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Abstract
Objectives: To assess the frequency of joint inflammation detected by whole-body MRI (WBMRI) in young people (YP) with JIA and controls,
and to determine the relationship between WBMRI-detected inflammation and clinical findings.

Methods: YP aged 14–24years, with JIA (patients) or arthralgia without JIA (controls), recruited from one centre, underwent a WBMRI scan after
formal clinical assessment. Consensus between at least two of the three independent radiologists was required to define inflammation and dam-
age on WBMRI, according to predefined criteria. YP with JIA were deemed clinically active as per accepted definitions. The proportions of YP
with positive WBMRI scans for joint inflammation (one or more inflamed joint) as well as serum biomarkers were compared between active vs
inactive JIA patients and controls.

Results: Forty-seven YP with JIA (25 active and 22 inactive patients) and 13 controls were included. WBMRI detected joint inflammation in
60% (28/47) of patients with JIA vs 15% (2/13) of controls (difference: 44%, 95% CI 20%, 68%). More active than inactive JIA patients had
WBMRI-detected inflammation [76% (19/25) vs 41% (9/22), difference: 35% (95% CI 9%, 62%)], and this was associated with a specific
biomarker signature. WBMRI identified inflammation in one or more clinically inactive joint in 23/47 (49%) patients (14/25 active vs 9/22 inactive
JIA patients).

Conclusions: WBMRI’s validity in joint assessment was demonstrated by the higher frequency of inflammation in JIA patients vs controls,
and in active vs inactive JIA patients. WBMRI found unsuspected joint inflammation in 49% YP with JIA, which needs further investigation of
potential clinical implications.
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Introduction

JIA is an umbrella term that includes multiple subtypes of in-
flammatory arthritis developing in childhood [1, 2]. The cardi-
nal manifestation is synovitis, but there is great heterogeneity
between the disease subtypes [3] in the number and type of
joints affected and the presence of additional features, includ-
ing enthesitis [4], sacroiliitis and spinal inflammation.

In clinical practice, the disease activity of JIA is measured with
a combination of patient- and physician-reported outcomes,

clinical examination and laboratory markers, which include the
patient/parent global assessment of well-being visual analogue
score (PtGA), Childhood Health Assessment Questionnaire
(CHAQ), physician’s global assessment of disease activity visual
analogue score (PhGA), active joint count (AJC), limited joint
count (LJC), ESR and/or CRP, and the composite outcome
Juvenile Arthritis Disease Activity Score (JADAS) [5].

In addition to the clinical assessments, there is a growing
role for imaging in the diagnosis and monitoring of JIA across
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age groups [6]; for example, MRI is essential for the diagnosis
of sacroiliitis [7]. Moreover, many studies have shown the
ability of MRI to detect joint inflammation in joints that were
clinically inactive (subclinical), including the knee [8], hip [9],
wrist [10] and temporomandibular joints (TMJs) [11].
Therefore, MRI could be a valuable tool for monitoring and
optimizing disease control and preventing structural damage.
The use of whole-body MRI (WBMRI) enables the assessment
of multiple joints, the entheses and the spine for inflammation
and structural damage in patients with inflammatory arthritis
[12]. It could provide a comprehensive assessment of inflam-
mation, suitable for all JIA subtypes, in a single examination.
Retrospective studies have shown that WBMRI detects sub-
clinical joint inflammation in children with JIA [13, 14], sug-
gesting that it could be used for personalized therapy in JIA.
However, these studies have largely focused on highly selected
JIA populations, and the extent to which WBMRI-detected
joint inflammation signifies ‘real’ disease vs false positives (or
synovitis due to other factors) is currently unclear.

To address this evidence gap, we compared the prevalence
of MRI-detected inflammation between patients with JIA and
‘control’ patients with musculoskeletal symptoms but without
JIA. We hypothesized that WBMRI detects joint inflamma-
tion more commonly in patients with JIA than controls.

Our objectives were: (i) to measure and compare the fre-
quency of joint inflammation detected on WBMRI in young
people (YP) with JIA and controls, and (ii) to assess the rela-
tion between clinical, laboratory and imaging markers of dis-
ease activity in JIA.

Methods

Study design and participants

This cross-sectional study was approved by the London
Queen Square Research Ethics Committee (15/LO/1475). All
participants gave written informed consent. The study com-
plied with the ethical principles of the Declaration of
Helsinki. Participants were recruited prospectively from the
adolescent and young adult rheumatology department of
University College London Hospital. The eligibility criteria
for the patient group included a diagnosis of JIA (any sub-
type) and age between 12 and 24 years. There were no exclu-
sion criteria regarding their treatment or disease activity. The
inclusion criteria for the control group were musculoskeletal
pain in the absence of a diagnosis of JIA according to the
opinion of the rheumatologist, and age between 12 and
24 years. The WBMRI was not performed for clinical reasons.
Patients with contraindications for MRI or gadolinium were
excluded.

Clinical assessment

All participants were assessed clinically on the day of their
WBMRI examination, by the same experienced examiner.
The clinical disease activity measures collected included the
AJC, LJC, PtGA, PhGA and CHAQ. Active sacroiliitis was
determined according to the definition used in the juvenile
SpA disease activity as the presence of at least two of the three
criteria: inflammatory back pain, sacroiliac joint (SIJ) tender-
ness and positive Patrick’s test [15]. Based on the clinical as-
sessment (CA), the patients with JIA were divided into two
groups; the active group if the ACJ� 1 and/or there was clini-
cal sacroiliitis, and the inactive group if there was none of the

above. Patients in the inactive JIA group were assessed against
the Wallace criteria for clinically inactive disease [16].
Entheseal tenderness was assessed in 33 sites (Supplementary
Data S1, available at Rheumatology online). In addition,
participants reported their symptomatic joints using a
homunculus.

Imaging acquisition

All participants underwent a WBMRI scan on a 3T MRI
scanner (Ingenia, Philips Healthcare, Best, Netherlands). The
WBMRI protocol included coronal gradient echo Dixon
images acquired after the administration of 10 ml gadoteric
acid meglumine. The total scan duration, from the positioning
of the participant to the acquisition of the post-contrast
images, was �30 min. The scanning parameters of the proto-
col are described in Supplementary Data S2, available at
Rheumatology online.

Imaging assessment

Three experienced musculoskeletal radiologists (M.A.H.-C.,
M.A.A., N.V.) reviewed all participants’ images indepen-
dently, blinded to clinical information. The post-contrast
Dixon images were assessed for joint inflammation, structural
damage and enthesitis. Eighty-one joints (71 joints included in
JADAS-71 [17], 8 DIP joints of feet and 2 SIJs) were assessed
for joint inflammation and structural damage.

Each reader assessed the SIJ and cervical spine (C-spine)
for joint inflammation dichotomously (present/absent).
Peripheral joints were assessed for synovitis (grade 0–2); only
grade 2 synovitis was considered positive for peripheral joint
inflammation. Post-contrast above-normal intensity contrast
enhancement (grade 1 synovitis) is not a reliable sign of joint
inflammation [18]. Grade 2 synovitis was defined as the pres-
ence of above-normal intensity post-contrast synovial en-
hancement, in addition to one of the following characteristics:
synovial hypertrophy, subarticular bone marrow oedema,
joint effusion or periarticular soft tissue oedema. Details of
definitions for joint inflammation, structural damage and
enthesitis are provided in Supplementary Data S2, available at
Rheumatology online.

The imaging assessments by the three readers were com-
bined in one dataset where joint inflammation, enthesitis and
structural damage at any joint/entheseal site were recorded as
positive if detected by two or more of the three independent
WBMRI readers.

Blood markers of disease activity

Blood samples were collected on the day of the WBMRI scan
for the measurement of CRP, ESR and 12 other biomarkers.
Luminex assay was used for the measurement of serum
MMP-3, S100 calcium-binding protein A8, IL-6, IL-17, mac-
rophage migratory inhibitory factor, IL-23, IL-33, GM-CSF,
TNF-a, CD40 ligand, VEGF and IFN-c (details on sample
analysis are available in Supplementary Data S3, available at
Rheumatology online).

Outcomes

We measured the proportion of YP with joint inflammation
(in one or more joint), structural damage (in one or more
joint) and enthesitis (in one or more entheseal site) on
WBMRI in the JIA and control groups.

We also measured the proportion of patients with joint in-
flammation in specific joints/joint groups. Two joint groups,
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the hand and the forefoot, were created to encompass the
28 small joints of the hand and 28 small joints of the forefoot,
respectively.

We compared the CA with the WBMRI assessment for joint
inflammation in 81 joints per patient. There were four possi-
ble outcomes from this comparison for each joint (þ ¼ posi-
tive result, – ¼ negative result): WBMRIþ CAþ, WBMRIþ
CA–, WBMRI– CAþ and WBMRI– CA–. We measured the
frequency of each outcome for each joint. We refer to the
WBMRIþ CA– outcome as subclinical inflammation.

We measured the joint counts with WBMRI-detected in-
flammation and subclinical inflammation in each patient
group.

Statistical analysis

Joints that were not adequately imaged according to the radi-
ologists were excluded from the analysis (Supplementary
Data S2, available at Rheumatology online). The proportions
of patients with joint inflammation, structural damage and
enthesitis were compared between the JIA and control group
using the unpaired proportions test, respectively, using 95%
CI to determine significance. The Mann–Whitney U test was
used to compare continuous variables. The Spearman’s rank
correlation coefficient was used to assess the relation between
continuous variables. P-values <0.05 were defined as statisti-
cally significant.

This is an exploratory study, with no previous literature
data available to enable us to determine the effect size of joint
inflammation in JIA vs controls in this age group, therefore
we estimated the sample size as 60 participants based on prac-
tical considerations around recruitment.

Results

Participants’ characteristics and CA

Forty-seven YP with JIA and 13 controls were recruited be-
tween September 2019 and March 2021. The characteristics
of both groups are described in Table 1.

None of the participants in the control group had active pe-
ripheral joints on clinical examination. One control partici-
pant fulfilled the criteria for clinical sacroiliitis based on SIJ
tenderness and a positive Patrick’s test, albeit without inflam-
matory back pain.

There were 25/47 (53%) JIA patients with clinically
detected joint inflammation (active JIA group); 23/47 partici-
pants with JIA had ACJ� 1 and two participants had clinical
sacroiliitis without other active joints. There were 22/47
(47%) patients with JIA without active joints or clinical sac-
roiliitis on examination (inactive JIA group). The characteris-
tics, treatments and clinical disease activity measures of both
JIA groups are detailed in Table 2.

Clinically and WBMRI detected joint inflammation:

patient-level analysis

The WBMRI scan was scored positive for joint inflammation
(one or more inflamed joint) in 28/47 (60%) patients with JIA
and in 2/13 (15%) controls (Table 3).

Of the patients with clinically active JIA, the WBMRI scan
was positive in 19/25 (76%) patients. There were 6/25 (24%)
patients with clinically active disease where the WBMRI scan
was negative. Of the patients with clinically inactive JIA, the
WBMRI scan was positive in 9/22 (41%). Eleven (50%) of
the clinically inactive JIA patients fulfilled the Wallace criteria
of clinically inactive disease; four of these patients had a posi-
tive WBMRI scan. The proportion of patients with positive
WBMRI scan was higher in the clinically active JIA group
than in the clinically inactive (Table 3).

The median [interquartile range (IQR)] number of joints
with WBMRI-detected inflammation/patient was 1 (0–4) in
the JIA group vs 0 (0) in the controls (P¼ 0.002). The median
(IQR) number of joints with WBMRI-detected inflammation/
patient was 3 (1–6) in the active JIA group vs 0 (0–1) in the in-
active JIA group (P¼0.005).

WBMRI-detected joint inflammation in clinically

inactive joints: patient-level analysis

Subclinical joint inflammation was detected on WBMRI in
one or more joint in 23/47 (49%) YP with JIA. It was detected
in 14/25 (56%) patients with active JIA and in 9/22 (41%)
patients with inactive JIA, (difference: 15%, 95% CI –13%,
43%).

The median (IQR) number of joints with subclinical inflam-
mation/patient was 1 (0–4) in the active JIA group and 0 (0–
1) in the inactive JIA group (P¼0.182).

Relation between joint inflammation on WBMRI and

disease activity measures in patients with JIA

The AJC, LJC, PhGA and JADAS10-CRP measurements were
significantly higher in the JIA group with joint inflammation
on WBMRI compared with the group without inflammation
(Table 4). In comparison, we did not detect a statistically sig-
nificant difference in the PtGA, CHAQ, CRP and ESR be-
tween the two groups. There was a positive correlation
between the number of joints with WBMRI inflammation and
AJC (rho¼ 0.52, P< 0.001), LJC (rho¼0.59, P< 0.001),
PhGA (rho¼ 0.55, P< 0.001) and JADAS10-CRP
(rho¼ 0.45, P¼ 0.002), (Supplementary Fig. S1, available at
Rheumatology online).

Relation between joint inflammation on WBMRI and

JIA subtype

The proportion of patients with WBMRI and clinically
detected joint inflammation varied between the JIA subtypes
(Supplementary Fig. S2, available at Rheumatology online).

Table 1. Demographics and measures of JIA disease activity in

participants with JIA and controls

Variable Controls (n¼13) All JIA (n¼47)

Age, years 16 (16–17) 18 (16–20)
Male, n (%) 2 (15) 18 (38)
Duration of

symptoms, years
4.0 (2.0–10.0) 10.0 (6.0–14.5)

CHAQ (0–3) 1.00 (0.63–2.00) 0.50 (0.00–1.38), n¼46
Entheseal tenderness

count (0–33)
2 (0–11) 1 (0–5)

Pain VAS (0–100 mm)a 65 (50–85) 35 (10–70)
Patient-reported

symptomatic joint
count (0–63)

12 (6–16) 5 (2–13)

Morning stiffness (min) 30 (0–60) 30 (0–90)

Continuous variables presented as median (interquartile range). Frequency
presented as n (%).

a Scale from low to high severity. CHAQ: Childhood Health Assessment
Questionnaire; VAS: visual analogue score.
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All patients with polyarticular RF-negative JIA (n¼ 9) had
joint inflammation on WBMRI, including at least one joint
with subclinical inflammation. Subclinical inflammation was
also found in 3/13 of ERA, 1/4 of polyarticular RF-positive,
1/4 of PsA, 1/3 of systemic, 1/2 of persistent and 7/12 of ex-
tended oligoarticular JIA patients.

Clinically and WBMRI detected joint inflammation:

joint-level analysis

The frequency of the WBMRI demonstrated inflamed joints
compared with CA is shown for each joint at the patient level
in Fig. 1. The total number of joints with inflammation by
clinical vs WBMRI examination in all patients with JIA at the
joint level is shown in Fig. 2. There were more hand and foot
joints with discordant WBMRI and CA findings compared
with other joints, however there was a higher joint count
(n¼ 28) assessed in these regions per patient.

In the control group, joint inflammation was detected on
WBMRI in one patient at the hip joint (1/13, 8%) and in the
other patient at the shoulder joint (1/13, 8%).

Peripheral enthesitis

Enthesitis in at least one peripheral (non-spinal) entheseal site
was detected on WBMRI in 11/47 patients with JIA (23.4%)
and in 1/13 (7.7%) control patients (difference: 15.7%, 95%
CI –3.2%, 34.6%). There were more sites with enthesitis
detected by clinical examination than WBMRI in both the JIA
(P¼ 0.007) and control groups (P¼ 0.004). A detailed analy-
sis on enthesitis is available in Supplementary Data S4, avail-
able at Rheumatology online.

Structural damage

Structural damage in at least one joint was detected on
WBMRI in 23/47 (49%) patients with JIA and in 1/13 (8%)
controls (difference: 41%, 95% CI 21%, 62%).

The structural damage in the control group was detected at
one joint (sacroiliac joint).

In descending frequency, structural damage was detected in
patients with JIA on WBMRI in the SIJ (11/46, 24%), shoul-
der (7/47, 15%), wrist (5/47, 11%), ankle (4/47, 9%), elbow
(3/44, 7%), TMJ (3/46, 7%), hip (2/46, 4%), knee (1/47, 2%)
and hand joints (1/47, 2%).

Relation between serum pro-inflammatory markers

VEGF and MMP-3 and disease activity

Serum samples were collected from all JIA patients and 12/13 con-
trols. One sample from the JIA and one from the control group
were visibly haemolysed and excluded from the analysis. The con-
centrations of 7/12 analytes were within the standard detection
range in �75% of participants (Supplementary Table S1, available
at Rheumatology online).

The concentrations of MMP-3 and VEGF were higher in ac-
tive than in inactive JIA patients (Supplementary Table S2,
available at Rheumatology online). The MMP-3 and VEGF
concentrations were greater in YP with JIA with WBMRI-
detected joint inflammation than in those without, respectively
(Supplementary Fig. S3, available at Rheumatology online).
There was a correlation between MMP-3 and the number of

Table 2. Disease characteristics, treatments, clinical and laboratory

assessments in clinically active and inactive JIA groups

Variable Inactive (n¼22) Active (n¼25)

Disease duration, years 12 (6–15) 10 (6–14)
Enthesitis-related arthritis, n (%) 6 (27) 7 (28)
Extended oligoarticular, n (%) 5 (23) 7 (28)
Polyarticular RF negative, n (%) 4 (18) 5 (20)
Polyarticular RF positive, n (%) 2 (9) 2 (8)
Psoriatic, n (%) 2 (9) 2 (8)
Systemic, n (%) 2 (9) 1 (4)
Persistent oligoarticular, n (%) 1 (5) 1 (4)
Treatment with bDMARD and

csDMARD
7 (32) 10 (40)

bDMARD monotherapy 7 (32) 3 (12)
csDMARD (one or more), n (%) 6 (27) 6 (24)

Anti-TNF-a 11 (50) 12 (48)
Tocilizumab 2 (9) 0 0
Rituximab 0 0 1 (4)
Canakinumab 1 (5) 0 0
MTX 10 (45) 12 (48)
SSZ 3 (14) 5 (20)
LEF 0 0 2 (8)

Steroids, n (%) 1 (5) 1 (4)
No DMARD, n (%) 2 (9) 6 (24)
NSAIDs (at least weekly) 4 (18) 16 (64)
Active joint count (0–79) 0 0 3 (2–4)
Limited joint count 0 (0–2) 4 (2–6)
PhGA (0–10)a 0 0 3 (3–5)
JADAS10-CRPb 2.0 (0.0–6.0) 13.0 (9.0–14.5)
PtGA (0–100 mm)a 20 (0–60) 52 (10–70)
CHAQ (0–3), n¼46 0.13 (0.00–1.00) 0.63 (0.00–1.44)
Entheseal tenderness count

(0–33)
0 (0–4) 1 (0–5)

Pain VAS (0–100 mm)a 12.5 (0.0–55.0) 45.0 (20.0–75.0)
Patient-reported symptomatic

joint count (0–63)
2.5 (0.0–10.0) 8.0 (3.0–14.0)

Morning stiffness (min) 2.5 (0.0–60.0) 60.0 (10.0–120.0)
ESR (mm/h), n¼45 2.0 (2.0–6.0) 6.0 (2.0–9.5)
CRP (mg/L) 0.6 (0.6–1.8) 1.5 (0.6–3.8)

Active: JIA participants with one or more active joint on examination or
clinical sacroiliitis; inactive: JIA participants without active joints and
clinical sacroiliitis.

a Scale from low to high severity.
b JADAS10-CRP was equal to JADAS71-CRP in all patients as

AJC� 10. AJC: active joint count bDMARD: biologic DMARD; CHAQ:
Childhood Health Assessment Questionnaire; csDMARD: conventional
synthetic DMARD; JADAS10: Juvenile Arthritis Disease Activity Score
(maximum 10 active joints); LJC: limited joint count; PhGA: physician’s
global assessment of disease activity; PtGA: patient’s global assessment of
well-being; VAS: visual analogue score.

Table 3. WBMRI-detected joint inflammation in JIA vs controls, and in

active vs inactive JIA

JIA participants vs controls

JIA Controls Difference, % (95% CI)

WBMRIþ 28 (60) 2 (15) 44 (20, 68)
WBMRI– 19 (40) 11 (85)
Total 47 (100) 13 (100)

Active vs inactive JIA participants

Active JIA Inactive JIA Difference, % (95% CI)

WBMRIþ 19 (76) 9 (41) 35 (9, 62)
WBMRI– 6 (24) 13 (59)
Total 25 (100) 22 (100)

Data are presented as n (%). Active JIA: JIA participants with one or more
active joint on examination or clinical sacroiliitis; inactive JIA: JIA
participants without active joints and clinical sacroiliitis. Unpaired
proportions were used for comparisons. WBMRIþ: participants with
inflammation in one or more joint by WBMRI; WBMRI–: participants
without joint inflammation on WBMRI; WBMRI: whole-body MRI.
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Table 4. Characteristics and disease activity measures of JIA patients with and without joint inflammation on WBMRI

Variables No joint inflammation
on WBMRI (n¼19)

Joint inflammation
on WBMRI (n¼28)

P-value

Patients’ demographics and disease characteristics
Age, years 18.0 (17.0–20.0) 18.5 (16.0–20.5) 0.996
Male sex, n (%) 6 (32) 12 (43) 0.435
Disease duration, years 8 (6–13) 12 (6–15) 0.283
Biologic treatment, n (%) 12 (63) 15 (54) 0.514

Disease activity measures
AJC (0–79) 0 (0–1) 2 (0–4) 0.006
LJC (0–75) 0 (0–2) 3 (1–6) 0.001
PhGA (0–10) 0.0 (0.0–2.0) 3.0 (0.5–4.0) 0.002
JADAS10-CRP 4.0 (0.7–8.3) 9.5 (4.0–14.2) 0.041
PtGA (0–100 mm) 25.0 (5.0–65.0) 28.5 (6.0–65.0) 0.953
CHAQ (0–3), n¼46 0.63 (0.00–1.13) 0.13 (0.00–1.50) 0.697
ESR (mm/h), n¼45 6 (2–9) 6 (2–8) 0.883
CRP (mg/l) 0.9 (0.6–1.8) 1.4 (0.6–3.6) 0.254

Other patient-reported outcomes
Patient-reported symptomatic joint count (0–63) 9.0 (0.0–21.0) 4.5 (2.0–9.5) 0.718

Continuous variables presented as median (interquartile range). Comparison of continuous variables with Mann–Whitney U test and between categorical
variables with Chi-squared test. P-values <0.05 marked in bold to indicate statistical significance. AJC: active joint count; CHAQ: Childhood Health
Assessment Questionnaire; JADAS: Juvenile Arthritis Disease Activity Score; LJC: limited joint count; PhGA: physician’s global assessment of disease activity;
PtGA: patient’s global assessment of well-being; WBMRI: whole-body MRI.

Figure 1. Inflammation detected by WBMRI and clinical assessment in 81 joints of JIA patients and controls. (A) In 25 joints/patient; (B) in hand joints (28

joints/patient); (C) in forefoot joints (28 joints/patient). Forty-seven patients with JIA and 13 controls were assessed. The joints assessed are shown on the

y-axis and patients on the x-axis. Only patients/joints with joint inflammation by WBMRI or CA are shown on the x-axis and y-axis, respectively. Circles:

patients with JIA; diamonds: controls. WBMRIþ: joint inflammation on WBMRI; WBMRI–: no joint inflammation on WBMRI; CAþ: joint inflammation on

CA; CA–: no joint inflammation on CA; L: left; R: right; WBMRI: whole-body MRI; CA: clinical assessment
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joints with WBMRI-detected inflammation (rho¼0.50,
P< 0.001) and between the latter and VEGF (rho¼ 0.32,
P¼ 0.03) in patients with JIA. There was a correlation be-
tween MMP-3 and the clinical assessments AJC (rho¼0.47,
P¼ 0.001) and JADAS10-CRP (rho¼ 0.43, P¼ 0.003), details
in Supplementary Table S3, available at Rheumatology online.

Discussion

In this study, we assessed YP with JIA and with non-
inflammatory musculoskeletal pain (controls) for joint inflam-
mation, enthesitis and structural damage using a structured
WBMRI assessment as well as core JIA outcomes, routine labo-
ratory markers and various serum biomarkers. We have shown
that most patients with JIA (60%) had positive MRI scans for
joint inflammation irrespective of their CA, and that there are
very few positive WBMRI scans in the control group.

MRI-detected joint inflammation has been previously
reported in children without inflammatory arthritis [19, 20].
The low frequency of joint inflammation in controls (in both
control WBMRIþ YP only a single joint was inflamed) indi-
cates that joint inflammation in most patients with JIA is likely
related to their disease, rather than being a false-positive finding
for reasons such as technical aspects of MRI [21] or misinter-
pretation of normal joint appearances in the immature skeleton
[22]. In addition, we used a stringent definition of WBMRI-
detected joint inflammation based on a combination of charac-
teristics tailored to various anatomic areas, whereas other stud-
ies in JIA considered the presence of osteitis [13], synovial
enhancement [23] or effusion alone [14] as active arthritis.

There were six JIA patients judged as clinically active where
there was no inflammation seen on the MRI scan. This could be
due to several factors including technical issues, such as joints
not shown well on this form of imaging (e.g. TMJ). However, it
is possible that the joints were not inflamed and there were other
contributing factors to a positive CA, such as chronic pain,
structural damage or factors related to the assessor.

In the JIA patients, we found a high frequency of clinically
negative joints that were WBMRI positive. The significance of
this finding is unknown, but it is possible that it represented
true subclinical inflammation, especially as joint inflamma-
tion was associated with a biomarker signature in our study.
Only a few retrospective studies have previously reported the
frequency of subclinical synovitis detected by WBMRI in
patients with JIA [12]. To our knowledge, this is the first
study in JIA designed to minimize bias by including controls
and blinding the readers to the patient’s diagnosis and clinical
information. Our study detected subclinical joint inflamma-
tion in patients with clinically active and clinically inactive
JIA. Further research is needed to explore the clinical signifi-
cance of WBMRI-detected subclinical inflammation and its
potential impact on JIA patient management adding to the in-
formation provided by clinical examination. The choice of
treatment in JIA is influenced by the number [24] and type of
joints affected [25, 26]. Therefore, identifying inflammation
in additional or functionally and prognostically important
joints on WBMRI may alter treatment plans in active patients.
Moreover, we discovered that subclinical joint inflammation
was present across all JIA subtypes but was remarkably
detected in all patients with the polyarticular RF-negative JIA
subtype. Polyarticular subtypes are associated with more per-
sistently active disease than systemic or oligoarticular sub-
types [27] and worse prognosis [28, 29].

We have shown that WBMRI-detected joint inflammation
was associated with higher JADAS10-CRP and physician-
reported core JIA outcomes (AJC, LJC and PhGA) in patients
with JIA. This also suggests that WBMRI-detected inflamma-
tion is clinically relevant and supports the validity of WBMRI
as a test to evaluate joint disease activity in JIA. Furthermore,
the presence of joint inflammation on WBMRI and clinical
examination was associated with higher serum concentrations
of MMP-3 and VEGF, respectively, supporting a relation be-
tween imaging findings and the pathophysiological processes
involved in JIA. Previous studies have demonstrated the role
of MMP-3 and VEGF as biomarkers in JIA. Changes in
MMP-3 correlated with changes in the swollen joint count in
patients with ERA, a relation that was not detected for ESR in
the same study [30]. Serum VEGF has been reported to corre-
late with the AJC in patients with JIA [31, 32] and be higher
in patients with active disease compared with remission [33].

We did not detect an association between CHAQ and
PtGA, or the inflammatory markers CRP and ESR, and joint
inflammation on clinical examination or WBMRI. These
patient-reported outcomes are essential for assessing disease
activity and shared treatment decision-making in JIA.
However, it is recognized that factors other than active inflam-
mation can influence these outcomes, whereas WBMRI is an
objective test for inflammation. A divergence between improv-
ing disease activity based on AJC and persistent symptoms
according to patient-reported outcomes has previously been
reported in a subset of JIA patients in UK [34] and Canadian
[35] inception cohort studies. ESR was reported to be normal
in most patients with active JIA in another study [36].

In our study, we did not detect a significant difference in the
frequency of enthesitis in YP with JIA compared with controls
by CA or WBMRI. The spatial resolution of WBMRI might be
a limiting factor for detecting enthesitis. Additionally, the CA of
enthesitis has low accuracy [37], which makes the evaluation of
WBMRI’s performance difficult.

Figure 2. Agreement between CA and WBMRI examination per joint in

patients with JIA. Patients with JIA were assessed for joint inflammation

in 81 joints by WBMRI and CA. The findings of both methods per joint are

shown as the number of joints in 47 patients. The hand and forefoot

included the assessment of 28 small joints per patient respectively.

WBMRIþ: grade 2 synovitis (or other criteria for sacroiliitis and c-spine

inflammation) on WBMRI; WBMRI–: no grade 2 synovitis (or no sacroiliitis

or c-spine inflammation, respectively) on WBMRI; CAþ: active joint on

examination (or clinical sacroiliitis for sacroiliac joint); CA–: joint not active

(or no clinical sacroiliitis for sacroiliac joint); CA: clinical assessment,

WBMRI: whole-body MRI
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The control group in our study reported higher pain scores,
and poorer function (measured by CHAQ) than patients with
JIA. This was observed in patients with juvenile FM com-
pared with paediatric patients with other rheumatic diseases
in a large registry [38].

There are limitations in this study. There was a lack of previ-
ous literature data to enable us to calculate the study sample
size. However, we detected statistically significant differences in
the prevalence of joint inflammation in the JIA group vs con-
trols, thus we believe these differences are very likely to be repre-
sentative for larger populations. We recruited YP from one
hospital, and we did not include patients younger than 14 years
old. Therefore, the persistent oligoarticular and systemic JIA
subtypes, which can be self-limiting in childhood, were under-
represented. The clinical and WBMRI assessment, as well as the
imaging interpretation may be more challenging in younger chil-
dren. We defined patients as ‘clinically inactive’ based on clinical
examination and one-half of these patients fulfilled the Wallace
criteria for inactive disease. These criteria are not validated for
patients with psoriatic JIA and ERA, and we opted to use crite-
ria that are applicable to all JIA subtypes.

This study did not investigate the prognostic significance of
WBMRI-detected subclinical synovitis. A retrospective study
showed that bone marrow oedema on MRI was associated
with an increased risk of developing structural damage [19].
Further studies are needed to explore whether WBMRI-
detected inflammation can predict flares and/or if a manage-
ment pathway incorporating WBMRI in the assessment of
patients can improve long-term patient outcomes compared
with standard clinical practice.

Overall, the proportion of joints that could not be assessed
on WBMRI was small (5%). However, this predominantly af-
fected the elbow and forefoot joints which were not included
in the field of view because of patients’ size.

This study has several strengths. Our WBMRI protocol was
based on post-contrast images as the current state of non-
contrast MRI techniques, such as diffusion-weighted imaging or
short-tau inversion recovery (STIR), are not as sensitive for the
detection of inflammation [39, 40] and less suitable for the as-
sessment of small joints [41]. There is no validated scoring sys-
tem for WBMRI in JIA, hence we developed a methodology to
assess the musculoskeletal manifestations of JIA on WBMRI.
We have evaluated the inter- and intra-reader agreement of our
methodology and reported it separately. Recently, the
OMERACT in JIA group proposed a scoring system for the
WBMRI assessment of patients with JIA, based on non-contrast
WBMRI scans [42]. Despite the differences between the two
grading systems, the OMERACT group included the same joint
pathologies as we did, with the caveat that non-contrast MRI
scans cannot differentiate between synovial hypertrophy and
joint effusion. We recognize that there is a need to develop non-
contrast MRI techniques which will be less invasive and safer
for patients, given the rare adverse effects of gadolinium.

Conclusion

In conclusion, this study has demonstrated that WBMRI
shows joint inflammation in around 60% of patients with
JIA, and this is significantly greater than in controls, which
had not been investigated before. This suggests that contrast
WBMRI is a valid tool for the assessment of joint inflamma-
tion in YP with JIA. We found that subclinical joint inflamma-
tion was frequently detected in JIA patients with clinically
active and inactive disease. WBMRI-detected joint

inflammation was associated with clinical measures of disease
activity and serum biomarkers. Further studies are required to
evaluate the potential benefits of the use of WBMRI to sup-
port the clinical management of patients with JIA.

Supplementary material

Supplementary material is available at Rheumatology online.
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weight < 50 kg, recommended dose is 75 mg. However, 150mg solution 
for injection in pre-filled pen is not indicated for administration of this 
dose and no suitable alternative formulation is available. Psoriatic 
Arthritis: For patients with concomitant moderate to severe plaque 
psoriasis see adult plaque psoriasis recommendation. For patients who 
are anti-TNFα inadequate responders, the recommended dose is 
300 mg, 150 mg in other patients. Can be increased to 300 mg based 
on clinical response. Ankylosing Spondylitis: Recommended dose 
150 mg. Can be increased to 300 mg based on clinical response. nr-
axSpA: Recommended dose 150 mg. Enthesitis-related arthritis and 
juvenile psoriatic arthritis: From the age of 6 years, if weight ≥ 50 kg, 
recommended dose is 150 mg. If weight < 50 kg, recommended dose 

is 75 mg. However, 150mg solution for  injection in pre-filled pen is not 
indicated for administration of this dose and no suitable alternative 
formulation is available. Hidradenitis suppurativa: Recommended dose is 
300 mg monthly. Based on clinical response, the maintenance dose can 
be increased to 300 mg every 2 weeks. Contraindications: 
Hypersensitivity to the active substance or excipients. Clinically 
important, active infection. Warnings & Precautions: Infections: 
Potential to increase risk of infections; serious infections have been 
observed. Caution in patients with chronic infection or history of recurrent 
infection. Advise patients to seek medical advice if signs/symptoms of 
infection occur. Monitor patients with serious infection closely and do not 
administer Cosentyx until the infection resolves. Non-serious 
mucocutaneous candida infections were more frequently reported for 
secukinumab than placebo in the psoriasis clinical studies. Should not be 
given to patients with active tuberculosis (TB). Consider anti-tuberculosis 
therapy before starting Cosentyx in patients with latent TB. Inflammatory 
bowel disease (including Crohn’s disease and ulcerative colitis): New 
cases or exacerbations of inflammatory bowel disease have been 
reported with secukinumab. Secukinumab, is not recommended in 
patients with inflammatory bowel disease. If a patient develops signs and 
symptoms of inflammatory bowel disease or experiences an exacerbation 
of pre-existing inflammatory bowel disease, secukinumab should be 
discontinued and appropriate medical management should be initiated. 
Hypersensitivity reactions: Rare cases of anaphylactic reactions have 
been observed. If an anaphylactic or serious allergic reactions occur, 
discontinue immediately and initiate appropriate therapy. Vaccinations: 
Do not give live vaccines concurrently with Cosentyx; inactivated or non-
live vaccinations may be given. Paediatric patients should receive all age 
appropriate immunisations before treatment with Cosentyx. Latex-
Sensitive Individuals: The removable needle cap of the 150mg pre-filled 
pen contains a derivative of natural rubber latex. Concomitant 
immunosuppressive therapy: Combination with immunosuppressants, 
including biologics, or phototherapy has not been evaluated in psoriasis 
studies. Cosentyx was given concomitantly with methotrexate, 
sulfasalazine and/or corticosteroids in arthritis studies. Caution when 
considering concomitant use of other immunosuppressants. 
Interactions: Live vaccines should not be given concurrently with 
secukinumab. No interaction between Cosentyx and midazolam (CYP3A4 
substrate) seen in adult psoriasis study. No interaction between Cosentyx 
and methotrexate and/or corticosteroids seen in arthritis studies. 
Fertility, pregnancy and lactation: Women of childbearing potential: 
Use an effective method of contraception during and for at least 
20 weeks after treatment. Pregnancy: Preferably avoid use of Cosentyx 
in pregnancy. Breast feeding: It is not known if secukinumab is excreted 
in human breast milk. A clinical decision should be made on continuation 
of breast feeding during Cosentyx treatment (and up to 20 weeks after 

discontinuation) based on benefit of breast feeding to the child and 
benefit of Cosentyx therapy to the woman. Fertility: Effect on human 
fertility not evaluated. Adverse Reactions: Very Common (≥1/10): 
Upper respiratory tract infection. Common (≥1/100 to <1/10): Oral 
herpes, headache, rhinorrhoea, diarrhoea, nausea, fatigue. Uncommon 
(>1/1,000 to <1/100):  Oral candidiasis, lower respiratory tract 
infections, neutropenia, inflammatory bowel disease. Rare (≥1/10,000 
to <1/1,000): anaphylactic reactions, exfoliative dermatitis (psoriasis 
patients), hypersensitivity vasculitis. Not known: Mucosal and cutaneous 
candidiasis (including oesophageal candidiasis). Infections: Most 
infections were non-serious and mild to moderate upper respiratory tract 
infections, e.g. nasopharyngitis, and did not necessitate treatment 
discontinuation. There was an increase in mucosal and cutaneous 
(including oesophageal) candidiasis, but cases were mild or moderate in 
severity, non-serious, responsive to standard treatment and did not 
necessitate treatment discontinuation. Serious infections occurred in a 
small proportion of patients (0.015 serious infections reported per 
patient year of follow up). Neutropenia: Neutropenia was more frequent 
with secukinumab than placebo, but most cases were mild, transient 
and reversible. Rare cases of neutropenia CTCAE Grade 4 were reported. 
Hypersensitivity reactions: Urticaria and rare cases of anaphylactic 
reactions were seen. Immunogenicity: Less than 1% of patients treated 
with Cosentyx developed antibodies to secukinumab up to 52 weeks of 
treatment. Other Adverse Effects: The list of adverse events is not 
exhaustive, please consult the SmPC for a detailed listing of all adverse 
events before prescribing. Legal Category: POM. MA Number & List 
Price: EU/1/14/980/005 - 150 mg pre-filled pen x2 £1,218.78; 
EU/1/14/980/010 – 300 mg pre-filled pen x 1 £1218.78. PI Last 
Revised: May 2023. Full prescribing information, (SmPC) is available 
from: Novartis Pharmaceuticals UK Limited, 2nd Floor, The WestWorks 
Building, White City Place, 195 Wood Lane, London, W12 7FQ. 
Telephone: (01276) 692255. 
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Adverse Event Reporting:

Adverse events should be reported. Reporting forms and 
information can be found at www.mhra.gov.uk/yellowcard. 
Adverse events should also be reported to Novartis via 
uk.patientsafety@novartis.com or online through the 
pharmacovigilance intake (PVI) tool at www.novartis.com/report

If you have a question about the product, please contact 
Medical Information on 01276 698370 or by email at 
medinfo.uk@novartis.com 

Cosentyx® (secukinumab) Great Britain Prescribing 
Information. 
Please refer to the Summary of Product Characteristics 
(SmPC) before prescribing.
Indications: Treatment of: moderate to severe plaque psoriasis in 
adults, children and adolescents from the age of 6 years who are 
candidates for systemic therapy; active psoriatic arthritis in adults (alone 
or in combination with methotrexate) who have responded inadequately 
to disease-modifying anti-rheumatic drug therapy; active ankylosing 
spondylitis in adults who have responded inadequately to conventional 
therapy; active non-radiographic axial spondyloarthritis (nr-axSpA) with 
objective signs of inflammation as indicated by elevated C-reactive 
protein (CRP) and/or magnetic resonance imaging (MRI) evidence in 
adults who have responded inadequately to non-steroidal anti-
inflammatory drugs; active enthesitis-related arthritis and juvenile 
psoriatic arthritis in patients 6 years and older (alone or in combination 
with methotrexate) whose disease has responded inadequately to, or 
who cannot tolerate, conventional therapy; active moderate to severe 
hidradenitis suppurativa (acne inversa) in adults with an inadequate 
response to conventional systemic HS therapy. Presentations: Cosentyx 
75 mg solution for injection in pre-filled syringe; Cosentyx 150 mg 
solution for injection in pre-filled syringe; Cosentyx 150 mg solution for 
injection in pre-filled pen; Cosentyx 300 mg solution for injection in pre-
filled pen. Dosage & Administration: Administered by subcutaneous 
injection at weeks 0, 1, 2, 3 and 4, followed by monthly maintenance 
dosing. Consider discontinuation if no response after 16 weeks of 
treatment. Each 75 mg dose is given as one injection of 75 mg. Each 
150 mg dose is given as one injection of 150 mg. Each 300 mg dose is 
given as two injections of 150 mg or one injection of 300 mg. If possible 
avoid areas of the skin showing psoriasis. Plaque Psoriasis: Adult 
recommended dose is 300 mg. Based on clinical response, a 
maintenance dose of 300 mg every 2 weeks may provide additional 
benefit for patients with a body weight of 90 kg or higher.  Adolescents 
and children from the age of 6 years: if weight ≥ 50 kg, recommended 
dose is 150 mg (may be increased to 300 mg as some patients may 
derive additional benefit from the higher dose). If weight < 50 kg, 
recommended dose is 75 mg. Psoriatic Arthritis: For patients with 
concomitant moderate to severe plaque psoriasis see adult plaque 
psoriasis recommendation. For patients who are anti-TNFα inadequate 
responders, the recommended dose is 300 mg, 150 mg in other 
patients. Can be increased to 300 mg based on clinical response. 
Ankylosing Spondylitis: Recommended dose 150 mg. Can be increased 
to 300 mg based on clinical response. nr-axSpA: Recommended dose 
150 mg. Enthesitis-related arthritis and juvenile psoriatic arthritis: From 
the age of 6 years, if weight ≥ 50 kg, recommended dose is 150 mg. If 

weight < 50 kg, recommended dose is 75 mg. Hidradenitis suppurativa: 
Recommended dose is 300 mg monthly. Based on clinical response, the 
maintenance dose can be increased to 300 mg every 2 weeks. 
Contraindications: Hypersensitivity to the active substance or 
excipients. Clinically important, active infection. Warnings & 
Precautions: Infections: Potential to increase risk of infections; serious 
infections have been observed. Caution in patients with chronic infection 
or history of recurrent infection. Advise patients to seek medical advice if 
signs/symptoms of infection occur. Monitor patients with serious 
infection closely and do not administer Cosentyx until the infection 
resolves. Non-serious mucocutaneous candida infections were more 
frequently reported for secukinumab in the psoriasis clinical studies. 
Should not be given to patients with active tuberculosis (TB). Consider 
anti-tuberculosis therapy before starting Cosentyx in patients with latent 
TB. Inflammatory bowel disease (including Crohn’s disease and 
ulcerative colitis): New cases or exacerbations of inflammatory bowel 
disease have been reported with secukinumab. Secukinumab, is not 
recommended in patients with inflammatory bowel disease. If a patient 
develops signs and symptoms of inflammatory bowel disease or 
experiences an exacerbation of pre-existing inflammatory bowel disease, 
secukinumab should be discontinued and appropriate medical 
management should be initiated. Hypersensitivity reactions: Rare cases 
of anaphylactic reactions have been observed. If an anaphylactic or 
serious allergic reactions occur, discontinue immediately and initiate 
appropriate therapy. Vaccinations: Do not give live vaccines concurrently 
with Cosentyx; inactivated or non-live vaccinations may be given. 
Paediatric patients should receive all age appropriate immunisations 
before treatment with Cosentyx. Latex-Sensitive Individuals: The 
removable needle cap of the 75mg and 150 mg pre-filled syringe and 
150mg pre-filled pen contains a derivative of natural rubber latex. 
Concomitant immunosuppressive therapy: Combination with 
immunosuppressants, including biologics, or phototherapy has not been 
evaluated in psoriasis studies. Cosentyx was given concomitantly with 
methotrexate, sulfasalazine and/or corticosteroids in arthritis studies. 
Caution when considering concomitant use of other immunosuppressants. 
Interactions: Live vaccines should not be given concurrently with 
secukinumab. No interaction between Cosentyx and midazolam 
(CYP3A4 substrate) seen in adult psoriasis study. No interaction between 
Cosentyx and methotrexate and/or corticosteroids seen in arthritis 
studies. Fertility, pregnancy and lactation: Women of childbearing 
potential: Use an effective method of contraception during and for at 
least 20 weeks after treatment. Pregnancy: Preferably avoid use of 
Cosentyx in pregnancy. Breast feeding: It is not known if secukinumab is 
excreted in human breast milk. A clinical decision should be made on 
continuation of breast feeding during Cosentyx treatment (and up to 
20 weeks after discontinuation) based on benefit of breast feeding to the 

child and benefit of Cosentyx therapy to the woman. Fertility: Effect on 
human fertility not evaluated. Adverse Reactions: Very Common 
(≥1/10): Upper respiratory tract infection. Common (≥1/100 to <1/10): 
Oral herpes, headache, rhinorrhoea, diarrhoea, nausea, fatigue. 
Uncommon (≥1/1,000 to <1/100):  Oral candidiasis, lower respiratory 
tract infections, neutropenia, inflammatory bowel disease. Rare 
(≥1/10,000 to <1/1,000): anaphylactic reactions, exfoliative dermatitis 
(psoriasis patients), hypersensitivity vasculitis. Not known: Mucosal and 
cutaneous candidiasis (including oesophageal candidiasis). Infections: 
Most infections were non-serious and mild to moderate upper respiratory 
tract infections, e.g. nasopharyngitis, and did not necessitate treatment 
discontinuation. There was an increase in mucosal and cutaneous 
(including oesophageal) candidiasis, but cases were mild or moderate in 
severity, non-serious, responsive to standard treatment and did not 
necessitate treatment discontinuation. Serious infections occurred in a 
small proportion of patients (0.015 serious infections reported per 
patient year of follow up). Neutropenia: Neutropenia was more frequent 
with secukinumab than placebo, but most cases were mild, transient 
and reversible. Rare cases of neutropenia CTCAE Grade 4 were reported. 
Hypersensitivity reactions: Urticaria and rare cases of anaphylactic 
reactions were seen. Immunogenicity: Less than 1% of patients treated 
with Cosentyx developed antibodies to secukinumab up to 52 weeks of 
treatment. Other Adverse Effects: The list of adverse events is not 
exhaustive, please consult the SmPC for a detailed listing of all adverse 
events before prescribing. Legal Category: POM. MA Number & List 
Price: PLGB 00101/1205 – 75 mg pre-filled syringe x 1 - £304.70; 
PLGB 00101/1029 - 150 mg pre-filled pen x2 £1,218.78; 
PLGB 00101/1030 - 150 mg pre-filled syringe x2 £1,218.78; 
PLGB 00101/1198 – 300 mg pre-filled pen x 1 £1218.78. PI Last 
Revised: June 2023. Full prescribing information, (SmPC) is available 
from: Novartis Pharmaceuticals UK Limited, 2nd Floor, The WestWorks 
Building, White City Place, 195 Wood Lane, London, W12 7FQ. 
Telephone: (01276) 692255. 
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Adverse Event Reporting:

Adverse events should be reported. Reporting forms and 
information can be found at www.mhra.gov.uk/yellowcard. 

Adverse events should also be reported to Novartis via 
uk.patientsafety@novartis.com or online through the 

pharmacovigilance intake (PVI) tool at www.novartis.com/report.

If you have a question about the product, please contact 
Medical Information on 01276 698370 or by email at 

medinfo.uk@novartis.com
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