch and Latin 
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Memberships
Dutch Association for Paediatrics
Dutch Rheumatology Association 
Dutch Association for Paediatric Rheumatology 
Paediatric Rheumatology European Society 
Pediatric Rheumatology International Trial Organization 
Dutch Association against Quackery

Organisatory post
2017- present Chair of Pharmacovigilance Working Party, European Reference 

Network, Rare Immunodeficiencies, AutoImmune and 
AutoInflammatory Diseases (ERN RITA)

2017- present Council Member for the Paediatric Rheumatology International 
Trials Organisation (PRINTO)

2017- present Member of Steering Committee of UCAN CAN-DU
2017- present Board member of the Dutch Pediatric Rheumatology Association
2017- present National coordinator Pediatric Rheumatology International Trials 

Organization (Printo)
2014- present Board member of PAOK committee (education for pediatricians) 

UMC Utrecht
2011- present Member of Steering Committee of PharmaChild
2010 Member of protocol committee Pediatrics VU Medical Center
2009-2011 President of PAOG-committee (education for pediatricians) VU 

Medical Center
2009 Head organizer: 1st European Paediatric Rheumatology Fellow 

Course, Antalya Turkey
2007-2009 Council member of Paediatric Rheumatology European Society 

(Trainee Rep.)

Prizes
2016 “Adjudication of Infections in the Pharmacovigilance in Juvenile 

Idiopathic Arthritis Patients (Pharmachild) treated with Biologic 
Agents and/or Methotrexate.” Kourir Award 2016 (Association 
pour les enfants atteints d’Arthrite Chronique), The Patient 
Organization Prize at the PReS Congress 2016, Bronze Medal 
out of 569 abstracts, Genoa, Italy 
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2015 “The Addition of one or more Biologics to Methotrexate in 
Children with JIA increases the Incidence of Infections and 
Serious Adverse Events. The 5882 Pharmachild Cohort.” Selected 
as Top 6 of Clinical Science Abstracts chosen from 4323 Abstracts 
EULAR Congress Rome

2010 “Mesenchymal Stem Cell Therapy has significant Clinical and 
Histopathological Effect in Proteoglycan Induced Arthritis” 
Selected as Top 25 of Basic Science Abstracts chosen from 3,508 
Abstracts EULAR Congress Rome

2009 Teaching Award for Excellence in Clinical Teaching, Department 
of Paediatrics, VUmc Amsterdam

Peer reviewed grants awarded
2018-2022 Co-investigator (P.I. Yeung and Benseler). UCAN CURE: Precision 

Decisions for Childhood Arthritis. (to estimate the expected 
clinical and economic impact of the biologically-based predictive 
tool compared to standard of care).

 Genome Canada funded 
2017-2022 Co-applicant (Wulffraat, Swart, Benseler and Yeung). UCAN CAN-

DU. (Real-life integration of innovative precision medicine 
strategies into care provision will forever transform the care of 
children with arthritis in our countries and beyond) Canadian 
Institutes of Health Research/ The Netherlands Organisation for 
Health Research and Development (ZonMw)/ Dutch Arthritis 
Foundation funded  

2016-2019 Co-applicant (Wulffraat, Swart, Hyrich, Lunt, Ruperto, Minden, 
Klotsche, Horneff, Costello and Schoemaker). Foreum-grant: 
Comorbidity in JIA. (Comorbidity across the largest JIA registries).  
EULAR funded 

2014-2018 Co-applicant (Vonkeman, Wulffraat, Van Riel, Van Laar, Swart) 
Pharmachild-NL registry. (Gathering and analysis of electronic 
information on patient reported outcomes, safety and 
effectiveness in unselected real-world patients). The Netherlands 
Organisation for Health Research and Development (ZonMw) 
funded 

2014-2017 Applicant (Swart). Pfizer Aspire-grant. I-CRP. (Use of JADAS for 
future treat-to-target therapy in juvenile idiopathic arthritis). 

 Pfizer funded 
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2011-2018 Co-applicant (Wulffraat and Swart). MSC-JIA. (Mesenchymal stem 
cells for treatment of drug resistant pediatric Juvenile Idiopathic 
Arthritis). The Netherlands Organisation for Health Research 
and Development (ZonMw) funded 

2006-2010 Co-applicant (Wulffraat, Martens and Swart). MSC in PGIA. (The 
efficacy and mechanism of Mesenchymal Stem Cell therapy in 
Proteoglycan Induced Arthritis). WCH Research Fund funded 

Non-peer reviewed grants awarded
2017-2018 Applicant (Swart and Dutch JIA Patient Association). Samen 

beslissen in de zorg voor Zeldzaam, pilot-project JIA. Construction 
of JIA-specific Network for specialized Healthcare providers and 
development of building blocks for individual care plans. 

 Funded by The National Health Care Institute
2016-2018 Co-applicant (Wulffraat, Swart, Van Solinge, Nauta) E-health 

project JIA. Reuma2Go (application built for smartphones for 
information, in between visit health status, patient-doctor 
communication system and transformation/personalization of 
care), Strategic institutional investment. 

 Funded by the Board of Directors of the UMC Utrecht
2015-2018 Co-applicant (Wulffraat, Swart, Vonkeman, Van Laar) 

Pharmachild-NL registry. (Gathering of electronic information 
on patient reported outcomes, safety and effectiveness in 
unselected real-world patients). 

 Funded by AbbVie

Research activities and role
2017-present Samen beslissen in de zorg voor Zeldzaam, pilot-project JIA. 

Construction of JIA-specific Network for specialized Healthcare 
providers and development of building blocks for individual care 
plans. 

 PI
2017-present UCAN CAN-DU. Real-life integration of innovative precision 

medicine strategies into care provision will forever transform 
the care of children with arthritis in our countries and beyond.  
PI

2016-present DRI 13925 An open-label, sequential, ascending, repeated dose-
finding study of sarilumab, administered with subcutaneous 
(SC) injection, in children and adolescents, aged 2-17, with 
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polyarticular-course juvenile idiopathic arthritis (pcJIA) followed 
by an extension phase.

 Local PI
2016-present Foreum Comorbidity in JIA. (Comorbidity across the largest JIA 

registries worldwide). 
 Researcher and Projectleader
2016-present Reuma2Go E-health project JIA. (Application built for 

smartphones for information, in between visit health status, 
patient-doctor communication system and transformation/
personalization of care).

 Researcher and Projectleader
2015-present BMS-JIA study: Observational Registry of Abatacept in Patients 

with Juvenile Idiopathic Arthritis”. 
 Dutch study-coordinator (PI Dr. N. Ruperto, Genoa Italy).
2015-present MSC-exosomes therapy in proteoglycan induced arthritis. 

Wilhelmina Research Fund-Grant; Researcher (PI M. Lorenowicz): 
Efficacy of exosomes derived from MSC compared to MSC in 
proteoglycan induced arthritis. 

 Researcher
2014-present Pharmachild-NL. National efficacy and pharmacovigilance JIA-

study with empowerment of JIA-patients (Gathering and analysis 
of electronic information on patient reported outcomes, safety 
and effectiveness in unselected real-world patients).

 Researcher and local Projectleader
2014-present Treat-to-target in JIA study. Clinical inception cohort  study with 

success-rates in improvement of disease activity scores and 
inactive disease after 3 and 6 months in treatment of 300 newly 
diagnosed JIA-patients. 

 PI
2014-present International clinical intervention study PREVENT-JIA. Investigator 

initiated study;: The feasibility of the use of S100A12 and hsCRP 
in the timing of discontinuation of therapy in order to minimize 
the risk of relapse in inactive JIA patients.

 Dutch study-coordinator (PI Prof Foell, Muenster, Germany)
2012-2018 Swart JF, Hofhuis F, De Roock S, Van Wijk F, Martens AC, Slaper 

I, Prakken BJ, Wulffraat NM Mesenchymal stem cell therapy in 
JIA patients, a pilot study.

 PI
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2011-present PharmaChild (European Long-term PHARMacovigilance for 
Adverse effects in Childhood arthritis focusing on Immune 
modulatory drugs with momentarily the data of >8,500 JIA 
patients and thousands of biobank samples)

 Researcher and Projectleader
2006-2010 Swart JF, Hofhuis F, Hauet-Broere F, Martens AC, Prakken B, 

Wulffraat N, Kuis W PhD project: Mesenchymal stem cell therapy 
in proteoglycan induced arthritis

 PI

Relevant Certificates with successful exams
2016 Recertification Good Clinical Practice (BROK) in Utrecht NL
2014 Certified APLS-instructor (Brussels, Belgium)
2014 MedDRA coding
2013 Generic Instructor Course (ALSG) in Riel NL
2012 University Teaching qualification (BKO) Utrecht NL
2012 Full course Advanced Paediatric Life Support (ALSG) in Malle Belgium
2011 Good Clinical Practice (BROK) in Utrecht NL
2009 Teach the teacher 3-day-course in Amsterdam NL
2006 Recertification Course Advanced Paediatric Life Support (ALSG) in Lier NL
2006 FELASA C (2-week-training and education in laboratory animal science) in Utrecht NL
2005 ALIFI (English 2-week-course of advanced immunology) in Amsterdam NL
2002 Full course Advanced Paediatric Life Support (ALSG) in Nijmegen NL
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LIST OF PUBLICATIONS

LIST OF PUBLICATIONS

Scientific Publications

2018 Swart JF, de Roock S, Nievelstein RJ, Slaper-Cortenbach ICM, Boelens JJ, 
Wulffraat NM

 Safety and efficacy of intravenous administration of bone-marrow derived 
mesenchymal stromal cells in therapy refractory juvenile idiopathic arthritis 
patients, a Phase Ib/IIa pilot-study.

 Arthitis & Rheumatology. Under review March 2018

 Schoemaker CG, Armbrust W, Swart JF, Vastert SJ, Van Vuuren D, Whiting C, 
Cowan K, Olsder W, Versluis E, Van Vliet R, Fernhout MJ, Bookelman S, 
Cappon J, Van den Berg JM, Schatorjé E, Hissink Muller PCE, Kamphuis S,  
De Boer J, Lelieveld OTHM, Van der Net JJ, Van Geelen SSM and Wulffraat NM

 Dutch Juvenile Idiopathic Arthritis patients, carers and clinicians creating a 
research agenda together following the James Lind Alliance method.

 Pediatric Rheumatology. Submitted Jan 2018

 Swart JF, Giancane G, Horneff G, Magnusson B, Hofer M, Alexeeva E, 
Panaviene V, Bader-Meunier B, Anton J, De Benedetti F, Kamphuis S, 
Stanevica V, Trachana M, Ailioaie LM, Tsitsami E, Klein A, Minden K, 
Foeldvari I, Haas JP, Klotsche J, Horne AC, Consolaro A, Bovis F, Pistorio A, 
Martini A, Wulffraat N, Ruperto N

 Pharmacovigilance in Juvenile Idiopathic Arthritis Patients treated with 
Biologic Agents and/or Methotrexate. Consolidated Baseline Characteristics 
of more than 15,000 Patients from Pharmachild and Multiple National 
Registries.

 Ann Rheum Dis. Under review March 2018

 Ravelli A, Consolaro A, Horneff G, Laxer RM, Lovell D.J., Wulffraat N.M., 
Akikusa J., Sulaiman Al-Mayouf, Antón J, Avcin T, Berard RA, Beresford MW, 
Burgos-Vargas R, Cimaz R, De Benedetti F, Demirkaya E, Foell D, Lahdenne 
P, Morgan EM, Quartier P, Ruperto N, Russo R, Saad Magalhães C, Sawhney 
S, Scott C, Shenoi S, Swart JF, Uziel Y, Vastert B, Yasuhiko I, Smolen JS

 Treating juvenile idiopathic arthritis to target: recommendations of an 
International task force.

 Ann Rheum Dis. 2018 Apr 11. Epub ahead.
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