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Discrepancy Between Clinical and Radiological
Responses to Tocilizumab Treatment in Patients with
Systemic-onset Juvenile Idiopathic Arthritis
Chie Aoki, Yutaka Inaba, Hyonmin Choe, Utako Kaneko, Ryoki Hara, Takako Miyamae,
Tomoyuki Imagawa, Masaaki Mori, Mari S. Oba, Shumpei Yokota, and Tomoyuki Saito

ABSTRACT. Objective. Tocilizumab (TCZ), an antiinterleukin-6 receptor monoclonal antibody, is clinically
beneficial in patients with systemic-onset juvenile idiopathic arthritis (sJIA). We investigated the
clinical and radiological outcomes of TCZ therapy in patients with sJIA.
Methods. We retrospectively evaluated 2 clinical trials (NCT00144599 and NCT00144612)
involving 40 patients with sJIA who received intravenous TCZ (8 mg/kg) every 2 weeks. Clinical
data and radiographs of the hands and large joints were assessed before and during TCZ treatment.
The Poznanski score, modified Larsen scores of the hands and large joints, and Childhood Arthritis
Radiographic Score of the Hip (CARSH) were recorded.
Results. After a mean duration of 4.5 years of TCZ treatment, clinical data had improved signifi-
cantly, the mean Poznanski score improved from -1.5 to -1.1, the mean Larsen score of the hands
deteriorated from 7.0 to 10.0, the mean Larsen score for the large joints deteriorated from 5.9 to 6.8,
and the CARSH worsened from 3.9 to 6.2. The Larsen score for the large joints improved in 11 cases
(28%), remained unchanged in 8 cases (20%), and worsened in 21 cases (52%). Matrix metallopro-
teinase 3 (MMP-3) levels remained significantly higher (278 mg/dl) in patients with worsened
Larsen scores than in patients with improved or unchanged scores (65 mg/dl). Logistic regression
analysis showed that older age at disease onset was a significant risk factor for radiographic
progression.
Conclusion. The modified Larsen score of the large joints deteriorated in half the patients who had
high MMP-3 levels during TCZ treatment and who were significantly older at disease onset. 
(First Release May 1 2014; J Rheumatol 2014;41:1171–7; doi:10.3899/jrheum.130924)

Key Indexing Terms:
SYSTEMIC-ONSET JUVENILE IDIOPATHIC ARTHRITIS                                 TOCILIZUMAB
RADIOGRAPHY               LARSEN SCORE                   POZNANSKI SCORE          HIP JOINT

From the Department of Orthopedic Surgery, the Department of
Pediatrics, and the Department of Biostatistics and Epidemiology,
Yokohama City University, Yokohama, Japan.
Dr. Yokota has received consulting and speaking fees from Chugai
Pharmaceutical. Drs. Yokota and Miyamae are co-inventors of a patent
for juvenile arthritis treatment.
C. Aoki, MD; Y. Inaba, MD, PhD, Associate Professor; H. Choe, MD,
PhD, Department of Orthopedic Surgery; U. Kaneko, MD; R. Hara, MD,
PhD; T. Miyamae, MD, PhD; T. Imagawa, MD, PhD; M. Mori, MD, 
PhD, Associate Professor, Department of Pediatrics; M.S. Oba,
Department of Biostatistics and Epidemiology; S. Yokota, MD, Professor
of Pediatrics, Department of Pediatrics; T. Saito, MD, Professor of
Orthopedics, Department of Orthopedic Surgery, Yokohama City
University.
Address correspondence to Dr. Y. Inaba, Department of Orthopedic
Surgery, Yokohama City University, 3-9 Fukuura, Kanazawa-ku,
Yokohama 236-0004, Japan. E-mail: yute0131@med.yokohama-cu.ac.jp
Accepted for publication February 20, 2014.

Systemic-onset juvenile idiopathic arthritis (sJIA), a chronic
childhood arthritis classified as a subtype of JIA, is charac-
terized by systemic features such as a spiking fever, skin
rash, hepatosplenomegaly, and serositis1. Most patients
show progressive involvement of a number of joints, joint
destruction resulting from prolonged synovitis leading to

disability, and growth impairment. Patients can be treated
with nonsteroidal antiinflammatory drugs, glucocorticoids,
disease-modifying antirheumatic drugs, and/or immunosup-
pressive drugs. However, many cases are difficult to manage
and patients can experience adverse effects from glucocorti-
coids, such as growth disturbance, osteoporosis, and obesity.

Studies have shown that abnormal proinflammatory
cytokine interleukin (IL)-6 levels play a major role in the
pathogenesis of sJIA. Tocilizumab (TCZ), an anti-IL-6
receptor monoclonal antibody, was developed in Japan and
has demonstrated excellent systemic improvements and
functional joint recovery in clinical trials2,3. Therefore, TCZ
is becoming a more common therapeutic option for patients
with sJIA, most of whom are able to subsequently reduce or
discontinue glucocorticoid treatment. TCZ has been effica-
cious in controlling systemic features in most patients
enrolled in clinical trials; however, few reports have focused
on joint progression or radiologic evaluation. The
PRINTO/PRCSG trial4 reported that after 52 weeks of TCZ
treatment, half of patients still had active arthritis.
Radiological evaluation is desirable because prevention of
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joint destruction is one of the most important objectives of
JIA treatment. In a previous study5, we found a dramatic
improvement in radiological damage even in the large
weight-bearing joints of patients with sJIA following TCZ
treatment. However, several patients showed radiological
progression despite improvements in clinical and laboratory
findings. Because our previous study involved a small
number of cases, in the current study we performed clinical,
hematological, and radiological examinations of 40 patients
treated with TCZ.

MATERIALS AND METHODS
Patients and clinical responses to TCZ. This is a retrospective study of
radiological evaluations in previous clinical trials (NCT00144599 and
NCT00144612) at our institution2,3. It was approved by the Institutional
Review Board of Yokohama City University, Yokohama, Japan, and all
participants provided written informed consent. Sixty patients with
refractory sJIA, including 56 patients in clinical trials and 4 patients in
clinical practice, aged 2–19 years, who fulfilled the International League of
Associations for Rheumatology criteria1, were treated with TCZ between
2002 and 2012. Radiographs either before or during TCZ treatment were
missing in 20 patients in trials; therefore, the remaining 40 patients were
enrolled whose serial radiographs before and during TCZ treatment were
available (Figure 1). If patients met the following criteria6 despite receiving
conventional treatment, they were considered to have refractory sJIA and
TCZ was indicated: (1) persistent inflammation and clinical symptoms
such as fever, rash, and arthritis; (2) prolonged use of high-dose glucocor-
ticoids (0.2 mg/kg-1/day-1 or more of prednisolone) and severe adverse
reactions induced by glucocorticoids; and (3) use of high-dose glucocorti-
coids to suppress inflammation and clinical symptoms to render the disease
inactive, but which could lead to glucocorticoid-induced adverse reactions.
All patients received 8 mg/kg of intravenous TCZ every 2 weeks, which is
the fixed dose in our clinical trial and practice.

Patient characteristics were reviewed, and their clinical data before
treatment and at subsequent visits when the radiographs were obtained
were examined, including the active joint count; number of joints with
limited range of motion; and laboratory markers such as peripheral white

blood cell (WBC) count, serum C-reactive protein (CRP), erythrocyte
sedimentation rate (ESR), matrix metalloproteinase-3 (MMP-3), and fibrin
degradation product-E (FDP-E). Glucocorticoid doses were also evaluated.
American College of Rheumatology Pediatric (ACR Pedi) 30, 50, and 70
responses (i.e., at least 3 of 6 ACR Pedi variables improved by at least 30%,
50%, and 70%, respectively, with no more than 1 variable worsening by
more than 30%7) were evaluated for 32 patients at 4, 12, 24, and 48 weeks
during TCZ treatment.
Radiological assessment. Radiographs of 12 joints including the shoulders,
elbows, wrists or hands, hips, knees, and ankles were obtained within 2
weeks before TCZ was started and at least once during TCZ treatment. If
radiographs were obtained several times during TCZ treatment, we
evaluated the radiograph obtained at the last followup. Because of the retro-
spective nature of the study, the timepoints at which radiographs were
obtained during TCZ treatment varied from 1 to 10 years, i.e., 1 year in 3
cases, 2–4 years in 17 cases, and 5–10 years in 20 cases (overall mean, 4.5
years). The followup period during TCZ treatment was the duration
between the times at which the first and last radiographs were obtained. We
used the Poznanski method8, modified Larsen method9, and Childhood
Arthritis Radiographic Score of the Hip (CARSH)10 to evaluate
radiographs of the hands and large joints. 

The Poznanski method was developed to assess the radiological
progression in the wrists of patients with JIA. The radiometacarpal (RM)
and second metacarpal bone lengths were measured on right and left hand
radiographs, and the number of SD between the expected and observed RM
length was calculated. This method is independent of the degree of ossifi-
cation, and negative scores reflect the degree of damage.

The modified Larsen scoring method is one of the most commonly used
methods to assess the degree of damage in the large joints of patients with
adult rheumatoid arthritis. Radiographs of the right and left hands and large
joints (i.e., shoulders, elbows, hips, knees, and ankles) were examined to
evaluate the degree of joint destruction. The grading scale reflects the
degree of progression and ranges from 0 (normal joint) to 5 (mutilating
changes) for each joint. There were 24 areas for each patient, including 16
in the hands and 8 in the wrists. Thus, the total modified Larsen score of the
hands and the 10 large joints ranged from 0 to 120 and from 0 to 50, respec-
tively. We used standard radiographs of children of different ages for each
joint. If the patient was able to stand unaided, standing radiographs were
used to evaluate the weight-bearing joints. Radiological analyses were

1172 The Journal of Rheumatology 2014; 41:6; doi:10.3899/jrheum.130924
Personal non-commercial use only. The Journal of Rheumatology Copyright © 2014. All rights reserved.

Figure 1. Flow chart for patient inclusion. Among 56 patients in trials, radiographs either before
or during tocilizumab treatment were missing in 20 patients. Therefore, the remaining 36
patients in trials and 4 patients in clinical practice were assessed in the current study.
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performed in a blinded fashion independently by 2 observers (CA and HC)
twice, and the results were averaged. 

The CARSH was developed to assess radiographic damage in the hip
and its progression in patients with JIA. The following radiographic abnor-
malities were assessed and scored: joint space narrowing (range: 0–3),
erosion (0–4), growth abnormality (0–2), subchondral cysts (0–2),
malalignment (0–2), sclerosis of the acetabulum (0–1), and avascular
necrosis of the femoral head (0 or 2). The maximum possible score for both
hips was 32, and increased scores reflect the degree of progression. We also
assessed the correlation between the modified Larsen score of the hips and
the CARSH.

Damage to the large joints involved in sJIA, especially the
weight-bearing joints, causes impairment in activities of daily living.
Because we aimed to identify the factors that influence disease progression
in the large joints in patients with sJIA, we divided the patients into 3 groups
according to the change in the modified Larsen score of the large joints after
TCZ treatment. We then compared the clinical characteristics and laboratory
data among these groups. Groups A, B, and C consisted of patients whose
modified Larsen score improved (decreased score), remained unchanged, or
worsened (increased score), respectively, during TCZ treatment. 
Statistical analysis. A Wilcoxon t test was used to assess the differences in
clinical data before and after treatment. A Mann-Whitney U test with a
Bonferroni correction was used to assess the differences among the 3
groups. A p value of < 0.05 was considered significant. Interobserver and
intraobserver agreement of the modified Larsen (range: 0–5 for each joint)
and Poznanski scores were analyzed, and a weighted κ index was used to
investigate the level of agreement. We also performed logistic regression
analysis to determine the characteristics and laboratory data that were risk
factors for joint progression. Statistical analyses were performed using SAS
9.3 for Windows (SAS Inc.) and SPSS 16.0J (SPSS Inc.).

RESULTS
Characteristics of patients and clinical responses. Our
retrospective study included 40 patients (21 boys, 19 girls).
The patients’ baseline characteristics are shown in Table 1.
The mean age at sJIA onset was 4.7 years (range, 0.4–13.6
yrs), mean age at the start of TCZ treatment was 9.2 years
(range, 2.0–18.6 yrs), and mean followup period during
TCZ treatment (i.e., the duration between the start of
treatment and the time the last radiographs were obtained)
was 4.5 years (range, 0.9–9.7 yrs). The mean period from
sJIA onset to the start of TCZ treatment (i.e., disease
duration) was 4.5 years (range, 0.4–16.1 yrs). Methotrexate
(MTX) was used in 7 cases before TCZ treatment, and no
patient had received prior biological therapy.

Table 2 shows the response variables for the patients. The
mean active joint count was decreased after TCZ treatment;
however, the mean number of joints with limited motion did
not change. After TCZ treatment, the mean WBC count,
CRP, ESR, MMP-3, FDP-E, and glucocorticoid dose values
were significantly decreased, and 14 patients (35%) discon-
tinued glucocorticoid treatment. Among 32 patients, ACR
Pedi 30, 50, and 70 responses were achieved by 75%, 66%,
and 47% at 4 weeks; 90%, 84%, and 68% at 12 weeks; 91%,
88%, and 78% at 24 weeks; and 91%, 88%, and 81% at 48
weeks, respectively.
Radiological assessment. We examined radiographs of both
hands to determine the Poznanski score and modified
Larsen score in 38 cases, and radiographs of the large joints
to determine the modified Larsen score and CARSH in 40
cases. The mean Poznanski score of 76 hands increased
(improved) from –1.5 ± 2.0 before TCZ treatment to –1.1 ±
2.2 at the final followup (p = 0.19), whereas the mean
modified Larsen score of the hands increased (worsened)
significantly from 7.0 ± 15.7 before TCZ treatment to 10.0
± 15.1 at the final followup (p < 0.01). The mean modified
Larsen score of the 398 large joints evaluated increased
(worsened) from 5.9 ± 9.5 before TCZ treatment to 6.8 ± 9.2
at the final followup (p = 0.190).

The changes in Larsen grade of joints grouped according
to the initial Larsen grade are shown in Figure 2. Before
TCZ treatment, 257 joints (65%) were categorized as grade
0; 79% of these joints (203/257) were unchanged after
treatment. Of the 71 joints classified as grade I before TCZ
treatment, 73% (52/71) improved or were unchanged. Of the
70 joints categorized as grade II to V before TCZ treatment,
94% (65/70) improved or were unchanged. When we
compared the change in the Larsen score before and after
TCZ treatment for specific joints, only the Larsen score of
the hips increased (worsened) significantly from 0.83 ± 0.14
before treatment to 1.36 ± 0.18 after treatment (p = 0.001).
There was no significant difference before and after TCZ
treatment in the Larsen score for the shoulders (0.66 and
0.69), elbows (0.41 and 0.38), knees (0.64 and 0.60), or
ankles (0.48 and 0.41).
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Table 1. Characteristics of the patients in each of the 3 groups. Data are mean (SD) unless otherwise indicated.

Total Group A Group B Group C
(Improved) (Unchanged) (Worsened)

Cases, n 40 11 8 21
Sex, M/F, n 21/19 6/5 3/5 12/9
Age at onset, yrs 4.7 (3.1) 3.2 (2.6) 3.7 (1.5) 5.7 (3.4)
Duration of disease, yrs 4.5 (3.8) 6.1 (2.0) 5.9 (5.9) 3.2 (3.3)
Age at start of TCZ therapy, yrs 9.2 (3.9) 9.4 (2.9) 9.5 (4.4) 8.9 (4.3)
Duration of TCZ therapy, yrs 4.5 (2.3) 5.3 (2.9) 4.3 (1.2) 3.8 (1.9)
Previous MTX therapy, n 7 4 0 3
Previous glucocorticoid dosage, mg/day 18.1 (10.1) 13.8 (9.0) 14.9 (6.0) 25.2 (10.9)
Modified Larsen score for the large joints 5.9 (9.5) 11.0 (9.9) 8.1 (15.6) 2.3 (3.2)

TCZ: tocilizumab; MTX: methotrexate.
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The CARSH increased (worsened) significantly from 3.9
± 6.7 before TCZ treatment to 6.2 ± 6.7 after treatment (p <
0.01). Following treatment, the joint space narrowing
increased from 0.9 ± 1.7 to 1.4 ± 1.7, erosion increased from
1.1 ± 2.1 to 1.7 ± 2.0, growth abnormality increased from
0.6 ± 1.2 to 0.9 ± 1.4, subchondral cysts increased from 0.6
± 1.3 to 1.2 ± 1.5, malalignment remained unchanged at 0.5
± 0.8, sclerosis of the acetabulum increased from 0.2 ± 0.5
to 0.4 ± 0.7, and avascular necrosis of the femoral head
increased from 0.1 ± 0.6 to 0.3 ± 0.8. Avascular necrosis was
observed in both hips of 1 patient before TCZ treatment and

in 5 hips (6%) of 4 patients after treatment. Radiological
abnormalities in the hip joints after treatment were observed
in 26 cases (65%). The correlation between modified Larsen
score of the hip and CARSH was observed (p < 0.001, rs =
0.73412).

We found that the Poznanski score improved in 22 cases
(58%), was unchanged in 3 cases (8%), and worsened in 13
cases (34%), whereas the modified Larsen score of the
hands improved in 4 cases (11%), was unchanged in 23
cases (61%), and worsened in 13 cases (34%). 

The modified Larsen score of the large joints improved in
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Table 2. Response variables for the patients in each of the 3 groups. Data are mean (SD)  unless otherwise indicated.

Variables Total, n = 40 p Group A (Improved), Group B(Unchanged), Group C (Worsened),
n = 11 n = 8 n = 21

Before TCZ After TCZ Before TCZ After TCZ Before TCZ After TCZ Before TCZ After TCZ

Modified Larsen score 
for the large joints 5.9 (9.5) 6.8 (9.2) 0.190 11.0 (9.9) 3.5 (4.6) 8.1 (16.5) 8.1 (3.2) 2.3 (3.2) 8.1 (7.8)

Active joint count, n 4.6 (1.2) 0.7 (0.3) < 0.001 3.6 (5.6) 0.0 (0.0) 7.1 (9.1) 0.1 (0.0) 3.4 (4.3) 1.2 (2.2)
Joints with limited motion, n 2.0 (6.0) 1.7 (2.5) 0.154 1.8 (4.5) 1.7 (2.5) 4.6 (11.6) 2.3 (4.2) 1.0 (3.1) 1.4 (1.7)
WBC count, 10–3/mm3 15.4 (7.3) 7.9 (4.9) < 0.001 15.5 (10.3) 6.7 (2.3) 14.6 (6.2) 7.5 (3.3) 15.7 (6.0) 8.7 (6.3)
CRP, mg/dl 5.7 (6.2) 0 (0.1) <0.001 4.5 (4.1) 0.0 (0.1) 3.7 (4.2) 0.0 (0.0) 7.1 (7.5) 0.0 (0.0)
ESR, mm/h 42 (22) 3 (2) <0.001 41 (14) 4 (4) 30 (10) 3 (2) 42 (27) 2 (1)
MMP-3, ng/ml 338 (205) 180 (300) < 0.001 321 (205) 49 (37) 335 (163) 86 (91) 348 (229) 278 (382)
FDP-E, ng/ml 222 (216) 81 (47) < 0.001 220 (152) 70 (20) 205 (121) 75 (17) 229 (278) 89 (61)
Glucocorticoid dosage, 

mg/day 18.1 (10.1) 3.3 (3.1) < 0.001 13.8 (9.0) 1.3 (2.7) 14.9 (6.0) 3.1 (3.8) 25.2 (10.9) 4.4 (3.6)
Patients who discontinued 

glucocorticoids, n 14 7 3 4

p = significance of data before and after tocilizumab treatment in all patients. CRP: C-reactive protein; ESR: erythrocyte sedimentation rate; FDP-E: fibrin
degradation product-E; MMP-3: matrix metalloproteinase-3; TCZ: tocilizumab; WBC: white blood cell.

Figure 2. Changes in the Larsen score of joints grouped by the initial Larsen score
before tocilizumab (TCZ) treatment. Of the 398 joints evaluated, 257 (65%) were
categorized as grade 0 before TCZ treatment. Of the 71 joints categorized as grade I, 52
(73%) improved or remained unchanged. Of the 70 joints categorized as grades II to V,
65 (94%) improved or remained unchanged.
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11 cases (27.5%, Group A), was unchanged in 8 cases (20%,
Group B), and worsened in 21 cases (52.5%, Group C).
Group A showed significant improvements in the score of
each joint after TCZ treatment (shoulder, 1.14 to 0.27;
elbow, 0.59 to 0.25; hip, 1.36 to 0.66; knee, 1.45 to 0.23;
ankle, 0.98 to 0.34), even in damaged joints categorized as
grade III or IV11. Group B scores remained unchanged for
each joint after TCZ treatment (shoulder, 0.96 to 0.90;
elbow, 1.04 to 0.75; hip, 0.81 to 0.91; knee, 0.68 to 0.69; and
ankle, 0.81 to 0.81). Group C showed significant deterio-
ration in the score of each joint after TCZ treatment
(shoulder, 0.27 to 0.88; elbow, 0.10 to 0.30; hip, 0.55 to
1.89; knee, 0.19 to 0.76; and ankle, 0.05 to 0.31). The repre-
sentative case in Group C showed marked progression of
joint destruction in both hips (Figure 311).

Tables 1 and 2 show the patient demographics and
clinical data among the 3 groups at baseline and final
followup. At baseline, the mean age at onset was signifi-
cantly higher in Group C (5.7 yrs) than in Groups A and B
(3.4 yrs; p = 0.047). The mean disease duration before the
start of TCZ treatment in Group C (3.2 yrs) was signifi-
cantly shorter than that in Groups A and B (5.8 yrs; p =
0.006). The mean glucocorticoid dose before the start of
TCZ treatment in Group C (25.2 mg/day) was significantly
higher than that in Groups A and B (14.3 mg/day; p =
0.009). There were no significant differences among the
groups in the mean active joint count or number of joints
with limited motion before TCZ treatment. At the latest
followup, the mean active joint count in Group C (1.19) was
significantly higher than that in Groups A and B (0.05; p =
0.038). The groups showed no significant differences in
laboratory data after TCZ treatment, except for MMP-3
levels, which were significantly higher in Group C (278
mg/dl) than in Groups A and B (65 mg/dl; p = 0.045) during
treatment. 

Table 3 shows the univariate analysis results of the
patient characteristics and laboratory data. There was a
significant difference in the mean age at onset, mean disease
duration, and mean glucocorticoid dose before TCZ
treatment. The active joint count and MMP-3 levels after

treatment were not significant. In multivariate analysis, after
adjusting for other risk factors, the mean age at onset
presented a 1.312 higher risk of progression (95% CI
1.011–1.703; p = 0.41) in the large joints.

Interobserver and intraobserver agreements of the
modified Larsen method for the large joints were 0.769 and
0.765, respectively, whereas the weighted κ coefficients
were good to fair (> 0.7) at 0.711 and 0.746, respectively.
Interobserver and intraobserver reliability values of the
Poznanski score were 0.996 and 0.993, respectively.

DISCUSSION
We previously reported the clinical efficacy of TCZ in
patients with sJIA. In a phase III trial3, ACR Pedi 30, 50,
and 70 responses were achieved in 98%, 94%, and 90% of
patients with sJIA, respectively, by Week 48 under
open-label treatment, and most patients treated with TCZ
achieved clinical remission. In our current study, ACR Pedi
30, 50, and 70 responses were achieved in 91%, 88%, and
81% of patients, respectively, by 48 weeks, which is com-
parable to the results of the previous trial.

Several studies12,13,14,15 have reported the efficacy of
anakinra (an IL-1 receptor antagonist) and canakinumab (a
selective, fully human, anti-IL-1β monoclonal antibody) in
patients with sJIA. Nigrovic, et al12 reported that about 60%
of patients attained a complete response to anakinra without
escalation of therapy. Gattorno, et al14 described 2 patterns
of response to anakinra: 50% of patients had a dramatic
response and 50% had an incomplete or no response.
Ruperto, et al15 reported that the response rate of
canakinumab was similar to that of TCZ. However, no study
has investigated the radiological changes after anakinra or
canakinumab treatment. Considering the current study
results, which show a discrepancy between clinical and
radiological responses, radiological evaluations should be
performed to determine the efficacy of anakinra or
canakinumab treatment.

Several studies have reported retardation in the radio-
logical progression of joint damage in patients with JIA after
treatment with MTX or biologics16,17,18. Nielsen, et al18
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Figure 3. Progression of joint destruction in the hip joint (representative case in Group C). A. Before tocilizumab (TCZ) treatment (4.3-yr-old boy), osteo-
porosis was observed, but the joint spaces were preserved, and no erosion occurred in either hip. B. Three years after TCZ treatment of the same patient
(7.4-yr-old). Severe erosion and cysts were observed and no joint space remained in either hip. From Inaba, et al. Ann Rheum Dis 2011;70:1693-511; with
permission.
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reported that the Poznanski score improved after etanercept
therapy in children with polyarticular JIA. In most studies,
radiological assessment of patients with JIA has mainly
focused on the small joints in the hands using the Poznanski
score, original or modified Sharp score, or Larsen score17,19.
However, because sJIA affects all joints, including the
weight-bearing joints involved in walking, it is very
important to assess the large joints to provide a prognosis for
the quality of life. Therefore, we assessed the large joints, as
well as the hands, of patients with sJIA using the Poznanski
and modified Larsen scores. Because the modified Larsen
score is more appropriate for assessing erosions and cysts as
well as joint space narrowing, we found a discrepancy
between these 2 scores for the hands.

Because ossification varies in children according to age,
developmental status, and disease, and because there is no
standard value for joint space width, it can be difficult to
radiologically evaluate the large joints in JIA. However, the
statistical reliability of the modified Larsen score in the
current study using standard standing radiographs of
children of different ages for each joint was fair to good,
with a κ coefficient of > 0.7. Therefore, the use of the
modified Larsen method for evaluating the large joints in
patients with sJIA is considered reasonable.

In our previous study, we reported a radiological
improvement in 52% of the large joints following TCZ
therapy in 9 patients with sJIA after 82 months of followup6.
The results of our current study, which included more cases,
showed on average no significant differences in the
Poznanski or modified Larsen scores of the large joints
before and after TCZ treatment. However, all patients
showed significant improvements in clinical data, and their
glucocorticoid dose decreased. The Poznanski score

improved by +0.4 units after a mean 4.5 years of TCZ
therapy in this series of patients; this finding is consistent
with that of Nielsen, et al18, who showed an improvement in
the Poznanski score of +0.3 units after 1 year of etanercept
treatment. In terms of the modified Larsen score of the large
joints, we observed improvement in 27.5% of patients. In
those patients, marked radiological improvement with
remodeling of damaged joints, widening of joint spaces, and
healing of erosion was observed, even in large joints catego-
rized as Larsen grade III or IV. Moreover, patients with
improved modified Larsen scores had longer disease
duration than patients with worsened scores, indicating the
radiological efficacy of TCZ treatment, even in patients with
long duration of disease and damaged joints. However, the
improvement in the modified Larsen score observed in our
current study appears to be less than that observed in our
previous study. This might be because more patients were
without joint damage before TCZ treatment in our current
study. In fact, 64% of the large joints were categorized as
grade 0 (normal) before TCZ treatment. Therefore, none of
them could be scored as improved after treatment.
Moreover, there was a discrepancy between the clinical and
radiological results. It should be noted that half the patients
in our present study showed progression in the modified
Larsen score of the large joints after TCZ treatment, even
though their clinical and laboratory data significantly
improved.

We also evaluated the CARSH because a high frequency
of radiological abnormalities in the hip joint has been
reported in patients with sJIA10,20,21. The frequency of
radiological abnormality in the hip joint was 65% even after
TCZ treatment in our present study. The CARSH worsened
by +2.3 units, and this result correlated well with the
modified Larsen score of the hips. The scores for joint space
narrowing, erosion, and subchondral cysts increased after
treatment. Avascular necrosis of the femoral head was
observed at a low frequency, consistent with a previous
study10.

MMP-3 levels were also significantly higher among
patients with radiological worsening compared to those with
radiological improvement or no radiological change
following TCZ treatment. We conclude that high MMP-3
levels, which have been reported to correlate with high
levels of IL-622,23,24 and disease activity, are an important
sign of joint progression. For patients with high MMP-3
levels during TCZ treatment, radiological evaluation of the
large joints, especially the hip joints, is recommended, even
if clinical findings and laboratory data other than MMP-3
levels are improved. Moreover, logistic regression analysis
showed that an older age at onset (mean age: 5.7 yrs) is a
risk factor for progression in the large joints. Close obser-
vation might be warranted for patients with an older age at
onset.

Our study has several limitations. The clinical and
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Table 3. Univariate analysis of factors affecting disease progression in the
large joints.

OR 95% CI p

Mean age at onset 1.02 1.307–1.674 0.034*
Female 0.675 0.194–2.352 0.573
Mean disease duration 0.791 0.635–0.986 0.037*
Mean age at the start of TCZ therapy 0.966 0.822–1.135 0.674
Mean duration of TCZ therapy 0.778 0.564–1.073 0.126
Active joint count before TCZ therapy 0.948 0.844–1.064 0.363
Limited ROM before TCZ therapy 0.934 0.811–1.074 0.337
WBC count before TCZ therapy 1 1 0.807
CRP level before TCZ therapy 1.095 0.962–1.248 0.170
ESR before TCZ therapy 1.012 0.981–1.043 0.450
MMP-3 level before TCZ therapy 1.002 0.997–1.004 0.772
FDP-E level before TCZ therapy 1 0.997–1.003 0.835
Glucocorticoid dose before 

TCZ therapy 1.091 1.008–1.181 0.030*

*Statistically significant. CRP: C-reactive protein; ESR: erythrocyte
sedimentation rate; FDP-E: fibrin degradation product-E; MMP-3: matrix
metalloproteinase-3; ROM: range of motion; TCZ: tocilizumab; WBC:
white blood cell.
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radiographic data were collected retrospectively, and
therefore the timepoints varied. Although we used the
modified Larsen score, there is no established radiological
method to accurately evaluate the progression of large joints
in children.

Our study confirms the benefits of TCZ treatment for
patients with sJIA and suggests the importance of
radiographic assessment in such cases. A prospective radio-
logical study in the future may more accurately reveal the
efficacy of this treatment.
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Correction
Discrepancy Between Clinical and Radiological 
Responses to Tocilizumab Treatment in Patients with 
Systemic-onset Juvenile Idiopathic Arthritis

Aoki C, Inaba Y, Choe H, Kaneko U, Hara R, Miyamae T,
Imagawa T, Mori M, Oba MS, Yokota S, Saito T. Discrep-
ancy between clinical and radiological responses to
tocilizumab treatment in patients with systemic-onset 
juvenile idiopathic arthritis. J Rheumatol 2014;41:1171-7. In
Materials and Methods, paragraph 1, sentence 5, the defini-
tion of high-dose should read: (0.2 mg/kg/day or more of
prednisolone). We regret the error.
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