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Abstract

Introduction Biological therapies are valuable treatments for severe psoriasis. Children aged under 12 years are underrep-
resented in therapeutic trials for these drugs. The objective of the ‘BiPe Jr’ cohort study was to evaluate the drug survival,
effectiveness, tolerance and switching patterns of biological therapies in children under 12 years of age with psoriasis.
Methods We conducted a multicentre retrospective study of children with psoriasis who received at least one injection of
a biological agent, even off-licence, before the age of 12 years in France and Italy, collecting the data between April and
August 2021. The data collected were from March 2012 up to August 2021.

Results In total, 82 children (mean age: 9.1 years; females: 61.0%) received 106 treatments. The drugs administered were
adalimumab (n = 49), etanercept (n = 37), ustekinumab (n = 15), anakinra (n = 2), infliximab (n = 2) and secukinumab
(n = 1). The most common form of psoriasis was plaque psoriasis (62.9%). The Physician Global Assessment and the Pso-
riasis Area Severity Index (PASI) scores decreased significantly from baseline to 3 months after treatment initiation for the
three main biological drugs; PASI went from 14.1 + 9.4 to 4.1 + 11.3 for adalimumab (p = 0.001), 14.9 + 9.3 t0 5.1 + 4.0 for
etanercept (p = 0.002) and 11.6 + 8.3 to 2.6 + 2.2 for ustekinumab (p = 0.007). A trend towards higher 2-year maintenance
rates was observed for ustekinumab and adalimumab, compared with etanercept (p = 0.06). 52 children discontinued their
biological therapy, most frequently due to inefficacy (n = 28) and remission (n = 14). Seven serious adverse events (SAEs)
were reported, including four severe infections.

Discussion Our analyses of drug survival and treatment patterns, combined with those of previous studies conducted in
older children, indicate that there is a trend towards higher 2-year survival rates of ustekinumab and adalimumab. The SAEs
identified were rare, but highlight the need for increased vigilance concerning infections. Overall, the biological therapies
showed good effectiveness and safety profiles when used in daily practice for the treatment of young children with psoriasis.

1 Introduction their effectiveness has been proven in both adult and paediat-

ric populations [1-3]. However, data on the safety and effec-
Psoriasis management has changed considerably since the  tiveness of these agents are lacking in younger children (i.e.
advent of biological treatments, and continues to evolve with ~ patients aged under 12 years). Although national guidelines
new drugs being licensed regularly. Biological drugs are  for the treatment of psoriasis in paediatric patients have been

indicated for the treatment of severe forms of psoriasis, and ~ proposed in several countries, the exact role of biological
agents in the management of children with severe psoriasis

has not yet been clearly defined [3-5].
The conventional systemic agents used in clinical prac-
tice for the treatment of childhood psoriasis may include
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Overall, the main biological therapies evaluated in this
study (i.e. adalimumab, etanercept and ustekinumab) in
children with psoriasis showed good effectiveness and
safety profiles.

Results suggest a trend towards higher 2-year continu-
ation rates of ustekinumab and adalimumab compared
with etanercept.

Serious adverse events were uncommon but highlight the
need for increased vigilance concerning infections.

acitretin, cyclosporine and methotrexate, as well as fuma-
ric acid esters in some countries [2—7]. In France and Italy,
methotrexate is not licensed for use in children, and cyclo-
sporine is only licensed for use in patients aged over 16 years
[8]. Thus, in younger children, therapeutic choices in case of
inefficacy of local treatments rapidly lead to the use of bio-
logical therapies. Data on the long-term and daily practice
effectiveness of these drugs in young patients are therefore
needed in order to better define the role of these highly effec-
tive drugs in the management of this population.

Five biological drugs are now licensed for use in chil-
dren: two anti-tumour necrosis factor (TNF)-a agents (adali-
mumab and etanercept), an anti-interleukin 12-23 agent
(ustekinumab) and two anti-interleukin 17 agents (secuki-
numab and ixekizumab). These agents are licensed for use
in children aged 6 years or above, except for adalimumab,
which can be used from the age of 4 years. However, prior
to 2020, only the two anti-TNFa agents were authorized for
use in children under 12 years.

Although the range of biological treatments available for
use in young children with psoriasis is increasing, children
under 12 years are underrepresented in clinical trials, and
even when these patients are included, their data are gen-
erally not analysed independently [9—12]. One exception
was the open-label CADMUS Jr study, in which 44 patients
(aged > 6 to < 12 years of age) were included to evaluate the
effectiveness, safety, pharmacokinetic and biomarker results
of ustekinumab treatment [13]. A retrospective cohort study
evaluating the use of biological drugs in all children under
the age of 18 years has also been conducted in daily prac-
tice settings in France (the BiPe study). Although this study
assessed data from 134 children using 184 lines of therapy,
less than a third of the children included were under the age
of 12 years and no subpopulation analyses were made [14].
To fill this data gap, we have now performed a study on an
extended BiPe cohort, involving children from both Italy and
France being treated for psoriasis with biological agents, but
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including only children under 12 years of age (the BiPe Jr
cohort). The aims of this study were to evaluate the effec-
tiveness, tolerance and patterns of biological treatments of
this young population in daily practice.

2 Materials and Methods
2.1 Study Design

This retrospective multicentre study was conducted by der-
matologists practicing in 12 French and three Italian hospi-
tals. All dermatologists who were members of the French
(Société Frangaise de Dermatologie Pédiatrique) and Ital-
ian (Societa Italiana di Dermatologia Pediatrica) societies
of paediatric dermatology, and the French Research Group
on Psoriasis (GrPso) were invited to participate. They were
invited to fill in a case report form about the characteristics
and treatments of their paediatric patients with psoriasis.
All data were collected anonymously, from April to August
2021. Updated data from children involved in the previous
study (BiPe) who met the inclusion criteria for the BiPe Jr
cohort were also included.

2.2 Inclusion and Exclusion Criteria

Children with psoriasis were included if they were under
12 years of age at the initiation of the biotherapy and had
received at least one dose of a biological drug. Data from
children who had received biotherapies through off-label
prescriptions (i.e. due to clinical presentation or licenc-
ing age restrictions) were included. All types of cutaneous
psoriasis were included (plaque psoriasis, guttate psoriasis,
scalp psoriasis, acropulpitis, palmoplantar psoriasis whether
in plaques or pustular, generalized pustular psoriasis, eryth-
rodermia, napkin psoriasis). Children were excluded if they
were receiving a biological agent as part of a therapeutic
trial or if they were receiving biological therapy exclusively
for the treatment of psoriatic arthritis. If a child who was
included passed the age of 12 years, data related to their
treatment after the age of 12 were not analysed.

2.3 Data Collected

The collected data were from March 2012 up to August
2021. At initiation of treatment with a first biological agent
(baseline), the demographic data collected were the age, sex,
body weight and height and medical history of the patients,
including details of any treatments other than those being
used for psoriasis, as well as details of any family history
of psoriasis. Data on psoriasis characteristics were also col-
lected at baseline and included the age of onset, clinical type,
presence of nail and articular involvement, and current and
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previous treatments for psoriasis, as well as details of pso-
riasis severity based on Psoriasis Assessment Severity index
(PASI) and Physician Global Assessment (PGA) scores.
PGA and PASI were evaluated only for plaque psoriasis.

Data collected after treatment initiation with the first bio-
logical agent until either discontinuation of all biological
agents or the patient reached > 12 years of age (follow-up)
included the date of discontinuation of a biological treatment
and of the initiation of subsequent treatments, details of
associated treatments and causes of discontinuation, details
of any serious adverse events (SAEs), and PASI and PGA
scores at 3 (+ 1) months (M3).

2.4 Outcomes

The main outcomes were analyses of the treatment patterns,
including the frequency of prescription of each of the first-
line biological agents, and the switching of these first-line
agents to subsequent biological drugs. Treatment effective-
ness, drug survival and reasons for discontinuation were also
compared between agents.

2.5 Definitions

Body mass index categories and SAEs were defined as
described previously for the BiPe cohort [14]. Treatment
effectiveness was assessed for the three most commonly pre-
scribed treatments by (1) the evolution of PGA and PASI
scores between baseline and M3, (2) the number and per-
centage of children with PGA scores of 0 or 1 at M3 and
(3) the number and percentage of children with a reduc-
tion in PASI scores from baseline of 50% (PASI 50) or 75%
(PASI 75). Remission was defined as a PGA or PASI score
of 0 reached after treatment initiation. Loss of efficacy was
defined as a worsening of the psoriasis after a transient
improvement. Primary inefficacy was defined as the absence
of improvement of the psoriasis since treatment initiation.

2.6 Switching of Biological Treatments

A switch to another agent was defined as a change in biologi-
cal treatment because of side effects, intolerance or absence
of effectiveness, with a maximum gap of 4 months between
the two treatments. If the gap between treatments was longer
than 4 months, this was considered as a discontinuation and
restart of biological therapy. Only switches performed before
the patients reached the age of 12 years were included.
Sankey diagrams [15, 16] were used to represent and
assess the flow between successive biological treatment
steps and their frequency. In addition, sunburst diagrams
[16] were used to illustrate successive biological treatment
steps for each patient, allowing assessments of therapeutic

sequences at an individual level. Only the first three lines of
biological therapy were considered in these analyses.

For the most commonly prescribed agent, a comparison
of drug survival was conducted between when the agent was
used as a first-line biological therapy and when it was used
as a second-line or third-line biological treatment.

2.7 Statistical Analysis

Quantitative data were expressed as means + standard
deviation and qualitative data as frequency and percentages.
Comparisons of means between treatment groups were per-
formed using the Student #-test. Comparisons of frequencies
were performed using the chi-square test or Fisher exact
test when necessary. The probability of continuing treat-
ment with the initially prescribed agent was assessed using
the Kaplan—Meier method. Curve comparisons were per-
formed using the log-rank test. A p-value below 0.05 was
considered statistically significant. All statistical analyses
were performed using the R software, version 3.6.3 (http://
www.r-project.org/, Vienna, Austria).

3 Results
3.1 Study Population

Eighty-two children were included in the study, cumulating
in 106 lines of biological treatment. The clinical and pso-
riasis characteristics of the patients at baseline are detailed
in Table 1. Fifty of the children were girls (61%), and the
mean age at initiation of biological therapy was 9.1 + 0.6
years. Among the patients who received their first biologi-
cal therapy when they were below the age indicated in the
licence for use for the agent, the age at initiation varied
from 1.9 years for etanercept to 4.5 years for ustekinumab.
Eleven children (16.7%) were overweight and five (7.6%)
were obese. Plaque psoriasis was the most common psoria-
sis presentation (n = 49, 60.5%) followed by palmoplantar
plaque psoriasis (n = 16, 19.8%) and guttate psoriasis (n =9,
11.1%). The other clinical psoriasis forms reported were
pustular psoriasis (n = 4), scalp psoriasis (n = 2) and eryth-
rodermia (n = 1). The most common systemic treatments
prescribed prior to initiation of biological therapy were
acitretin (76.5%), methotrexate (43.8%) and cyclosporine
(33.8%). There were no major statistical differences in prior
treatments between biological therapy groups, except for a
lower frequency of use of methotrexate before biological
therapy in the patients who received ustekinumab (Table 1).
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Table 1 Demographic and clinical characteristics of the study population at the initiation of treatment with a first biological therapy

All Adalimumab Etanercept Ustekinumab Others® p-Value®
(n=282) (n=137) (n=133) (n=10) n=2)

Demographic characteristics
Sex, female, 1 (%) 50 (61.0) 24 (64.9) 20 (60.6) 6 (60.0) 0 (0) NS
Age at initiation of biotherapy (y), mean + SD 9.1+0.6 8.7+3.8 94 +5.8 9.5+63 27+0.6 NS

Age of children under the licencing age at initia- 0.6 3.8 1.9 4.5 0.6

tion (y)

BMI classes'® NS

Overweight, n (%) 11 (16.7) 4(13.3) 521.7) 1(12.5) 1 (50.0)

Obese, n (%) 5(7.6) 2 (6.7) 2(8.7) 1(12.5) 0
Psoriasis characteristics
Age at onset (y), mean + SD? 55+£28 49+26 59+26 73+35 0.5 NS
Family history of psoriasis, 7 (%)’ 29 (35.8) 15 (41.7) 11 (33.3) 3(30.0) 0 NS
Plaque psoriasis, n (%) 51(62.9) 23 (62.5) 20 (60.6) 8 (88.9) 0 NS
Nail involvement, 1 (%)’ 26 (35.6) 12 (37.5) 10 (33.3) 4 (40.0) - NS
Psoriatic arthritis, n (%)° 6(8.2) 3094) 2 (6.9) 1 (10.0) - NS
Previous systemic treatments
Acitretin 62 (76.5) 29 (78.4) 23 (71.9) 8 (80.0) 2 (100) NS
Methotrexate 35 (43.8) 15 (40.5) 18 (58.1) 1 (10.0) 1 (50.0) 0.04
Cyclosporine 27 (33.8) 17 (45.9) 8 (25.8) 2 (20.0) 0 NS
Phototherapies 12 (14.9) 3(8.1) 8 (25.8) 1 (10.0) 0 NS

First column, numbers in superscript indicate missing data

BMI body mass index, NS not significant, SD standard deviation, y years

Infliximab and anakinra

bStatistical analyses were performed for between-group comparisons of adalimumab, etanercept and ustekinumab. Only p-values < 0.05 are pro-

vided

3.2 Biotherapies

Sixty-five children (79.3%) had only one biological ther-
apy before the age of 12 years, 14 (17%) had two lines, one
(1.2%) had three lines and one other child (1.2%) had six
lines. The child who received six lines of therapy had a
severe form of palmoplantar psoriasis. The following 106
drugs were prescribed: adalimumab (49 times), etanercept
(37 times), ustekinumab (15 times), infliximab (twice),
anakinra (twice) and secukinumab (once). The concomitant
systemic treatments at initiation of biological therapy were
acitretin (17.0%), methotrexate (5.7%) and cyclosporine
(0.9%). Data are detailed in Table 2.

3.3 Drug Survival and Causes of Discontinuation

The cumulative duration of biological treatments in this
cohort was 106.7 years, which correspond approximately
to 15.6 months per patient. Two-year survival rates for the
most commonly prescribed biological agents, adalimumab,
etanercept and ustekinumab, are represented in Fig. la.
Drug survival rates appeared higher for ustekinumab and
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adalimumab compared with etanercept, but these differences
were not statistically significant (p = 0.06).

Biotherapies were discontinued in 52 cases. The three
most common reasons for discontinuation were a loss of effi-
cacy (19.8%), which was twice as frequent with etanercept
as with adalimumab and ustekinumab (32.4% vs < 15%);
remission of the psoriasis (13.2%) and primary inefficacy
(8.5%). In four cases (3.8%), adverse events were given as
the reason for stopping treatment. Data on drug discontinu-
ation are shown in Table 3.

3.4 Effectiveness

Comparisons of mean PGA and PASI scores between base-
line and M3 revealed that the use of all three of the most
commonly prescribed agents led to significant reductions
in psoriasis severity (Table 4). At baseline, the mean PASI
scores seemed lower for the ustekinumab group (11.6 + 8.3
vs 14.1 + 9.4 for adalimumab and 14.9 + 9.3 for etanercept).
However, the PGA scores were similar between the three
groups (3.8 + 0.8 for adalimumab, 3.7 + 0.9 for etaner-
cept and 3.6 + 0.9 for ustekinumab). PGA 0-1 at M3 was
reached more frequently with adalimumab than with the
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Table 2 Lines of biological treatments prescribed and details of concomitant systemic treatments being received at initiation of biological ther-
apy

All Adalimumab Etanercept Ustekinumab Secukinumab Infliximab Anakinra
(n = 106) (n=49) (n=137) (n=15) n=1) n=2) (n=2)
Line
Ist line 82 (77.4) 37 (75.5) 33 (89.2) 10 (66.6) 1 (50.0) 1 (50.0)
2nd line 17 (16.0) 10 (20.4) 3(8.1) 4 (2.6)
3rd line 3(2.8) 2(4.1) 1 (50.0)
4th line 2(1.9) 12.7) 1 (6.6)
Sth line 1(0.9) 1 (50.0)
6th line 1(0.9) 1 (100)
Concomitant systemic treatments at initiation
Acitretin 18 (17.0) 6(12.2) 7 (10.8) 3(20.0) 1 (100) 1 (50.0)
Methotrexate 6 (5.7) 3(6.1) 3(8.1) 1 (50.0)
Cyclosporine 1(0.9) 1(2.0)

Qualitative data are expressed as n (%)

Fig. 1 Kaplan—Meier curves of Continuation rates
2-year drug survival a for the
three most frequently prescribed a p=0.06
biological agents, adalimumab, o 1.00 e 3
etanercept and ustekinumab; ] :
and b for adalimumab when it BIEIG = @ g e
was prescribed as a first-line s L. eeemme
biological therapy (Line 1) ® 050 4 T é?;rgg?gen;? o -
versus when it was prescribed 2 | Ustekinumab
as a second-line or third-line € 025 -
biological therapy (Line 23) 8
0.00 -
[ I I I I I I I ]
0 3 6 9 12 15 18 21 24
Time (months)
Number of subjects
Adalimumab: 49 22 37 29 26 23 18 13 10
Etanercept: % 5 5
Ustekinumab: 15 10 7 4 4 2 2 2 2
Continuation rates
p=0.63
b 1.00
o
@ 0.75
c
=]
@ 0.50
> --- Line 23
=
S 025
Q
0.00 —
[ I I I I I I I I
0 3 6 9 12 15 18 21 24
Time (months)
Number of subjects
Line1: 37 35 28 22 20 18 13 9 6
Line23: 12 9 9 7 6 5 5 4
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Table 3 Causes of discontinuation of biological treatments

Causes of treatment discontinuation  All Adalimumab  Etanercept  Ustekinumab  Secukinumab  Infliximab  Anakinra
(n=106) (n=49) (n=37) (n=15) n=1) n=2) n=2)

Loss of efficacy® 21 (19.8) 7(14.3) 12 (32.4) 1(6.7) 0 0 1 (50.0)

Remission® 14 (13.2) 9(184) 5(13.5) 0 0 0 0

Primary inefficacy® 9 (8.5) 1(2.0) 4 (10.8) 1(6.7) 1 (100) 1 (50.0) 1 (50.0)

Choice of the parents/child 5@4.7) 241 3(8.1) 0 0 0 0

Adverse events 4(3.8) 3(6.1) 1.7 0 0 0 0

Lost to follow-up 1(0.9) 0 12.7) 0 0 0 0

Individual patients may have had multiple reasons for discontinuation. Qualitative data are expressed as n (%). There were no statistical differ-

ences between groups

PASI Psoriasis Assessment Severity index, PGA Physician Global Assessment

*Loss of efficacy was defined as a worsening of the psoriasis after a transient improvement

YRemission was defined as a PGA or PASI score of 0 reached after treatment initiation

“Primary inefficacy was defined as the absence of improvement of psoriasis after treatment initiation

other common treatments (72.0% vs 37.5% for ustekinumab,
and 31.2% for etanercept; p = 0.02). PASI 50 was reached
in 76.5% of children on adalimumab, 77.8% of children on
ustekinumab and 62.5% of children on etanercept. PASI 75
and PASI 90 were more frequently reached for children on
adalimumab (64.7% and 35.3%, respectively) compared
with children on ustekinumab (44.4% and 11.1%, respec-
tively) or etanercept (37.5% and 0%, respectively). Higher
scores tended to be observed among patients treated with

adalimumab, although no significant differences were
observed between treatments (Table 4).

3.5 Treatment Patterns and Switches

Prescription patterns for the first three lines of biological
drugs prescribed are represented in Fig. 2a and b. Dis-
tinct patterns of intraclass and interclass switches between
first-line and second-line treatments were observed. Most

notably, when etanercept was the first biological treatment

Table 4 Effectiveness of first-line adalimumab, etanercept and ustekinumab therapy after 3 (+1) months of treatment

Severity assessment Adalimumab Etanercept Ustekinumab p-Values *
(n=37) (n=33) (n=10)
Baseline M3 Baseline M3 Baseline M3
PGA
Mean + SD 38+087 12+1.1"7 3.7+098 22+137 3.6 09! 1.8 +1.32 ADA: <0.0001;
ETC: 0.0005;
UST: 0.006
PGA: 0-1, n (%) 0(©)’ 18 (72.0)"? 1(5.0)"3 5(31.2)"7 0 (0)! 3 (37.5) M3: 0.02
PASI
Mean + SD* 141+9415 4.1+ 113" 14.9 +9.316 5.1 +4.0% 11.6 +8.3° 2.6 +2.2! ADA: 0.001;
ETC: 0.002;
UST: 0.007
PASI 50, n (%) 13 (76.5)% 5 (62.5)% 7(77.8)! NS
PASI 75, n (%) 11 (64.7)% 3 (37.5)% 4 (44.4)! NS
PASI 90, 1 (%) 6 (35.3)%° 0 (0)? 1(11.1)! NS

Superscript values indicate missing data (including all psoriasis phenotypes)

ADA adalimumab, ETC etanercept, M3 evaluation after 3 (+1) months of treatment, NS not significant, PASI Psoriasis Area Severity Index,
PASI 50/75/90 reduction of 50%/75%/90% or more in PASI scores between baseline and M3, PGA Physician Global Assessment, UST usteki-
numab

#Comparisons between means were performed for PGA and PASI scores between baseline and M3. Comparisons of frequencies (%) were per-
formed between adalimumab, etanercept and ustekinumab
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prescribed, the switch to a second agent exclusively involved
adalimumab. A similar trend was observed in cases where
biological therapy was discontinued and restarted: another
anti-TNFa agent was always reintroduced when etanercept
was used as the first-line therapy. In contrast, the switches

occurring when adalimumab was used as the first therapy
always involved an interclass change, with the second-line
treatment always being ustekinumab. Conversely, when the
first biological therapy was ustekinumab, the second-line
treatment was adalimumab.

Fig.2 Treatment patterns for a
biological therapies, including " | 1line
switches between agents, and n=_82

discontinuation and reintroduc-
tion treatments. Only data for
the first three lines of biological
therapy are presented. a A San-
key diagram showing the flow
and relative frequency of suc-
cessive biological treatments.
Each column represents a line
of biological treatment. Treat-
ments are ordered according to
frequency, with the uppermost
biological agent in each line

of treatment being the most
frequent. Switches between
biological agents are shown and
treatment discontinuation is
represented by an intermediary
column. b A sunburst diagram
displaying the successive
treatment steps for individual
patients in a circular representa-
tion. The inner circle represents
initial treatment Ustekinumab

aninra
mmm nfliximab

2" line 3 line
n=17 n=3

Discontinuation

Legend

B Adalimumab

M Etanercept

B Ustekinumab

B Infliximab

& Anakinra

W Discontinuation of biologic

® Switch to adalimumab

@ Switch to etanercept

® Switch to ustekinumab

® Switch to infliximab

® Switch to anakinra

@ Discontinuation of biologic

Adalimumab

continuation
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For the most frequently prescribed treatment, adali-
mumab, no significant differences in drug survival were
observed between patients naive to biological therapy (i.e.
receiving adalimumab as a first-line biological agent) and
non-naive patients (i.e. those receiving adalimumab as a sec-
ond-line or third-line biological agent) (p = 0.63; Fig. 1b).

3.6 Serious Adverse Events

SAEs are detailed in Table 5. Seven serious adverse events
were reported, and six of these were considered as poten-
tially linked to a biological treatment. Infections were the
most common types of SAE (n = 4). An acute renal failure
was reported in a child under adalimumab, not considered
to be linked to the biological drug by the doctors in charge
of the patient, but the drug was still discontinued afterwards.
Most of the SAEs reported were seen in patients receiving
anti-TNFa agents (adalimumab, n = 4; etanercept, n = 2),
with the other SAE being observed in a patient prescribed
anakinra.

4 Discussion

This retrospective multicentre study of 106 lines of biologi-
cal treatments in 82 children with psoriasis provides valu-
able information on the safety and real-life effectiveness of
these treatments. Most of the treatments received by our
cohort of patients had been licensed for use in children (i.e.
adalimumab, etanercept and ustekinumab). These three
drugs were by far the most frequently prescribed biological
drugs in our cohort and we focused our analyses on them.
Overall, our analyses revealed a favourable safety profile and
good effectiveness of these biological drugs.

The analysis of drug survival in our cohort of young
patients suggested a trend towards higher maintenance of
treatment with ustekinumab and adalimumab than with

Table 5 Serious adverse events

etanercept. Although the differences in drug survival
observed in our current study were not statistically signifi-
cant (p = 0.06), higher drug survival rates for ustekinumab
and adalimumab compared with etanercept were observed
in children aged < 18 years in the BiPe cohort study [14].
However, in contrast to the findings in the BiPe cohort, in
the current study we did not observe any differences in drug
survival between naive and non-naive children who received
adalimumab [14]. Wan et al., using commercial insurance
claims data, recently analysed the treatment of children with
psoriasis in the United States from 2001 to 2016. They found
that among new users, drug survival was greater for etaner-
cept and ustekinumab than for methotrexate. Among biologi-
cal agents, survival was found to be better for ustekinumab
than for anti-TNFo agents [17].

The most frequent cause of treatment discontinuation
identified in our study was inefficacy (loss of efficacy in
19.8% of cases and primary inefficacy in 8.5% of cases).
These findings are similar to those of the BiPe cohort study,
in which the two most common causes of discontinuation
were loss of efficacy (19.2%) and primary inefficacy (8.9%)
[14]. However, in our BiPe Jr cohort, the second most fre-
quent cause of treatment discontinuation was remission
(13.2%). A remission under these drugs appears to be a pos-
sible outcome in children, raising the question of a possible
withdrawal, at least temporarily, as the psoriasis improves.
However, we don’t know if the remission was due to the
treatment or the spontaneous evolution of the psoriasis. Fur-
thermore, as the children in our study were only followed
up until they reached 12 years of age, we have no informa-
tion on the need to reintroduce treatments later on. Longer
follow-up and prospective cohort studies are needed to con-
firm these findings.

The biological drugs used appeared to be effective in our
young cohort. Although effectiveness was assessed both by
comparing mean PGA and PASI scores at baseline and 3
months and by comparing the number of children reaching

Biotherapy Adverse event Causative link Discontinuation of Outcome
treatment
Adalimumab Severe urticaria Probable Yes Favourable
Adalimumab® Flu, hospitalized Probable No Favourable
Adalimumab® Body weight gain + 15 kg in 6 months Probable Yes No body weight loss
after discontinu-
ation
Adalimumab Acute renal failure Unlikely Yes Favourable
Etanercept Parotiditis Probable No Favourable
Etanercept Recurrent infections Probable Yes Favourable
Anakinra Staphylococcus aureus bacteraemia Probable No Favourable

Cases previously reported in the BiPe cohort publication[14]
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PASI 50 and PASI 75 at 3 months, the results obtained need
to be interpreted with caution due to missing data, particu-
larly for children with non-plaque forms of psoriasis. How-
ever, analysis of the available data revealed a trend towards
better effectiveness for adalimumab (PASI 75: 64.7%) com-
pared with ustekinumab (PASI 75: 44.4%) and etanercept
(PASI 75: 37.5%). Adalimumab treatment was also associ-
ated with the highest rate of children reaching PGA 0 or 1
at 3 months: 72.0% for adalimumab compared with 44.4%
for ustekinumab and 37.5% for etanercept. The lower PASI
score at baseline for the group under ustekinumab may also
explain why this group less frequently reached PASI 75 than
adalimumab (with no significant statistical difference), even
though they both had a similar maintenance rate. Few other
studies have assessed the effectiveness of these treatments
in children in real-life practice. However, etanercept and
adalimumab were found to be effective and well tolerated in
real-life retrospective studies of children (aged from 1 to 16
years) with severe plaque psoriasis [18, 19]. Other studies
have assessed the effectiveness and tolerance of biological
drugs only in clinical trial settings [9—13], which do not
reflect daily practice. Indeed, in the BiPe study, we showed
that the majority of children treated with biological agents in
real-life practice would not have been included in the phase
IIT trials: 54.5% were ineligible for at least one of the ran-
domized controlled trials based on the presence of one or
more of the exclusion criteria. The most common criteria
leading to exclusion were the clinical type of psoriasis, the
disease severity being lower than required, and the use of
prior or concomitant psoriasis treatments [20].

The results of our safety analyses were reassuring, with
only a small number of SAEs being reported, and most of
them being reversible. However, discontinuation of treat-
ment was needed for four children because of adverse events.
The profile of SAEs observed in our BiPe Jr cohort was
similar to that described previously in older children and
adults [7, 9-14, 21]. The majority of the SAEs reported so
far with biological therapies have been associated with infec-
tions, justifying the need in children for preventative meas-
ures, including vaccinations, as is recommended in adults
[22]. Another SAE reported in our study was body weight
gain in a child receiving adalimumab. Body weight gain is a
well-known side effect observed in adults treated with anti-
TNFa agents, as well as in children with inflammatory bowel
diseases receiving these therapies [23-25]. In adults with
psoriasis, dietary interventions may help to limit the amount
of body weight gained, and thus a similar approach could be
proposed for children [23].

In our study, 19.4% of the children switched biological
agents at least once, a level close to that observed in the
BiPe cohort (22%) [26]. The majority of switches between
biological agents involved only etanercept or adalimumab,

and nearly all children treated with ustekinumab did not
require switching to another biological treatment. How-
ever, it should be noted that ustekinumab was only recently
licensed for use in children aged < 12 years and therefore
tended to be introduced in older children for whom no
follow-up data were analysed after they reached the age of
>12 years. Our analysis of treatment switching highlighted
two major treatment patterns: a high frequency of intraclass
(anti-TNFa agent) switches, always involving changing from
etanercept to adalimumab; and the occurrence of system-
atic interclass switches from adalimumab to ustekinumab.
These treatment patterns may well reflect the chronology of
changes to licences for use of biological agents in paediatric
psoriasis: etanercept was the first agent to be licensed for use
in children < 12 years of age, followed by adalimumab and
ustekinumab. A few studies have assessed the effectiveness
of specific patterns of switching biological agents, includ-
ing both intraclass and interclass switches; however, these
studies were only conducted on small numbers of patients
and involved adult populations [27-31].

Relation between psoriasis, obesity and biologics is
complex: (1) overweight/obesity is a significant comorbid-
ity associated with psoriasis [32, 33]; (2) TNFa inhibitors
can induce body weight gain [23]; (3) for some of these
drugs, the management of overweight, but especially obese
children is a challenge, as the standard dosage is adapted to
weight but not to body fat, and the dosage may be inappro-
priate. This could explain the frequency of non-responders.
For example, in our study, the percentage of overweight or
obese children was a little bit higher in the etanercept group.
It was also the drug that showed the worst efficacy in our
analysis. We didn’t analyse conventional treatments in this
study, thus we can hardly conclude on their place. A limita-
tion of biological drugs compared with conventional treat-
ments is the cost, which leads to the suggestion of first trying
a conventional treatment, even if not licenced for children,
provided that the child doesn’t present any contraindication.
Indeed, the safety and efficacy profiles of methotrexate are
reassuring in several published studies. The lack of data
on the newly licenced biological drugs in young children
< 12 years of age limits the recommendations on the use of
secukinumab and ixekizumab and there isn’t enough data
to establish strong guidelines on the place of ustekinumab.
However, regarding the trend of better effectiveness and
maintenance rate of adalimumab over etanercept and also its
lower frequency of injections, we recommend trying adali-
mumab first. It is worth noting that tolerance and survival
rates may be influenced by the frequency of administration,
which varies depending on the biological drug. Ustekinumab
has the lowest frequency of administration (every 12 weeks)
compared with adalimumab and etanercept (every other
week and every week, respectively).
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The main limitation of our study was its retrospective
design, which had the potential to introduce memory bias
and led to missing data, most notably for severity scores.
Due to the recent authorization of secukinumab and ixeki-
zumab for children, data on their real-life prescription are
scarce and need to be further assessed. Few children were
prescribed ustekinumab, probably due to the recent exten-
sion of its licenced age, reducing the statistical power to
detect differences between the three main biological drugs.
Another limitation comes from the fact that the data were
collected from different years, and thus, depending on the
years the children were followed-up, some biological drugs
were not available, which limited the alternative treatments
for these patients. Therefore, the survival rate comparisons
need to be interpreted with caution. Moreover, the evaluation
of effectiveness was limited by the inadequacy of available
assessment tools for evaluating non-plaque forms of psoria-
sis. Further studies on the real-life use of biological drugs
are therefore needed to address these issues. Although our
study has provided valuable insights into the role played by
biological agents in the treatment of young children with
psoriasis, two key points need to be addressed in the near
future: (1) what will be the role of the anti-interleukin 17
agents, which were licensed in 2021, in the treatment of
these patients, both as first-line biological treatments and as
subsequent therapies after treatment switching; (2) specific
guidelines on switching biological agents (most notably the
interest in intraclass vs interclass switches) and strategies
to improve prescribing practices are needed to improve the
management of young patients with psoriasis. The findings
of the current study will contribute to the implementation
of these strategies.

5 Conclusion

Our retrospective French-Italian cohort study on the use of
biological agents in children under 12 years of age provided
several key insights for the management of these patients.
Our findings suggested a tendency for higher, but not statis-
tically significantly greater, survival rates for ustekinumab
and adalimumab compared with etanercept. In addition, our
study indicated that the use of biological drugs in younger
children is safe and effective. Although infrequent, the most
common SAEs reported involved infections in patients
receiving anti-TNFa agents, emphasizing the need to be vig-
ilant about the risks of infection in this population. Our study
will contribute to the generation of much needed guidelines
for the use and switching of biological agents in children
with psoriasis.
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