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PART THREE
Discussion
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General discussion and conclusion

In the following chapter the main findings of this thesis are reviewed and discussed 
against the background of relevances in current clinical care.
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PART 1 PATHOGENESIS OF JUVENILE IDIOPATHIC ARTHRITIS 

Juvenile Idiopathic Arthritis
Juvenile Idiopathic Arthritis (JIA) is a collective name for a group of complex autoimmune 
diseases with a variable course and outcome. The main feature is arthritis of one or 
multiple joints in children. A general introduction on JIA and a brief history on therapeutic 
approach to JIA are given in Chapter 1. Pathogenesis has not been completely unravelled 
yet, but is currently viewed as a combination of genetic susceptibility and environmental 
triggers causing a disturbed balance between tolerance and inflammation. Due to the 
heterogeneous nature of JIA, biomarkers would be helpful in determining the window 
of opportunity and in selecting patients for particular treatments or strategies or help in 
determining the moment for tapering and stopping therapy. They can be used for diagnosis, 
response to therapy, or prediction of flare. 

The role of biomarkers in the treatment of JIA 
As such for example the myeloid related proteins (MRP’s) have recently gained attention1 
as potential biomarker for a disease flare, although they are not incorporated routinely in 
clinical care yet. Other potential biomarkers could include the anti-Carp antibodies, already 
routinely screened in rheumatoid arthritis (RA)2 and the composition of the collective gut 
flora including their genetic material, further referred to as the microbiome. 

AntiCarp antibodies
To study the potential value of a new biomarker in RA for prediction of prognosis in JIA, we 
performed a pilot study in a group of JIA patients. The so-called anti-CarP antibodies are 
antibodies which are related to a poor prognosis/radiographic damage in RA, independent 
of the presence of RF or anti-CCP antibodies3. In our pilot study, anti-CarP antibodies are 
present in low percentages (8-13%) in JIA patients, even if (when) they are RF-negative 
and anti-CCP-negative. Most often however the three autoantibodies (Rheumatoid factor, 
anti-CarP antibodies and anti-CCP antibodies) could be demonstrated together, probably 
reflecting a more severe disease course. The exact role of the anti-Carp antibodies in the 
prognosis of JIA remains unclear. Future and ideally larger studies will have to be performed 
to investigate this in more detail. Probably the combination of several biomarkers will, in 
the future, help to predict responses and guide personalized medicine4.

Microbiome in JIA
Over the last decade the gut microbiome has gained increased attention in the research 
field of inflammatory diseases, also in JIA5. We have performed a pilot study to investigate 
the diversity of microbiota in JIA as a potential biomarker, since it is easy to collect and 
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not invasive. We hoped to identify subsets of JIA patients, when compared with healthy 
controls by their gut microbiome, based on differences in the phylum Bacteroidetes, 
usually dominantly present in healthy children6. Almost simultaneously in 2016 microbiota 
aberrations were reported in non-systemic JIA7 reflecting the same changes observed in 
type 1 diabetes, as in Enthesitis Related Arthritis (ERA)8.  In the latter, associations with 
different states of disease activity were established. Intestinal dysbiosis has since long been 
implicated in the pathogenesis of spondylarthropathies. Therefore, research in the last 
years seems to focus on pediatric ERA patients9, 10. 

Indirect evidence for a role of the composition of the microbiota comes from studies 
linking environmental factors influencing the microbiota to the risk of developing JIA as 
described by Horton et al11. Microbiota research is complex due to complicated comparison 
of results when using different detection techniques, big data with complex statistical 
analysis and environmental differences. A recent study incorporating the use of microbiota 
analysis has found some clues that a lower relative abundance of a certain type of bacteria 
(Mogibacteriaceae) in oligoarticular JIA patients might play a role in predicting inactive 
disease in the first two years12. Further studies are needed to delineate the role of the 
microbiota and to appreciate its potential as therapeutic target in JIA. 

 
PART II CLINICAL ASPECTS  TREATMENT STRATEGIES 

Medical treatment in JIA
The treatment of JIA has changed revolutionary over the last 2 decades. Improved 
understanding on pathogenesis in inflammatory diseases like RA and JIA and recognition 
of important mediators of inflammation have led to the development of TNF-blocking 
medicines on top of classical DMARDs like MTX and sulphasalazine (SSZ). The term refers to 
a group of therapeutic agents that specifically target a particular cell or cytokine involved in 
the inflammatory process of JIA. Especially with the biologicals inhibiting TNF-α (etanercept, 
infliximab and adalimumab)—clinical improvement is very significant. The introduction of 
TNF-blocking medication in the disease course has improved the outcome for JIA patients 
substantially. Additionally, increasing uniformity in monitoring the disease has further 
improved the outcome.  Nowadays, treatment with Disease Modifying Antirheumatic 
Drugs (DMARDs) is started as soon as possible after diagnosis, resulting in more effective 
suppression of disease activity and substantial reduction of joint damage. Current 
treatment recommendations are based on national or international publications13, 14. The 
DMARD therapies recommended are all well-known. The optimal timing or combination is 
still a matter of debate.
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Targeting Inactive disease
There are several indications that earlier or even immediate treatment with TNF-α inhibitors 
might even be more beneficial than reserving such treatment for patients who have failed 
on traditional DMARDs. Tynjala and Wallace et al both showed the beneficial effects of 
early aggressive treatment on outcome15, 16. Gradually even inactive disease has become 
the realistic goal that comes into view in JIA patients17. 

An important question remains when to initiate an TNF-blocking agent. Their place in the 
treatment of patients with recently diagnosed JIA and their effectiveness compared to 
other aggressive treatment strategies has yet to be determined18.

In line with previous (RA) studies, these insights have led to the development of a practice-
based study in JIA patients, comparing treatment strategies rather than individual drugs, 
called BeSt for Kids study. 

The BeSt for Kids study
In this study three treatment strategies are compared (figure x page y).
1 Sequential monotherapy, where patients started with one DMARD: either methotrexate 
(MTX) or Sulphasalazine (SSZ), thereafter increasing MTX dose or switching to MTX, 
thereafter adding etanercept (anti-TNF) in case of insufficient response (n=31). 
2 Initial combination therapy with MTX and prednisolone, where patients started directly 
with methotrexate and prednisolone bridging therapy (4 weeks 0.5mg/kg, tapering to 0 in 
2 weeks), thereafter increasing MTX dose, thereafter adding etanercept (anti-TNF) in case 
of insufficient response (n=32).
3 Initial combination therapy with etanercept and MTX  (anti-TNF) where patients started 
with a combination of the TNF-inhibitor etanercept and MTX (n=29).

Between October 2009 and April 2014, 94 JIA patients with recent onset active juvenile 
idiopathic arthritis (oligoarthritis, RF negative polyarthritis and juvenile psoriatic arthritis) 
were included and followed for 2 years. The initial target was to achieve an adjusted 
ACRpedi50% after 3 months of treatment and inactive disease from six months and onwards 
in all patients. To resemble the dynamics of daily practice, the patients moved through the 
treatment protocol and proceeded to the next step (increasing dose, switching to another 
drug, or adding another drug) in case of an insufficient response (no ACRpedi50%  or no 
inactive disease).  Tapering was commenced once a period of 3 (oligoarticular disease) or 6 
(polyarticular disease) months of inactive disease was reached. Measurements of disease 
activity were performed every 3 months by a physiotherapist who was blinded for the 
allocated treatment strategy. The treating paediatric rheumatologists used the results of 
these core set criteria for the adjustment of therapy. 
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The primary clinical outcome was time to inactive disease and time to flare after tapering and 
stopping DMARD medication. Secondary outcomes were adjusted ACRPedi30/50/70/90% 
calculations, toxicity and physical function as measured by Child Health Assessment 
Questionnaire (CHAQ) every 3 months. 

EARLY CLINICAL OUTCOMES 

Adjusted ACRpedi improvements
After three months of therapy the target was ACRPedi50%. The patients who started with an 
initial combination of etanercept and MTX (arm 3) had a higher ACRpedi70% response after 
3 months of 47% compared to arm 1 (25%) and arm 2 (19%) of treatment in comparison 
to the monotherapy strategy (arm 1, p=0.04). Less medication changes had occurred and 
toxicity was similar between the groups. These results  are worldwide one of the first data 
on recent-onset DMARD-naive JIA patients treated DMARD naive with etanercept and 
MTX19.

If we compare our data to the literature we find data on JIA patients with chronic severe 
disease course, previously treated with MTX or other DMARDs. In those patients after 3 
months of etanercept treatment percentages of improvement ranging from 36% in original 
etanercept study20 to 39%21, 22 and 51%23 depending on registry and JIA category.
This is relatively similar, although patients from both groups are not comparable in terms 
of disease duration before start of anti-TNF. The 3-months period is relatively short and 
outcome over a longer period is more important. Whether ACRpedi70% after 3 months 
is predictive for later outcome is subject of further study although results in literature 
previously reported on this24-27.  

If we focus on percentage of improvement we do not take the actual disease activity into 
account. Therefore, the JADAS-score was developed. 

JADAS-score
The JADAS-score, first described in 200928 is a composite score of Physician Global 
Assessment (PGA), Patient/parent global assessment of well-being, ESR and number of 
active joints. JADAS-10 (joint count is up to a maximum of 10 active joints) scores after 
3 months treatment were measured additionally, since this score was developed after 
finalizing the protocol for the BeSt for Kids study. As recently described29 the difference in 
JADAS (ΔJADAS) compared to baseline is helpful and more easy to determine improvement. 
At baseline JADAS-10 scores were median 15.7 (13.5-20.2) in arm 1,  17.9 (15.2-21.9) in 
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arm 2 and 19.1 (13.8-23.2) in arm 3.  ΔJADAS after 3 months of treatment was median 
6.9 in arm 1, 5.7 in arm 2 and 10.2 in arm 3 (p=0.22). In literature JADAS-10 scores after 3 
months of etanercept treatment were published29, differentiating between baseline low, 
moderate or high disease activity. Cut-off values for improvement could be defined by the 
minimal decrease in the JADAS-10 in baseline class:  low by 4, moderate by 10 and high by 
17. Our patients are in the category of moderate disease activity corresponding with JADAS 
15-25 at baseline. Our 3-months responses in ΔJADAS are in line with these responses in 
arm 3 only,  underscoring the small but significant difference in ACRpedi70% responses 
after 3 months of therapy. 

Clinical outcomes after 24 months of follow-up (see Chapter 5.2, figure 2). 
Time-to-inactive-disease 
Time-to-inactive-disease was not significantly different across the arms, median after 
9 months. Between 12 and 24 months medication was tapered and stopped in case of 
prolonged inactive disease, giving rise to flares and therefore loss of inactive disease 
criteria explaining the bumps in the curves in the second year.  After 2 years of treatment, 
in all three arms more than 70% was in inactive disease despite tapering strategies.

In literature, inactive disease after 54 weeks in ACUTE16 was reached in 68% (infliximab), 
40% (COMBO) and 25% (MTX). In TREAT15 after 12 months numbers are 21% (arm1, MTX/
etanercept/prednisolone) versus 7% (arm2, MTX with placebo prednisone/etanercept). 
The results of the extension study are in line with our results with prolonged periods of 
inactive disease in most patients and those not in clinical inactive disease had low levels 
of disease activity30. Differences in study design hamper the possibility to compare these 
results in further detail. In our study the much smaller and thus apparently non-significant 
differences can be explained since we used a dynamic treatment- to-target approach with 
a final common pathway in all three arms therefore final results tend to approach each 
other after 2 years. Flares in this specific study design are responsible for loss of inactive 
disease status.

Observational studies from the comparable time frame of our study (2009-2014) reach 
lower levels of inactive disease and all manuscripts discuss mainly periods of inactive 
disease instead of prolonged inactive disease, not mentioning tapering or stopping of 
DMARDs31-35. For example Ringold describes a cohort of patients with polyarticular disease, 
spending most of the follow up time in active disease36. A highly variable disease activity 
pattern was described by Albers et al, with, in general, a predictive course in the first two 
years for the course in the following 3 years32. Papsdorf, in 2011, has reported on 50% of 
patients reaching inactive disease on medication33. Anink has reported on the first episode 



General discussion and conclusion

195

9

of inactive disease occurring after median 10 months in 77% of patients, but does not 
report on prolonged inactive disease state34. Minden reported on 20% inactive disease 
while 78% was still on therapy in the Jumbo registry in 201235.

Results from more recent observational studies reflecting daily current practice even with 
the most modern treatments earlier in the disease course, describe lower levels of inactive 
disease after 1 year37-41 varying from 25-50% on average underscoring the importance of 
an additional treat to target (T2T) approach in JIA. For example, Mc Erlane reports that 
one third of patients is still in high disease activity at one year37. Worrisome is the fact that 
they lacked to find any improvement over the last 10 years possibly due to poor awareness 
and delays in referral. Solari et al report in 2012 that half the patients on etanercept reach 
inactive disease. After 24 months of continued therapy 57% was in the state of inactive 
disease42.

Shoop-Worrall (2017) highlights that the majority of patients have persistent disease activity 
after 1 year of treatment in a large inception cohort39. Verrazza (2016)40 also mentioned 
that half of the patients on etanercept reach complete disease quiescence. Sengler reports 
that the majority of patients with JIA reach the state of inactive disease within the first 
year of specialised care41. This cohort consisted mainly of oligoarticular JIA patients and 
therefore differed from our population. 

Adjusted ACRPedi 30/50/70/90 improvements over 24 months (see Chapter 5.2 figure 
2)
High percentages of improvement are reached in all three arms during 24 months, without 
significant differences over time between the 3 arms.

12 months outcome 
Our study showed 69% ACRPedi70 in arm 3 after 1 year of treatment with etanercept and 
methotrexate combination from the start, compared to approximately 56% in the other 2 
arms where etanercept, if needed, was initiated at a later stage. In 2004 early registries on 
etanercept describe in non-systemic established DMARD refractory JIA ACRpedi70 of 34% 
after 1 months to 64% improvement after 1 year of treatment21. Five years later the same 
authors describe 62% of ACRpedi70 improvement after one year of combination therapy 
with etanercept and MTX as compared to 45% for the etanercept only treatment. These 
registries contain the most severe JIA patients with long-lasting disease, in contrast to  our 
study, where all children regardless of disease activity were included when they were in 
need of a DMARD. In the previously mentioned ACUTE study ACRpedi 75 after 54 weeks 
was primary end point. This high goal was reached in 100% (anti TNF), 65% (COMBO) en 
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50% (MTX) arm. The ACUTE study did not allow a tapering regime and was not blinded, two 
reasons probably contributing to the differences found in our results. Whether ACRpedi70% 
after 3 months is a predictor for long term outcome is subject of further study but this 
seems likely since more ACRPedi70% is reached in the third arm after 3 months and this 
result lasts over a period of 24 months. 

24 months outcome 
In our study even after 24 months, results continue to improve, mainly in ACRpedi30/50% 
in all arms without reaching a plateau phase yet. In arm 3 for ACRpedi 70 and 90 due to 
tapering and stopping therapy and therefore loss of improvement a plateau seems to have 
been reached, but not yet for arm 1 and 2. Earlier saturation of maximum clinical effect on 
group level might have been reached in arm 3 as an explanation to these graphs. This is 
special when we take tapering/stopping of DMARDs into account, mostly occurring between 
12 and 24 months of follow-up as can be seen in figure chapter 5.2 figure 3. The continued 
improvement in all arms emphasize again the importance of a T2T-approach which can 
include a tapering and stopregime, but with careful monitoring and swift response in case 
of a flare.  And again, although these percentages seem comparable, they do not allow us 
to compare actual disease activity. 

JADAS-10 score
Since the development of the JADAS score28 we added JADAS-10 score as secondary 
outcome measure after 24 months. JADAS-10 scores at baseline were calculated once 
more, since 2 patients were left out of the 24 months analysis due to changing diagnosis. 
Baseline JADAS-10 mean was 16.5 ± 4.2, in arm 2 18.8 ± 4.4, and in arm 3 18.8 ± 5.4.  
After treatment in this treatment-to-target regime JADAS-10 scores improved after 12 
months to 6.1 (3.8-8.3) in arm 2 to 6.2 (3.8-8.6) and in arm 3 to 4.7 (2.6-6.8) (see figure 
Chapter 5.2 figure 2). All fulfil the criteria of improvement with ΔJADAS of at least >10 
points from mediate baseline disease activity29. Numerically highest ΔJADAS was observed 
in arm 3.  After 24 months of continued T2T-strategy, including tapering and stopping if 
predetermined criteria were met, JADAS-10 scores reached 2.6 (1.4-3.8) in arm 1, 4.0 (2.2-
5.8) in arm 2 and 3.0 (1.6-4.4) in arm 3. 

In accordance with previous results, JADAS-scores in all arms continue to go down and have 
not reached a plateau yet suggesting the on-going beneficial effect of the T2T-approach 
even allowing for tapering strategies. 

Recently clinical (c)JADAS as adaptation of the original JADAS was developed43. The 
advantage is the lack of ESR in this score.  Even more recently it was proposed that 
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cJADAS was able to identify patients in need of anti-TNF according to the Beukelman 
recommendations13 and therefore it is a user-friendly tool easy to be used for T2T in JIA44. 
The patient VAS appeared to be a critical item in the cJADAS for the decision to escalate to 
anti-TNF. Since we know from previous studies45 that patient VAS frequently overestimated 
disease activity when having pain and being functionally limited, these results need to be 
confirmed in future studies.

CHAQ
Functional ability was measured by the Dutch version of the Child Health Assessment 
Questionnaire (CHAQ)46. CHAQ levels were comparable at the start of the BeSt for Kids 
study on average (1.1± on a scale from 0-3) quite low, corresponding with between mild-to-
moderate and moderate disability47 yet comparable with CHAQ-levels in the TREAT (1.1±0.8 
and 1.3±0.7) and ACUTE study (0.5-1.1±0.55-0.60)15, 16. Over time they improved in all three 
arms although CHAQ’s in the second arm remained the highest numerically. The minimal 
clinically important differences (MCID) of the CHAQ both for improvement and worsening 
are often at or close to the level of the smallest potential difference, which is 0.1348. The 
problem in low disease activity is the fact that the CHAQ in its current form probably is 
too insensitive to determine important short term changes in health and disease for a 
given patient. If this problem was relevant in our study, it has affected all three groups in a 
similar way. Possibly also a so-called ‘response shift’ has occurred if patients, which means 
that although somewhat worsened or improved, the patients have become used to the 
altered health state and rate themselves as unchanged, even though an actual change in 
their health had taken place. For example in ACUTE study, baseline CHAQ in TNF arm was 
0.5±0.1 and CHAQ after 54 weeks was 0.4±0.1, although 68% had reached inactive disease. 
Whether this response shift occurs in JIA patients is currently unknown. Interesting is that 
CHAQ scores in our study are low compared to for example the PRINTO-MTX study’, where 
ACRpedi70 non-responders or even ACRpedi30 non-responders could be predicted by 
higher CHAQ scores (>1.0)49. Observational cohort studies in the TNF-era however describe 
low CHAQ levels (0.43-0.63) even before initiation of a biological50 underlining the lack of 
sensitivity of the score in the lower ranges.
		
Medication changes in the BeSt for Kids study  
More medication changes were needed in the first and second arm compared to arm 3.
In arm 3 all patients were treated with etanercept and methotrexate. In arm 2 after 1 year 
more than 50% started on etanercept and after 2 years 70% of patients used or had used 
it. In arm 1 50% of patients eventually needed etanercept at various time points according 
to protocol. Despite the different number of medication changes, comparable numbers of 
patients  1) reached inactive disease and 2) could taper and stop DMARD therapy, with 3) 
comparable numbers of flare. 
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It seems that the T2T approach is more important than initial treatment in terms of primary 
outcome measures: time-to-inactive disease and time-to-flare. Combination therapies 
were not superior in our study after 24months, as was previously reported in rheumatoid 
arthritis51. However, out of protocol use of glucocorticoids (see Chapter 5.2, Table S2 
protocol violations) either oral, IM or intra-articular could have improved the outcomes 
of arm 1 and 2. More studies are needed to establish the optimal treatment strategies, 
although our study supplies proof-of-principle evidence that treatment-to-target is 
potentially equally/more important than the drug used as was previously described in 
RA52, 53. Consensus treatment plans (CTP) have been developed to study different initial 
treatment strategies outside of clinical trials, which are described further down.

Tapering and stopping DMARDS
In our study 59% of patients were able to taper and stop medication after on average 15-
18 months of therapy. This duration of therapy is shorter in comparison to the patients 
previously described in literature, who were treated variably between 19 months and 
over 4 years54-60 before tapering was attempted, although they had a more prolonged total 
disease duration and had started a biological later in the disease course. 

In a large cohort of patients managed with contemporary treatments according to current 
standard-of-care, described by Guzman et al, probabilities of discontinuing treatment of 
46% for oligoarthritis, 21% for RF negative polyarthritis and 44% for psoriatic arthritis are 
mentioned61. This large cohort contained patients with comparable patient characteristics 
in comparison to our study. Guzman explicitly states in the discussion that they report on 
attaining a clinical outcome, these results should not be interpreted as probabilities of 
maintaining these outcomes. 

Chang et al describe a cohort of polyarticular JIA and Enthesitis related Arthritis59. 29% of 
RF negative polyarticular JIA could stop all DMARD therapy.

Recently, Minden et al describe higher chances of reaching drug-free remission is related 
to earlier initiation of biologicals, underscoring the concept of a window-of-opportunity62. 
Tapering and stopping therapy therefore is a logical step in the treatment of prolonged 
inactive JIA, especially when therapy was initiated early in the disease course. From our 
experiences in the BeSt for Kids study, motivation to be treated continually tends to 
decrease in JIA and patients/parents actively request for tapering and stopping therapy 
and this was observed previously63.
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At the end of our study about 39% in all arms were (still) in drug-free inactive disease.
Although recent recommendations do not advice on tapering and stopping yet64, in our 
experience, tapering and even stopping DMARDs was feasible in children with JIA once 
inactive disease had been reached for at least 6 months in polyarticular disease or 3 
months in oligoarticular disease. More studies need to be done to recognize patients at 
risk for flare and to determine the optimal period of therapy before tapering since Klotsche 
et al describe less flares when inactive disease was maintained for 12 months before MTX 
withdrawal65.

Time to flare 
After tapering and stopping DMARDs, time-to-flare was not significantly different between 
the arms and occurred after on average 3.0 (3.0-6.0) months. Flares were described in 25% 
of cases in all three arms with the relative limited follow-up time up of 24 months. 
A recent observational study by Chang et al59 among polyarticular JIA and enthesitis related 
arthritis (n=335) describes a flare rate of 63% within the first year. More patients on 
combination therapy flared if they first stopped the TNF-blocker and continued MTX. This 
is not the case in our study.  Long term data need to be collected to reflect on our flare 
percentages over longer period of time.  
Data from another recent large observational study by Guzman show higher numbers of 
flare in up to 54.7% out of 1146 patients60 depending on definition of flare and among 
all JIA categories. In this study significant flares, defined by the need to intensify therapy, 
occurred 26.6% (24% to 30%) within a year after achieving inactive disease and within a 
year after stopping treatment 25.0% (21% to 29%), respectively. 

Flares in our study required restart of therapy in 4/6 patients in arm 1 (1 SSZ 3 MTX), 3/3 in 
arm 2 (MTX and n=1 one local injection) and 5/5 in arm 3 (MTX/etanercept). Numbers are 
in the same range as in the recent paper by Guzman60 although comparability between our 
RCT in selected categories of JIA and this large prospective observational cohort study in all 
JIA categories is limited. Already known from Guzman et al is, that children with a severe 
disease course have higher chances for flare60 yet there is a need for prediction of flares to 
determine in which patient therapy can be withdrawn safely.

Flares in our study were characterised by on average low disease activity: cJADAS 9.7 (8.1-
11.3). After restart of last effective therapy (3 months later) cJADAS lowered substantially 
to 3.9 (1.8-6.0). 

We were able to include a few oligoarticular JIA patients. In the n=11 oligoarticular patients 
in our study the amount of flares in oligoarticular patients (n=1 out of 5) was in proportion 
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with the amount of flares in polyarticular patients (n=13 out of 83), suggesting that 3 
months of inactive disease in oligoarticular disease, before  tapering needs further study. 
On the other hand, a recent study containing 40% oligoarticular JIA patients, described a 
lower flare rate in case of 12 months of inactive disease before MTX tapering65. 

Toxicity
Over 24 months toxicity was similar across the arms. Some severe adverse events occurred, 
all due to hospital admission for several reasons (see Chapter 5.2, table 2 Adverse events), 
in all three arms, none with permanent damage. In recent literature comparable data on 
toxicity can be found for patients treated with anti-TNF’s or MTX/combinations23, 66-69. 
Concerns on serious infections66, 69 exist but they seem to be mild on group-level. Long 
term pharmacovigilance remains of importance since the era of the use of biologicals in JIA 
patients is currently less than 20 years70, 71. Since we started and stopped biologicals early 
in the disease course we aim to reduce exposure to these drugs and thus diminish possible 
adverse events. 

Protocol violations
In our study in all arms protocol violations occurred (see Chapter 5.2, table S2 protocol 
violations), mainly due to the wish of parent/patient or physicians wish not to increase 
therapy. Since this was a long term follow-up pragmatic clinical trial, we tried to mimic 
routine clinical care. Although parents and patients were informed and aware of the 
treatment protocol, we used shared decision making64 as an important principle in the 
consulting room, and obviously this is complex in children when treated with TNF-blockers72.
Protocol violations occurred in all arms in the study in comparable numbers. Previously 
described in the original BeSt-study, disagreement with the disease activity score (DAS) or 
the required treatment and dissatisfaction with the level of disease suppression were risk 
factors for non-adherence73. This is subject of further study from the results of our trial. 

The use of glucocorticoids
In arm 2, 6 weeks of prednisone was administered as bridging therapy. Four weeks of 
0.5mg/kg tapering in 2 weeks to 0. The six weeks results show a clear short-term benefit 
although the effects are short-lived and do not seem to sustain over longer time since we 
observed a ‘rebound effect’ in terms of adjusted ACRpedi improvements, inactive disease 
and JADAS10 score after withdrawal. The duration of administration of glucocorticoids in 
this trial is presumably too short for a lasting effect. Due to the inherent characteristics of 
glucocorticoids in children a prolonged use is not eligible. The optimal dose and duration 
for bridging purposes is subject of further studies although individual preferences exist 
among physicians74.
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In the paper by Guzman61, the cumulative probability of attaining inactive disease after 
2 years is high in patients with oligoarticular disease (86%) and RF negative polyarticular 
disease (70,9%), by using glucocorticoids relatively often and less biologicals compared to 
our cohort. 
Throughout the study parenteral glucocorticoids were administered outside of protocol: 
in the first months in arm 1 and 2: 7 times compared to none in arm 3. These findings 
may indicate that the clinical efficacy of treatment in arm 3 was better, and that with less 
effective csDMARDs, additional glucocorticoid-courses are required to achieve similar 
results. 

Radiographic outcome
As the time has come to include radiographic progression as outcome in JIA clinical trials75 

we evaluated radiological outcome in our cohort from recent onset active JIA patients in 
the BeSt for Kids study who were treated to target, early and with tight control.

Poznanski score
As determined by Poznanski76 we found in the wrist no radiological damage, neither at 
baseline, nor at follow-up after 24 months of treatment. This result is remarkable since it was 
described previously that radiographic damage in polyarticular JIA mainly occurs in wrists77, 78 
both at baseline and with progression at follow-up, up to 10 years. Other studies describe 
variable degrees of damage79, 80 and the potential of etanercept to reduce radiographic 
progression was recognized81. Patients in our study at first presentation were not as 
badly affected as they used to be 25 years ago, since Poznanski scores were comparable 
to a healthy population. Maybe patients are referred earlier although literature does not 
support that argument37. An explanation could be that current targeted treatments seem 
to prevent radiographic damage. Evidence for the hypothesis came from Malattia et al 
when they compared American College of Rheumatology paediatric (ACRpedi) response 
criteria and conventional radiography with MRI findings in a cohort of patients with JIA82. 
Exclusively patients reaching ACRpedi90 responses showed significant decrease in synovitis 
on MRI and the halting of structural damage. Those data strongly suggest that ACRpedi30 
can no longer be considered a sufficient therapeutic response. Since MRI of the wrist in JIA 
is not yet validated for synovitis in JIA we still must view these results with caution since 
MRI abnormalities are sometimes seen in healthy children83 and MRI data on healthy age 
matched controls are currently lacking. 

Bone age and BMD
Additionally, by using BoneXpert, a validated and automated program to evaluate bone 
age and bone mineral density (BMD), previously it was found that a JIA population treated 



Chapter 9

202

with biologicals at some time in the disease course had delayed bone maturation and lower 
cortical BMD than healthy children84. In our study, bone age (BA) was comparable at start 
although differences occurred, that were interpreted as not clinically relevant. Changes 
over time also remained within 1 SD from 0, thus the normal range. 
Additionally, BMD of the wrist was significantly reduced (>1SD) at baseline in arm 3 
compared with arm 1 and improved significantly in subsequent post-treatment studies 
in arm 3. In treatment strategy studies in RA, the BeSt-study and the IMPROVED-study, 
BMD loss was detected and related to joint damage progression85, 86. In JIA, previously the 
relation between diminished BMD and disease activity was observed87, 88, with exemptions89, 
including the possibility for improvement of BMD after therapy90, 91 although normalization 
of BMD over time was often not reached92, 93.
The significant improvement in BMD in arm 3, the relatively preserved BMD in arm 1 
and 2 and relatively preserved bone development underscore the importance of the T2T 
approach in the current era of early adequate treatment.

Patient perspective 
Most outcome measurements of clinical studies focus on clinical and radiographic efficacy 
and do not take the patients’ perspective into account. For successful enrolment in future 
studies such as the BeSt for Kids study, not only the outcomes of the study, but also the 
patients’ willingness to participate in trials, their thoughts and ideas at study entry as well 
as later on, based on personal experiences are important. Are patients in equipoise at the 
beginning of participation in clinical trial? And how about later in the course of the study? 
Equipoise is genuine uncertainty on superiority of one intervention over the other. With 
those questions in mind we conducted an interview study with parents/patients in the 
study while the actual BeSt for Kids study was still ongoing so we could compare initial 
preferences with later ones, shaped by experiences. The results are described in chapter 6.
Initial preferences of the majority of families were to be assigned to arm 3, initial treatment 
with etanercept/MTX combination, therefore preference as a proxy for equipoise was 
not present during enrolment. During the interview study preferences tended to change 
towards the actual treatment strategy, possibly reflecting positive experiences with the 
treatment strategy received. Adverse opinions towards prednisolone were strong at 
study enrolment. The core message of this manuscript is the importance to evaluate the 
so-called ‘informed patient-group’ equipoise in the development of future studies. The 
importance to include patients and families in all aspects of trial development was recently 
acknowledged by other groups94. Elaborating on this, the next research agenda for juvenile 
idiopathic arthritis will be made by a collaboration of the Dutch Juvenile Arthritis Association 
(jeugdreumavereniging) and the Dutch Society of Pediatric Rheumatology (NVKR) according 
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to the James Lind Alliance method in so-called Priority Setting Partnership (PSP)95, 96 in 
which the author of this thesis is participating as a member of the steering group.

Clinical trials, Consensus treatment plans and treatment recommendations
Next to the observational studies with etanercept, clinical trials with a design of early 
aggressive treatment are scarce: two important in the last decade are the TREAT15 and 
the ACUTE97. In the TREAT study (Trial of Early Aggressive Therapy in Polyarticular Juvenile 
Idiopathic Arthritis) 85 polyarticular JIA patients were treated with either the combination 
of methotrexate, etanercept and prednisolone (arm1) or with methotrexate, placebo 
prednisolone and placebo etanercept (arm2). After 4 months ACRPedi70 was reached by 
71% in arm 1 versus 44% in arm 2, which was significantly different (p=0.011), although 
not the primary outcome measure. An important result from the TREAT-study was the 
predictive value of disease duration. The shorter the disease duration at baseline, the more 
likely it was that clinical inactive disease would be achieved at 6 months.

The Aggressive Combination Drug Therapy in Very Early Polyarticular JIA (ACUTE) study97 
compared 3 treatment strategies in a multicenter, randomized, open-label trial: 1 MTX 
monotherapy, 2 MTX with infliximab and 3 MTX with SSZ and hydroxychloroquine. Sixty 
patients had an average disease duration of 2 months. If the target of ACRpedi75 was not 
reached by 12 weeks or thereafter in any of the treatment arms, methotrexate was doubled 
to 30 mg/m2 weekly up to 25 mg and administered parenterally. At 6 months, modified 
clinical inactive disease was achieved in 60% of the patients in the MTX and infliximab arm, 
30% in the combination arm, and 5% in the MTX only arm. Although for both studies the 
study design is different, as well as the number of included patients, JIA categories and 
the use of additional medications, the results provide evidence of the advantage of early 
aggressive therapy. Novel in our study in relation to the previous 2 clinical trials are the 
ongoing treatment to target (T2T) approach and the tapering and stopping strategy. 

Due to difficulty performing clinical trials in JIA98, several initiatives were launched 
to investigate14, 99 optimal initial treatments for polyarticular course JIA. Comparative 
effectiveness studies could provide information reducing variation in care by evaluation 
of the comparative effectiveness of treatment timing and selection and collecting large 
numbers of patient100.

The first initiative came from The Childhood Arthritis and Rheumatology Research Alliance 
(CARRA), a North American organization of pediatric rheumatologists who have joined 
together to facilitate research in pediatric rheumatology diseases101. The first plan was a 
step-up plan comparable with our arm 1, the second was a combination plan, comparable 
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with our second arm and the third plan was a biologic only plan, comparable with our 
arm 3 (although we used combination therapy in arm 3). Those plans were made based 
on consensus opinion as compared to the treatment recommendations from 201113 by 
Beukelman which were developed by using an evidence-based method, with limited room 
for expert opinion and not forcing consensus. CARRA used the physician global assessment 
(PGA), the ability to taper/discontinue glucocorticoids and the “patient much improved” 
statement as criteria for treatment evaluation. First results are awaited. 

Subsequently in 2016 the German initiative by Horneff et al describes the design of 4 
treatment plans: 1 adding a biological to MTX in case of insufficient response; 2 initial 
MTX thereafter biological monotherapy, 3 initial glucocorticoid pulse therapy with MTX 
and 4 initial multiple glucocorticoid joint injection with MTX. Improvement is more clearly 
defined, based on JADAS10 or delta JADAS (amount of improvement) cut off values29. After 
3 months the target is minimal JADAS improvement as previously described. At six months 
the target is JADAS “parent acceptable disease activity” (JADAS10 ≤ 5.4)102. From 12 months 
the treatment goal is “inactive disease” (JADAS ≤ 1) or at least “low disease activity” (JADAS 
≤3.8) . No advice for a treatment withdrawal is given after the first year. First results are 
awaited for this project as well. 

Which target to address and when: is inactive disease too high to aim at?
The treatment-to-target concept has made it way in pediatric rheumatology103, although it 
is still in its infancy64. Based on the results of our study, inactive disease has proven to be 
a feasible goal, which is necessary to aim at in trials and clinical care, before tapering and 
stopping can be considered. However, current consensus treatment plans or treatment 
recommendations do not advice on tapering and stopping of DMARD/biologics yet due 
to lack of evidence and still debate the optimal initial goal. Additionally, considerable 
variability exists on tapering regimes104. A previous attempt to study tapering strategies 
failed as insufficient patient number could be included (personal communication: ABC Stop 
study). Patients who could taper according to the treating physician, were not prepared 
to randomize between different tapering strategies, since they wanted to stop right away, 
emphasizing again the need to include the ‘informed patient group’ in developing new trial 
designs. 

As a target CARRA aims at ACRpedi90 at 12 months101 although this is a difficult target to 
calculate in daily clinical practice. The ‘Protocols on classification, monitoring and therapy in 
children’s rheumatology’ (PRO-KIND) commission from Germany aims at JADAS remission 
or at least JADAS low disease activity14. On the other hand, from long term experience in 
rheumatology it is recognized that a goal set too high can hamper the effectuation of a 
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Figure from: Management of juvenile idiopathic arthritis: hitting the target 
Nature Reviews Rheumatology 2015;11(5): 290-300 (With permission of Prof Dr D Foell) 
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trial or treatment. Adherence to a DAS-steered protocol was better in the long run if the 
target was DAS ≤2.4 in the BeSt study, compared with the IMPROVED study aiming at a 
more strict DAS<1.6.105 where protocol adherence diminished more over 5 years’ time.  
In the latter study, protocol violations more often occurred against required treatment 
intensification. Perceived risks (side-effects or costs) of the required steps may reduce 
physicians’ adherence to the protocol. Although not so dedicatedly studied, these results 
are in line with our experiences in the BeSt for Kids study. In all arms protocol violations 
occurred mainly against treatment intensifications and are important to keep in mind when 
developing future studies.  Still, inactive disease seems is the right target. Reason to aim that 
high are the fact that, once treatment was started,  we did not observe the development 
of damage, neither at the wrist, as was studied, nor in other joints. Undertreatment, with 
the risk of developing (permanent?) damage, is a greater risk for children with JIA than 
overtreatment, if you consider timely tapering and stopping regimens.

Which treatment strategy is the BeSt?
The evaluation of the three treatment strategies in early JIA as described in Chapter 5 and 
6 in this thesis shows that all three arms are comparably effective after 24 months. These 
results may, next to early DMARD initiation, be attributed to tight control as achieved by 
intensive monitoring and immediate adjustment of medication. 
Although the beneficial effect of tight control has just started to be recognized in JIA106, 
the beneficial effect of early treatment and a few initial strategies has been previously 
described by Tynjala16, Wallace15 and Minden62. 

Heterogeneity in JIA categories as well as disease severity, additional use of glucocorticoids 
out of protocol and complicated estimations used for samples size calculations, have 
probably contributed to less than expected differences between the three arms. 
In this study T2T and tight control seemed more important than the agents inducing it. 

How to treat the individual JIA patient? 
Reviewing the data from the BeSt for Kids study, it can be argued that, when starting a 
combination of drugs in all patients that present with JIA (oligo, poly or JIA with psoriasis) 
a considerable proportion of patients would have been ‘overtreated’. Indeed after 2 years 
of follow up approximately 50% that started with initial monotherapy still showed good 
clinical response. What could argue against starting with monotherapy in (a subgroup 
of) JIA patient? In RA characteristics associated with poor prognosis could be overruled 
when starting early with a combination of drugs107, 108. Although diseases are not the same, 
treatment principles are similar. Therefore one could recommend for further study, based 
on these data, that JIA with features of poor prognosis as summarized by Beukelman13 
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should all start with combination therapy with MTX and anti-TNF or another biological 
(il-6 blockade), as nowadays occasionally is done by a pediatric rheumatologist (personal 
communication). Due to the well-known limitations in JIA patient numbers, we could apply 
this strategy as routine clinical care and observe the outcome109.

Identification of patients with less severe disease, not in need of initial combination therapy 
is of major importance44. However, in general the risk of undertreatment seems higher 
than the risk of overtreatment with subsequent tapering and stopping110 of combination 
therapy.

Methodological considerations of our design 
The randomized clinical trial is the gold standard to provide evidence for good clinical 
practice. Alternative study designs have been applied in JIA patients due to several reasons. 
Trials in JIA patients are challenging94, 98 mainly due to heterogeneity and rarity of juvenile 
idiopathic arthritis.  In the BeSt for Kids study over 4 years were needed to recruite ‘enough’ 
patients. Sample size calculations were complicated since they were based on estimated 
percentages since actual data were lacking. The study was powered for time to inactive 
disease, although it tried to 1) evaluate effectiveness and safety of three initial treatment 
strategies, 2) evaluate the possibility to taper and stop DMARD therapy after prolonged 
clinical response 3) evaluate flare rates once medication was withdrawn. Although these 
goals were set (too?) high to answer all these questions we have given proof-of-principle 
that this type of study is feasible in JIA patients including all the pros and cons of this 
design. 

Reasons for this slower than expected inclusion were delay in referral, passing the artificial 
‘window of opportunity’ of 18 months as determined in the protocol, comorbidities 
prohibiting trial participation and refusal to participate, mainly at one inclusion site. 
Additionally, this study was not performed nationwide due to several reasons, which 
further hampered inclusion. 

Our study is a combination between a clinical trial and a comparative effectiveness study 
and is performed as a large pragmatic trial.  Facing the difficulties mentioned above it took 
a lot of time, perseverance and creativity to finalize the study. For example the inclusion of 
the oligoarticular patients was less than expected. Often, when a patient was referred as 
oligo-articular patient, during examination by our experienced physiotherapist, more joints 
with arthritis were recognized, changing diagnosis from oligo to polyarticular JIA. Probably 
oligoarticular disease was less severe in the past and by the time it remained active, the 
period of 18 months needed to be possibly included, had passed. 
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Inclusion and follow-up visits were time consuming, with single blinded joint examinations 
every 3 months, Clinical Record Forms (CRF) to fill in. Ideally we wanted to analyse 
oligoarticular JIA, psoriatic arthritis and polyarticular disease separately, although this did 
not seem sensible at the moment due to small numbers included of both the subgroups.

The JIA study design historically and future perspectives
In the eighties already it was recognized that performing clinical studies in JIA is challenging111 
and this is an actual issue ever since98, 112.

Improved legislation in combination with collaboration through large research networks have 
improved the options for studies in JIA. Inventive study designs like utilizing an active comparator 
instead of placebo, adding an escape arm to minimize possible exposure to harm, and having 
an open-label extension for responders to assure direct benefit to research participants who 
respond well to the study drug. Including families in trial development as discussed in the 
previous chapter will enhance study appeal. Funding is needed and seems to be invested 
these days in comparative effectiveness studies and precision medicine (UCAN CAN DU).  
Several trial designs have passed in recent years, all with specific possibilities and challenges, 
the most important example is the randomized withdrawal trial112. The population under 
study is treated with a new drug in the first phase, secondly the responders are randomized 
to continue the drug or receive placebo. The outcome (time to flare) of the withdrawal trial 
is the efficacy of the drug to suppress a flare, instead of the true efficacy of a the drug. This 
study design does not support clinical equipoise since only responders are randomized. 
Secondly information on non-responders is lacking and carryover effect (carryover effect 
means that if the effect of the treatment carries on after the treatment is withdrawn, 
and the following response to a second treatment or placebo could be due in part to the 
previous treatment) will diminish changes to detect significant differences as occurred in 
the recent golimumab study113. 

To overcome these issues in future studies, extrapolation of efficacy data on adults is possible 
in diseases with similar progression and similar response to therapy, although studies for 
safety and drug-dosing always need to be performed in children. For biosimilars proof of 
similarity and extrapolation from adult studies is currently used, although immunogenicity 
can be different in less mature immune systems in children, advocating post-marketing 
studies in children.

Future perspectives:  From care to cure
We realised that in our study more than 50% of patients intensified treatment with the 
need for anti-TNF medication, which is expensive and not equally accessible worldwide. 
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The value of combination therapy with relatively cheap conventional DMARDs: MTX, SSZ 
and plaquenil has been established in RA114 with proven superiority of this triple therapy 
compared to MTX monotherapy after 1 year of therapy. Thanks to a ZOnMW grant on 
‘goed geneesmiddelen gebruik’ number 80-83600-98-3172, we are currently investigating 
in a randomized multicenter single-blinded study, whether this superiority exists in JIA as 
well, while still applying the T2T-approach. The CHAMP study is successfully including JIA 
patients, over 49 patients in the last 12 months, and inclusion is ongoing. After coordinating 
and conducting the BeSt for Kids study, we realized how important it is to collaborate 
on larger scale to improve recruitment of JIA patients in studies. Therefore we are now 
investigating the possibility to enrol the study in countries for which this strategy would be 
particularly important, due to low accessibility to anti-TNF medication, like South Africa.

As mentioned previously the biggest challenge in JIA treatment is to provide the correct 
treatment at the right time. Since some patients can reach inactive disease with only 1 
DMARD and others need many, personalized medicine is the way to proceed. Since the 
biological therapies are so effective, but we are still unable to predict which children need 
biological therapies and which can stop therapy without disease flare. 

The recently launched UCAN CAN DU initiative has the goal to transform the care for JIA 
patients. The ultimate goal of this Canadian – Dutch Personalized Medicine Network in 
Childhood Arthritis and Rheumatic diseases is to address this gap in treatment approaches 
and support translational research in children with JIA. 

The highly intruiging microbiome needs further exploration in larger scaled studies, 
financial support needs to be searched for.  The role of the patients and parents will be 
increased in the research agenda to enhance the development of successful studies. 

Potentially, personalized aspects should be added to treatment strategies with 
increasingly high and prolonged targets. This can be achieved among others by including 
pharmacogenomics, (will this drug be effective and not toxic in this patient?)115-117 and by 
using (multiple) biomarkers that will help the clinician and patient in guiding therapy to 
personalize medicine. 

Summary of lessons learned from this study
Treatment-to-target & tight control are feasible principles in a JIA clinical trial and give 
additional benefit in the short and long-term treatment of juvenile idiopathic arthritis. 
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Inactive disease should be the target to aim at after 6 months of treatment and onwards.
Tapering strategies can be introduced in JIA studies safely since flare frequency was low 
and responses to restart of medication were good. 

Radiographic damage did not occur on group level and BMD significantly increased after 
targeted therapy in the third arm. 

Current research is focused on reaching inactive disease and therapy burden. Future 
research will focus on personalised therapies combined with treatment-to-target strategies 
aiming at inactive disease.
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