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Biologic disease modifying antirheumatic ®

drugs and Janus kinase inhibitors in
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and what we do not know from

randomized controlled trials
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Abstract

Background: Biologic disease modifying antirheumatic drugs (bDMARDs) and Janus Kinase (JAK) inhibitors are
prescribed in adult and paediatric rheumatology. Due to age-dependent changes, disease course, and
pharmacokinetic processes paediatric patients with inflammatory rheumatic diseases (PiRD) differ from adult
rheumatology patients.

Methods: A systematic literature search for randomized clinical trials (RCTs) in PiRD treated with bDMARDs/JAK
inhibitors was conducted on Medline, clinicaltrials.gov, clinicaltrialsregister.eu and conference abstracts as of July
2020. RCTs were included if (i) patients were aged <20 years, (i) patients had a predefined rheumatic diagnosis and
(iii) RCT reported predefined outcomes. Selected studies were excluded in case of (i) observational or single arm
study or (i) sample size <5 patients. Study characteristics were extracted.
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secukinumab, tofacitinib and tildrakizumab.

Results: Out of 608 screened references, 65 references were selected, reporting 35 unique RCTs. All 35 RCTs
reported efficacy while 34/35 provided safety outcomes and 16/35 provided pharmacokinetic data. The most
common investigated treatments were TNF inhibitors (60%), IL-1 inhibitors (17%) and IL-6 inhibitors (9%). No RCTs
with published results were identified for baricitinib, brodalumab, certolizumab pegol, guselkumab, risankizumab,
rituxinab, sarilumab, secukinumab, tildrakizumab, or upadacitinib. In patients with juvenile idiopathic arthritis (JIA)
25/35 RCTs were conducted. The remaining 10 RCTs were performed in non-JIA patients including plaque psoriasis,
Kawasaki Disease, systemic lupus erythematosus and non-infectious uveitis. In JIA-RCTs, the control arm was mainly
placebo and the concomitant treatments were either methotrexate, non-steroidal anti-inflammatory drugs (NSAID)
or corticosteroids. Non-JIA patients mostly received NSAID. There are ongoing trials investigating abatacept,
adalimumab, baricitinib, brodalumab, certolizumab pegol, etanercept, guselkumab, infliximab, risankizumab,

Conclusion: Despite the FDA Modernization Act and support of major paediatric rheumatology networks, such as
the Pediatric Rheumatology Collaborative Study Group (PRCSG) and the Paediatric Rheumatology International Trials
Organization (PRINTO), which resulted in drug approval for PiRD indications, there are limited RCTs in PiRD patients.
As therapy response is influenced by age-dependent changes, pharmacokinetic processes and disease course it is
important to consider developmental changes in bDMARDs/JAK inhibitor use in PiRD patients. As such it is critical
to collaborate and conduct international RCTs to appropriately investigate and characterize efficacy, safety and
pharmacokinetics of bDMARDs/JAK inhibitors in paediatric rheumatology.

Keywords: Randomized controlled trials, Paediatric rheumatology, Monoclonal antibodies, Efficacy, Safety, Pharmacokinetics
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Background

Paediatric inflammatory rheumatic diseases (PiRDs) are
complex rare chronic inflammatory conditions with risk
of chronic morbidity and mortality affecting infants,
children and adolescents [1]. PiRDs include different
heterogeneous disease groups, such as the juvenile idio-
pathic arthritis (JIA), connective tissue diseases (CTD),
systemic lupus erythematosus (SLE), vasculitis, uveitis
and autoinflammatory diseases (AID). JIA is one of the
most common PiRD groups and can be divided into dif-
ferent subgroups according to the International League
of Associations for Rheumatology (ILAR) [2, 3]. In
paediatric rheumatology, (i) responsive and valid instru-
ments to assess disease activity and (ii) standardized out-
come measurements are important to achieve defined
treatment aims, to avoid disease burden and to optimize
patients care [4—7]. Treatment aims in PiRD patients in-
clude control of systemic inflammation, prevention of
structural damage, avoidance of disease comorbidities
and drug toxicities, improvement of physiological growth
and development, increase of the quality of life and enab-
ling participation in social life. To achieve these treatment
goals, treat-to-target (T2T) strategies similar to those used
in adult rheumatology have been implemented in PiRD
management [8—10]. To reach the defined treatment tar-
gets, different levels of disease activity require different
treatment selections and dose adjustments [11]. The cyto-
kine modulating effects of biologic disease modifying
antirheumatic drugs (bDMARDs) or Janus kinase (JAK)
inhibitors have enabled T2T strategies, since they allow
important inflammatory disease pathways to be targeted

[12-15]. Over the past 15years, bDMARDs use has be-
come essential in paediatric rheumatology and has mark-
edly improved clinical outcomes [13, 15-19]. However,
off-label use in PiRD patients is still common [20-26].

Although some rheumatologic diseases occur in paediat-
ric and adult patients, considerable differences in disease
symptoms, disease course and disease activity might exist
[27-32]. Moreover, some PiRDs are not common or well
known in adulthood [33-36]. For example, the JIA associ-
ated uveitis is the most frequent and potentially the most
devastating extra-articular manifestation of the JIA, com-
monly affecting children aged 3 to 7 years [37]. Addition-
ally, Kawasaki Disease (KD) is an acute inflammatory
febrile vasculitis of mainly medium-sized arteries that typic-
ally affects children younger than 5 years [38]. Furthermore,
PiRD patients differ from adult rheumatology patients in
several physiological aspects, due to age-dependent
changes, maturation processes, differences in body compos-
ition and pharmacokinetic (PK) processes, such as drug ab-
sorption, distribution, metabolism, and excretion [39-45].
All these aspects are important factors to consider in diag-
nosis and treatment. This highlights that paediatric drug
development cannot simply mimic development strategies
for adults, but has to respect paediatric pathophysiology
and specific paediatric disease characteristics [46]. Never-
theless, it is common to use the same bDMARDs and JAK
inhibitors in paediatric and adult rheumatology, and most
paediatric trials and dosing regimens are performed on the
basis of existing adult data [47].

The goal of this review is to assess the current state of
knowledge obtained from previously performed
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randomized controlled trials (RCTs) in PiRD patients
treated with bDMARDs and JAK inhibitors. In addition,
an overview of approved bDMARDs and JAK inhibitors
from the Food and Drug Administration (FDA) and
European Medicines Agency (EMA) in paediatric and
adult rheumatology is provided.

Methods

Information sources and search

A systemic literature search was conducted on Medline
via PubMed, the US National Institutes of Health On-
going Trials Register ClinicalTrials.gov (www.
clinicaltrials.gov), and the EU Clinical Trials Register
(www.clinicaltrialsregister.eu). The MeSH terms used for
electronic search on PubMed and ClinicalTrials.gov are
detailed in the supplementary material (supplementary
data S1). Similar search terms were used for the EU
Clinical Trials Register. The statistical and clinical sec-
tions of the New Drug Approval (NDA) web pages of
regulatory authorities in the US and Europe were
reviewed for approved drugs (www.fda.gov, www.ema.
europa.eu). Abstract searches were conducted after con-
ferences, including the American College of Rheumatol-
ogy (ACR), the European League Against Rheumatism
(EULAR), the International Society of Systemic Auto-
Inflammatory Diseases (ISSAID), Société Francophone
pour la Rhumatologie et les Maladies Inflammatoires en
Pédiatrie (SOFREMIP) and the Pediatric Rheumatology
European Society (PRES). Additionally, relevant studies
were identified by manual search of the bibliographies of
references retrieved from PubMed. For all literature
sources, only English articles were screened.

Eligiblity and exclusion criteria

RCTs of patients aged 20 years and younger treated with
predefined bDMARDs/JAK inhibitors were included if the
sample size was at least five patients, and if PiRD diagnosis
had been confirmed. The PiRDs included are listed in
Table 1. The drugs and drug classes reviewed included the
following: (i) Anti-CD20 agents: rituximab; (ii) CD80/86
inhibitors: abatacept; (iii) IL-1 inhibitors: anakinra, canaki-
numab, rilonacept; (iv) IL-6 inhibitors: tocilizumab, sarilu-
mab; (v) IL-12/23 inhibitors: ustekinumab; (vi) IL-23
inhibitors: guselkumab, risankizumab, tildrakizumab; (vii)
IL-17 inhibitors: secukinumab, ixekizumab, brodalumab;
(viii) Tumour necrosis factor (TNF) inhibitors: adalimu-
mab, etanercept, golimumab, infliximab, certolizumab
pegol; (ix) BAFF inhibitors: belimumab; (x) JAK inhibitors:
baricitinib, tofacitinib, upadacitinib. Studies must have at
least included a relevant primary or secondary efficacy
endpoint/outcome as detailed in the supplementary ma-
terial (supplementary data S3). Consequently, studies were
excluded if (i) the indication was not relevant, (ii) the
population was not relevant, including studies which
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enrolled both adults and children with PiRD, (iii) the study
design was not relevant including observational studies,
single arm studies, reviews, meta-analyses and pooled ana-
lysis of multiple RCTs, (iv) treatment was not that as pre-
defined, (v) the endpoint/outcome was not relevant, and/
or (vi) the report was a duplicate of prior published results
without any additional information.

Study selection and data collection process

Initial screening, based on retrieved abstracts, as well as
the eligibility assessment based on full-text publications
were performed by two independent review authors ac-
cording to a review protocol (supplementary data S2).
One scientist was responsible for the execution and
documentation, and the other provided support as thera-
peutic area expert. Any discrepancies were resolved
through discussion or consultation with a third inde-
pendent reviewer. The primary reason for exclusion was
documented for each excluded reference. Aggregate
(summary) level data were extracted from each included
trial by two independent review authors. The defined ex-
tracted variables for each RCTs included baseline demo-
graphic and clinical characteristics such as study design,
location, patient population, sample size, age criteria,
treatment and primary outcome/endpoint.

Results

Study selection

A systematic literature search was performed on July 26,
2020 using the predefined search criteria. A total of 608
references were screened, and 65 references for 35
uniquely identified RCTs performed in PiRD patients
were selected for inclusion (Fig. 1). Of the references ex-
cluded, the large majority were due to irrelevant indica-
tion (56%, 302/543) or population (31%, 169/543). In
total, the majority of RCTs were performed for TNF in-
hibitors (60%), IL-1 inhibitors (17%) and IL-6 inhibitors
(9%). Only one RCT was available for the BAFF inhibitor
belimumab, the JAK inhibitor tofacitinib, the IL-12/23
inhibitor ustekinumab, the IL-17 inhibitor ixekizumab,
the TNF inhibitor golimumab and the CD 80/86 inhibi-
tor abatacept. No RCTs with published results were
identified for the anti-CD20 agent rituximab, the TNF
inhibitor certolizumab pegol, the IL-6 inhibitor sarilu-
mab, the IL-17 inhibitors brodalumab and secukinumab,
the IL-23 inhibitors guselkumab, risankizumab and til-
drakizumab and the JAK inhibitors baricitinib and upa-
dacitinib (Table 2). Currently, there are no recruiting
RCTs for sarilumab but there are two ongoing single-
arm PK studies in sarilumab, NCT02776735 and
NCT02991469 (data not shown). For the JAK inhibitors
three Phase III RCTSs are investigating baricitinib, and
one Phase III global RCT is investigating tofacitinib in
JIA patients (Table 3). Furthermore, there are ongoing
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Table 1 Defined diagnoses of paediatric inflammatory rheumatic diseases (PiRD) for literature search

Indication Population
JIA Polyarticular rheumatoid factor positive/negative JIA (PJIA)
Persistent or extended oligoarticular JIA (OJIA)
Enthesitis-related juvenile idiopathic arthritis and juvenile ankylosing spondylitis, including sacroiliitis (ERA)
Psoriatic juvenile idiopathic arthritis (PsA)
Systemic JIA (SJIA)
Uveitis JIA-associated uveitis

Non-infectious uveitis

Autoinflammatory Diseases

Familial Mediterranean Fever (FMF)

TNF receptor-1 associated periodic syndrome (TRAPS)

Cryopyrin-associated periodic syndromes (CAPS)

Mevalonate Kinase Deficiency (MKD)/Hyperimmunoglobulin D syndrome (HIDS)

Unclassified periodic fever syndromes

Chronic recurrent multifocal osteomyelitis (CRMO) and Majeed syndrome

Deficiency of the interleukin-1 receptor antagonist (DIRA)

A20 haploinsufficiency (HA20)

Sideroblastic anemia with B cell immunodeficiency, periodic fevers and developmental delay syndrome (SIFD)

Pyogenic arthritis, pyoderma gangraenosum and acne (PAPA)

Deficiency of the interleukin-36 receptor antagonist (DITRA)

Palmar plantar pustulosis (PPP)
Pyoderma gangraenosum

Interferonopathy

Chronic atypical neutrophilic dermatitis with lipodystrophy and elevated temperature (CANDLE)

Stimulator of interferon genes-associated vasculopathy with onset in infancy (SAVI)

Vasculitis Takayasu arteritis

Leucocytoclastic vasculitis

Granulomatosis with polyangiitis (GPA), Wegener's Granulomatosis

Polyarteritis nodosa

Microscopic polyangiitis (MPA)

Eosinophilic granulomatosis with polyangiitis

Kawasaki Disease (KD)

Behcet disease
Connective Tissue Diseases

Juvenile Dermatomyositis (JDM)

Paediatric sarcoidosis

Systemic and Localized Scleroderma

Sjégren Syndrome

Systemic Lupus Erythematosus (SLE)

Mixed connective tissue diseases (MCTD)

Macrophage activation syndrome

Psoriasis

studies for guselkumab, risankizumab, tildrakizumab,
brodalumab, secukinumab and certolizumab pegol
mainly in PiRD patients with psoriasis (Table 3). Add-
itionally, some studies are recruiting to investigate adali-
mumab in JIA-associated uveitis, abatacept in OJIA,
infliximab in KD and etanercept in OJIA and PJIA.

Study characteristics

Approximately two-thirds (25 out of 35) of the identified
RCTs were conducted in JIA patients and the remaining
ten RCTs were performed in non-JIA patients, including
KD, plaque psoriasis, SLE, and non-infectious uveitis
(Tables 4 and 5). The mean/median age of children
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PubMed Search
N=560

N=48
Abstracts: 14

FDA/EMA: 15

clinicaltrials.gov:

References: 10

Additional citations

9

Screening
N=608

Selected references for inclusion

N=65
(35 unique RCTs)

Exclusions (in order of exclusion criteria)

indication not relevant: 302
population not relevant: 169

treatment not relevant: 10
endpoint not relevant: 24

Excluded references
N=543

design not relevant: 30

secondary reference: 8

Fig. 1 Flow chart of study selection and reasons for study exclusion after literature search

Table 2 Overview of completed randomized controlled trials performed in paediatric rheumatology patients treated with

bDMARDs/JAK inhibitors (July 2020)

Drug Class Drug Studies Arms Patients Indications Populations
Anti-CD 20 agent  rituximab 0
CD80/86 inhibitor  abatacept 1 2 190 JIA PJIA, SJIA (without systemic features), extended OJIA
IL-1 inhibitor anakinra 2 4 110 JIA PJIA, SJIA
canakinumab 2 4 261 JIA SJIA
rilonacept 2 5 95 JIA SJIA
IL-6 inhibitor sarilumab 0
tocilizumab 3 6 356 JIA PJIA, extended OJIA, SJIA
IL-12/23 inhibitor  ustekinumab 1 3 110 Psoriasis Plaque psoriasis
IL-23 inhibitor guselkumab 0
risankizumab 0
tildrakizumab 0
IL-17 inhibitor brodalumab 0
ixekizumab 1 3 201 Psoriasis Plaque psoriasis
secukinumab 0
TNF inhibitor adalimumab 6 13 485 JIA, psoriasis, uveitis ERA, JIA-associated uveitis, PJIA, plaque psoriasis
etanercept 8 17 746 JIA, psoriasis, vasculitis - PJIA, OJIA, PsA, ERA, SJIA, plaque psoriasis, KD
golimumab 1 2 154 JIA PJIA, SJIA (without systemic features), PsA
infliximab 6 13 576 JIA, uveitis, vasculitis PJIA, non-infectious uveitis, KD
certolizumab pegol 0
BAFF inhibitor belimumab 1 2 93 [@]] SLE
JAK inhibitor tofacitinib 1 2 225 JIA ERA, PJIA, PsA
baricitinib 0
upadacitinib 0

Abbreviations: IL interleukin, TNF tumour necrosis factor, JAK Janus Kinase, JIA juvenile idiopathic arthritis, CTD connective tissue disease, PJIA polyarticular juvenile
idiopathic arthritis, KD Kawasaki disease, SJIA systemic juvenile idiopathic arthritis, OJIA oligoarticular juvenile idiopathic arthritis, ERA enthesitis-related juvenile
idiopathic arthritis, PsA psoriatic juvenile idiopathic arthritis, SLE systemic lupus erythematosus
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enrolled in the JIA RCTs ranged from 8years to 15.3
years. In contrast, the non-JIA patients included in RCT's
had a mean/median age range varying between 2.2 and
15.2 years, with KD patients being younger (range 2.2 to
3.7 years). In JIA RCTs, the control was mainly placebo,
and the concomitant background treatments were usu-
ally either methotrexate, NSAID or corticosteroids,
whereas in non-JIA trials the control arm was a mixture
of placebo or standard of care treatments and patients
received mostly NSAID as background treatments (data
not shown for the control arm). The primary efficacy
outcome/endpoint in the JIA RCTs was mainly ACR
Pedi 30/modified ACR Pedi 30 or disease flare (Table 4).
Other instruments to assess the primary outcome were
count of joints with active arthritis, the assessment of
Spondyloarthritis International Society 40% score (ASAS
40), inactive disease, treatment failure and improvement
of laser flare photometry (Table 4). In non-JIA patients,
efficacy outcomes/endpoints varied due to heteroge-
neous subgroups. The primary efficacy outcome/end-
point of RCTs in KD was mainly related to fever,
whereas for plaque psoriasis the Psoriasis Area and Se-
verity Index (PASI 75), or the Physician Global Assess-
ment (PGA) was used (Table 5). The RCT addressing
SLE used the SLR response index (SRI 4), whereas the
primary outcome/endpoint in non-infectious uveitis was
assessed with uveitis disease activity using the
Standardization of Uveitis Nomenclature (SUN) criteria,
AC cells and vitreous haze. The majority of the JIA
RCTs were global studies or otherwise conducted in ei-
ther Europe or the United States, with one study
(NCT00144599) located in Japan (data not shown). The
non-JIA RCTs took place either in North America, Eur-
ope or globally (data not shown). In particular, KD RCTs
took place mainly in Asia or the United States. Details
for JIA and non-JIA RCTs are shown in Tables 4 and 5.
All non-JIA studies were of a parallel study design, while
in JIA studies there was a mixture of parallel and with-
drawal study designs (Tables 4 and 5). The main conclu-
sion of the majority of the studies (in terms of meeting
the primary endpoint/outcome) was that the bDMARDs
evaluated were more effective in comparison to placebo
or standard of care (Tables 4 and 5).

Approved bDMARDs and JAK inhibitors in paediatric and
adult rheumatology

In March 2020, the FDA has approved all 23 reviewed
drugs, including bDMARDs and JAK inhibitors for adult
rheumatology, whereas the EMA has approved 22
(Table 6). For PiRD patients, 10 bDMARDs (EMA) and
11 (FDA) have been approved (Table 6). Not surpris-
ingly, the more recently approved bDMARDs in adult
rheumatology and the JAK inhibitors have mostly not
yet been approved for PiRD patients. Infliximab is
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approved for several rheumatologic indications in adult-
hood including rheumatoid arthritis (RA), PsA, ankylos-
ing spondylitis, and plaque psoriasis, but is not approved
for any PiRD indication so far. In paediatrics, infliximab
is still restricted for in-label use in paediatric chronic in-
flammatory bowel diseases. Furthermore, there are some
differences between the FDA and EMA in bDMARDs
and JAK approvals. For example, the FDA has approved
rilonacept for the treatment of the Cryopyrin-associated
periodic syndrome (CAPS) in adults and children aged
12 years and older, whereas EMA has not. Particularly
relevant for the PiRD patients are the different age limi-
tations for different bDMARDs, and varying age restric-
tion for different PiRD diagnoses. No bDMARDs are
approved in children younger than 2 years with the ex-
ception of anakinra, which is approved by the EMA for
the age >8 months. The age limitations have changed
over the last couple of years, and today the common age
categories are >2, >4, >6, or > 12 years. A detailed over-
view about paediatric bDMARDSs approvals, indications
and age limitations by the EMA and FDA in March
2020 compared with adult rheumatology is given in
Table 6.

Discussion

This review indicates that reported data from RCTs
characterizing efficacy, safety and/or PK, remains limited
for several prescribed bDMARDs and JAK inhibitors in
PiRD patients. As RCTs are robust research methods to
determine cause-effect relationships between interven-
tion and outcome, they are important to generate evi-
dence in basic, translational and clinical research and
can improve management of patients [112]. In the past,
several clinical trials were conducted in PiRD with sup-
port of research networks in paediatric rheumatology,
such as the Pediatric Rheumatology Collaborative Study
Group (PRCSG) and the Paediatric Rheumatology Inter-
national Trials Organisation (PRINTO) resulting in
bDMARDs approval for some PiRD indications [19, 113].
This review indicates that TNF inhibitors are the most
studied bDMARDs in PiRD patients, particularly in the
JIA group. JIA is one of the most commonly diagnosed
PiRDs with a prevalence of 16/100,000 to 150/100,000 [3].
In several JIA sub-groups, treatment with TNF inhibition
is recommended, particularly when conventional disease
modifying antirheumatic drugs (cDMARDs) cannot
achieve the defined target [114, 115]. One of the first
FDA-approved TNF inhibitors for polyarticular JIA treat-
ment was etanercept in 1999, followed by adalimumab in
2008. This might explain why a majority of RCTs were
performed for etanercept. Up to now, no JAK inhibitor is
approved for PiRD patients. JAK inhibitors can be admin-
istered orally and therefore this treatment approach might
be of particular interest in paediatric rheumatology,
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explaining why several RCTs are currently performed for
JAK inhibitors. For several bDMARD:s, a latency in drug
approval for PiRD patients can be observed with a delay
ranging between 1 year to 9 years. However, around 50%
of reviewed therapeutic drugs are currently not approved
for PiRD patients. Off-label and unlicensed drug use is fre-
quent in paediatric patient populations [116, 117] and a
considerable number of PiRD patients has to be treated
with off-label bDMARDs or JAK inhibitors as no ap-
proved drugs are available for their age group, the PiRD
indication or in general [20-23, 25]. Off-label use is often
of great concern to the families of the affected children
[17]. In addition, it seems that off-label and unlicensed
drug use in children is associated with increased risk of
medication errors and adverse events [118—120]. As in-
fants and children with PiRD differ greatly from adult
rheumatology patients the lack of paediatric PK data for
bDMARDs and JAK inhibitors, can result in over- and
under-dosing [42, 47, 121]. While under-dosing/low drug
concentrations can result in drug-antibodies and drug in-
sufficiency with uncontrolled chronic inflammation and
disease burden, over-dosing can be associated with serious
short- and long-term safety events [122—124]. There are
data suggesting that based on the body weight, the clear-
ance of several drugs is higher in paediatrics than in adults
[39]. In PiRD patients, particularly in infants and younger
children, there are data for bDMARDs and JAKs indicat-
ing a need for more frequent drug administration due to
shorter half-life or the need for higher weight based drug
dosages to achieve the defined therapy target [121, 125—
127]. Moreover, it seems that subcutaneously adminis-
tered bDMARDs are absorbed faster in young children
[44]. As the therapy outcomes in PiRD patients is influ-
enced by these age-dependent PK processes and the dis-
ease course, it is crucial to understand the developmental
changes to optimize bDMARDs and JAK inhibitor dosing
in paediatric rheumatology [39-42, 44, 46, 47]. As a con-
sequence, the FDA Modernization Act stimulates the
conduct of dedicated clinical studies to enhance under-
standing of PK, efficacy-safety balance, and optimal
dosing of drugs in paediatric patients [128]. Neverthe-
less, concern has been raised that trial discontinuation,
and nonpublication with associated risk of publication
bias, seems to be common in paediatric patients [129,
130]. Slow recruitment rates in rare paediatric diseases
can be challenging for paediatric trials, and poor re-
cruitment seems to be one of the major risks for early
termination or discontinuation of such studies [130].
These observations highlight the value of established
research networks in paediatric rheumatology, such as
PRCSG and PRINTO, in conducting clinical studies in
PiRD patients as efficacy, safety and PK data obtained
from PiRD patients to optimize treatment are
warranted.
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This review has several limitations. Despite a compre-
hensive search strategy and independent reviewer pro-
cesses, there might be a risk of a reporting bias as
unpublished RCTs were not included. Furthermore, this
review does not include observational studies, single arm
studies or RCTs including both children and adults. We
cannot rule out that not all conducted RCTs in PiRDs
were identified, despite a rigorous screening and review
process. We have included RCTs with patients aged 20
years and younger, although this upper age limit of 20
years constituted the risk of having studies performed
mainly in adolescents and young adults. To address this
bias we have reported for each analysed RCT the age cri-
teria and the median/mean age. As several included RCTs
had an upper age criteria between 17 to 20 years, we
would have missed otherwise these studies if we have lim-
ited the search to the age criteria 16 or 18 years.

Conclusion

In summary, paediatric rheumatology patients differ from
adult rheumatology patients in many aspects. As thera-
peutic drug response is influenced by age-dependent PK
processes and disease course, it is important to consider de-
velopmental changes when prescribing bDMARDs or JAK
inhibitors in PiRD patients. As such, it is critical to conduct
international multicentre studies in PiRD patients to enroll
a sufficiently high patient number in a reasonable period of
time with the goal to appropriately investigate and
characterize PK, efficacy and safety for bDMARDs and JAK
inhibitors. More efficacy and safety data, ideally combined
with PK data from PiRD patients will optimize bDMARDs
and JAK inhibitor use in paediatric rheumatology.
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