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Abstract The aim of this study is to retrospectively analyze
10-year drug survival of first-line TNF inhibitor (TNFi) in rheu-
matoid arthritis (RA), ankylosing spondylitis (AS), psoriatic
arthritis (PsA), and juvenile idiopathic arthritis (JIA) patients,
comparing withdrawal rates and discontinuation pattern be-
tween adult- and juvenile-onset populations. RA, AS, PsA,
and JIA patients treated with infliximab, etanercept, or
adalimumab as first TNFi between 1999 and 2015 were ex-
tracted from a local registry. Drug survival up to 10-year fol-
low-up was evaluated by the Kaplan-Meier method and com-
pared according to age (adult vs juvenile onset), TNFi agent,
and discontinuation reason by a stratified log-rank test. Three
hundred sixty JIA (205 etanercept, 66 adalimumab, and 89
infliximab) and 951 (607 RA, 188 AS, and 156 PsA) adult
patients (464 infliximab, 262 adalimumab, and 225 etanercept)
were included. After exclusion of systemic-onset JIA (18.5%),
overall 10-year retention rate was 31.8%, with no difference
between adult- and juvenile-onset patients (32.1 and 30.2%,
respectively; HR 0.938 [95% CI 0.782–1.125]). Etanercept
showed the highest drug survival in adult-onset population
(p < 0.0001 vs both monoclonal antibodies) and infliximab
the lowest in juvenile-onset population (p = 0.005 vs
adalimumab and p < 0.0001 vs etanercept). Inefficacy was

the most frequent reason for TNFi withdrawal in adult popula-
tion (29.75%)with a significantly higher risk of discontinuation
than in juvenile-onset subgroup (HR 1.390 [95% CI 1.060–
1.824]). Serious infections and malignancies caused TNFi
withdrawal only in adult whereas gastrointestinal, neuropsychi-
atric, and ocular complications quite only in juvenile patients.
Despite a similar 10-year drug survival, adult- and juvenile-
onset subpopulations showed a significantly different pattern
of TNFi reasons for discontinuation.

Keywords Ankylosing spondylitis . Anti-TNF . Juvenile
idiopathic arthritis . Psoriatic arthritis . Rheumatoid arthritis

Introduction

The introduction of biotechnological drugs (bDMARDs) at
the beginning of the 2000s has dramatically revolutionized
the management and the expected outcome of inflammatory
arthritides. Tumor necrosis factor inhibitors (TNFis) were the
first biotherapies proposed to treat NSAID and synthetic
disease-modifying antirheumatic drug (sDMARD) failures
in rheumatoid arthritis (RA), ankylosing spondylitis (AS),
psoriatic arthritis (PsA), and juvenile idiopathic arthritis
(JIA). JIA is an umbrella definition used for indicating a het-
erogeneous group of seven different childhood-onset arthriti-
des [1]. Although JIA should be considered pathogenically
and clinically different from adult-onset arthritis, its manage-
ment has been often tailored on RA treatment strategies.
Nowadays, five bDMARDs have been licensed for JIA by
the US Food and Drug Administration and the European
Medicines Agency: etanercept, adalimumab, abatacept, toci-
lizumab, and canakimumab. Even though infliximab failed
the primary endpoint in a randomized controlled trial (RCT)
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in JIA patients [2], it is widely used in daily practice, with
convincing evidence of clinical effectiveness [3].

In the last decade, large population-based registries have
been increasingly used to evaluate the long-term performance
of TNFis in a real-life setting. In this scenario, drug retention
may be considered as the most reliable indicator of overall
treatment effectiveness, as it is mainly determined by both
drug efficacy and safety profile. Thus, several observational
studies provided an abundant amount of data about TNFi sur-
vival rates in adult-onset arthritides [4–9], whereas only few
studies have been focused on TNFi retention in pediatric pop-
ulation to date [10, 11]. Moreover, to our best knowledge, no
real-life analyses aiming to the comparison between adult- and
juvenile-onset TNFi-treated patients have been performed yet.

In order to fill this gap, the aim of this study is to retrospec-
tively analyze the long-term (10 years) drug survival and the
pattern of treatment discontinuation in a large cohort of RA,
AS, PsA, and JIA patients treated with TNFis, comparing the
between-group withdrawal rates for infliximab, adalimumab,
and etanercept in adult- and juvenile-onset populations.

Patients and methods

Data source and patients

Eligible study population was extracted from a local registry
approved by the local ethics committee including all patients
who signed the informed consent for any anonymous analysis
of clinical data and have been treated with a bDMARD be-
tween October 1999 and June 2015 in our Rheumatology
Unit. All analyzed clinical information are reported as anony-
mous aggregate data, excluding any identifiable individual
medical information. Adult-onset arthritis group (disease on-
set ≥16 years old) included patients diagnosed with RA ful-
filling the American College of Rheumatology (ACR) 1987
revised criteria [12], with AS according to the New York
modified criteria [13], or with PsA according to the Moll
and Wright criteria [14]. Juvenile-onset arthritis group (dis-
ease onset <16 years old) comprised patients fulfilling the
International League of Associations for Rheumatology
(ILAR) criteria for JIA [1]. The analysis was limited to pa-
tients who received infliximab, etanercept, or adalimumab as
first-line biotherapy. In order to balance the exposure among
the considered bDMARDs, the evaluation was limited to the
period when all the three TNFis were available in Italy (from
January 2003) in a setting of relatively similar access to each
drug for all the indications. Exclusion criteria were a previous
therapy with a different bDMARD or the enrolment in a RCT.
Treatments were administered in routine care in accordance
with international recommendations: TNFis were prescribed
in almost every case according to licensed regimen and

concomitant sDMARDs or corticosteroids were administered
if ordered by the referring rheumatologist.

Outcome

Drug survival was retrospectively calculated as the time peri-
od until the definitive treatment discontinuation or the first
missed dose after initiation of TNFi therapy. Interruptions
were considered definitive when indicated in the registry, or
when no consecutive re-introduction of treatment was report-
ed. All observations were censored at the last registered visit
before 30 June 2015. The reasons for TNFi withdrawal as
reported in the registry were evaluated and classified into three
major categories: inefficacy (primary or secondary no re-
sponse, defined according to a cutoff of 6 months since treat-
ment initiation), adverse events (AEs), and others (including
remission, desire for pregnancy, and patient preference). The
latter was considered as right censored in the drug survival
evaluation. The main analysis was conducted by comparing
reasons for discontinuation and drug survival in adult- versus
juvenile-onset arthritides. Further sub-analyses were per-
formed by stratifying the study population according to TNFi.

Statistical analysis

Descriptive statistics was used to calculate mean and standard
deviation of population baseline characteristics. Survival dis-
tribution curves were estimated by the Kaplan-Meier method
and compared by a stratified log-rank test. Results are present-
ed as hazard ratios (HRs) with 95% confidence intervals (95%
CI). Causes of discontinuation in the two subgroups were
compared by using Fisher’s exact test. Statistical analyses
were performed using SPSS Statistics 20.0 as software pack-
age. P values equal to or less than 0.05 were considered sta-
tistically significant.

Results

Baseline characteristics

The study population consisted of 1311 patients (360 juvenile-
and 951 adult-onset arthritides). In particular, the analysis in-
volved 360 JIA patients (48 with systemic onset, [17
infliximab, 28 etanercept, and 3 adalimumab] and 312 with
non-systemic onset [72 infliximab, 177 etanercept, and 63
adalimumab]), 607 RA patients (239 infliximab, 186
etanercept, and 182 adalimumab), 188 AS patients (149
infliximab, 6 etanercept, and 33 adalimumab), and 156 PsA
patients (76 infliximab, 33 etanercept, and 47 adalimumab).
Baseline patient characteristics in each subgroup are reported
in Table 1.
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Table 1 Baseline population
characteristics Total IFX ETN ADA

Rheumatoid arthritis

Patients 607 239 186 182

Female (%) 500 (82.4%) 200 (83.7%) 150 (80.6%) 150 (82.4%)

Mean age, years (±SD) 54.3 (±12.7) 54.4 (±12.4) 53.9 (±12.8) 54.6 (±12.9)

Mean disease duration, years (±SD) 8.1 (±8.7) 7.9 (±7.7) 7.7 (±8.9) 9.3 (±9.4)

RF (%) 503 195 154 154

Mean DAS28 (±SD) 5.5 (±1.2) 5.8 (± 1.1) 5.3 (±1.2) 5.2 (±1.3)

MTX use (%) 456 (75.1%) 219 (91.6%) 120 (64.5%) 117 (64.3%)

Ankylosing spondylitis

Patients 188 149 6 33

Female (%) 60 (31.9%) 48 (32.2%) 1 (16.7%) 11 (33.3%)

Mean age, years (±SD) 40.7 (±11.8) 40.1 (±11.9) 44.5 (±11.1) 34.8 (±11.6)

Mean disease duration, years (±SD) 7.9 (±8.3) 7.4 (±7.6) 9.2 (±7) 9.5 (±10.9)

Mean BASDAI (±SD) 5.4 (±1.6) 5.7 (±1.5) 6 (±1.7) 4.6 (±1.7)

Psoriatic arthritis

Patients 156 76 33 47

Female (%) 75 (48.1%) 34 (44.7%) 19 (57.6%) 22 (46.8%)

Mean age, years (±SD) 44.4 (±12.1) 44.2 (±13.1) 42.4 (±11.5) 45.4 (±10.9)

Mean disease duration, years (±SD) 7.3 (±6.6) 7.7 (±5.6) 5.2 (±7.6) 6.8 (±6.9)

Mean DAS28 (±SD) 4.6 (±1.5) 4.6 (±1.7) 4.8 (±1.4) 4.4 (±1.3)

MTX use (%) 44 (28.2%) 15 (19.7%) 13 (39.4%) 16 (34%)

Juvenile idiopathic arthritis—systemic onset

Patients 48 17 28 3

Female (%) 30 (62.5%) 12 (70.6%) 16 (57.1%) 2 (66.7%)

Mean age, years (±SD) 16.7 (±10.7) 19.9 (±8.3) 13.4 (±12.4) 19.7 (±4.4)

Mean disease duration, years (±SD) 8.3 (±10.3) 15 (±9.5) 4.8 (±11.2) 8 (±2.3)

Mean JADAS-27 (±SD) 24.2 (±8.2) 24.6 (±9.3) 23.7 (±7.6) 25.7 (±8.7)

ANA (%) 3 (6.2%) 2 (11.7%) 1 (3.5%) 0

Uveitis (%) 1 (2%) 1 (5.8%) 0 0

MTX use (%) 24 (50%) 10 (58.8%) 12 (42.8%) 2 (66.7%)

Juvenile idiopathic arthritis—non-systemic onset

Patients 312 72 177 63

Female (%) 229 (73.4%) 61 (84.7%) 127 (71.7%) 41 (65%)

Mean age, years (±SD) 14.5 (±8.1) 21.8 (±7.5) 11.1 (±6.9) 17.5 (±7.8)

Mean disease duration, years (±SD) 7.1 (±7.6) 13.3 (±7.4) 5.1 (±6.6) 7 (±7.8)

Mean JADAS-27 (±SD) 19.1 (±7.2) 19.6 (±7.6) 20.4 (±6.9) 15.1 (±6.4)

ANA (%) 152 (48.7%) 39 (54.2%) 76 (42.9%) 37 (58.7%)

Uveitis (%) 81 (25.9%) 27 (37.5%) 26 (14.7%) 28 (44.4%)

MTX use (%) 213 (68.3%) 57 (79.2%) 117 (66.1%) 39 (61.9%)

ERA-JIA (%) 26 (8.3%) 8 (11.1%) 8 (4.5%) 10 (15.9%)

OE-JIA (%) 101 (32.4%) 24 (33.3%) 63 (35.6%) 14 (22.2%)

OP-JIA (%) 70 (22.4%) 13 (18%) 30 (16.9%) 27 (42.8%)

PRFN-JIA (%) 75 (24%) 12 (16.7%) 56 (31.6%) 7 (11.1%)

PRFP-JIA (%) 31 (9.9%) 9 (12.5%) 17 (9.6%) 5 (7.9%)

PsA-JIA (%) 9 (2.9%) 6 (8.3%) 3 (1.7%) 0

ADA adalimumab, ANA antinuclear antibodies, DAS28 disease activity score on 28 joints, JADAS-27 juvenile
arthritis disease activity score on 27 joints, ERA enthesitis-related arthritis, ETN etanercept, IFX infliximab,MTX
methotrexate, OE oligoarticular extended, OP oligoarticular persistent, PRFN polyarticular rheumatoid factor
negative, PRFP polyarticular rheumatoid factor positive, PsA psoriatic arthritis, RF rheumatoid factor
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Drug survival analyses

The overall 10-year retention rate of the whole study popula-
tion was 31% (median time-on-drug 60.8 [95% CI 54–67.5]
months), with no difference (p = 0.27) between TNFi mono-
therapy (30.4%) and patients receiving concomitant MTX
(33.1%). The analysis according to each diagnostic subgroup
revealed a significantly lower drug survival in systemic-onset
JIA (10-year retention rate 18.5%, median time-on-drug
19.5 months). This finding is probably the result of the pecu-
liar pathogenic pathway distinguishing the systemic subset
from other ones and suggesting the use of bDMARDs other
than TNFis for the treatment of systemic JIA [15]. Thus, we
decided to complete all subsequent analyses by separating this
subgroup. The recalculated overall 10-year retention rate after
exclusion of systemic JIA increased to 30.2% (median time-
on-drug of 59.7 months [95% CI 49.2–70.2]) with no differ-
ence (HR 1.066 [95% CI 0.888–1.278], p = 0.488) observed
in the comparative analysis versus adult subgroup (32.1%;
median survival 65.4 months [95% CI 56.2–74.6]) (Fig. 1).
Stratifying the population according to TNFi, the estimated
proportions of patients maintaining etanercept, adalimumab,
or infliximab treatment after 10 years were respectively 56.1,
23.5, and 28.3% in the adult-onset group, and respectively
38.1, 50.7, and 10.6% in the juvenile-onset one. The 10-year
drug survival was significantly higher for etanercept com-
pared with both infliximab and adalimumab in adult-onset
patients (p < 0.0001), and significantly lower for infliximab
versus both adalimumab (p = 0.005) and etanercept
(p < 0.0001) in juvenile-onset population (Fig. 2).

Reasons for discontinuation

Overall, 367 (27.99%) patients discontinued the first TNFi
course because of inefficacy, and 325 (24.79%) because of
AEs. In the JIA subgroup, bDMARD withdrawal has been
reported in 34 (70.8%) patients with systemic onset (20
[41.6%] because of inefficacy and 14 [29.2%] because of
AEs) and in 152 (48.7%) with non-systemic-onset disease
(64 [20.5%] because of inefficacy and 88 [28.2%] because
of AEs). In the adult-onset subgroup, 506 (55.5%) patients
discontinued the TNFi during the 10-year follow-up period
(283 [29.75%] because of inefficacy and 223 [23.45%] be-
cause of AEs). The risk of stopping the TNFi because of
inefficacy was significantly lower in non-systemic juvenile
compared with adult-onset patients (HR 0.719 [95% CI
0.548–0.943], p = 0.017), whereas no significant differences
were observed in the risk of discontinuation due to intolerance
(HR 1.207 [95% CI 0.943–1.546], p = 0.136) (Fig. 3).

The pattern of AEs leading to withdrawal was significantly
different in the comparative analysis between the two sub-
groups (Table 2). Infusion/injection reaction was the most
frequent reason for discontinuation in both adult (n = 92

[9.6%]) and juvenile patients (n = 19 [6.1%]). TNFi withdraw-
al was caused by cutaneous complications (mainly new-onset
psoriasis and eczema) in 34 (3.9%) adult and 8 (2.6%) juve-
nile patients. Of note, most of skin AEs leading to discontin-
uation were associated with the use of adalimumab in both
adult (28 of 34) and juvenile (5 of 8) subgroups. Serious in-
fections, malignancies, and deaths led to discontinuation only
in adult-onset population (22 [2.31%], 19 [1.99%], and 15
[1.57%] patients, respectively), whereas gastrointestinal com-
plications (all new-onset inflammatory bowel diseases [IBD])
led to TNFi withdrawal only in juvenile-onset patients (n = 9
[2.88%]; 4 oligoarticular extended, 4 polyarticular rheumatoid
factor negative, and 1 PsA-JIA). Moreover, neuropsychiatric
(headache, vertigo, fatigue, hyperactivity, nervousness, anxi-
ety, severe unusual aggressiveness, panic attacks, depression,
and anorexia nervosa) and ocular (all incident uveitis) compli-
cations led to discontinuation more frequently in juvenile (14
[3.89%] and 14 [3.89%] patients, respectively) than in adult-
onset subgroup (2 [0.21%] and 2 [0.21%] patients, respective-
ly). Of note, all the patients who stopped bDMARD because
of new-onset uveitis were in treatment with etanercept. The
occurrence of uveitis in each JIA subtype is detailed in
Table 3.

Discontinuation because of persistent remission occurred
more frequently in non-systemic juvenile than adult patients
(34 [10.8%] and 15 [1.6%], respectively; p < 0.0001), with
numerically lower, although not statistically significant, fre-
quency in RA patients (1.1%) within adult subgroup and sys-
temic JIA patients (4.5%) within the juvenile one. In JIA pa-
tients, etanercept was associated with the highest rate of TNFi-
free remission compared with monoclonal antibodies (14.6 vs
5.9%, respectively; p = 0.022), whereas no statistically
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significant difference according to the single TNFi was ob-
served in the adult population.

Discussion

To our best knowledge, the current study compares for the first
time the long-term retention rate and the pattern of discontin-
uation of adalimumab, etanercept, and infliximab as first-line
TNFi therapy between adult- and juvenile-onset arthritis pop-
ulations. We demonstrated that after 10 years, about one third
of RA, PsA, AS, and JIA patients maintained the first biologic
treatment, with no significant survival difference between
adult and juvenile subgroups.

The comparative analysis of drug retention according to
individual diagnosis showed a significant lower retention rate
only in systemic-onset JIA. This finding has been already
reported by similar studies [11] and is consistent with the
increasing evidence of divergent pathogenic pathways in dif-
ferent JIA categories (especially systemic- vs non-systemic
onset). Systemic JIA is an autoinflammatory disease with ab-
normalities in the innate immune system related to pro-
inflammatory cytokines such as IL-1, IL-6, IL-18, and pro-
inflammatory S100-proteins, whereas in non-systemic JIA,
the adaptive immune system is deregulated with an imbalance
between autoreactive Th1/Th17 and Treg cells [15]. The im-
proving knowledge of these different pathogenic aspects may
easily explain the recent favorable results observed in the
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treatment of systemic JIA by using IL-1 and IL-6 blockade, in
contrast with poor responses reported with the use of TNFis
[16], as confirmed by our findings. Nowadays, international
recommendations do not consider TNF blockers as the first
choice for treating systemic JIA; thus, we decided to separate
this subgroup from overall retention analysis.

TNFi drug survival has been extensively evaluated in adult
population by several observational studies conducted in RA,
PsA, and AS cohorts. However, most of previous similar stud-
ies have limited the observation to a short follow-up period,
with the only exception of recent data from our group showing
TNFi survival rate of 23.4% at 12 years in RA patients [9] and
55.5% at 8 years in SpA population [17]. The short-term drug
discontinuation rates in our sample are comparable to those
previously described in main international registries [4, 18,
19] and become progressively lower in patients maintaining
the bDMARD over 5 years, as a probable consequence of the
positive selection of patients presenting a good clinical re-
sponse without serious AEs over time. Reports on
bDMARD retention rate in JIA patients are numerically fewer
with, again, a shorter period of evaluation compared with the
current analysis. Similarly, previous observational studies re-
ported a high retention rate of biologic treatment in the first
4 years of therapy in JIA patients [10].

Despite the similar drug survival, in our analysis, the rea-
sons for withdrawal were significantly different between the
two subgroups. Intolerance was the cause of TNFi discontin-
uation in about one third of juvenile patients, whereas the
majority of adult subjects (about 30%) stopped the drug be-
cause of primary or secondary inefficacy. Our data are consis-
tent with what previously reported by similar analyses con-
ducted in adult populations [20, 21], whereas a Finnish cohort

Table 2 Reasons for TNFi discontinuation according to diagnosis and single anti-TNF agent

Rheumatoid arthritis
Total (IFX, ETN,
ADA)
n = 607 (239, 186,
182)

Ankylosing
spondylitis
Total (IFX, ETN,
ADA)
n = 188 (149, 9, 33)

Psoriatic arthritis
Total (IFX, ETN,
ADA)
n = 156 (77, 33, 47)

Systemic-onset JIA
Total (IFX, ETN,
ADA)
n = 48 (17, 28, 3)

Non-systemic-onset
JIA
Total (IFX, ETN,
ADA)
n = 312 (72, 177, 63)

Inefficacy
Primary NR (<6 months) 45 (6, 11, 28) 5 (4, 0, 1) 9 (1, 2, 6) 8 (3, 5, 0) 10 (3, 3, 4)
Secondary NR (≥6 months) 160 (86, 24, 50) 33 (27, 0, 6) 31 (21, 2, 8) 12 (3, 9, 0) 54 (23, 20, 11)

Adverse events
Autoimmune disease 7 (1, 4, 2) 0 0 1 (1,0, 0) 6 (1, 4, 1)
Cutaneous tissue disease 24 (0, 4, 20) 2 (0, 0, 2) 8 (1, 1, 6) 2 (0, 1, 1) 8 (2, 1, 5)
Hematologic disease 3 (0, 1, 2) 1 (1, 0, 0) 2 (0, 2, 0) 0 2 (0, 2, 0)
Gastrointestinal disease 0 0 0 2 (0, 2, 0) 9 (0, 9, 0)
Neuro-psychiatric disease 1 (0, 0, 1) 1 (0, 0, 1) 0 2 (0, 2, 0) 14 (1, 12, 1)
Death 14 (7, 3, 4) 1 (1, 0, 0) 0 0 0
Orthopedic disorder 1 (1, 0, 0) 0 0 1 (0, 1, 0) 2 (1, 0, 1)
Cardiovascular system
disease

9 (2, 5, 2) 0 1 (1. 0, 0) 0 0

Serious infection 15 (9, 4, 2) 6 (6, 0, 0) 1 (0. 1, 0) 0 0
Common infection 0 0 0 0 3 (1. 2, 0)
TB infection 7 (4, 2, 1) 1 (1, 0, 0) 1 (1, 0, 0) 0 0
Malignancy 17 (7, 4, 6) 1 (1, 0, 0) 1 (1, 0, 0) 0 0
Infusion/injection reaction 58 (46, 5, 7) 22 (21, 1, 0) 12 (11, 1, 0) 5 (5, 0, 0) 19 (19, 0, 0)
Hepatic toxicity 1 (1, 0, 0) 1 (0, 0, 1) 0 0 1 (1, 0, 0)
Ocular disease 0 1 (0, 0, 1) 1 (0, 0, 1) 0 14 (0, 14, 0)
Other 0 2 (1, 0, 1) 1 (0, 0, 1) 1 (1, 0, 0) 0

Other
Lost at follow-up 26 (20, 3, 3) 14 (14, 0, 0) 6 (5, 1, 0) 5 (1, 4, 0) 29 (4, 22, 3)
Remission 7 (3, 0, 4) 6 (6, 0, 0) 2 (2, 0, 0) 2 (1, 1, 0) 34 (6, 26, 2)
Compliance 6 (2, 1, 3) 1 (1, 0, 0) 1 (0, 0, 1) 0 6 (2, 4, 0)
Pregnancy 3 (1, 2, 0) 3 (3, 0, 0) 3 (0, 2, 1) 1 (1, 0, 0) 2 (1, 1, 0)

ADA adalimumab, ETN etanercept, IFX infliximab, NR no response

Table 3 Characteristics of JIA patients who discontinued TNFi
because of uveitis

Uveitis Previous uveitis ANA positive

ERA-JIA 1 1 –

OE-JIA 7 6 5

OP-JIA 3 2 2

PRFN-JIA 2 1 1

PRFP-JIA 1 – –

PsA-JIA – – –

Overall 14 10 8

ERA enthesitis-related arthritis, OE oligoarticular extended, OP
oligoarticular persistent, PRFN polyarticular rheumatoid factor negative,
PRFP polyarticular rheumatoid factor positive, PsA psoriatic arthritis
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[10] and the Portuguese Reuma.Pt registry found inefficacy to
be the most frequent reason for discontinuation (24 and
26.4%, respectively) compared with AEs (14 and 6.1%, re-
spectively) in JIA patients. However, both these studies have
been conducted over a shorter follow-up period (60 and
48months, respectively) and did not provide the detailed anal-
ysis of side effects leading to discontinuation, so the compar-
ison with our cohort is not completely feasible.

Moreover, our data reported a pattern of AEs leading to
withdrawal significantly different in the comparative analysis
between the two subgroups: neuropsychiatric, gastrointesti-
nal, and ocular complications led to TNFi withdrawal quite
only in juvenile subgroup, while infections and malignancies
only in adult population.

During the past decade, inflammation has been revisited as
an important etiologic factor of psychiatric disorders, which
may be elicited by pro-inflammatory cytokine levels [22]. As
previously described [23], the spectrum of neuropsychiatric
AEs in TNFi-treated pediatric population may be extremely
wide, ranging from unspecific symptoms to important behav-
ior alterations or definite neuropsychiatric syndromes, usually
completely recovered after treatment interruption or dose re-
duction. On the other hand, these complications seem to be
very infrequent in adult patients, as demonstrated in our co-
hort. However, it should be stressed that neuropsychiatric
manifestations are quite heterogeneous in patients suffering
from autoimmune disorders and frequently the differentiation
between organic and dysfunctional symptom is difficult.

Anterior acute uveitis in either adult- or juvenile-onset AS,
chronic anterior uveitis in JIA, and IBD in both diseases have
been described as extra-articular manifestations frequently
complicating both juvenile [24, 25] and adult diseases [26].
The use of synthetic and biologic DMARDs may be effective
for treating and preventing these complications in both juve-
nile [27] and adult [28] populations, with some notable differ-
ences among available TNFis. In particular, compared with
anti-TNFmonoclonal antibodies, etanercept is associated with
a higher risk of recurrent or new-onset uveitis in JIA [29] and
adult AS [30] patients. Moreover, etanercept is known to be
ineffective in the treatment of IBD [31] and has been related to
an increased incidence of flares or new-onset IBD in treated
patients with JIA [25] and AS [32]. In our cohort, etanercept
accounts for the majority of JIA patients and has been initially
prescribed (even in patients carrying high risk factors for uve-
itis such as ANA positivity and early-onset disease), whereas
the use of etanercept in our adult AS population has been very
infrequent (only 4.7%) because of the lower efficacy in the
management of extra-articular manifestations. Thus, it is not
surprising that new occurrence or flare of uveitis and IBD
have been more frequently reported as the cause of TNFi
discontinuation in juvenile compared with adult subgroup.
HLA-B27 positivity is known to be associated with the onset
of uveitis in both adult AS and ERA-JIA. Unfortunately, given

the retrospective design of our study, data on HLA-B27 were
largely incomplete; therefore, a correlation analysis was not
performed. Nevertheless, only one ERA-JIA patient
discontinued the TNFi treatment because of uveitis, suggest-
ing a minor role of HLA-B27 in predicting this complication.

The incidence of serious infections has been reported to be
increased in both juvenile [33] and adult [34] arthritides inde-
pendently of the treatment, as an effect of disease itself (which
impairs the immune responses), extra-articular manifestations,
or comorbidities such as chronic lung disease and diabetes
mellitus. The use of immunosuppressant treatments may con-
tribute to further increase this risk, as reported for TNFis in
international registries including adult (especially RA) popu-
lation [35–37], but not in juvenile patients [32, 38]. These
findings may explain the higher incidence of serious infection
leading to TNFi withdrawal recorded in our adult cohort com-
pared with the juvenile one.

Similarly, RA and JIA patients carry an increased risk of
malignancies (specifically lymphoma) compared with the
general population; this is partly explained by the typical im-
mune deregulation of the diseases [39, 40], whereas data on
AS and PsA do not show the same link [41]. Anyway, cancer
should be considered as a rare event in childhood compared
with adult population [42]. Despite the evidence of a potential
role of TNFis in further increasing the incidence of solid and
hematological malignancies reported almost immediately af-
ter their introduction [43], more recent data from observation-
al registries have definitely clarified that the addition of TNFi
to sDMARD does not alter the risk of cancer in both RA [44,
45] and JIA [46] patients. Thus, in our analysis malignancies
have been reported as a frequent reason for withdrawal only in
adult but not in juvenile cohort as an effect of the different
incidence of this complication according to age, independent-
ly of TNFi treatment.

Several studies evaluated the impact of TNFi withdrawal in
patients achieving a clinical remission [47, 48], but data on the
incidence of bDMARD-free remission in a real-life setting are
still lacking in both adult and juvenile cohorts. Although it has
been excluded from the retention analysis, in our cohort, dis-
continuation because of a persistent remission was significant-
ly more frequent in juvenile than in adult patients and in
etanercept-treated patients compared with anti-TNF monoclo-
nal antibodies in the juvenile subgroup alone.

According to previous studies evaluating bDMARD sur-
vival in adult population, etanercept may be considered the
most persistent TNFi in RA [4, 9, 49, 50], as the result of a
better safety profile and a lower immunogenicity leading to
less frequent secondary no response [51]. On the other hand,
etanercept is known to be less effective compared with anti-
TNF monoclonal antibodies in the treatment of extra-articular
manifestations of SpA, resulting in a similar survival on treat-
ment of individual TNFis in both PsA and AS. Thus, the
highest etanercept retention rate in our adult cohort may be
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the consequence of the great proportion of enrolled RA pa-
tients (63.8% of the whole population) combined with the
favorable etanercept survival for this indication. Being the first
to be licensed for the treatment of JIA, in our juvenile cohort,
etanercept was largely the most prescribed TNFi (56.7% of
non-systemic subset), with a greater retention rate compared
with infliximab and a similar drug survival of adalimumab.

Our study has been conducted in a real-life cohort of TNFi
users, with the intrinsic limitations of its observational and
retrospective design. We are aware that, in the absence of
randomization, patients with a different discontinuation risk
may have been channeled to a specific drug, producing selec-
tion bias and potentially affecting our analysis. Moreover, as
usual in long-term drug survival analyses, the number of pa-
tients at risk tends to progressively decrease by time, being
reduced at the end of the evaluated follow-up period: this trend
may partially influence the impact of results. On the other
side, the most important strength of the present study, beside
the very long evaluation period, is the direct comparison for
the first time of adult and juvenile subpopulations in order to
identify similarities and differences in the TNFi performance.

Conclusions

In summary, we have presented the first observational data
comparing long-term retention rate and reasons for first-line
TNFi withdrawal between adult and juvenile patients. Despite
a similar overall drug survival, our main finding is a signifi-
cantly different pattern of discontinuation between the two
subgroups. JIA patients had a lower risk of withdrawal be-
cause of inefficacy. Neuropsychiatric, gastrointestinal, and oc-
ular complications led to TNFi discontinuation quite only in
juvenile subgroup, while infections and malignancies only in
adult population. As previously reported, etanercept showed
the highest drug survival in adult-onset population and
infliximab the lowest in juvenile-onset population.
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