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Biotechnological therapeutic in juvenile diopathic
arthritis: pathophysiological implications and targeted
therapies

Pinto A', Ascencdao I, Rodrigues M3, Brito I¥

ABSTRACT

Objective: In this retrospective cohort study, we aim to investigate the most used biological disease modifying anti-
rheumatic drugs (bDMARDs) in Juvenile Idiopathic Arthritis (JIA) patients in a pediatric rtheumatologic unit from
a Portuguese tertiary hospital, along with their effectiveness and safety. We also intended to link their effectiveness
and the pathophysiology of the disease.

Methods: The medical records of JIA patients exposed to bDMARDs, between January 2018 and January 2023, in a
pediatric theumatologic unit from a Portuguese tertiary hospital were reviewed. Therapy effectiveness was accessed
based on achievement of inactive disease according to Wallace Criteria. Effectiveness of different bDMARD:s in the
several JIA subtypes was linked to the disease’s pathophysiology. Adverse effects were also reviewed.

Results: Thirty-four patients were included in the study. Overall, nineteen patients (67,9%) had inactive disease at
last evaluation. Six patients with missing data on inactive disease status were excluded from this analysis. Number of
affected joints, ESR and CRP were significantly lower at 3, 6, 12 and 24 months after bDMARD therapy. All systemic
JIA patients (n=10) were initially treated with Anakinra. Six (60%) achieved inactive disease. Two (20%) switched to
Tocilizumab due to ineffectiveness in the control of articular features. Patients who switched to tocilizumab achieved
inactive disease until the end of the follow-up. All patients with the other subtypes of JIA (n=24) were treated with
TNF inhibitors. Inactive disease was achieved in 55,6%. Adverse effects occurred in eight patients (23,5%).
Conclusions: The results of the present study demonstrate the effectiveness of bDMARs in the study population.
bDMARDs reduced the number of affected joints, CRP and ESR after three months of treatment, and this effectiveness
was sustained over the two years of follow-up. For systemic JIA, preferred drug was Anakinra, an interleukin 1 inhibitor,
and its effectiveness was consistent with previous studies. In the other JIA subtypes, TNF inhibitors were the most
used bDMARDs, and showed an effectiveness consistent with previous studies. The most used bDMARDs for each JIA
subtype are in line with pathophysiological differences. Our results demonstrated the safety of these drugs.

Keywords: Juvenile idiopathic arthritis, DMARDs, Adolescent rheumatology, Paediatric/Juvenile rheumatology,
Biotechnological therapies

INTRODUCTION

Juvenile idiopathic arthritis (JIA) is the most common
chronic inflammatory rheumatic disease in pediatric
age, affecting one in every 1000,000 children'.

It is not a single disease, but a heterogeneous group
of arthritis, of unknown etiology, that manifests itself
before the age of 16 and persists for at least 6 weeks'?.
This heterogeneous group is currently classified into 7
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subtypes of arthritis, with distinct pathophysiological
characteristics. According to International League of As-
sociations for Rheumatology criteria: systemic arthritis,
oligoarthritis, rheumatoid factor-positive polyarthritis,
rheumatoid factor-negative polyarthritis, enthesitis-re-
lated arthritis, psoriatic arthritis and undifferentiated
arthritis'?. This subdivision allows for a better under-
standing of its pathogenesis and response to therapy'*.

The evident heterogeneity between the various sub-
types of JIA, regarding their clinical features, genetic
and pathophysiological characteristics, leads to differ-
ent responses to currently available therapies™®. The
main differences arise between systemic arthritis and
the other subtypes, as the pathophysiology of the latter
is more consistent with an autoimmune disease’.

In general terms, JIA therapy includes drugs, phys-
iotherapy, occupational therapy, and psychosocial sup-
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port. Pharmacological therapy is based on nonsteroidal
anti-inflammatory drugs (NSAIDs), corticosteroids and
conventional or biological disease modifying antirheu-
matic drugs (DMARDs)®.

JIA therapy and its complications have undergone
significant changes in the last decade, largely because
of the introduction of these biotechnological DMARDs
(such as tumor necrosis factor (TNF) inhibitors, inter-
leukin 1 (IL-1) inhibitors, interleukin 6 (IL-6) inhib-
itors), resulting in a notable improvement in clinical
outcomes®.

Anti-TNFa therapy improves treatment outcomes
for all forms of JIA, but its notably less effective for
systemic JIA, where the therapeutic approach has
been IL-1/IL-6 signaling blockade’. Systemic JIA is as-
sociated with increased circulating levels of multiple
cytokines'®!! in which IL-1 plays a major role in the
pathophysiology. Serum samples from these patients
induce IL-1f transcription on healthy peripheral blood
mononuclear cells (PBMCs), and treatment with the
IL-1 receptor antagonists leads to the normalization of
a disease-specific gene expression profile'?. 1L-1f is the
cytokine from the IL-1 family with the most important
role as a therapeutic target in several autoinflammatory
diseases, such as systemic JIA. Blockage of IL-1f causes
a quick and sustained decrease in inflammation. Other
IL-1 family cytokines involved in the pathogenesis of
systemic JIA are IL-1a, IL-6, IL-18, and IL-1 receptor
antagonist (IL-1Ra). The main inflammatory cytokines
involved in the pathophysiology of the other subtypes
are distinct, with TNFa, IL17, IFNy and 1L23 having
the major role in their pathophysiology’.

As rare complication, some systemic JIA patients de-
velop macrophage activation syndrome (MAS) during
the course of the disease. This is a potentially lethal
complication of chronic rheumatic diseases of child-
hood, in particular systemic JIA, that results from un-
controlled activation and proliferation of T lympho-
cytes and macrophages®.

In the present study, we aim to analyze the most used
biological DMARDs (bDMARDs) in JIA patients, in a
pediatric theumatologic unit from a Portuguese tertiary
hospital, along with their effectiveness and safety. We
also intended to link its effectiveness and the patho-
physiology of the disease.

MATERIAL AND METHODS

In this retrospective cohort study, the medical records
of patients with JIA in a pediatric rheumatologic unit
from a Portuguese tertiary hospital were reviewed and
those who were exposed to bDMARDs between January
2018 and January 2023, and that started this therapy
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before the age of 18 were selected. All data were collect-
ed between October 2022 and February 2023.

The date of the first bDMARD administration was
considered the cohort entry. Patients were followed up
for 2 years or until the end of the study.

Patients” medical records were reviewed for age, sex,
age at diagnosis, JIA subtype according to the Europe-
an Alliance of Associations for Rheumatology criteria?,
presence of antinuclear antibodies (ANA), disease com-
plications such as MAS, bDMARD therapy they were
exposed to and other previous or concomitant drugs.
To assess therapy effectiveness, the number of affected
joints before bDMARD and at 3, 6,12 and 24 months
after starting treatment, presence of uveitis, rash, fever,
splenomegaly, serositis and generalized lymphadenop-
athy were reviewed. Biochemical parameters - CRP and
ESR before therapy and at 3, 6,12 and 24 months were
also collected. Inactive disease status was evaluated ac-
cording to Wallace remission criteria for clinical remis-
sion in JIA™.

The effectiveness of different bDMARD therapies in
the several JIA subtypes was analyzed and linked with
the disease’s pathophysiology. Adverse effects were also
reviewed.

To reduce possible selection biases, a well-defined
study population was established and patients were se-
lected according to clear inclusion criteria. To address
possible information biases, data on all variables were
objective and collected from medical records.

Statistical analysis was performed using SPSS Sta-
tistics 27. Standard techniques for descriptive statis-
tics were applied: median and interquartile range for
continuous variables and frequencies and percentages
for all discrete variables. Comparison of number of af-
fected joints, CRP and ESR values before and at 3, 6,
12 and 24 months after starting bDMARD therapy was
evaluated using Wilcoxon test. Remission status in sys-
temic JIA patients and in the other subtypes of JIA was
compared using Fisher’s exact test. Missing data were
excluded from the analysis. Statistical significance was
defined at the p<0,05 level.

This study was approved by the local ethics com-
mittee.

RESULTS

We reviewed medical records of 105 patients diagnosed
with JIA, and a total of 34 patients were considered and
confirmed eligible for this study. No patients were lost
to follow up. Median age was 16 years old (interquartile
range = 6,5) and median age at diagnosis was 8 years
old (interquartile range = 9,5). 52,9% were girls. Mean
follow-up time was 15,5 months. 9 (26,4%) patients
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TABLE I. JIA subtypes in the study population
(n=34)

JIA subtype — n (%)

Systemic JIA 10 (29,4)
Enthesis-related arthritis 7 (20,6)
Psoriatic arthritis 6(17,6)
Oligoarthritis 6 (17,6)
RF-negative polyarthritis 4(11,8)
RE-positive polyarthritis 129

JIA — Juvenile Idiopathic Arthritis; RF — Rheumatoid factor

had a documented history of active uveitis during the
disease course and a total of 14 (41,2%) patients were
ANA-positive.

Regarding the subtype of JIA, 29,4% had systemic
JIA, 20,6% enthesis-related arthritis, 17,6% psoriatic
arthritis, 17,6% oligoarthritis, 11,8% rheumatoid fac-
tor-negative polyarthritis and 2,9% rheumatoid fac-
tor-positive polyarthritis (Table T).

Of the total 34 patients, 21 (62%) previously or
concomitantly received classic non-biologic DMARDs
(Methotrexate and/or Sulfasalazine) and 23 (65%) pa-
tients previously received systemic corticosteroids.

The median time from diagnosis to the start of bD-
MARD was 12 months, with a minimum of 1 month,
and a maximum of 7 years.

Overall, 61,2% of patients had inactive disease re-
sponse at last evaluation.

The decrease in the number of affected joints was
statistically significant (95% confidence interval) at 3
(p<0,001), 6 (p<0,001), 12 (p<0,001) and 24 (p<0,001)
months after bDMARD therapy. ESR decrease was sta-
tistically significant after 3 (p<0,001), 6 (p=0,002), 12
(p<0,001) and 24 months (p<0,001) and CRP decrease
was also statistically significant after 3 (p=0,0006), 6
(p<0,001), 12 (p<0,001) and 24 (p<0,001) months of
bDMARD therapy. Number of affected joints, CRP and
ESR before and at 3, 6, 12 and 24 months after starting
bDMARD therapy, as well as missing data for each vari-
able is present in Table II.

For the remaining analysis, we set apart systemic JIA
from the other categories, given the similar pathophys-
iology of the latter, and the distinct features of systemic
JIA, which are more consistent with an autoinflamma-
tory disease.

All (n=10) systemic JIA patients were initially treated
with Anakinra, an IL-1 inhibitor, three of them due to
MAS, three due inadequate response to glucocorticoids
and four as initial therapy. Six (60%) of those had inac-
tive disease at 3 months, two (20%) switched to Canak-
inumab, another IL-1 inhibitor, due to adverse effects,

TABLE Il. Number of affected joints, CRP and
ESR values before and at 3, 6, 12 and 24 months
after starting bDMARD therapy

Affected Joints Median (IQR) Missing data
Before therapy 3,0 (4,5 6
3 months 0,0 (2,0 11
6 months 0,0 (0,3) 8
12 months 0,0 (0,0) 15
24 months 0,0 (0,0) 19
CRP Median (IQR) Missing data
Before therapy 12,2 (44,3) 5
3 months 1,1 (2,4 13
6 months 0,9 (1,2) 13
12 months 0,5(1,4) 16
24 months 0,7 (1,5) 21
ESR Median (IQR) Missing data
Before therapy 30,0 (37,5) 5
3 months 10,0 (15,3) 16
6 months 10,0 (9,0) 13
12 months 10,0 (8,0) 17
24 months 9,5(11,8) 20

IQR - Interquartile range; CRP — C-reactive protein; ESR — erythrocyte
sedimentation rate

and two (20%) switched to Tocilizumab, an IL-6 inhib-
itor, due to ineffectiveness in the control of articular fea-
tures after three months of therapy. These two patients
simultaneously received methotrexate and achieved in-
active disease status until the end of the follow up. At
24-months follow-up, all systemic JIA patients fulfilled
inactive disease criteria. We had no missing data in in-
active disease status of patients with systemic JIA.

Regarding patients with the other subtypes of JIA, all
(n=24) were initially treated with TNF inhibitors: 67%
with Adalimumab, 29% with Etanercept and 4% with
Golimumab. One patient suspended Etanercept due to
adverse effects, and switched to Rituximab, which was
stopped due to ineffectiveness and adverse effects, and
then switched to Tocilizumab. Ten (55,6%) patients
had inactive disease at the end of follow-up. Of those
who didn't meet inactive disease criteria, 10% were
non-compliant and 30% had started bDMARD shortly
before the end of the follow-up. Data about inactive dis-
ease status was missing in 6 patients. Nineteen (79%)
patients concomitantly received methotrexate until the
end of the follow-up. The patients who did not receive
concomitant methotrexate therapy had either enthe-
sis-related arthritis subtype (four patients) or psoriatic
arthritis subtype (one patient).

At the end of the follow-up, the percentage of pa-
tients who reached inactive disease was not significant-
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ly different between patients with systemic JIA and the
other subtypes (p=0.098).

Withdrawal of bDMARDs was attempted in five pa-
tients. In two systemic JIA patients receiving Anakinra,
this drug was tapered and discontinued after two years
of inactive disease under treatment. These patients had
to restart bDMARD therapy due to systemic JIA flare,
in one case one month after withdrawal and the oth-
er after two months. In one other systemic JIA patient,
withdrawal was attempted after three years of inactive
disease, and, in this case, disease status remained inac-
tive until the end of follow-up. In one oligoarticular JIA
patient receiving Etanercept, this drug was suspended
after two years of inactive disease but was reintroduced
after one month due to recurrence of arthritis. Lastly,
in one psoriatic JIA patient, Adalimumab was discon-
tinued after two years of inactive disease and the pa-
tient maintained inactive disease status until the end of
follow-up. Among the patients in which bDMARD was
reintroduced, one had history of active uveitis, where-
as in the group of patients who maintained inactive
disease status none had history of uveitis. All patients
who flared after withdrawal were ANA positive, where-
as among the two patients who did not flare, one was
ANA-positive and the other was not. The average time
since diagnosis until biological treatment was 4 years
in relapsed patients and 2,5 years in non-relapsed pa-
tients.

Adverse effects were observed in eight patients
(23,5%). In six of these cases, adverse effects were con-
sidered mild and did not lead to a change in medication:
four patients reported pain during the administration,
one patient reported nausea with Adalimumab and one
patient had mild neutropenia secondary to Anakinra.
More serious adverse effects occurred in 2 patients: two
patients presented a toxic hepatitis secondary to Anak-
inra; one patient developed a lupus-like membranopro-
liferative glomerulonephritis while receiving Etanercept
and later a persistent hypogammaglobulinemia second-
ary to Rituximab, requiring replacement therapy with
human immunoglobulin, primary immunodeficiencies
were excluded.

DISCUSSION AND CONCLUSIONS

The results of the present study demonstrate the effec-
tiveness of bDMARDs in the study population. These
drugs reduced the number of affected joints, CRP and
ESR after three months of treatment, and this effective-
ness was sustained over the two years of follow-up.
Most patients met the remission criteria after the intro-
duction of bDMARDs and some of those who did not
meet them was either because they were receiving bD-
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MARD:s for a short time or because they did not comply
with therapy.

In systemic JIA, the preferred drug was Anakinra, an
IL-1 inhibitor. Current evidence supports early use of
monoclonal antibodies or soluble receptors to block in-
flammatory cytokines in patients with systemic JIA. Of
these, the most efficacious biologic agents, based upon
results from randomized trials, are those that block in-
terleukin IL-1 or IL-6 . The 2021 American College of
Rheumatology (ACR) guidelines for treatment of sys-
temic JIA conditionally recommend IL-1 or IL-6 inhib-
itors as initial monotherapy and strongly recommend
them over a single or combination of classic synthetic
DMARD:s for systemic JIA patients without MAS with
inadequate response to or intolerance of NSAIDs and/
or glucocorticoids. However, in the absence of suffi-
cient controlled studies, no preferred agent has been
endorsed!®. For systemic JIA with MAS, IL-1 or IL-6
inhibitors are conditionally recommended over cal-
cineurin inhibitors alone to achieve inactive disease
and resolution of MAS, but again no preferred agent
has been indicated'. In our study sample, Anakinra
was first option in all systemic JIA patients, either as
initial therapy, as subsequent therapy in patients with
poor disease control or as MAS adjuvant therapy. This
may be explained by its short half-life, that enables a
prompter dose adjustment or therapy withdrawal, if
the patient does not respond'” and by its lower cost in
Portugal, when compared to other IL-1 or IL-6 inhib-
itors. Also, Anakinra is safe to administer in patients
with suspected systemic JIA in which some differential
diagnosis (including infectious, malignant or hereditary
autoinflammatory diseases) haven't been fully exclud-
ed yet'8. Nevertheless, Anakinra requires daily subcuta-
neous injections with frequent local adverse reactions,
and some patients prefer other therapeutic options that
require less frequent administrations'®. Previous stud-
ies report an efficacy of Anakinra ranging between 55
and 70%, which is consistent with the results of our
study'®°.

Evidence shows these biologics are effective for most
children with this disease, but further research is need-
ed regarding which should be used, given different pa-
tient characteristics'’. In patients who have incomplete
response or intolerance to the first L DMARD, 2021 ACR
guidelines for the treatment of JIA recommend switch-
ing to an alternative IL-1 or IL-6 inhibitor, but there is
no preferred agent, and it is not indicated whether it is
better to switch to another bDMARD of the same class
or to a different class'®. In this study population, the two
patients receiving Anakinra who failed in controlling
articular features switched to another class — IL-6 in-
hibitor Tocilizumab — and achieved inactive disease.
In fact, IL-6 induces inflammatory cell differentiation



Pinto A et al.

and activation, osteoclast activation and periarticular
inflammation in collaboration with other pro-inflam-
matory cytokines?!. Although the size of the study lim-
its generalization, these results may indicate that when
IL-1 inhibitors are not effective, switching to an I1L-6
inhibitor may be a good option, particularly in patients
with extensive joint involvement. Further investigation
on this topic is needed. Patients who switched to Tocili-
zumab due to failure in controlling articular features,
were concomitantly treated with Methotrexate. This is
in accordance with the 2021 ACR guidelines for the
treatment of systemic JIA, that recommend convention-
al synthetic DMARDs in combination with bDMARDs
for children with prominent arthritis'®.

In the other subtypes of JIA, TNFa inhibitors were
the most used bDMARDs. Although each of these sub-
types probably has a specific pathophysiology, they
distinguish from systemic JIA by being more consistent
with an autoimmune disease rather than an autoinflam-
matory disease. In systemic JIA the innate immune sys-
tem mainly involved, as opposed to the other subtypes
which are mostly dictated by the adaptative immune
system; the main inflammatory cytokines involved in
the pathophysiology of these subtypes are similar -
TNFa, IL17, IFNy and IL23. In systemic JIA, the main
inflammatory cytokines are IL1, IL6, IL18, IL32, LRG
and ADA2". This may explain why IL1 and IL6 in-
hibitors are more effective in systemic JIA and TNFa
inhibitors are more effective in the other subtypes.
Nevertheless, other bDMARDs such as Tocilizumab,
Abatacept and Rituximab have also shown clinical ef-
ficacy in patients with non-systemic JIA, particularly in
polyarthritis and oligoarthritis'®***. In these subtypes,
in the absence of randomized controlled trials, ACR
guidelines for treatment of JIA do not recommend any
preferred agent, stating that all bDMARDs with prov-
en efficacy are valid options'®*. In psoriatic JIA and in
enthesitis-related arthritis, TNF inhibitors are the pre-
ferred bDMARD class®***. In the study population, all
non-systemic JIA patients started with TNF inhibitors,
mostly adalimumab. In fact, although other drugs have
proven effective, TNF inhibitors remain the most com-
monly used bDMARD:s in children'®, probably because
as the first approved bDMARD:s in JIA treatment, there
is a relatively large amount of data regarding the long-
term safety and efficacy in JIA patients, especially with
adalimumab and etanercept*?°. In our study popula-
tion, the proportion of patients with enthesis-related
arthritis and patients with psoriatic arthritis was higher
than in other populations of patients under bDMARDs
in literature. In previous studies, the percentage of pa-
tients with enthesis-related arthritis treated with bD-
MARDs ranges between 11% and 16%, and psoriatic
arthritis ranges between 4% and 6%*"*%*°%°. Typically,

the proportion of patients with oligoarthritis treated
with bDMARDs exceeds that of these two subtypes,
contrary to our study population. While we have not
encountered a definitive explanation for this, the fact
that our unit encompasses both pediatric and young
adult rheumatology could account for the higher pro-
portion of these two subtypes, which are more preva-
lent in adolescents and young adults* 2. However, it
is unlikely that this has influenced the results of our
study, given that a previous retrospective cohort study
that analyzed the attainment of inactive disease status
after starting TNF-a inhibitors reported that 54% of pa-
tients achieved inactive disease status during the 1-year
follow up*, which is consistent with our results.

Most patients with non-systemic JIA received Meth-
otrexate in addition to bDMARD therapy until the end
of the follow-up. In fact, methotrexate is the preferred
conventional synthetic DMARD (csDMARD), given the
vast evidence showing its long-term safety and effica-
cy in children***2¢ ACR guidelines for the treatment
of JIA recommended combination therapy with a csD-
MARD over biologic monotherapy for patients with
polyarticular JIA initiating biologics, for additional dis-
ease control'®. For oligoarticular JIA, evidence favors
concomitant bDMARD and c¢csDMARD but suggests
that csDMARDs may be tapered off once disease control
is attained on a TNF inhibitor, although there is large
practice variation regarding when to stop the DMARD?".
Patients who did not receive methotrexate, mostly had
enthesis-related arthritis. Although methotrexate is
first-line therapy for children with other categories of
JIA, it has not shown to be effective for children with
axial disease. However, it has utility for peripheral ar-
thritis in children with enthesis-related arthritis®.

In our study population, withdrawal was attempted
in five patients with long-term inactive disease. Evi-
dence suggests that, in some patients, it may be possi-
ble to maintain inactive disease status after discontin-
uation of bDMARD:s. It is, however, unclear how soon
after achievement of inactive disease these can be ta-
pered'®. A systematic review on treatment withdrawal
following remission in JIA patients suggests that, over-
all, disease flares are common after stopping bDMARD
therapies, 37% after 8 months and 60-83% after 12
months, which is consistent with our findings®. De-
spite the small number of patients in whom withdrawal
was attempted, our findings suggest that two years of
inactive disease may be too soon to discontinue these
drugs. Additionally, some evidence suggests that physi-
cian’s opinion, even when based on validated criteria,
might not suffice to reliably forecast the successful dis-
continuation of bDMARD therapy*. This is also sug-
gested by our findings, since three of the five patients
in whom withdrawal was attempted had to reintroduce
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the therapy due to flares shortly after discontinuation.
Biological and imaging biomarkers of subclinical in-
flammation have been studied as potential predictors of
flare after withdrawal*##. A biomarker-guided strat-
egy in the decision-making process of therapy with-
drawal, based in S100A12 and high-sensitivity CPR
levels, was studied in the PREVENT-JIA trial and re-
sulted in fewer flares and longer time to the first flare
after discontinuation*. Other factors associated with
increased risks of flare havent been consistently iden-
tified®. However, a recent study by Kearsley-Fleet et al.
suggests that absence of uveitis, treatment with Tocili-
zumab (vs Etanercept) and starting biologics early in
the course of the disease are associated with successtul
cessation of bDMARD therapy?®®. Our findings appear to
align with this study, as there was only history of uveitis
in one patient within the group of patients who flared
after withdrawal, and the time until initiation biological
therapy was longer in those who experienced relapse.
Additionally, our results indicate that ANA-positive pa-
tients may have an increased flare risk. In a previous
study, a significant difference in flare rates was observed
between ANA-positive and ANA-negative patients,
with 48 out of 71 ANA-positive patients experiencing
flares, compared to 18 out of 39 ANA-negative patients
(p= 0,0047)*. However, some other studies found no
association between ANA status and maintenance of in-
active disease after treatment withdrawal****. Future
studies are needed to substantiate these findings.

The results of the present study also demonstrated
the safety of these drugs. Although mild adverse effects
were relatively common, serious adverse effects were
rare and reversed with drug discontinuation, except for
the hypogammaglobulinemia secondary to Rituximab,
that is persistent and still requires replacement thera-
py with human immunoglobulin. Hepatitis in patients
receiving anakinra has been previously reported in lit-
erature*. Membranoproliferative glomerulonephritis in
patients receiving TNF inhibitors®® and persistent hy-
pogammaglobulinemia secondary to Rituximab in JIA
patients have also been described’'.

This retrospective cohort study allows for a better
comprehension of the current practice in bDMARD
therapy, by summarizing patient characteristics and
pharmacological treatment in a Portuguese tertiary
hospital over five years. There are, however, import-
ant limitations to address. First, there may have been
a follow-up bias, acknowledging the patients for whom
there is missing data — these patients miss appointments
the most and may not comply with therapy, which may
overestimate our results on therapy effectiveness. Addi-
tionally, the small study population may compromise
its external validity. Nevertheless, it's important to con-
sider that bDMARD therapy is used mainly as a second
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or third-line option, which accounts for low numbers
of patients. Also, there are limitations inherent to the
retrospective design of the study. For example, com-
posite clinical outcome measures, such as the Juvenile
Arthritis Disease Activity Score (JADAS)?, could not
be used to assess the therapy effectiveness because a
parent global assessment of well-being, measured on a
0-10 visual analog scale (VAS), which was not available
in all patients, is necessary to calculate this score.

In conclusion, JIA is a heterogeneous group of dis-
eases with distinct pathophysiological characteristics.
The most effective bDMARDs for each JIA subtype are
in line with these pathophysiological differences. These
diseases may have a severe course and are associated
with multiple complications, but the introduction of
bDMARDs, which are effective and have an acceptable
safety profile, markedly revolutionized the clinical out-
come for these patients. However, despite the estab-
lished efficacy of bDMARDS, further research is needed
regarding which specific drug should be used, given
different disease features and patient characteristics.
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