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Abstract 

Background:  Although a satisfactory disease control is nowadays achievable in most patients with JIA, a substantial 
proportion of them still do not respond adequately or reach long-term drug-free remission. According to current rec-
ommendations, treatment should be escalated in subsequent steps. A different approach is based on the assumption 
that the initial start of an aggressive therapy may take advantage of the “window of opportunity” and could alter the 
biology of the disease, leading to an improvement of long-term outcomes, including the prevention of cumulative 
joint damage.

Objectives:  This randomised clinical trial aims to compare the effectiveness of a conventional therapeutic regimen, 
based on treatment escalation and driven by the treat-to-target approach, with that of an early aggressive interven-
tion based on the initial start of a combination of conventional and biological DMARDs.

Methods:  JIA patients with oligoarthritis or RF negative polyarthritis aged more than 2 years and with less than 
4 months of disease course will be included in the study. Children will be randomised into two arms: patients in Step-
up arm with less severe oligoarthritis will undergo an intra-articular corticosteroid injection (IACI) in all affected joints; 
patients with polyarthritis or severe oligoarthritis will receive IACI and methotrexate. Subsequent treatment will follow 
a standardised protocol based on the patients’ level of disease activity measured with the JADAS, according to a treat-
to-target strategy. Patients in Step-down arm will receive a 6-month early combined treatment (methotrexate plus 
IACI for less severe oligoarthritis, methotrexate plus etanercept for severe oligoarthritis and polyarthritis). The primary 
endpoint is the frequency of achievement of the status of clinical remission (i.e. persistence of inactive disease for at 
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Background
Rationale
The “comparison of STep-up and step-down therapeu-
tic strategies in childhood ARthritiS” (STARS) trial aims 
to investigate whether an early aggressive therapeutic 
intervention, based on the initial start of synthetic and 
biologic DMARDs (Step-down strategy), is superior to 
an approach based on treatment escalation conducted 
following the treat-to-target principle [1] (Step-up strat-
egy), in children with juvenile idiopathic arthritis (JIA). 
The effectiveness of the two strategies will be assessed by 
comparing their ability to induce sustained clinical dis-
ease remission on/off treatment.

With a different approach, both interventions aim to 
obtain a quick and robust disease control and maintain it 
over time. Historically and according to the ACR recom-
mendation [2], the treatment of JIA is escalated in sub-
sequent steps. In general, treatment begins with NSAIDs 
or intra-articular joint injections, which, in case of insuf-
ficient effectiveness or disease flare, are replaced by or 
associated with a synthetic DMARD, such as metho-
trexate (MTX), sulphasalazine or leflunomide. In case 
of inadequate response and according to the current 
label indication, a biologic DMARD is usually prescribed 
in substitution of or in conjunction with the synthetic 
DMARD.

The treat-to-target strategy was first advocated for the 
treatment of adult rheumatoid arthritis in 2010, based 
on its successful use in chronic conditions such as hyper-
tension and diabetes mellitus. This approach is based 
on the assumption that frequent adjustment of therapy 
intended to reach minimal levels of disease activity will 
lead to an improvement in patient outcomes according to 
quantitative indices [3, 4]. Key components of the treat-
to-target include the explicit definition of a therapeutic 
target (such as clinical remission or low disease activity) 
at the beginning of the treatment and the verification 
of its achievement at each subsequent visit. If the tar-
get is reached the treatment is left unchanged, whereas 
if the target is not reached the treatment is intensified. 
The 2010 EULAR recommendations [5] for the man-
agement of rheumatoid arthritis were centered on the 

treat-to-target strategy, as were the later joint ACR/
EULAR recommendations. A 2013 update of the EULAR 
recommendations [6] went even further in highlighting 
the treat-to-target as a fundamental component of treat-
ment strategies. In 2018, the first recommendations for 
the application of the treat-to-target study to the care of 
children with JIA were developed. Although recommen-
dations could not be based on high level of evidence, they 
reached significant agreement in an international task 
force of pediatric rheumatologists with a large experience 
in the field [4]. Evidence supporting the treat-to-target 
strategy is now increasing. The recent Best for Kids study 
[7], which aimed to compare three different treatment 
strategies for JIA (synthetic DMARD monotherapy, syn-
thetic DMARD and bridging prednisone, and a combi-
nation of synthetic and biologic DMARDs), showed that 
regardless of initial specific treatments, after 24 months 
of treatment-to-target aimed at drug-free inactive dis-
ease, 71% of recent-onset patients with JIA had inactive 
disease and 39% were drug free. A non-randomised study 
showed that patients treated according to a treat-to-tar-
get protocol had a higher chance to achieve remission in 
comparison to a matched cohort [8]. A quality improve-
ment initiative in a tertiary care medical centre showed 
that intense patient monitoring, target attestation and 
standardization of clinical decision support lead to better 
patient outcomes [9].

Early intensive therapy in JIA during the so-called 
window of opportunity is believed to be able to alter the 
biology of the disease and improve long-term outcomes, 
including prevention of cumulative joint damage [4, 10, 
11]. In systemic JIA, early anti-IL-1 therapy was found to 
quickly lead to inactive disease and facilitate sustained 
disease control. Indeed, in a cohort of steroid-naive 
patients with new-onset systemic JIA treated with IL-1 
receptor antagonist therapy, 85% of patients had achieved 
inactive disease or an ACR paediatric 90% response by 
3 months of treatment. The benefits of early treatment 
with other agents and in other JIA categories are less 
clear, but have been increasingly suggested for polyar-
ticular JIA. In the ACUTE-JIA trial [10], initiation of 
anti-TNF therapy plus MTX in DMARD-naive patients 

least 6 months) at the 12-month visit. Safety events, physician-centred measures and parent/patient-reported out-
comes will be collected through the Paediatric Rheumatology International Trials Organisation on line database.

Expected results:  The STARS trial aims to provide important evidence supporting the first-line treatment choices in 
the care of children with oligoarticular and polyarticular JIA. If the superiority of an early aggressive therapy will be 
demonstrated, this will demand further studies on the biological definition of the window of opportunity for JIA.

Trial registration:  The Trial is registered on the ClinicalTrials.gov registry (NCT03728478) on the 31st October 2018 
and EU Clinical Trials Register on the 14th May 2018 (EudraCT Number: 2018–001931-27).

Keywords:  Juvenile idiopathic arthritis, Anti-TNF, Treat-to target, Randomised clinical trial, Methotrexate
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with polyarticular JIA was more effective in achieving 
minimally active or inactive disease than MTX alone or 
MTX plus hydroxy-chloroquine and sulfasalazine. The 
TREAT trial [11] showed a benefit with an early aggres-
sive strategy, even though it failed to reach its primary 
end-point. More recently, a trajectory analysis of 400 
patients in the Start Time Optimization of Biologics in 
Polyarticular JIA study demonstrated that starting a bio-
logic treatment within 3 months of baseline assessment is 
associated with a more rapid achievement of inactive dis-
ease in subjects with untreated polyarthritis [12].

The approach proposed in the present trial represents 
a step forward as compared to most previous therapeu-
tic studies in JIA, as it does not involve the exposure of 
children to a placebo. Furthermore, it does not assess the 
effectiveness of treatments in terms of mere percentage 
improvement in disease symptoms or achievement of a 
particular disease state at a single time point but it evalu-
ates the ability of treatments to induce and maintain the 
state of clinical remission over time. In addition, the trial 
includes the administration of systemic corticosteroids 
only in the most severe disease subsets (i.e., those char-
acterised by involvement of hip or cervical spine joints). 
Of note, a recent trial of early aggressive therapy in pol-
yarticular JIA [11] has been subjected to major criticism 
owing to the choice of giving oral prednisone to all chil-
dren in the more aggressive arms.

The design of the STARS trial is innovative and aims 
to address the major unmet needs in the current man-
agement of JIA in the real world of daily clinical care. 
For instance, it is still unclear whether progressive treat-
ment intensification based on the magnitude of thera-
peutic response over time is more advantageous than 
initial administration of an aggressive therapy in terms 
of achievement and maintenance of complete disease 
control. Furthermore, it is still debated whether intra-
articular corticosteroid therapy leads to better results 
with lower side effects than systemic corticosteroid 
administration. The Step-up approach will be conducted 
following the treat-to-target strategy, a novel method of 
management which has proved effective in the care of 
adult patients with rheumatoid arthritis and has shown 
better therapeutic results than conventional regimens 
in several controlled trials [13]. Note that recommenda-
tions for the use of the treat-to-target strategy in adults 
with rheumatoid arthritis have been recently issued by 
the European League Against Rheumatism (EULAR) 
[14]. Although there is an increasing interest among 
pediatric rheumatologists in the adoption of the treat-
to-target strategy, this approach has not been hitherto 
implemented in the management of children with JIA.

In conclusion, the primary aim of the trial is to scru-
tinise the ability of the two therapeutic interventions to 

induce complete disease control early and to maintain 
it over time. Among other objectives, investigating their 
capacity to reduce the need for the later introduction of 
biologic agents, which would lead to a reduction in the 
costs for the national health-care system and in the expo-
sure of children to the potential (and still unclear) long-
term side effects of these medications. The achievement 
of the main endpoints of the trial might also result in the 
decreased need of repeated intra-articular corticoster-
oid joint injections (IACI), which might lessen the child’s 
and parents’ related emotional distress and the financial 
and organizational burden required by these procedures 
under sedation or general anaesthesia.

Specific aim of this work is to present the STARS trial 
to the international pediatric rheumatology community 
and to foster participation in the trial outside the Italian 
borders.

Potential risks and benefits
Children in the STARS trial will be exposed only to syn-
thetic and biologic disease modifying antirheumatic 
drugs (DMARDs) that had been licensed for use in JIA. 
Children in Step-up arm will be formally treated in 
accordance with current guidelines and drug licenses. 
Subjects in the Step-down arm will receive MTX (for less 
severe oligoarthritis patients) or etanercept (for polyar-
thritis and for more severe oligoarthritis patients) as a 
first-line treatment. Differently, in Europe, MTX is cur-
rently licensed only for use in polyarthritis and etaner-
cept for polyarthritis when MTX has been demonstrated 
to be ineffective. However, around 70% of children with 
oligoarticular onset of JIA can expect to be prescribed 
MTX and around 50% of children with polyarthritis can 
expect to be prescribed etanercept throughout the course 
of their disease [15].

Treatment with MTX and etanercept is commonly 
believed to be associated with an increase of infection 
rate, in particular tuberculosis for etanercept. How-
ever, in a recent study with more than 8000 patients and 
360,000 controls, the overall risk of acquiring an infec-
tion leading to hospital admittance was twofold higher 
in those with JIA than in those with attention deficit 
hyperactivity disorder [16]. This effect was already evi-
dent in patients with JIA not yet exposed to MTX or 
biologic agents and therefore is probably attributable 
to the immunological dysregulation associated with the 
chronic inflammatory disease. The risk of such infections 
was not further increased by use of MTX or etanercept. 
In contrast, treatment with highdose glucocorticoids 
increased the infection risk by threefold. JIA itself confers 
risks for additional diseases, including autoimmunity and 
malignancies, especially lymphoma. In general, however, 
there is no direct evidence that an earlier introduction 
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of these medications is associated with an increase of 
side effects frequency. In addition, MTX may a raise of 
liver enzymes; to minimise this risk, folinic acid is pre-
scribed at one third to half the MTX dose the day after its 
administration. MTX can also cause severe nausea, thus 
anti-emetics are recommended as standard care. Other 
recommended measures in the trial to reduce risk from 
standard corticosteroid therapy include the use of proton 
pump inhibitors to minimise gastro-intestinal toxicity, 
and osteoporosis prophylaxis.

Treatment in both trial arms aims to reach a sustained 
and complete disease quiescence. The achievement of 
such state implies the disappearance of joint pain, morn-
ing stiffness and functional limitation. This objective 
may lead to restoration of the ability of the child to per-
form daily activities and to improve the quality of life of 
the child and the family. Sustained suppression of the 
inflammatory disease process may also help preventing 
long-term joint damage and, consequently, reduce the 
expenses of the health care system in terms of physi-
otherapy, need of devices (e.g. crutches, wheelchairs), 
orthopaedic surgery, etc. Another potential advantage of 
the therapeutic regimens assessed in the trial is avoiding 
disease exacerbations, which may require the prescrip-
tion of systemic corticosteroids. Minimizing the use of 
these medications may lessen the frequency of serious 
adverse events secondary to their prolonged administra-
tion, particularly growth failure, weight gain, and cushin-
goid features. Sustained disease control may also reduce 
the need of repeated IACI, which cause distress to the 
child and the family and may increase the organizational 
and financial burden to the health care system in case 
general anaesthesia in the operatory theatre is needed. 
Broader objectives are the avoidance of absences of chil-
dren from school and of parents from work, which may 
be caused by disease exacerbations or the request of fre-
quent clinical visits or laboratory tests due to persistently 
active disease or continued treatment with potentially 
toxic medications. Particularly innovative aspects of the 
STARS trial include the use of standardised quantita-
tive measures to assess the disease state and the disease 
course over time and the involvement of patients and 
parents in clinical decision making, through their assess-
ment of disease activity by child-centred or patient-cen-
tred outcome measures.

Methods
Trial design
STARS is a 12-month multicentre randomised sin-
gle-blinded superiority clinical trial of two different 
treatment strategies (Step-down versus Step-up) in a 
treat-to-target setting. After the conclusion of the obser-
vation period of the trial, patients will be followed for up 

to 5 years for the evaluation of the disease course, medi-
cation requirements, adverse events and long-term dis-
ease-related morbidity. Recruitment started on 21st May, 
2019.

Selection of centres
In a first phase, all Italian centres belonging to the Pae-
diatric Rheumatology International Trials Organization 
(PRINTO) were invited to participate in the study. In 
January 2022, after a feasibility survey, PRINTO centers 
outside Italy were also invited to participate, based on the 
possibility to prescribe MTX in oligoarthritis and etaner-
cept in polyarthritis as a first-line treatment according to 
local rules.

Study population
Recent-onset JIA patients with oligoarthritis or rheu-
matoid factor negative polyarthritis aged between 2 
and 17 will be included in the study. Participants must 
be DMARD-naïve (only treatment with one NSAID is 
allowed for no more than 6 weeks from diagnosis) and 
must not have received corticosteroid joint injections in 
the 3 months before enrolment.

After obtaining written consents (and assent where 
appropriate) from the participant, parent or legal guard-
ian, patients’ disease severity will be assessed based on 
the clinical phenotype (irrespective of the ILAR classifi-
cation) and the severity of the disease. Disease severity 
will be defined according to the extension of arthritis and 
based on the presence/absence of features of poor prog-
nosis according to the 2011 American College of Rheu-
matology (ACR) recommendations for the treatment of 
JIA [2] (Table 1). Children with oligoarthritis without fea-
tures of poor prognosis will be considered as “less severe 
patients”, children with RF-negative arthritis and children 
with oligoarthritis and features of poor prognosis will 
be considered as “more severe patients”. As stated in the 
2011 recommendations, risk stratification is crucial for 
guiding optimal treatment; features of poor prognosis 
for oligoarthritis were defined by the recommendations 
panel based both on literature revision and on the pan-
ellists’ clinical experience [2]. In particular, the possible 
role of erythrocyte sedimentation rate as a predictor of 
a less favourable outcome for oligoarthritis patients was 
more recently confirmed by the results of a clinical trial 
on this subgroup of patients [17].

Interventions
After the screening visit and recording of informed 
consent, patients will be randomised into two treat-
ment arms: “Step-up” and “Step-down”. Patients in the 
Step-up arm will be treated according to a conventional 
strategy based on treatment escalation and driven by 



Page 5 of 10Burrone et al. Pediatric Rheumatology           (2022) 20:80 	

the treat-to-target strategy. Patients in the Step-down 
arm will be treated with an early, combined, aggressive 
therapy for 6 months.

In the Step-up arm, less severe patients will receive 
IACI in all affected joints without systemic thera-
pies. If the juvenile arthritis disease activity score-10 
(JADAS10) state of minimal disease activity (MiDA) 
after 3 months or the JADAS10 inactive disease (ID) 
state at 6 months are not reached, treatment with MTX 
will be started preferably subcutaneously in a single 
weekly dose of 15 mg/m2 (max 20 mg) and IACI can 
be repeated. Then, if the states of JADAS MiDA after 
3 months or JADAS ID at 6 months are not reached, 
treatment with an anti-TNF agent in a single weekly 
dose of 0.8 mg/kg (max 50 mg) subcutaneously will 
be started. More severe patients in Step-up arm will 
receive IACI(s) and MTX as a first step and then esca-
late therapy with the same pathway, adding an anti-TNF 
treatment as a second step and switching to a different 
biologic medication as a third step (Fig. 1).

Patients allocated to the Step-down arm (Fig. 2) will 
receive an early combined treatment (MTX plus IACI 
for less severe oligoarthritis, MTX plus etanercept for 
severe oligoarthritis and polyarthritis). After 6 months, 
if JADAS10 ID is achieved, less severe patients will have 
MTX discontinued, whereas more severe patients will 
stop etanercept and continue MTX. Children in Step-
down arm experiencing a worsening from the baseline 
of the JADAS10 at 3 months, not achieving JADAS10 
ID at month 6, or losing the state of ID after month 
6 will be considered as treatment failures and will 
change treatment according to the attending physician 
decision.

For the IACIs, triamcinolone hexacetonide will be 
administered at a dose of 1 mg/kg (max 40 mg) in the 
hips, knees and shoulders, at the dose of 0.75 mg/kg 
(max 30 mg) in the ankles and elbows, at the dose of 
0.5 mg/kg (max 20 mg) in the wrists; methylpredniso-
lone acetate will be administered at the dose of 1 mg/kg 
(max 40 mg) in the subtalar and inter-tarsal joints and 

at the dose of 5–10 mg, depending on the size of the 
child, in the small joints of hands and feet. A course of 
oral prednisone instead of or in addition to joint injec-
tion can be prescribed in case hip, temporomandibular 
joints or cervical spine are involved, or in case more 
than four joints are affected or joint injections cannot 
be performed.

Patients’ assessment and disease activity monitoring
Complete physical examination with joints assessment, 
main patient/parent reported outcomes collection 
(including pain level, morning stiffness duration, disease 
activity self-assessment, physical function, and health-
related quality of life), uveitis screening, medication his-
tory, treatment adverse events evaluation, and laboratory 
tests (haematological and biochemical analysis and uri-
nalysis) will be performed at each trial visit.

The level and state of disease activity will be meas-
ured in all patients at each step of the study by means 
of the JADAS10. The JADAS10 [18] is a composite dis-
ease activity score validate for use in children with JIA 
and includes the following 4 measures: physician’s global 
assessment of disease activity, measured on a 0–10 
21-circle Visual Analogue Scale (VAS) where 0 = no 
activity and 10 = maximum activity; parent/patient global 
assessment of well-being, measured on a 0–10 21-circle 
VAS where 0 = very well and 10 = very poor; the count 
of joints with active disease cut at 10 joints (i.e. 1 point 
for each active joint up to a maximum of 10 points); and 
the erythrocyte sedimentation rate (ESR), normalised to 
a 0 to 10 scale according to the following formula: (ESR 
(mm/hour) – 20)/10. Before making the calculation, ESR 
values < 20 mm/hour are converted to 20 and ESR val-
ues > 120 m/hour are converted to 120. The definition of 
the disease states of ID, MiDA, and high disease activity 
(HDA) based on the JADAS10 refers to the newest ver-
sion of JADAS10 cut-off values [19, 20]. New cutoffs for 
oligoarthritis and polyarthritis are shown in Table 2. Data 
will be collected electronically in the PRINTO web-based 
platform designed for the PharmaChild registry.

Table 1  Subjects in both arms are grouped according to the severity of the disease, based on the 2011 American College of 
Rheumatology recommendations for the treatment of juvenile idiopathic arthritis (ref. [2])

More severe patients
- Children with RF negative polyarthritis

- Children with oligoarthritis AND features of poor prognosis:

  a. Arthritis of the hip or cervical spine

  b. Arthritis of the ankle or wrist and marked (> 40 mm/h) or prolonged (> 20 in at least 3 consecutive assessments within 3 months) erythrocyte 
sedimentation rate elevation

Less severe patients
- Children with oligoarthritis WITHOUT features of poor prognosis
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Endpoints
The effectiveness of the two therapeutic strategies will be 
compared by assessing the frequency of clinical remis-
sion (CR) at 12 months [21]. CR is defined as the persis-
tence of the JADAS10 state of ID for at least 6 months. 
Patients will be considered to be in ID from the day of the 
first visit with JADAS10 ID until the day before the first 
subsequent visit in which the patient is found to have lost 

the state of JADAS10 ID. Then, a number of secondary 
endpoints will be assessed in order to better understand 
the efficacy of the two treatment strategies (Table  3). 
The rate of patients achieving the JADAS-defined and 
the ACR-defined state of ID, the time to achieve ID and 
clinical remission, the time spent in inactive disease, the 
cumulative level of disease activity and the rate of uveitis 
will be compared between the two arms.

Fig. 1  Step-up arm design. T2T Group 1: Subjects with oligoarthritis without features of poor prognosis. T2T Group 2: Subjects with oligoarthritis 
with features of poor prognosis and subjects with polyarthritis. JADAS: Juvenile Arthritis Disease Activity Score-10. JADAS< 50%: improvement of 
JADAS10 of at least 50%, JADAS<ID: JADAS10 score below inactive disease cutoff. JADAS<HDA: JADAS10 score under HDA cutoffs. JADAS>HDA: 
JADAS10 score above HDA cutoffs. If at the visit 3 months after step 1, 2, and 3 the patient is improved by less than 50% in the JADAS score, but 
he/she reaches the JADAS state of minimal disease activity, treatment is not escalated ID = inactive disease, HDA = high disease activity. CR on 
med.: clinical remission on medication. IACI: intra-articular corticosteroids injection. +MTX: start methotrexate (repeating IACI or adding a short 
course of prednisone can be considered). +TNF: add therapy with an anti-TNF agent (repeating IACI or adding a short course of prednisone can be 
considered). +TNF2: replace anti-TNF agent with another an anti-TNF agent or with an anti IL-6 agent (repeating IACI or adding a short course of 
prednisone can be considered)

Fig. 2  Step-down arm design. Step A is start methotrexate plus intra-articular joint injections for oligoarthritis without features of poor prognosis, 
methotrexate plus etanercept and optional intra-articular joint injections for other patients. Step B is withdraw methotrexate for oligoarthritis 
without features of poor prognosis, withdraw etanercept and continue methotrexate for other patients. JADAS: Juvenile Arthritis Disease Activity 
Score-10. JADAS<ID: JADAS10 score below inactive disease cutoff. CR on med.: clinical remission on medication
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Treatment adherence
Compliance will be monitored by study personnel at each 
study visit using diary cards and verbal information from 
the parent and/or subject. Reasons for missed doses must 
be recorded in the subject’s source documents and CRF.

Subjects provided with pre-filled syringes of investi-
gational product will be instructed to return the empty 
packages and unused prefilled syringes in order to review 
drug accountability and subject compliance.

If more than four consecutive doses are missed due to 
adverse events (AEs), infections or surgeries, or if more 
than 2 consecutive doses are missed due to reasons other 
than AEs, infections or surgery, the Study Coordinating 
Centre must be consulted in order to determine whether 

Table 2  New JADAS10 and cJADAS10 cutoffs for disease activity 
states (Refs [16, 17])

JADAS10 cJADAS10

Oligoarthritis
  Inactive disease ≤1.4 ≤1.1

  Minimal disease activity 1.5–4 1.2–4

  Moderate disease activity 4.1–13 4.1–12

  High disease activity > 13 > 12

Polyarthritis
  Inactive disease ≤2.7 ≤2.5

  Minimal disease activity 2.7–6 2.5–5

  Moderate disease activity 6.1–17 5.1–16

  High disease activity > 17 > 16

Table 3  STARS trial endpoints

Primary endpoint
  Clinical remission on or off medication at 12 months.

    The effectiveness of the two therapeutic strategies will be compared by assessing the frequency of clinical remission (CR) at 12 months. CR is 
defined as the persistence of the JADAS state of ID for at least 6 months

Secondary endpoints
  Inactive disease

    The rate of patients who achieve the JADAS/JIA ACR state of ID at any single point in time throughout the study period will be compared 
between the 2 arms.

  Time to inactive disease as per JADAS/JIA ACR criteria

    Time to achieve the JADAS/JIA ACR state of ID will be calculated as the time difference (in days) between the date of randomization and the date 
of the visit on which the patient will be observed to be in ID.

  Time to JADAS/JIA ACR clinical remission

    Time to achieve the JADAS/JIA ACR state of clinical remission will be calculated as the time difference (in days) between the date of randomiza-
tion and the date of the visit on which the patient will be observed to be in clinical remission (i.e. persistent inactive disease for at least 6 months).

  Time spent in JADAS/JIA ACR inactive disease

    The cumulative time spent in the JADAS/JIA ACR state of ID will be calculated as the time difference (in days) between the date of the first visit 
on which the patient will be observed to be in ID and the date on which he/she will be observed to be no longer in ID, that is when the disease will 
flare (see later for definitions), or database closure for analysis purposes. We will assume that if a patient is found to be in ID at 2 consecutive visits, the 
patient had ID on all days between these visits. If a patient will be found to have ID at a particular visit, but lost the ID status at the subsequent visit, 
the patient will be considered to have been in ID until the recurrence of active disease. Patients found to be in ID only at the time of database closure 
will contribute a single day of ID. The time in inactive disease per patient will be recorded and compared between the 2 arms.

  Cumulative level of disease activity throughout the study period

    The area under the curve of the JADAS10 score assessed at every study visit and the AUC of the parent version of the JADAS (parJADAS) assessed 
monthly will be recorded and compared between the 2 arms.

  Time spent on therapy

    The cumulative time on therapy will be calculated as the time difference (in days) between the date of the visit on which the patient will start 
a systemic medication (synthetic or biologic DMARDs or steroids) and the date on which he/she will be observed to no longer be in treatment with 
a systemic medication or completed the study. We assume that if a patient does not receive medications at 2 consecutive visits, the patient had not 
received medications everyday between these visits. Patients initiating a systemic treatment at the final visit of the study will contribute a single day 
of time in therapy. The mean percentage of time spent on therapy per patient will be recorded and compared between the 2 arms.

  Rate of flares

    The rate of patients who develop flare, defined as the recurrence of active disease after attaining inactive disease at last visit according to JADAS 
or JIA ACR definition, and the number of flares and the time to flare per patient will be recorded and compared. Notably, all patients prescribed intra-
articular injections, synthetic or biologic DMARDs or systemic steroids will be considered as flare independently from JADAS or ACR criteria.

  Rate of uveitis onset

    The rate of patients who develop uveitis according to the Standardized Uveitis Nomenclature (SUN) will be recorded and compared between 
the 2 arms. The rate of patients requiring systemic medications for treatment of uveitis will be also recorded and compared between the 2 arms. How-
ever, these patients will be excluded from the study and followed for safety only.
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the subject should continue taking investigational 
product.

Sample size
Sample size calculations were extrapolated from a recent 
study of early aggressive therapy on JIA patients [11]. 
Using the sample size calculation for superiority tri-
als with a delta of at least 20% (being the expected pro-
portion of favourable outcome in the first arm p1 = 0.45 
and in the second arm p2 = 0.25) and considering a drop 
out rate of 10%, a sample size of 109 patients in each 
group for a total of 218 patients will be required. Since 
an interim analysis is planned at enrolment of half of the 
sample, the total sample size was increased to 260 sub-
jects. The trial will have 0.8 power for comparisons of the 
treatment arms, 0.05 type I error.

Analysis plan
For proportional data the chi-square test or, where 
appropriate, the Fisher’s exact test will be applied. For 
continuous variables the t-test procedure or the ANOVA 
will be applied as appropriate. Non-parametric ANOVA 
will be applied in case of ordinal data or not-normally 
distributed variables; the Bonferroni correction will be 
applied for all a-posterior tests, in order to avoid mul-
tiple comparisons’ error. Treatment effect size will be 
calculated by dividing the difference between the base-
line and the final visit value by the standard deviation 
of the first visit value. Survival analysis with censored 
data will be used in order to evaluate time to remission 
and time to flare. Survival curves will be drawn with the 
Kaplan-Meyer method and compared with the Log-Rank 
test. Emphasis will be placed on the intention-to-treat 
approach rather than on the analysis of the completers of 
the trial only. All analysis will be done in a blinded man-
ner. Safety events are recoded by a medical monitor; all 
visit data are checked by the PRINTO coordinating cen-
tre and by a medical monitor. All moderate/severe AEs 
(including those leading to MTX or biologic treatment 
discontinuation) will be summarised per patient year of 
follow-up, describing the relationship to the treatment. 
The AE incidence rate by drug will be estimated after 
partitioning the follow-up periods of each patient into 
subintervals corresponding to the administration of the 
drug, with any event being attributed to the drug itself. 
This implicitly assumes the independence of the outcome 
in different subintervals pertaining to the same patient. 
Trial data will be entered online by the participating cen-
tres on a secure web system managed by the coordinat-
ing calculated to compare the primary AE rates with the 
remaining comparator groups. As possible covariate for 
the analysis JIA category, gender, age and drug use his-
tory will be considered.

Trial registration
The Trial is registered on the ClinicalTrials.gov registry 
(NCT03728478) on October 31st, 2018 and EU Clini-
cal Trials Register on May 14th, 2018, Eudract Number 
2018–001931-27.

Study organisation and funding
The STARS trial is coordinated from the Paediat-
ric Rheumatology InterNational Trials Organisation 
(PRINTO at www.​printo.​it) coordinating centre in 
Genoa, Italy. It is an independent trial funded by the 
Italian Drug Agency (Agenzia Italiana del Farmaco) 
and the Compagnia di San Paolo. The trial has an Inde-
pendent Data and Safety Monitoring Board. In Italian 
centres, Etanercept as a first-line treatment in subjects 
in the Step-down arm is provided by Pfizer through an 
Investigator Initiated Research grant.

Discussion
This innovative trial compares the effectiveness of a 
conventional therapeutic regimen, based on treatment 
escalation and driven by the treat-to-target approach 
with that of an early aggressive combined intervention, 
including the first-line treatment with an anti-TNF 
agent in polyarthritis and more severe oligoarthritis. 
We chose to adopt a very robust primary endpoint by 
comparing in the two arms the frequency of patients 
who will achieve the end of the study in clinical remis-
sion, i.e., maintaining the status of inactive disease 
for at least 6 months. Therefore, if the trial will show 
a superiority of the more aggressive arm, we will pro-
vide important evidence supporting the theory of the 
existence for JIA patients of a window of opportunity, 
an early phase of the disease where treatment can pos-
sibly alter significantly the evolution of the disease. Fur-
thermore, the comparison with an historical cohort of 
JIA children with the same disease features will allow 
us to demonstrate the effectiveness of two treatment 
strategies, both based on tight patient monitoring and 
treatment adaptation according to standardized disease 
activity measurement.

We acknowledge that the STARS trial has several 
potential limitations. One is the choice, for sake of uni-
formity, of etanercept as a first-line biologic medication 
in both arms. Etanercept is still the most widely adopted 
choice for non-systemic JIA and it is the biologic drug for 
which we have the longest experience on the field. How-
ever, we acknowledge that other drugs could also be the 
optimal choice in this population at higher risk for uvei-
tis. Children requiring systemic medications due to uvei-
tis will discontinue the trial and the comparison of the 

http://www.printo.it
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rate of uveitis between the two arms will be a secondary 
endpoint of the study.

Trial status
This summary is based on version 3.0 of the study pro-
tocol, dated 15th November 2021. At the time of sub-
mission this trial is open in 22 hospital sites in Italy and 
has recruited 113 participants (Fig.  3), 57 in the less 
severe group, 56 in the more severe group. Fifty-seven 
children were randomised in the Step-up arm, 56 were 
randomised in Step-down arm. In the whole sample, 
the number of subjects lost at follow-up was 2. In gen-
eral, recruitment has revealed to be more difficult than 
expected. This was mainly due to the COVID19 pandem-
ics and to delays in the activation of secondary centres, as 
well as to the issue of randomization being an important 
barrier to enrolment. Indeed, subjects in the trial are chil-
dren with very recent onset JIA and their families are at 
the beginning of the journey with this disease: even after 
a detailed description of the risk/benefit ratio in both 
arms, accepting that the first-line treatment is decided by 
a machine was a tough choice.
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