Inflammatory Activity and Treatment Response in
Pediatric Compared to Adult Multiple Sclerosis: A Pilot,
Retrospective and Observational Study of the First Year
After Diagnosis
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ABSTRACT
Introduction: Pediatric-onset multiple sclerosis may contrast with adult-onset multiple sclerosis, in terms of disease activity. We aimed
to determine differentiating features between pediatric-onset multiple sclerosis and adult-onset multiple sclerosis, at diagnosis and after
one year under disease modifying therapies, and analyse the attainment of the status of “No Evidence of Disease Activity” between
groups.
Material and Methods: We analyzed demographical, laboratory, clinical and imaging features of patients with relapsing-remitting
multiple sclerosis diagnosed at our center, according to the McDonald’s 2010 criteria, with = 1 year under disease modifying therapies
and with available magnetic resonance imaging scans at diagnosis and one year after disease modifying therapies initiation. Patients
were paired according to gender and disease modifying therapies in use. “No Evidence of Disease Activity” status was assessed, and
differences were studied.
Results: Fifteen pediatric-onset multiple sclerosis (aged = 8 and < 18 years) and 15 adult-onset multiple sclerosis (= 18 and < 55 years)
patients were recruited. We found a statistically significant difference in the number of T2 weighted image diffuse lesions/with poorly de-
fined borders (p = 0.015). The mean expanded disability status scale score after one year under disease modifying therapies was lower
in the pediatric-onset multiple sclerosis group (1.6 + 0.8) compared to the adult-onset multiple sclerosis group (2.3 + 0.8; p = 0.032).
Nevertheless, no differences were found regarding the percentage of cases achieving “No Evidence of Disease Activity” in either group.
Discussion: Although there is an empirical impression about the difference in inflammatory activity between pediatric-onset multiple
sclerosis and adult-onset multiple sclerosis, it was not possible to corroborate it in our study. Nevertheless, this was an exploratory
and retrospective analysis of a small sample of patients, identifying variables in which such differences appear to be most important.
Conclusion: Extensive studies of children, adolescents and adults with multiple sclerosis will be needed to categorize the clinical and
radiological differences that allow the identification of drug response biomarkers in the early stages of the disease.
Keywords: Child; Magnetic Resonance Imaging; Multiple Sclerosis; Multiple Sclerosis, Relapsing

RESUMO

Introducgao: A esclerose multipla de inicio em idade pediatrica pode contrastar com a esclerose multipla de inicio na idade adulta, em
termos de atividade da doencga. Pretendemos determinar caracteristicas diferenciadoras entre esclerose multipla de inicio em idade
pediatrica e esclerose multipla de inicio na idade adulta ao diagndstico e um ano apds o inicio de terapéuticas modificadoras da doen-
¢a e analisar o atingimento do estado de “Auséncia de Evidéncia de Atividade de Doenga”.

Material e Métodos: Analisamos as caracteristicas demograficas, laboratoriais, clinicas e imagioldgicas de doentes com esclerose
multipla surto-remisséo diagnosticados no nosso centro, segundo os critérios de McDonald 2010, com = 1 ano sob terapéuticas modi-
ficadoras de doenga e com ressonancias magnéticas disponiveis no diagndstico e um ano ap6s o inicio de terapéuticas modificadoras
da doenga. Os doentes foram emparelhados de acordo com o género e terapéuticas em uso. O estado de “Auséncia de Evidéncia de
Atividade de Doenga” foi avaliado e as diferencas estudadas.

Resultados: Quinze doentes com esclerose multipla de inicio em idade pediatrica (= 8 e < 18 anos de idade) e 15 com esclerose
multipla de inicio na idade adulta (= 18 e < 55 anos de idade) foram recrutados para este estudo. Encontramos uma diferenga esta-
tisticamente significativa no niumero de lesées difusas/com bordos mal definidos ponderadas em T2 (p = 0,015). A pontuagdo média
da escala expandida de incapacidade apds um ano sob a respetiva terapéutica modificadora de doenga foi menor no grupo esclerose
multipla de inicio em idade pediatrica (1,6 £ 0,8) em comparagédo com o grupo esclerose multipla de inicio na idade adulta (2,3 + 0,8;
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p = 0,032). Ainda assim, nao se encontraram diferengas relativamente a percentagem de casos alcangando “Auséncia de Evidéncia

de Atividade de Doenca” em ambos 0s grupos.

Discussao: Apesar de existir uma impressdo empirica sobre uma diferenca de atividade inflamatéria entre a esclerose multipla de
inicio em idade pediatrica e a esclerose multipla de inicio na idade adulta, ndo foi possivel corrobora-la no nosso estudo. De qualquer
modo, esta foi uma analise exploratdria e retrospetiva de uma amostra pequena de doentes, em que identificamos as variaveis em que

tais diferencas parecem ser mais importantes.

Conclusao: Estudos alargados de criangas, adolescentes e adultos com esclerose multipla serdo necessarios para categorizar as
diferencas clinicas e radiolégicas que permitam identificar biomarcadores de resposta a farmacos, em fases precoces da doenca.
Palavras-chave: Crianga; Esclerose Multipla; Esclerose Multipla Recidivante-Remitente; Ressonancia Magnética

INTRODUCTION

Multiple sclerosis (MS) is a chronic inflammatory and
neurodegenerative disease of the central nervous system
(CNS)." Despite being mainly diagnosed in adults, it has
been estimated that 3% - 10% of all cases correspond to
pediatric patients.?2 Demographic, clinical and imaging fea-
tures of pediatric-onset MS (POMS) may differ consider-
ably to those of adult-onset MS (AOMS) patients,® particu-
larly presenting a more inflammatory character than adult
MS.* With new developments in disease modifying thera-
pies (DMT), which target the peripheral immune system,
the main objective has been to minimize the inflammatory
course of the condition, in order to promote disease con-
trol and to prevent long term disability risks.5 Therefore, it
is expected that children and adolescents with MS under
DMT present better treatment results than their adult coun-
terparts. However, this hypothesis has not yet been clearly
demonstrated in clinical practice.

The ‘no evidence of disease activity’ (NEDA-3), based
on the absence of relapses, on the absence of evidence of
magnetic resonance imaging (MRI) disease activity [defined
as the absence of gadolinium-enhanced lesions (Gd+) or
new/enlarged T2-weighted imaging (WI) lesions] and in lack
of disability progression [defined as an increase of = 1 point
in the Expanded Disability Status Scale (EDSS) score], is
considered an outcome measure and as the overall goal
for treatment in relapsing-remitting MS (RRMS).®7 In fact, in
recent studies, this has been a very focused and discussed
variable.

In this pilot study, we intended to compare the clinical
and imaging features of the pediatric MS population with
RRMS diagnosed at our centre with an adult population with
the same clinical phenotype, at the time of diagnosis and
after one year under DMT. We thus aimed to identify the
proportion of patients who reach the NEDA-3 status, the
relative contribution of each NEDA-3 parameter and NEDA-
3 clinical/imaging baseline predictors. We hypothesise a
larger proportion of POMS patients reaching the NEDA-3
status, compared to the AOMS population.

MATERIAL AND METHODS
Study design and participants

This is an observational, retrospective and single-centre
study, which has been approved by the local ethics commit-
tee and by the national data protection commission.

We searched the databases of the Pediatric Neurology
and Pediatric Demyelinating Diseases consultation and of
the Demyelinating Diseases consultation in Coimbra Hos-
pital and University Centre, for POMS patients =8 and <18

years at diagnosis and for AOMS patients = 18 and < 55
years at diagnosis, both groups with RRMS diagnosed in
the hospital according to the McDonald 2010 criteria, under
DMT for = 1 year and with available MRI scans at the time
of diagnosis (baseline MRI) and one year after DMT (control
MRI). We found 15 POMS patients who fulfilled these crite-
ria. These patients were thus paired with 15 AOMS patients
who fulfilled the above criteria, according to gender and
DMT in use (1% line: interferon beta and glatiramer acetate;
2 line: natalizumab). After all patients signed an informed
consent document, both groups were analyzed and com-
pared at the time of diagnosis and one year after DMT initia-
tion. Additionally, we performed a comparison within each
group between these two moments in time.

Procedures

Baseline data were collected from all selected patients
and included:

a) Demographic characteristics: gender, age at diagno-

sis and race;

b) Clinical characteristics: clinical phenotype of the dis-
ease, number of relapses prior to diagnosis and their
topography, EDSS score and treatment modality;

c) Laboratory information: presence/absence of oligo-
clonal bands in cerebrospinal fluid (CSF);

d) MRI features: number of T2 WI-bright juxtacortical,
periventricular, intracallosal, cerebellar and brain-
stem lesions, total number of T2 WI-bright lesions,
T2 WI-bright ovoid lesions with well-defined borders,
T2 WiI-bright diffuse lesions with poorly defined bor-
ders, T2 WI-bright lesions with = 1 cm in diameter,
number of T1 WI-hypointense lesions (black holes)
and number of Gd+ lesions.

Additionally, the following data concerning one year af-

ter DMT were collected:

a) Clinical characteristics: number of relapses (annu-
alized relapse rate), EDSS score, and the NEDA-3
status;

b) MRI features: in addition to all the variables consid-
eredforthe baseline, new T2 WI-brightlesions and the
percentage of cases with reduction =50% in the total
number of T2 WI-bright lesions were also evaluated
at this time point.

The MRI scans were not always performed in the same
imaging center, but all were obtained with a magnetic field
strength of 1.5T and there was no intra-individual variabil-
ity (with regard to the scanner used) throughout the study.
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Each MRI examination included at least T2 WI, T2 WI FLAIR
(fluid-attenuated inversion recovery) and T1 WI sequences.
The number of Gd+ lesions was determined by comparison
between pre and post contrast Gd administration in T1 WI
sequences. We used the closest MRI scan available to the
date of diagnosis and closest to 1 year after DMT, when the
prior scans were not available.

NEDA-3 status

Qualifying for NEDA-3 required the parameters that
were previously described. Patients lacking data were cate-
gorized as no NEDA-3, if at least one of the required NEDA
parameters available for evaluation was not met.

Statistical analysis

Statistical analysis was performed using the Statisti-
cal Package for Social Sciences (SPSS), version 23.0. All
variables are expressed as percentage of patients, except
age at diagnosis and EDSS scores both at diagnosis and
after one year under DMT, which are expressed as means
(with standard deviation, SD). We categorized the number
of MRI lesions as ‘absence’, ‘1 -5, > 5-10", > 10 - 20", *>
20 - 30’ and ‘> 30 lesions’. The statistical normal distribution
of each variable was tested and, accordingly, parametric or
non-parametric tests were implemented for comparisons
between and within groups, with the necessary corrections.
Bilateral alternative hypotheses were considered.

We used the independent t-test for the comparison be-
tween quantitative variables: EDSS at diagnosis, EDSS
after one year under DMT, number of relapses prior to diag-
nosis and number of relapses in one year while under DMT
in between groups. The chi-squared test was used to com-
pare non-parametric nominal variables: relapse topography

prior to diagnosis, treatment modality, presence of CSF oli-
goclonal bands, reduction = 50% on T2 WI lesion number,
NEDA-3 status and its three composite parameters. The
Mann-Whitney test was used to compare non-parametric
ordinal variables as MRI features between groups in each
moment in time considered. Logistic regression analysis
was performed to evaluate the association between NEDA-
3 status achievement and variables at diagnosis. We con-
sidered a value of p < 0.05 statistically significant.

RESULTS

The demographic, baseline clinical and laboratory char-
acteristics of both the POMS and AOMS groups are listed in
Table 1.

The MRI features at diagnosis are listed in Table 2. We
found no statistically significant differences between groups
concerning the total number of T2 WI lesions, T2 WI ovoid
lesions with well-defined borders, T2 WI = 1 cm of diame-
ter, number of T1 WI lesions and number Gd+ lesions. We
found a statistically significant difference between groups
in the number of T2 WI diffuse lesions with poorly defined
borders (p = 0.015), with a higher percentage of POMS pa-
tients with absence of this type of lesion (n = 4, 26.7%) and
with 1 - 5 lesions (n =9, 60.0%).

Clinical characteristics after one year under DMT and
comparison between groups are listed in Table 3. Most
patients from both the POMS (n = 10, 66.7%) and AOMS
(n =12, 80.0%) groups were relapse-free during one year
under DMT. We did not find a statistically significant differ-
ence between groups in the number of relapses during one
year under DMT. The mean EDSS score after one year un-
der DMT was lower in the POMS group, compared to the
AOMS group, and that difference was statistically significant

Table 1 — Demographic, baseline clinical and laboratory characteristics of both POMS and AOMS groups [n (%)]

POMS AOMS
(n = 15) (n = 15) p value
Demografic characteristics
Gender Male 8 (26.7%)
Female 22 (73.3%)
Race Caucasian 30 (100%)
Mean age at diagnosis (years) 149+ 2.1 36.2+7.3
Clinical characteristics
Number of relapses prior to diagnosis 0 12 (80%) 11 (73.3%)
1 2 (13.3%) 4 (26.7%) 1
2 1(6.7%) -
Mean EDSS score 1.7+09 23+0.8 0.055
Treatment modality 1st line DMT 10 (66.7%)
Interferon beta 5 (33.3%)
Glatiramer acetate 5 (33.3%)
2" [ine DMT 5 (33.3%)
Natalizumab 5 (33.3%)
Laboratory data
Presence of CSF oligoclonal bands 8 (53.3%) 11 (73.3%) 0.214
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Table 2 — MRI features at diagnosis and comparison between groups

POMS AOMS
(n=15) (n=14)"
MRI features at diagnosis n (%) n (%) p value
Total number of T2 WI lesions 1-5 B 1(7.1%)
>5-10 4 (26.7%) 3 (21.4%)
>10-20 6 (40.0%) 1(7.1%) 0.251
>20-30 3 (20.0%) 3 (21.4%)
> 30 2 (13.3%) 6 (42.9%)
T2 Wi ovoid lesions with 1-5 1(6.7%) 5(357%)
well-defined borders >5-10 5 (33.3%) 4 (28.6%)
>10-20 5 (33.3%( 3(21.4%) 0.116
>20-30 4 (26.7%) 1(7.1%)
> 30 - 1(7.1%)
T2 WI diffuse lesions with poorly Absence 4 (26.7%) 2 (14.3%)
defined borders 1-5 9 (60.0%) 3(21.4%)
>5-10 1(6.7%) 1(7.1%)
0.015
>10-20 - 4 (28.6%)
>20-30 1(6.7%) 2 (14.3%)
> 30 - 2 (14.3%)
T2 WI lesions = 1 cm of diameter Absence 8 (53.3%) 4 (28.6%)
1-5 6 (40.0%) 9 (64.3%) 0.301
>5-10 1(6.7%) 1(7.1%)
Number of Gd+ lesions? Absence 7 (46.7%) 6 (50.0%)
1-5 7 (46.7%) 5 (41.7%) 1
>5-10 1(6.7%) 1(8.3%)

 AOMS (n = 14) owed to the presence of unquantifiable MRI lesions in 1 patient.

2 AOMS (n = 12), due to lack of Gd contrast administration in 2 patients (1 because of allergic reaction and 1 of unknown reason).

(p=0.032).

The MRI features one year after DMT are listed in Table
4. From both groups, only one POMS patient presented no
new T2 WI lesions. From the analysed variables, we found
only one statistically significant difference between groups
in the number of T2 WI diffuse lesions with poorly defined
borders (p = 0.004), similarly to the findings in analyses of
MRI features at diagnosis (Fig. 1). There was a trend for a
difference in the number of T2 WI ovoid lesions with well-
defined borders, although without statistically significant
differences between groups (p = 0.056), with the highest
percentages of POMS patients with > 10 - 20 lesions (n =
5, 33.3%) and >20 - 30 lesions (n = 5, 33.3%), while the
highest percentages of AOMS patients presented 1 - 5 le-
sions (n =4, 30.8%) and > 5 - 10 lesions (n = 6, 46.2%). We

found no statistically significant differences between groups
concerning the number of T1 WI lesions. As for the number
of Gd+ lesions in both groups, they were not present in most
patients. Only one POMS patient presented a reduction of =
50% on the number of T2 WI lesions.

Regarding the NEDA-3 status, the percentage of pa-
tients who achieved this milestone and the individual analy-
ses of its three composite parameters are shown in Fig. 2.
We found no statistically significant differences between
groups, either in the NEDA-3 status achievement, nor in
its three individual components. The NEDA-3 status was
achieved by around a third of both POMS and AOMS pa-
tients. In the POMS group, there was no disability progres-
sion in any case, while the AOMS group had slightly better
results in both the number of relapses and lack of imaging

Table 3 — Clinical characteristics 1 year after DMT and comparison between groups [n (%)]

POMS AOMS
(n=15) (n=15) p value
Clinical characteristics after one year under DMT
Number of relapses/1 year 0 10 (66.7%) 12 (80.0%)
1 4 (26.7%) 3 (20.0%) 0.098
3] 1(6.7%) -
Mean EDSS score 1.6+0.8 23+0.8 0.032
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Table 4 — MR features after one year under DMT [n (%)]

> POMS AOMS value
2 (n=15) (n=13)" P
®
o MRI features after one year under DMT
o
g Absence 1(6.7%) -
g 1-5 5 1(7.7%)
=
Total number of T2 WI lesions >5-10 2 (13.3%) 2(15.4%) 0.414
>10-20 4 (26.7%) 1(7.7%) ’
>20-30 4 (26.7%) 3(23.1%)
> 30 4 (26.7%) 6 (46.2%)
Absence 1(6.7%) -
1-5 1(6.7%) 4 (30.8%)
T2 WI ovoid lesions with well-defined >5-10 2 (13.3%) 6 (46.2%)
borders 0.056
>10-20 5(33.3%) 1(7.7%)
>20-30 5(33.3%) 1(7.7%)
>30 1(6.7%) 1(7.7%)
Absence 5(33.3%) 1(7.7%)
1-5 8 (53.3%) 3(23.1%)
T2 WI diffuse lesions with poorly defined >5-10 1(6.7%) 2 (15.4%)
borders 0.004
>10-20 - 4 (30.8%)
>20-30 - 1(7.7%)
>30 1(6.7%) 2 (15.4%)
Absence 8 (53.3%) 5(38.5%)
T2 WI lesions 21 cm of diameter 0.476
1-5 7 (46.7%) 8 (61.5%)
Absence 11 (78.6%) 10 (90.9%)
Number of Gd+ lesions? 1-5 2 (14.3%) 1(9.1%) 0.525
>5-10 1(7.1%) -
Absence 6 (40.0%) 8 (61.5%)
1-5 5(33.3%) 4 (30.8%)
Number of T2 WI new lesions >5-10 2 (13.3%) 1(7.7%) 0188
>10-20 1(6.7%) -
>30 1(6.7%) -
Reduction = 50% on T2 WI lesion number 1(6.7%) - 1

" AOMS (n = 13) owed to the presence of unquantifiable MRI lesions in 1 patient and impossibility of access to control MRI in another.
2 POMS (n = 14) and AOMS (n = 11) due to lack of Gd contrast administration in 1 POMS and 1 AOMS patients for unknown reason and 1 AOMS patient owed to allergic reaction.

Figure 1 — T2 WI FLAIR axial images of diffuse lesions with poorly defined borders (arrows). MRI scan of a 16-year-old girl (A) and from a
13-year-old girl (B) at diagnosis. MRI scan from 51-year-old man at diagnosis (C).
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evidence of disease activity.

DISCUSSION

In our study, we found no statistically significant differ-
ences between the POMS and AOMS groups regarding
the number of relapses prior to diagnosis, which can be
due to a correct application of MS diagnostic criteria and
a decrease in the time between first symptom onset and
diagnosis. Moreover, we did not find statistically significant
differences between groups in relapse topography (data not
shown), since late-onset POMS tends to resemble the typi-
cal neurologic syndromes of AOMS.?

The literature indicates that, at diagnosis, POMS pa-
tients present a greater total number of T2 WI lesions, with
preference for infratentorial (brainstem and cerebellar) in-
volvement and higher number of T1 WI and Gd+ lesions,
compared to AOMS patients. Furthermore, studies show
that in follow-up MRI scans, POMS patients tend to have
more new T2 WI and Gd+ lesions.®"° In our study, we did
not find a tendency or statistically significant differences be-
tween groups for these variables, which can be due to the
fact that late-onset POMS tends to be more similar to the
MRI phenotype of AOMS compared to early-onset POMS
(age under 11 years old). We also found statistically signifi-
cant differences between groups in the number of T2 WI dif-
fuse lesions with poorly defined borders, both at diagnosis
and one year after DMT, with POMS patients having fewer
of these lesions compared to AOMS patients. This is an
unexpected finding, since POMS patients tend to present
larger (more inflammatory) lesions with poorly defined bor-
ders. This might be partly explained by the fact that these
lesions are more frequent in patients aged under 11 years
old. But it is also important to point out that this type of le-

sion in children is much more suggestive of other types of
diagnosis, such as acute disseminated encephalomyelitis.

Studies on the natural history of MS suggest that in the
early years of the disease, MS is rather inflammation-driven
with a variable amount of time until an EDSS score of 3.0 is
reached." Although we were expecting a greater percent-
age of POMS patients reaching the NEDA-3 status, taking
into account that DMT targets the peripheral immune sys-
tem and that POMS presents a greater underlying inflam-
matory burden compared to AOMS, "2 we did not find statisti-
cally significant differences in the NEDA-3 status achieve-
ment between groups, which can be due to our small patient
sample and partly to mean EDSS scores < 3, found in both
groups. In addition, studies indicate that approximately 50%
of AOMS achieve the NEDA-3 status after two years of fol-
low-up.™ Our short follow-up duration (12 months) can ex-
plain the lower percentage of AOMS patients reaching the
NEDA-3 status compared with these studies. Nevertheless,
it is important to note that POMS patients did not show any
progression of disability (as measured by the EDSS score)
throughout the study, although there were fewer children
without relapses or MRI activity, when compared with the
adult population. This only corroborates the inflammatory
nature of the pediatric disease, although the repair capac-
ity in the CNS (remyelination mechanisms, as an example)
seems likely to be higher in children, to the point that there
is no effective disability progression. Thus, NEDA-3 may
not be sensitive enough to reflect this difference, which is
very relevant in clinical practice. We might speculate on the
possible benefit of NEDA-4 (in which data on brain atrophy
would be added) in children and adolescents, but this will
have to be objectively assessed and measured in future
studies.™

No evidence of MRI
disease activity

70,

Figure 2 — NEDA-3 status and its three components
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Even though relapses are more frequent in POMS than
AOMS, our groups presented no statistically significant dif-
ference in the number of relapses during one year under
DMT, including the NEDA-3 parameter “no relapses”, which
can be explained by DMT efficacy. On the other hand, this
can also be due to our short follow-up time, since it is re-
ported that the median time between the first two neurologic
episodes in these patients was estimated in 2.0 years.®

Regarding the ‘no evidence of MRI disease activity’, no
statistically significant differences were found between our
two groups. This can be partly due both to the lack of dif-
ferences in the number of relapses during one year under
DMT' and to the short follow-up time.

Our study encountered some limitations mainly due to its
retrospective design. Since many needed data were inac-
cessible, allied to the small number of pediatric MS patients
and to some obstacles related to MRI reading, the statistical
power of our analyses was restricted to 80%. Additionally,
we considered the first MRI available closest to the date
of diagnosis as the baseline MRI and, since different DMT
take distinct times to achieve an appreciable effect, patients
were under effective therapy for diverse amounts of time,
which may influence our study’s results. Another drawback
that should be addressed is the short follow-up period (12
months) after DMT initiation, which in turn requires further
effort to determine if the NEDA-3 status is sustained in a
longer-term follow-up.

CONCLUSION

Our pilot study did not demonstrate a clear difference
between POMS and AOMS among the various clinical and
radiological variables that were considered, particularly re-
garding the use of NEDA-3 as a target. Nevertheless, de-
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spite the small magnitude of the differences found, the no-
tion that the pediatric disease has a more marked inflamma-
tory character cannot be excluded. This highlights the need
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