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Abstract

Background The degree of 18-fluorodeoxyglucose (FDG)
uptake is previously reported to correlate with physical
examination and laboratory tests for evaluating disease
activity in patients with rheumatoid arthritis. The clinical
validity of '®F-FDG positron emission tomography (PET)
has not been evaluated in juvenile idiopathic arthritis (JIA).
Objective To assess the relationship between '*F-FDG PET
uptake and disease activity in children with JIA.

Materials and methods A total of 560 joints in 28 children
(mean age, 5.4 years; range, 1-16 years) with JIA who had
undergone whole-body '|F-FDG PET before treatment
were retrospectively assessed clinically, biochemically and
radiographically. PET images were assessed independently
by two readers. We investigated the relationships between
the degree of synovial '®F-FDG uptake and radiographic
and clinical symptoms and laboratory findings.

Results Joint tenderness and swelling had a positive
association with abnormal '|F-FDG uptake in the joint
[odds ratio (OR) 5.37, 7.12, respectively]. The standardized
uptake value (SUV) max correlated with the neutrophil
count, plasma C-reactive protein (CRP), erythrocyte sedi-
mentation rate (ESR) and matrix metalloproteinase (MMP)
3. Joint erosion (OR, 6.17), soft-tissue swelling (OR, 3.77),
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major joints involvement (OR, 3.50), tenderness (OR,
5.22), and CRP concentration in plasma (OR, 1.81) were
positively associated with SUVmax.

Conclusion The degree of '*F-FDG uptake may be associ-
ated with the severity of synovitis in children with JIA.

Keywords Juvenile idiopathic arthritis - Disease activity -
PET - Child

Introduction

Juvenile idiopathic arthritis (JIA) is a childhood rheumatic
disease defined as clinically heterogeneous arthritides in
one or more joints with swelling, pain, or limited range of
movement for at least 6 weeks, with age at onset younger
than 16 years [1, 2]. Detection of structural changes over
time provides valuable prognostic information and helps
guide therapy in active JIA. Active arthritis often prompts
consideration of commonly referred to disease-modifying
antitheumatic drugs (DMARDs), tumour necrosis factor
(TNF) inhibitor, interleukin (IL)-1 receptor antagonist, or
IL-6 receptor antagonists [3—10].

Although the activity of joint inflammation can be
assessed on radiographs, the early radiographic changes
are nonspecific and late changes are often irreversible.
Despite a close correlation between radiographic score and
inflammatory activity, several studies have revealed that
MRI is superior to radiography for detecting early changes
[11-15]. More importantly, by focusing exclusively on
bone erosion and cartilage damage, MRI seems promising
in terms of reliability and validity. On the other hand,
previous studies have ignored low capability in assessment
of weight-bearing major joints because acquisition of small
structures in children is limited [13, 14].
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Radiographs are insensitive to acute erosive changes in
the cartilage. '®F —fluorodeoxyglucose (FDG) is taken up
by macrophages and immature granulation tissue [16].
TNF-&, which plays a major role in synovitis in patients
with rheumatoid arthritis, regulates glucose transport and
metabolism [17]. Becker et al. [18] reported that the degree
of "®F-FDG uptake correlated with physical examination
and laboratory tests for evaluating disease activity in
patients with theumatoid arthritis. The clinical validity of
"8E_FDG PET has not been evaluated in JIA. We
hypothesized that '®F-FDG PET helps identify active
synovitis and that '®F-FDG uptake correlates with serum
markers of inflammation in patients with JIA.

Materials and methods
Patients

Twenty-eight consecutive children with proven JIA who
were evaluated for disease activity using PET between
2003 and 2007 at Yokohama City University Hospital,
Yokohama were retrospectively enrolled. Diagnostic criteria
were based on the International League of Association for
Rheumatology (ILAR) classification for JIA [2]. Medical
records were reviewed for patient age, gender, treatment
history, physical examinations, laboratory tests and imaging
studies including radiographs and PET. Evaluation of PET
was performed independently by operators who had no
knowledge of the results of the other studies. The clinical
status and treatment of these children were unaltered during
the evaluation period. This study was approved by the
Institutional Review Board at our institution and all
children provided their informed consent.

Radiographic study

Plain radiographs of 12 major joints: both shoulders,
elbows, wrists, hips, knees, and ankles; and minor joints:
both temporo-mandibular and sacroiliac joints, both hands
and feet were obtained prior to treatment in all children.
These had been taken in the posterioanterior projection
using a computed radiography system (DRX-866HD or
DRX-3535HD; Toshiba Medical Systems, Tokyo, Japan)
with general plates and the following setting: 200 mA,
45-80 kVp, and 250 ms. Two radiologists (K.S. and N.K,,
12 and 3 years of experience respectively) experienced in
musculoskeletal radiography assessed the plain radiographs
without knowledge of any information regarding clinical
status. They evaluated all joints for five radiological
features based on modified criteria [12]: periarticular
osteopenia, erosion, joint deformities, soft-tissue swelling,
and narrowed joint spaces. Erosion was defined as a
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cortical defect with an irregular floor. Sofi-tissue swelling
was defined as an eccentric or irregular fusiform swelling
around a joint.

PET study

PET scans were performed before or after radiography with
interval mean, 2.6 weeks; range, 0-5 weeks. Children
fasted for 6 h before the PET scan. Before injecting
F_FDG, the blood glucose level was measured in all
children (mean, 88 mg/dl). '*F-FDG (3-5 MBg/kg) was
injected in the antecubital or a more peripheral vein through
an indwelling catheter. The mean injected dose was
120.5 MBq (range: 34.0-228.0 MBq). Whole-body emis-
sion and transmission scans were performed in all children.
After a 60 min equilibration period during which the child
rested, both emission and transmission scans were obtained
to generate attenuation corrected images of all table
positions. A dedicated PET scanner (SET 2400, Shimadzu,
Kyoto, Japan) was used for acquisition with the following
parameters: field of view (FOV), 595 mm,; single position
body-axis length, 20 cm; slice thickness, 3.125 mm;
central resolution, 4.2 mm; and half width 5.0 mm.
Reconstructed data were rendered in three-dimensional
(3-D) imaging using a Butterworth filter with the
following parameters: ordered subsets expectation maximiza-
tion, conversion condition 1.0; subset count 20; cut-off value
10; order 2; and iterations 2. The 3-D image sets were
available for review at slice thickness of 12 mm. The
maximum standardized uptake value (SUVmax) was ana-
lyzed according to the following equation: SUV max =
maximal count x calibration factor (kBq/ml)/injected activity
(MBq)/body weight (kg).

Image interpretation

PET images were reviewed on a commercially available
image viewer (Synapse; Fujifilm Medical, Yokohama,
Kanagawa, Japan). Images were analyzed visually and
quantitatively by two nuclear medicine physicians (U.T.
and T.O., 15 and 3 years of experience) who were unaware
of clinical and radiographic findings. They recorded their
findings after reaching a consensus. For the visual analysis,
abnormal '*F-FDG uptake was defined as substantially
greater activity than in the aortic blood on attenuation-
corrected images. A region of interest (ROI) was outlined
within areas of joints with increased '*F-FDG uptake and
measured on each slice. ROIs for determination of regional
uptake were hand drawn around the areas of uptake. When
the lesion was extensively heterogeneous, the ROI was set
so as to cover all of the components of the lesion. When no
significant uptake was identified, ROIs were arbitrarily
drawn on an axial image in an area thought to represent
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synovium. The maximum pixel value in each ROI was
recorded for determination of SUVmax. Radiologist (N.K.,
3 years of experience) reviewed the medical records. We
defined the standard of reference for diagnosis as follow-up
imaging findings of conventional radiography based on
visual analysis and clinical status.

Clinical evaluation

Two experienced paediatric theumatologists (>20 years of
experience) performed the clinical evaluation. Symptoms at
presentation were evaluated based on the International
League of Associations of Rheumatology (ILAR) criteria
[2]. Recorded details for all children included age at onset,
major or minor joint involvement, numbers of involved
joints, quotidian fever, tenderness, swelling, limited range
of motion, non-fixed erythematous rash, generalized
lymphadenopathy, hepatosplenomegaly, pericarditis and
macrophage activation syndrome. Routine physical exami-
nations were assessed on the same morning by independent
paediatricians 1 day before or after the PET study. Blood
samples were taken for biochemical investigations in all
children 1 day before or after the PET study. Results of
these results were masked to the investigators.

Treatment and follow-up

Treatment consisted of intra-articular corticosteroids
(n=24), methylpresonisolone pulse (2=24), immunosup-
pressants (n=20), DMARDs (n=26), and tocilizumab
(n=4). Clinical manifestations were carefully monitored
with physical examinations, urinalysis, blood examinations,
and screening for active infections in all children during the
course of the disease. The follow-up period was dated from
the time of diagnosis and the mean follow-up period was
25 months (range 6-60 months). Therapeutic response was
evaluated using the American College of Rheumatology
Pediatric (ACR Pedi) 30 response and systemic features
including quotidian fever, non-fixed erythematous rash,
generalized lymphadenopathy, hepatosplenomegaly and
pericarditis [19].

Statistical analysis

Comparison of categorical variables between groups was
performed using chi-square test and Fisher exact test. Fisher
exact test was used when the number of cells was <5.
Continuous values were compared with Student’s #-test.
Simple linear regression was used to compare continuous
variables. Univariate regression analyses were performed to
assess the variables affecting metabolic activity by com-
paring categorical distributions with calculation of odds
ratio (OR). Multivariate analyses were applied with

71

Table 1 Characteristics at presentation in 28 children with JIA

Age, years 5.4+4.0
Boys:girls 12:16
Number of involved joints
Major joint * 6.3+£3.6
Minor joint ® 1.1+0.8

General symptoms

24/28 (86%)

20/28 (71%)
5/28 (18%)
4/28 (14%)
328 (11%)
3/28 (11%)

Quotidian fever

Non-fixed erythematous rash
Macrophage activation syndrome
Pericarditis

Generalized lymphadenopathy
Hepatosplenomegaly

2 Data are presented as mean =+ standard deviation

regression modelling for parameters affecting metabolic
activity with marginally significant (P<0.1) variables from
univariate analyses offered using a manual step-wise
procedure to test the independence of factors for metabolic
activity. A priori variables based on previous studies were
tested. A P value <0.05 (two-tailed) was considered to

Table 2 Laboratory results at presentation in 28 children subsequently
diagnosed with JIA

Value Normal range
Red blood cell, /mm?® 453.8+474  Boys:420.0-550.0
Girls:380.0-480.0
Haemoglobin, g/dl 11.8+1.8 Boys:13.5-17.0
Girls:11.5-14.5
Haematocrit, % 35.6£5.0 Boys:40.0-52.0
Girls:34.0-44.0
White blood cells, /mm® 15,100+£9,316  3,500-9,000
Neutrophils, % 75.9+14.2 40.0-70.0
Lymphocytes, % 17.9+10.9 20.0-45.0
Platelets, /mm’ 464167  16.0-36.0
Aspartic aminotransferase, U/l 26.4+14.5 10.0-35.0
Creatinine phosphokinase, U/l 30.9+37.9 Boys:55.0-290.0
Girls:40.0-290.0
Lactate dehydrogenase, U/l 281.3+123.0  120.0-240.0
CRP, mg/dl 5.3+49 0.0-0.2
Serum amyroid A, pg/ml 513.3£720.5 0.0-10.0
Ferritin, ng/ml 568.9+138.6 Boys:37.0-281.0
Girls:5.0-71.0
ESR, mm/hr 43.6+31.9 Boys:2.0-10.0
Girls:3.0-15.0
MMP 3, ng/ml 239.0£190.5 17.3-59.7
Rheumatoid factor, IU/ml 113.0+£383.3  0.0-16.0
Antinuclear antibody, titre 69.6+68.5 <40.0
Data are presented as mean + standard deviation
@ Springer
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indicate a statistically significant difference. Statistical
analysis was performed with the PASW Statistics 18
software program (IBM SPSS Inc., Chicago, IL, USA).

Results

Twenty-two out of 28 children (79%) had systemic-
onset JIA and 6 (21%) polyarticular JIA (more than
four joints affected). The patient characteristics are
shown in Table 1. The mean age was 5.4 years, range
1-16 years. The numbers of involved major joints were
6.6+3.3 [meantstandard deviation (SD)] in systemic-
onset JIA and 5.2+4.9 in polyarticular JIA. The number
of involved minor joints was 1.0+0.9 in systemic-onset
JIA and 1.3+0.5 in polyarticular JIA. Extra-articular
"8F_FDG accumulations were found in 21/28 children
(75%). Frequent locations were spleen in 9/28 (32%)
children and bone marrow in 6/28 (21%) children. The
results of laboratory tests are summarized in Table 2.

On "®F-FDG PET, 123 of 560 joints (22%) had abnormal
uptake (Figs. 1 and 2). The most frequent major joints were
shoulder (34/123, 28%), knee (23/123, 19%), hip (21/123,
17%) and wrist (17/123, 14%). Of these, frequencies of
joint involvement in each location were similar between
children with systemic-onset JIA and children with poly-
articular JIA, whereas involvement of joints including

ankle, elbow, metacarpophalageal (MCP), metatarsophalan-
geal (MTP), sacroiliac, and temporo-mandibular (TM) was
found only in children with systemic-onset JIA (Table 3).
The mean SUVmax of all joints of all cases was 1.0£0.3
(Fig. 3). The SUVmax in clinically involved joints was
significantly higher than in unaffected joints (2.0+0.6
versus 0.7+0.3, P<0.0001).

Frequent radiographic findings were soft-tissue swelling
(104/560, 19%) followed by narrowed joint spaces (46/560,
8%) and joint deformity (40/560, 7%). Significant differ-
ences between systemic-onset JIA and polyarticular JIA
were found in frequencies of radiographic narrowed joint
spaces (P<0.0001), joint deformity (P=0.001), erosion (P=
0.004) and soft-tissue swelling (P=0.008). However, there
was no difference in observed osteopenia (P=0.198).

In univariate analyses, non-fixed erythematous rash (P=
0.04), generalized lymphadenopathy (P<0.01), hepatosple-
nomegaly (P<0.01) and macrophage activation syndrome
(P<0.01) were significantly associated with quantitative
BE.FDG uptake. No association was found with other
variables, including age at onset, quotidian fever, pericar-
ditis and extra-articular accumulations. Multiple major or
minor joints involvement was associated with quantitative
®F.FDG uptake. The joint-specific symptoms (tenderness
and swelling) were also positively correlated with SUV-
max, whereas limited range of motion was not (Table 4).
Radiographic findings including soft-tissue swelling, nar-

Fig. 1 a Whole-body '*F-FDG PET performed at presentation in a
5-year-old girl with systemic-onset JIA shows abnormal uptake of 12
major joints as well as bilateral MCP and MTP joints (arrows). The
SUVmax of the involved joints ranged from 1.0 (left elbow) to 2.8
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(left knee). Physical examination revealed pain and swelling in the
wrist, knee, ankle and MCP joints bilaterally. b, ¢ Radiographs of the
knee joints (highest SUVmax) revealed soft-tissue swelling only
(arrows)
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Fig. 2 9-year-old girl with polyarticular JIA. Whole-body '*F-FDG
PET performed at presentation shows abnormal uptake of six major
joints (@rrows). The SUVmax of the involved joints ranged from 0.9
(left elbow) to 2.3 (left hip and right ankle). Physical examination
revealed tendemess and swelling in elbows, wrists, knees, and ankles
as well as limited range of motion in elbows

rowed joint spaces, joint deformity, erosion and osteopenia
were associated with higher '*F-FDG uptake. There was a
correlation between degree of '*F-FDG uptake and several
pathological parameters, including, CRP (r=0.610, P=
0.001), neutrophil count (»=0.385, P=0.043), ESR (r=
0.376, P=0.049) and MMP 3 (»=0.388, P=0.049) corre-
lated significantly with increased SUVmax (Fig. 4). How-
ever, there was no relationship seen between increased
SUVmax and other laboratory findings.

Results from the multivariate regression modelling are
shown in Fig. 5. Factors associated with increased SUVmax
of the joint included erosion [OR, 6.17; 95% confidence
interval (CT), 2.60-14.66; P<0.0001], tenderness (OR, 5.22;
95%CI, 2.85-9.57; P<0.0001), sofi-tissue swelling (OR,
3.77; 95%CI, 2.22-6.41; P<0.0001), the presence of
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Table 3 Clinically involved joints at presentation in 28 children with
JIA

Location Systemic-onset JIA Polyarticular JIA
Shoulder 26/44 (59%) 7/12 (58%)
Knee 19/44 (43%) 4/12 (33%)
Hip 18/44 (42%) 3/12 (25%)
Wrist 13/44 (30%) 4/12 (33%)
Ankle 10/44 (23%) 0
Elbow 7/44 (16%) 0
MCP 3/44 (%) 0
MTP 2/44 (5%) 0
Sacroiliac 2/44 (5%) 0
™ 1/44 (2%) 0

multiple major joints involvement (OR, 3.50; 95%CI,
2.10-5.83; P<0.0001) and CRP (OR, 1.81; 95%CI, 1.09-
3.02; P=0.022). However, swelling of the joint, the presence
of multiple minor joints involvement, osteopenia, joint
deformity, narrowed joint spaces, neutrophil count, ESR
and MMP 3 were not associated with uptake. During follow-
up, 23 children (85%) achieved ACR Pedi 30 response or
improvement of systemic features. The remaining 4 children
(15%) received subsequent treatment.

Discussion

We found a significant association between the degree of
BE.FDG uptake and typical clinical, radiographic and
biochemical findings in JIA. These factors were erosion,
soft-tissue swelling, multiple major joint involvement,

Shoulder Wrist Knee MCP Sacroiliac
Elbow Hip Ankle MTP MT

Fig. 3 Graph shows mean SUVmax in 28 children with untreated JIA
at '3F-FDG PET. Bar represents right (black) and left (white) joints.
TM, temporo-mandibular
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Table 4 Radiographic and clinical findings in major and minor joints at presentation in 28 children with JIA

Variables n OR 95%CI P value
Radiographic findings
Soft-tissue swelling 103 (18%) 338 2.17-3.27 <0.0001*
Narrowed joint spaces 46 (8%) 4.14 2.32-7.40 <0.0001*
Joint deformity 40 (7%) 3.23 1.72-6.07 <0.0001*
Erosion 29 (5%) 5.68 2.83-11.38 <0.0001*
Osteopenia 6 (1%) 18.47 3.86-88.43 0.002%*
Symptoms
Swelling 63 (11%) 537 3.24-8.92 <0.0001*
Tenderness 60 (11%) 7.12 4.27-11.87 <0.0001*
Limited range of motion 32 (6%) 1.67 0.77-3.60 0.191%*

Comparisons were performed using chi-square test* or Fisher exact test**. The OR was calculated from the ratio of positive to negative

radiographic or clinical findings

tenderness and elevated CRP. In a previous study, the
feasibility of glucose metabolism was assessed among
patients with rheumatoid arthritis [20]. Quantification of
18E_FDG uptake within joints correlated well with standard
clinical measures, suggesting that the degree of '|F-FDG
uptake can reflect anatomic and physiologic changes of
synovitis and may be used to distinguish active synovitis
from chronic change. The intra-individual variability in
degree of '®F-FDG uptake was small among patients with

rheumatoid arthritis, indicating that quantification of glu-
cose metabolism may be reproducible so that '*F-FDG
uptake may be a reasonable reflection of active synovitis.
We also found that radiographic findings of osteopenia,
joint deformity and narrowed joint spaces did not correlate
with the degree of '*F-FDG uptake, suggesting that PET
findings represent joint pathophysiology in the acute phase
of inflammation in JIA. Our findings are consistent with
previous reports that active inflammation relates to in-

Fig, 4 Scatter plots of SUVmax
and CRP, SUVmax and neutro-
phil, SUVmax and ESR, and
SUVmax and MMP 3 with fitted
regression lines are shown,
whereas no relationship was
observed between SUVmax and
other laboratory findings.
Correlations of SUVmax and
CRP [(mg/dl); »=0.610;
P=0.001], neutrophil [(%);
r=0.385; P=0.043], ESR
[(mmvhr); 7=0.376; P=0.049]

4.97

; ) 0o 50 100 150

and matrix metalloproteinase CRP

MMP 3 [(ng/ml); r=0.388; : (mg/dD)
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Fig. 5 Graph shows factors associated with SUVmax at '*F-FDG
PET in 28 children with JIA. These radiographic findings and
symptoms were compared with SUVmax in the same joint. OR was
calculated based on positive ratio of radiographic findings and
symptoms compared with negative

creased glucose metabolism in patients with rheumatoid
arthritis [20, 21]. This suggests that '"*F-FDG PET may be
helpful in monitoring therapeutic response in JIA.

The association of the degree of '*F-FDG uptake with
radiographic erosion was interesting. Erosion may be
caused by destruction of bone and cartilage. Elzinga et al.
[22] reported increased glucose metabolism due to an
inflammatory process involved in the mechanism of
cartilage destruction in patients with osteoarthritis. Second-
ary synovitis in osteoarthritic joints may cause increased
metabolic activity. As a result of active inflammation,
secondary synovitis may change into fibrotic synovial
tissue. Another contributing factor in the relationship
between an increased glucose metabolism and erosion
may be activated leukocytic infiltration within the pannus
admixed with lymphocytes and fibroblasts [20].

Bone erosion is seen in the end stages of the disease
process in JIA. Therefore, ®F_FDG PET may underesti-
mate erosive changes because chronic burnt-out erosions
may be “cold”. The capability of differentiation between
acute and chronic erosive changes on BE_FDG PET is
unclear. Irreversible chronic erosive changes could not be
precisely evaluated on '*F-FDG PET in our study. Further
comparative studies of US, MRI and *p.FDG PET are
required to clarify the relationship between imaging
findings and acute or chronic erosive changes.

It has been established that increased glucose metabo-
lism is found in active synovitis in patients with rheumatoid
arthritis [20, 21]. The correlations between neutrophil
count, CRP, ESR, MMP 3 and increased glucose metabo-
lism in our study confirms results from a previous study on
active rheumatic synovitis in which SUV increased in
parallel with serum CRP and MMP 3 stimulated by TNF-o
[23]. This is further suggestion that '*F-FDG uptake may
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have a role to guide therapy, and in particular to predict
response to anti-TNF-o therapy.

A few reports have investigated therapeutic monitoring
by '®F-FDG PET in patients with rheumatoid arthritis.
Pollsson et al. [20] reported two patients with theumatoid
arthritis undergoing low-dose prednisone and methotrexate
therapy, and showed that *F-FDG PET correlated well with
standard activity scores. Goerres et al. [21] described the
feasibility of '®F-FDG PET in the assessment of Infliximab
therapy in patients with rheumatoid arthritis. This suggests
that a decline in '|F-FDG uptake within a joint on
subsequent PET scans may reflect therapeutic response
over the course of systemic therapy in patients with JIA.
Although our data suggest that changes in the degree of
BE_FDG uptake may be a feasible marker for disease
activity, it is necessary to validate these findings through
clinical trials with adequate sample size, a wide spectrum of
disease severity and duration and with control groups.

Despite consensus that active synovitis within a joint
shows a significant degree of '*F-FDG uptake in patients
with rheumatoid arthritis, based largely on observational
data, it is not clear what threshold values are predictive for
active synovitis [24, 25]. Elzinga et al. [22] reported that
76% of joints with synovitis showed increased '*F-FDG
uptake, whereas many joints without clinical signs of active
disease showed normal uptake in patients with rheumatoid
arthritis. In contrast, false-negative and false-positive rates
of '®F-FDG PET to detect active synovitis in patients with
rheumatoid arthritis were 13% and 11%, respectively [22].
This diagnostic accuracy may be affected by the patient
populations, the onset of disease, therapeutic regimens and
the presence of subclinical synovitis.

Other limitations of our study were its retrospective
nature, the small population enrolled and a low prevalence
of chronic erosions. It would have been preferable to
compare results with other imaging modalities that measure
active synovitis within joint, such as MRI or US. In
addition, our interpretation has only surrogate observations
for the degree of synovitis without directly measurable gold
standard, e.g., biopsy. However, these tests were not
feasible. A strength of our study was the availability of a
detailed, comprehensive work-up of characteristics in all
cases.

Conclusion

We report a possible link between the degree of
synovial inflammation and '®F-FDG uptake in children
with JIA. We suggest that '®F-FDG PET may have a role
in therapeutic management of JIA, pending further
validation.
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Abstract Etanercept is a dimeric fusion protein consisting of
the extracellular domain of human tumor necrosis factor
receptor II (TNFR II, molecular weight 75 kDa) coupled to the
Fc region of human immunoglobulin (IgG1). It is produced by
recombinant DNA technology by first introducing the gene into
Chinese hamster ovarian cells and then purifying the protein
from the culture supernatant. The mechanism of action of
etanercept consists of binding to serum TNF-« and lymphotoxin
(LT)-o (TNF-f), which prevents TNF-a and LT-o from binding
to the TNF-« receptor on the plasma membrane of the target
cell. Etanercept is currently approved for treating adult rheu-
matoid arthritis (RA) in more than 70 countries worldwide. In
Japan, it was approved for this target group in January 2005.
The USA and Europe were the first to approve entanercept for
use in treating juvenile idiopathic arthritis (JIA), initially for the
treatment of active polyarticular JIA in patients not responding

All authors are members of the Pediatric Standing Committee of the
Japan College of Rheumatology.

S. Yokota (<) - M. Mori - T. Imagawa

Department of Pediatrics, Yokohama City University,
3-9 Fukuura, Kanazawa-ku, Yokohama,

Kanagawa 236-0004, Japan

e-mail: syokota@med.yokohama-cu.ac.jp

M. Mori
e-mail: mmori@med.yokohama-cu.ac.jp

T. Imagawa
e-mail: timagawa@med.yokohama-cu.ac.jp

T. Murata
Department of Pediatrics, Osaka Medical College, Osaka, Japan
e-mail: ped015@poh.osaka-med.ac.jp

M. Tomiita

Department of Pediatrics, Graduate School of Medicine, Chiba
University, Chiba, Japan

e-mail: tomiita@faculty.chiba-u.jp

7

to disease-modifying antirheumatic drugs (USA in May 1999,
followed by the EU in February 2000). Thereafter, the drug
received approval for the treatment of JIA in many other
countries. In Japan, children who have been diagnosed and
treated according to Yokota et al. (Mod Rheumatol 17:353—
363, 2007), but who have responded poorly to treatment must
move onto the next stage of treatment. Such treatments include
biological drugs, which, however, should be used with strict
adhesion to the indications and exclusion criteria and should be
used, for the time being, only by physicians trained on how to
use them. In Japan, etanercept was approved in July 2009 for
use in children. Although this drug has brought about a revo-
lutionary advance in the treatment of JIA, it is our task to
maximize its therapeutic effects and minimize its toxic effects.
The guidelines presented here define the indications, exclusion
criteria, usage, and evaluation criteria of etanercept for the
treatment of polyarticular JIA.
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Introduction

Children who have been diagnosed and treated according to
the Proposal for juvenile idiopathic arthritis guidance on
diagnosis and treatment for primary care pediatricians and
nonpediatric rheumatologists (2007) [1] but respond poorly to
treatment must move onto the next stage of treatment. Such
treatments include biological drugs which, however, should
be used with strict adhesion to the indications and exclusion
criteria and should be used, for the time being, only by
physicians trained in how to use them. In Japan, two biological
drugs, tocilizumab and etanercept, were approved in July
2009 for use in children. Although these drugs have brought
about a revolutionary advance in the treatment of juvenile
idiopathic arthritis (JIA), it is our task to maximize their
therapeutic effects and minimize their toxic effects.

These guidelines presented here define the indications,
exclusion criteria, usage, and evaluation criteria of eta-
nercept for the treatment of polyarticular JIA.

General information and mechanism of action

Etanercept is a dimeric fusion protein consisting of the
extracellular domain of human tumor necrosis factor
receptor II (TNFR II, molecular weight 75 kDa) coupled to
the Fc region of human immunoglobulin (Ig)Gl. It is
produced by recombinant DNA technology by first intro-
ducing the gene into Chinese hamster ovarian cells and
then purifying the protein from the culture supernatant. The
mechanism of action of etanercept consists of binding to
serum TNF-a and lymphotoxin (LT)-« (TNF-f), thereby
preventing TNF-o and LT-« from binding to the TNF-a
receptor on the plasma membrane of the target cell [2-6].

A clinical study of etanercept was commenced by
Immunex Corp. (currently, Amgen, Thousand Oaks, CA)
in the USA, and the Food and Drug Administration
approved the use of etanercept for treating rheumatoid
arthritis (RA) in adults in November 1998. The drug soon
thereafter (February 2000) also received approval from the
European Union (EU) for treating RA in adults. Etanercept
is currently approved in more than 70 countries worldwide.
In Japan, etanercept was approved for treating adult RA in
January 2005 [7, 8].

Entanercept was first approved for treatment of active
polyarticular JIA in patients not responding to disease-
modifying antirheumatic drugs (DMARD) in the USA in
May 1999 followed by the EU in February 2000. The drug
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has since received approval for the treatment of JIA in
many countries [9, 10].

Although it has not been fully elucidated whether JIA
has the same pathology as RA in adults, it is commonly
believed that rheumatoid factor (RF)-positive polyarticular
JIA and RA share the same pathogenesis [11, 12]. The
positive rate for RF in polyarticular JIA cases is 20-30%,
which is lower than in RA cases (approximately 80%).
However, both conditions share the same pathology in
that they are characterized by articular symptoms. The
expression of TNF-o and LT-a and cells expressing TNF
receptors are found in the synovial fluid and synovial
membrane of JIA patients, similar to their occurrence in
adult RA patients, suggesting the involvement of TNF in
the pathology of JIA [13, 14].

The generic name of this drug is etanercept; it is mar-
keted under the trade name Enbrel. '

Guidelines for the use of etanercept in patients
with polyarticular JIA

Indication criteria

Patients will be diagnosed with JIA if the onset is before
the age of 16 years and there are manifestations of arthritis
of unknown cause that persist for more than 6 months. JIA
is further classified into systemic JIA, characterized by
arthritis together with fever, rash, pericarditis, and other
systemic symptoms, and articular JIA (polyarticular or
pauciarticular depending on the number of affected joints),
which is predominantly characterized by arthritis. In
addition, there is psoriasis-related arthritis and enthesitis-
related arthritis grouped together as symptomatic JIA [15].

Indication for etanercept

Etanercept should be used in patients with JIA who man-
ifest disease activity in multiple joints and who do not
respond to treatment as recommended by the Proposal for
juvenile idiopathic arthritis guidance on diagnosis and
treatment for primary care pediatricians and nonpediatric
rheumatologists (2007) [1]. This lack of response includes
showing a poor response to existing therapies, such as non-
steroidal antiinflammatory drugs (NSAIDs), steroids, and
methotrexate, and being unable to tolerate treatment with
anti-rtheumatism drugs, such as methotrexate.

The safety and efficacy of etanercept in treating sys-
temic JIA has not been established. Furthermore, several
uncontrolled studies have suggested that etanercept is less
effective in patients with systemic arthritis and that the
initial response is often not sustained [16].
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Exclusion criteria (including contraindications) [17]

1. Patients with septicemia or risk of septicemia.

2. Patients with serious infectious diseases. Etanercept
has an immune suppressive effect and thus may affect
normal immune responses.

Patients with active tuberculosis. Etanercept may cause
the manifestation or worsening of symptoms in patients
with tuberculosis. In these patients, anti-tuberculosis
drugs should be administered prior to the administration
of etanercept. After the administration of etanercept,
patients should be carefully monitored for the onset of
tuberculosis through regular history taking and chest
X-rays (preferably once amonth during the first 2 months
of treatment, as much as possible and at least on an
as-needed basis thereafter). Since etanercept has also been
associated with extrapulmonary tuberculosis (e.g., the
pleural membrane and lymph nodes), monitoring should
be performed taking this possibility into consideration.
Patients with a previous history of hypersensitivity to
ingredients of etanercept. Etanercept may cause seri-
ous allergic reactions, such as angioedema, anaphy-
laxis, bronchospasm, and urticaria.

Patients with an existing or previous history of demye-
linating diseases (e.g., multiple sclerosis). Etanercept
may cause demyelinating diseases, such as multiple
sclerosis, optic neuritis, and transverse myelitis.
Patients with congestive heart failure.

Patients with malignancy.

3.

4,

6.
7.

Pre-treatment tests

1. Blood test and urinalysis. Peripheral blood tests [white

blood cells (WBCs), platelet counts, and differential

count of leukocytes], biochemistry [aspartate trans-
aminase (AST), alanine transaminase (ALT), blood

urine nitrogen (BUN), lactate dehydrogenase (LD),

creatinine, and creatine phosphokinase], and urinalysis

(protein and occult blood).

2. Imaging. Chest and abdominal computed tomography/
magnetic resonance imaging (CT/MRI; as needed),
plain X-ray, or contrast-enhanced MRI of joints.

3. Infection screening:

eliminate the risk of infectious diseases by thor-
ough history taking;

pneumonia: plain chest X-ray and chest CT scan;
hepatitis: anti-hepatitis B/C antibody screening;
tuberculosis and latent fungal infectious diseases:
tuberculin reaction test, Quanti FERON assay
(QFT-2G) (as needed), plain chest X-ray, chest
CT, measurement of blood f-p glucan level and
KL-6 level;
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4. Evaluation of cardiac function:

fraction/fractional

— echocardiography
shortening (EF/FS);
plain chest X-ray and measurement of brain

natriuretic peptides or NT-proBNP (as needed).

ejection

Administration

Dosage and administration:

For patients with JIA manifesting disease activity
in multiple joints: dissolve etanercept in 1 ml of
Japanese Pharmacopoeia (JP) water for injection or
choose etanercept 25 mg pre-filled syringes as an
alternative option. The usual dose for children is 0.2—
0.4 mg/kg etanercept administered subcutaneously
twice weekly. The dose for children should not exceed
the standard dose for adults (25 mg per administration)

Reference:

—  Dosage and administration for treatment of RA in adults:
dissolve etanercept in 1 ml of JP water for injection. The
usual adult dose is 10-25 mg of etanercept (recombi-

nant) administered subcutaneously twice weekly.

Instructions to patients regarding self-injection of
etanercept: etanercept may be self-injected twice
weekly, Patients or their parents must be given
instructions on self-injection techniques.

Prior to starting treatment with etanercept, facilitate an
understanding of self-injection techniques and drug
management using a Starter Kit (video and booklets).
Instructions on self-injection should be given by a
physician on an outpatient or inpatient basis. The
physician must ensure that the patient or his/her parent
is able to perform self-injection safely and reliably.
Self-injection dose should be determined based on a
body weight conversion chart. Changing the dose for
any reason, such as changes in body weight, must be
decided by a physician.

The presence or absence of any adverse event associated
with self-injection, such as injection site redness, should
be checked monthly on an outpatient basis.

Evaluation of treatment effects

The treatment effect of etanercept on JIA should be evaluated
based on inflammatory findings [e.g., C-reactive protein
(CRP) and RF] and joint findings (e.g., clinical findings and
X-tay findings). Percentage improvement in the American
College of Rheumatology Pediatric 30% validated scale
[ACR Pedi; scale for the assessment of improvement of
JRAMJTA (Appendix 2)] or the Disease Activity Score in
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rheumatoid arthritis for 28 joints (DAS28; [18]) should also
be used for evaluation of overall treatment effects.

1. Clinical symptoms. In addition to clinical findings of
arthritis, the visual analog scale (VAS) should also be
evaluated by a physician. The Childhood Health
Assessment Questionnaire (CHAQ) is also a useful
tool for evaluating patients’ daily activities.

2. Laboratory test results (WBC count, hemoglobin,
platelet count, and CRP: every outpatient visit).
3. Imaging.

To evaluate treatment effects on arthritis, perform a plain
X-ray and contrast-enhanced MRI of joints before
treatment and every 6 months after the start of treatment.

Evaluation of adverse drug reactions

1. Laboratory test results: WBC count, AST, ALT, etc.
2. Evaluation of cardiac function: echocardiography EF/FS.

Further worsening of cardiac function has been reported in
patients with heart failure who were treated with TNF-«
blockers. Thus, patients under treatment with etanercept
should be monitored by electrocardiography (ECG) or
echocardiography on an as-needed basis. Regular ECG and
echocardiography are required when administering eta-
nercept to patients with concomitant heart failure.

Summary of adverse drug reactions (ADRs) reported in
clinical studies of etanercept among patients with JIA.

1. Domestic clinical study results: Adverse drug reactions
(ADRs) were reported in 35 of 35 (100%) patients
included in the safety analysis population in a clinical
study among Japanese patients with JIA. Major ADRs
reported included infection' in 34 patients (97.1%),
injection site reaction” in 27 patients (77.1%), rash® in
18 patients (51.4%), headache in 17 patients (48.6%),
and abdominal pain in 13 patients (37.1%). Reported
abnormal changes in laboratory test values included
increased WBC in ecight patients (22.9%) and
decreased hemoglobin in six patients (17.1%).

Foreign clinical study results: ADRs were reported
in 60 of 69 (87.0%) patients included in the safety
analysis population in a clinical study among
American patients with JIA. Major ADRs reported
included infection® in 47 patients (68.1%),

! Includes nasopharyngitis, influenza, upper respiratory tract infec-
tion, impetigo, pharyngitis, hordeolum, and tonsillitis.

2 Injection site reaction and infection site hemorrhage.

3 Cumulative total of eczema, dermatitis, erythema, and other skin lesions.

4 Includes common infectious diseases, such as upper respiratory
tract infection, pharyngitis, gastroenteritis, otitis, influenza, skin
infection, sinusitis, and conjunctivitis infective.
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injection site reaction in 26 patients (37.7%),
headache in 11 patients (15.9%), rhinitis in nine
patients (13.0%), and vomiting in six patients
(8.7%). These results are very similar to those
reported in the Japanese study.

How to reduce steroids

Since etanercept suppresses inflammation by blocking
TNF-«, the dose of steroids should be reduced to minimize
and avoid steroid-related adverse effects in those patients
showing improvements in clinical symptoms and labora-
tory test values in response to treatment with etanercept.
Because rapid steroid reduction may cause a worsening of
the clinical symptoms, such as flare up of arthritis and
generalized malaise, the steroid dose should be gradually
reduced, in a step-wise manner, while carefully monitoring
patients’ clinical symptoms.

Interruption of etanercept therapy
No definitive data have been obtained.
Current status of etanercept therapy (as of July 2009)

Etanercept has received approval by the Pharmaceuticals
and Medical Devices Agency following the completion of
a clinical study evaluating the efficacy and adverse events
of the drug in Japanese patients with JIA. A large-scale,
all case-based, post-marketing survey evaluating the
safety of etanercept in adult RA patients was conducted
and completed in 2008. In Japan, etanercept is indicated
for patients with JIA manifesting disease activity in
multiple joints (only those responding poorly to existing
therapies) [19].

Others

e Vaccination during treatment with etanercept [20]: live-
virus vaccination during treatment with etanercept
should be avoided as it is associated with the risk of
growth and the spread of vaccine viruses following
vaccination. Pediatric patients should preferably com-
plete the necessary vaccination programs before starting
treatment with etanercept. It has been shown that patients
treated with etanercept showed a slightly smaller
increase in antibody titer following pneumococcal vac-
cination than those not treated with etanercept.

Federal Drug Administration warnings for malignan-
cies in childhood and adolescence patients treated with
anti-TNF agents: in pediatric reports published to date
in Japan (up to September 20, 2009), no incidence of
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malignancy or psoriasis has been reported in patients  of etanercept for polyarticular juvenile idiopathic arthritis in Japan.

exposed to anti-TNF treatment, including those who

The Japanese version of this work was published as a report from the
Subcommittee for Juvenile Idiopathic Arthritis of the Japan Pediatric

participated in JIA clinical trials. However, when Society.

considering the use of anti-TNF agents, it is highly

imperative to carry out adequate screening tests and  Conflict of interest statement None.
monitor patient conditions, and treatment should be

initiated only after a thorough assessment of associated

risks and benefits.
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Appendix 1

Diagnostic and classification criteria for juvenile idiopathic

matology Association of Japan, produced these guidelines on the use  arthritis by ILAR [11]

Diagnostic and classification criteria for juvenile idiopathic arthritis by ILAR

T84

JR[OTRTY

anBuwojduwidg

(1.  Systemic arthritis
Arthritis with remittent fever lasting for more than 2 weeks and one
or more of the following signs and symptoms:
{ 1) Transient erythema
2) Systemic lymph node swelling
3) Hepatomegaly or splenomegaly
\ 4) Serositis
{ 2. Pauciarticular arthritis:
Arthritis that becomes localized in 1-4 joints during the first 6 months of disease.
Can be divided into the following two types:
(a) Persistent arthritis: Arthritis affecting 4 or fewer joints during the entire course of
disease
(b) Extensive arthritis: Arthritis affecting 5 or more joints after the first 6 months of
< disease
3. Polyarthritis (Rheumatoid factor negative)
Arthritis affecting 5 or more joints during the first 6 months of disease, with
rheumatoid factor being negative
4.  Polyarthritis (Rheumatoid factor positive)

Arthritis affecting 5 or more joints during the first 6 months of disease, with
rheumatoid factor being positive in at least two measurements performed at an interval
of at Jeast 3 months,

? 5. Psoriatic arthritis
Any of the following:
1) Arthritis with psoriasis
2) Patients with at least two of the following signs and symptoms:
(a)  Digital arthritis
(b)  Nail deformity
(¢)  Any relative within the second degree of relationship has psoriasis
6.  Enthesitis-related arthritis
Either of the following:
1) Arthritis and enthesitis
2) Arthritis or enthesitis with at least two of the following signs and symptoms:
(a)  Tenderness in the sacroiliac joint or inflammatory pain in the spine
(b)  Positive for HLA-B27
()  Any relative within the second degree of relationship has HLA-B27-related
disease
(d)  Anterior uveitis with occasional eye pain, redness and photophobia
(e}  Aboy aged 8 years or older has developed arthritis
7. Other:
Arthritis of unknown cause that begins during childhood and persists for at least 6

\ weeks
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Appendix 2
JIA core set (ACR Pedi)

The JIA core set is used to objectively assess response to
treatment in patients with JLA. This method is used to make
an overall evaluation using not only clinical and laboratory
test findings, such as arthritis and erythrocyte sedimenta-
tion rate, but the Childhood Health Assessment Question-
naire (CHAQ) and the physician’s global assessment
(visual analog scale) as well,

Variables included in the core set are presented below.
Each of the following variables is scored.

a) Physician’s global assessment

b) Global assessment by patient or patient’s legal
guardian

¢) Number of joints with active arthritis (joints with
swelling not due to deformity, or joints with limited
motion with pain or tenderness)

d) Number of joints with limitation of motion with pain
or tenderness

e) CHAQ assessed by patient or patient’s legal guardian

f) Erythrocyte sedimentation rate

Evaluation method: the score for each variable above is
calculated to determine disease activity, and any change in
the score from the baseline value is used for evaluation
purposes.

Reference:

Giannini EH, Ruperto N, Ravelli A, Lovell DJ, Felson
DT, Martini A. Preliminary definition of improvement in
juvenile arthritis. Arthritis Rheum. 1997; 40:1202-9
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