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ABSTRACT: <<231/maximum 250 words>>

Objective. To determine whether neutropenia is associated with increased risk for infection in 

patients with systemic juvenile idiopathic arthritis (sJIA) and polyarticular-course juvenile 

idiopathic arthritis (pcJIA) treated with tocilizumab (TCZ).

Methods. Data up to week 104 from 2 phase 3 trials of intravenous TCZ in sJIA (n = 112; 

ClinicalTrials.gov, NCT00642460) and pcJIA (n = 188; ClinicalTrials.gov, NCT00988221) were 

pooled. Worst Common Toxicity Criteria grade and lowest observed absolute neutrophil count 

(ANC) were identified for each patient. Associations between patient characteristics and lowest 

observed ANC were tested using univariate regression analysis. Infection and serious infection rates 

(per 100 patient-years [PY]) in periods associated with grades 1/2 and 3/4 neutrophil counts were 

compared with rates associated with normal neutrophil counts. 

Results. ANCs decreased to grade ≥3 in 25.0% and 5.9% of sJIA and pcJIA patients, respectively, 

and decreases were transient. Young age (p = 0.047) and methotrexate use (p = 0.012) were 

positively associated with neutropenia in patients with sJIA but not in patients with pcJIA. The rate 

of serious infections in patients with sJIA (10.9/100 PY; 95% CI, 6.8-16.5) tended to be higher than 

in patients with pcJIA (5.2/100 PY; 95% CI, 3-8.5). No increase in rates of serious or nonserious 

infections was observed during periods of neutropenia in either trial.

Conclusion. Patients with JIA treated with TCZ experienced transient neutropenia that was not 

associated with an increased number of infections.

Key Indexing Terms: BIOLOGICAL THERAPY, INFECTION, JUVENILE IDIOPATHIC 

ARTHRITIS, NEUTROPHILS  
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Interleukin-6 (IL-6) is a cytokine implicated in many aspects of inflammation1, 2, making it an 

attractive target for treating a variety of chronic inflammatory diseases. Clinical trials have 

demonstrated the efficacy and safety of the anti–interleukin-6 receptor-alpha antibody tocilizumab 

(TCZ) in treating rheumatoid arthritis (RA)3-8, giant cell arteritis9, systemic juvenile idiopathic 

arthritis (sJIA), and polyarticular-course juvenile idiopathic arthritis (pcJIA)10, 11. 

Neutropenia was reported in all clinical trials performed with TCZ. In RA trials, 4.8% of patients 

reported common toxicity criteria (CTC)12 grade 3 (absolute neutrophil count [ANC] 0.5-<1 × 

109/L) neutropenia, and 0.7% reported grade 4 (ANC <0.5 × 109/L) neutropenia13. Grade 3 or grade 

4 neutropenia was also observed in phase 3 clinical trials in children with sJIA and with pcJIA; 

frequencies were 25.0% and 5.9 % of patients, respectively, during 2 years of treatment with TCZ14, 

15. In RA patients, neutropenia associated with TCZ administration was usually transient (90% of 

patients with grade 3 or 4 neutropenia experienced it on only a single visit, 2 consecutive visits, or 

nonconsecutive visits) and did not lead to treatment discontinuation16. However, the potential 

relationship between decreased neutrophil count and increased risk for infection remains a cause of 

concern, particularly in children treated with TCZ.

Treatment with sarilumab, another anti–IL-6R monoclonal antibody, leads to similar effects on 

neutrophils17. The mechanism leading to reduced neutrophil counts during IL-6R blockade remains 

unknown. Although IL-6 has been shown to have a role in the stimulation of hematopoietic 

progenitor stem cells18, a direct role on neutropoiesis has not been clearly demonstrated. IL-6 

knockout (KO) mice do not show neutropenia; however, crossing the severely neutropenic 

granulocyte–colony-stimulating factor (G-CSF) receptor KO mice with IL-6 KO mice led to further 

decrease in neutrophil counts, suggesting that IL-6 might play a role in this extreme situation19. 
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Some studies have suggested several potential mechanisms, including increased neutrophil 

apoptosis and reduced neutrophil survival, increased margination and/or migration/trafficking of 

neutrophils in peripheral tissue, and decreases in other proinflammatory cytokines, including those 

that have an effect on neutropoiesis20-22. 

We performed a secondary analysis of the data from the 2 pivotal phase 3 clinical trials of TCZ in 

patients with sJIA10 and pcJIA11 to investigate variables possibly associated with reduced neutrophil 

counts and to evaluate their relationship to the development of serious and nonserious infections. 

METHODS

Patients and study designs. TENDER (ClinicalTrials.gov, NCT00642460) was a 5-year, phase 3 

study that assessed the efficacy and safety of intravenous TCZ in 112 patients with sJIA aged 2 to 

17 years as defined by criteria of the International League of Associations for Rheumatology 

(ILAR)23 that was active and was of ≥6 months’ duration. Weight-adjusted TCZ doses were 

administered: patients were randomly assigned to receive TCZ (12 mg/kg for body weight <30 kg 

or 8 mg/kg for body weight ≥30 kg) or placebo every 2 weeks. Patients who had baseline white 

blood cell counts <5.0 × 109/L and neutrophil counts <2.5 × 109/L were excluded from enrolling. 

Additional details are included in the Appendix and have been published10.

CHERISH (ClinicalTrials.gov, NCT00988221) was a 2-year, 3-part, randomized, double-blind, 

placebo-controlled withdrawal study of the efficacy and safety of TCZ in 188 patients aged 2 to 17 

years with rheumatoid factor (RF)-positive or RF-negative pcJIA or extended oligoarticular juvenile 

idiopathic arthritis (JIA) with polyarticular course for ≥6 months before study entry according to 

ILAR criteria23. Part 1 was a 16-week, active-treatment period during which patients who weighed 

≥30 kg received TCZ 8 mg/kg and patients who weighed <30 kg were randomly assigned 1:1 to 
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receive TCZ 8 mg/kg or 10 mg/kg every 4 weeks for 4 doses. Patients who achieved at least a JIA 

ACR30 response at week 16 could enter part 2 (24-week, double-blind, placebo-controlled 

withdrawal period) and were randomly assigned to receive placebo or to continue TCZ at the same 

dose received in part 1. Part 3 was an additional 64-week, open-label TCZ extension period. 

Patients with baseline white blood cell counts <5.0 × 109/L and those with neutrophil counts <2.5 × 

109/L were excluded. Additional details of the CHERISH trial are published11. Data up to week 104 

from patients with sJIA in the TENDER trial and patients with pcJIA in the CHERISH trial were 

pooled for the current analysis.

Both studies were conducted in accordance with the Declaration of Helsinki, Good Clinical Practice 

guidelines, and local requirements, and both were approved by the institutions’ Research Ethics 

Boards (the approval number for the principal trial site 165340 for CHERISH was 73/2009 and the 

approval number for TENDER was 220 VA/cm). Parents or guardians provided written informed 

consent and patients provided written informed assent.

Study assessments. Blood cell counts were monitored at each study visit in both studies. According 

to the study protocols, TCZ administration was delayed if patients had neutrophil counts lower than 

1 × 109/L. Infection adverse events (AEs) were identified and reported as per the Medical 

Dictionary for Regulatory Activities (MedDRA) system organ class code of Infections and 

Infestations. TCZ serum concentrations were measured using an enzyme-linked immunosorbent 

assay by (Endo Drug Development, Dublin, Ireland)24. 

Statistical analysis. Analysis included the all-exposure safety population (all patients who received 

≥1 dose of TCZ and who underwent ≥1 safety assessment after TCZ administration). Placebo 

treatment periods for patients who received placebo in part 1 of TENDER and part 2 of CHERISH, 

respectively, were excluded from the analysis unless stated otherwise. Worst CTC neutropenia 

grade and lowest neutrophil counts (109/L) were graded for each patient using the National Cancer 

Institute Common Terminology Criteria for Adverse Events, version 3.012. The grading system 
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classifies severity of neutropenia as follows: grade 0, normal; grade 1, < lower limit of normal 

(LLN) to 1.5 × 109/L; grade 2, <1.5 to 1.0 × 109/L; grade 3, <1.0 to 0.5 × 109/L; and grade 4, <0.5 × 

109/L. The LLN used in the definition of grade 1 low neutrophil count was age and sex specific for 

this pediatric population. 

Associations between patient characteristics at baseline, concomitant treatments, and patients’ TCZ 

exposure estimated by the average Ctrough at the time of the lowest observed neutrophil counts were 

determined using univariate linear regression analysis. Variables that might have affected 

neutrophil counts were preselected for inclusion in the regression analysis. All variables analyzed 

were included in the results. Rates of infection and serious infection (Appendix) associated with 

neutropenia episodes were compared with corresponding rates associated with periods of normal 

neutrophil counts. 

RESULTS

Baseline demographics and disease characteristics. Baseline demographics and disease 

characteristics of all patients are shown in Table 1. At baseline, oral glucocorticoids were used by 

91% (102/112) of patients with sJIA at a mean (SD) dose of 0.3 (0.18) mg/kg/day; 69% (77/112) of 

these patients received methotrexate (MTX) (mean [SD] dose, 13.7 [8.4] mg/m2/week). Among the 

patients with pcJIA, 46% (86/188) were treated with glucocorticoids at baseline (mean [SD] dose, 

0.13 [0.05] mg/kg/day); 79% (148/188) received MTX (mean [SD] dose, 13.0 [5.8] mg/m2/week). 

Differences in demographics and characteristics between the groups (body weight ≥30 kg vs body 

weight <30 kg), including age, weight, and disease duration, were as expected according to the 

body weight–based dosing regimens.

Neutrophil count during treatment with tocilizumab. At baseline, the median (interquartile range 

[IQR]) ANC among patients with sJIA was 8.13 (6.52-12.89) × 109/L. Approximately 50% of 
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patients had ANCs exceeding their age-specific upper limit of normal range, and no patients had 

ANCs below normal at baseline. Median ANC decreased from 8.13 × 109/L at baseline to 3.93 × 

109/L within 2 weeks of the initiation of TCZ treatment, then stabilized and remained within the 

normal range up to week 104 in the group of patients with sJIA (Figure 1A). Notably, 44.6% (n = 

50) of patients with sJIA had normal ANCs or grade 1 neutropenia throughout the study. Grade 2 

neutropenia occurred in 34 patients (30.4%), grade 3 in 26 patients (23.2%), and grade 4 in 2 

patients (1.8%) (Table 2). A numerically higher proportion of patients weighing <30 kg (36% 

[21/58]) than patients weighing ≥30 kg (13.0% [7/54]) had CTC grade 3/4 neutropenia. In total, it 

occurred in 28 patients (2 had grade 4); in 14 of those patients, it occurred only once during the 

trial. One patient experienced 3 episodes of grade 3/4 neutropenia that lasted up to 14 days each. 

Grade 3 neutropenia occurred only once during an episode of macrophage activation syndrome 

(MAS); the other 4 episodes of potential or definite MAS observed in TENDER did not occur with 

low ANCs.

In patients with pcJIA, the median (IQR) baseline ANC was 4.8 (3.6-6.0) × 109/L for all patients. 

Approximately 7% of these patients had ANCs exceeding the upper limit of normal, and no patients 

had neutrophil counts below normal at baseline. The median ANC decreased after TCZ initiation 

and stabilized after week 16; similar patterns were observed in patients with pcJIA who received 

placebo in part 2 of the study (Figure 1B). Overall, 70.7% (n = 133) of patients had normal or only 

minimally decreased ANC (grade 1) throughout the study; CTC grade 2 or 3 neutropenia was 

reported in 44 (23.4%) or 11 (5.9%) patients, respectively. None of the patients with pcJIA 

experienced grade 4 neutropenia (Table 2). A greater proportion of patients with pcJIA weighing 

<30 kg and receiving TCZ 10 mg/kg (10.1% [7/69]) experienced episodes of grade 3 neutrophil 

counts than patients weighing ≥30 kg and receiving TCZ 8 mg/kg (3.4% [4/119]). 

Among these 11 patients with CTC grade 3 neutropenia, 8 experienced neutropenia only once, 2 
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experienced nonconsecutive episodes of neutropenia, and 1 experienced grade 3 neutropenia at 3 

consecutive time points over a duration of 60 days. 

Factors associated with the development of neutropenia during tocilizumab treatment. Univariate 

linear regression analysis was used to explore the association between baseline age, glucocorticoid 

and MTX use and dose, and TCZ Ctrough at the time of the lowest ANC (Figures 2A and 2B). 

In patients with sJIA, though neither glucocorticoid use (yes vs no; absolute or weight-adjusted 

dose; regression coefficient [95% CI] = 0.35 [–0.39, 1.10]; p = 0.348 or 0.27 [–0.81, 1.35]; p = 

0.616) nor TCZ Ctrough (regression coefficient [95% CI] = –0.35 [–1.11, 0.42]; p = 0.367) was 

associated with the lowest ANC, younger age showed a weak, though significant, positive 

association (regression coefficient [95% CI] = 0.47 [0.01, 0.93]; p = 0.047). Additionally, 

background MTX use was significantly associated with the lowest ANC (regression coefficient 

[95% CI] = –0.58 [–1.02, –0.13]; p = 0.012), and there was a trend toward association with the 

MTX dose (mg/m2/week) and the minimum ANC (regression coefficient [95% CI] = –0.22 [–0.45, 

0.00]; p = 0.051) (Figure 2A). None of these associations found in patients with sJIA were observed 

in patients with pcJIA (Figure 2B). Neutropenia was not associated with exposure to TCZ as 

measured by TCZ trough levels (regression coefficient [95% CI] = –0.04 [–0.14, 0.06]; p = 0.417) 

(Figure 2B). 

Infections and serious infections during treatment with tocilizumab. Among patients with sJIA, 13 

infection AEs (243.7/100 PY) were reported for 29.7% of patients during placebo exposure 

compared with 46 infection AEs (267.6/100 PY) reported for 45.3% of patients during TCZ 

exposure. By week 104, 102 of 112 (91.1%) patients reported a total of 570 infection AEs 

(282.1/100 PY). Overall, the most frequently reported infections were nasopharyngitis and upper 

respiratory tract infections. In patients with sJIA treated with TCZ, 22 serious infection AEs 

developed in 20 patients (17.9%), corresponding to a rate of 10.9/100 PY. There were 4 events each 

(2.0/100 PY) of gastroenteritis and varicella, 3 events (1.5/100 PY) of pneumonia, and 2 events 
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(1.0/100 PY) of herpes zoster. All cases of varicella or herpes zoster were treated with acyclovir, 

and all resolved without sequelae. All other serious infections were single events and also resolved 

without sequelae. 

Among patients with pcJIA, 465 infection AEs (151.4/100 PY) were reported for 134 of 188 

patients (71.3%) by week 104. The most frequently reported infections were nasopharyngitis 

(27.4/100 PY), upper respiratory tract infection (15.3/100 PY), and pharyngitis (11.7/100 PY). 

Overall, 16 serious infections were reported in 14 patients with pcJIA (7.4%), corresponding to a 

rate of 5.2/100 PY during TCZ treatment. There were 4 events (1.3/100 PY) of pneumonia and 2 

events each (0.7/100 PY) of bronchitis, cellulitis, and varicella. One case of varicella was untreated 

and 1 was treated with acyclovir; both resolved without sequelae. All other serious infections were 

single events and also resolved during the study period. 

Relationship between infection and neutropenia. Among patients with sJIA, the rate of infection 

AEs was comparable between periods of normal (276.5/100 PY), grade 1/2 (226.7/100 PY), and 

grade 3/4 neutropenia (292.5/100 PY) (Figure 3A). Infections occurring around periods of grade 1/2 

neutropenia included nasopharyngitis (15 events), upper respiratory tract infection (9 events), 

pharyngitis (4 events), and impetigo and urinary tract infection (3 events each). The remaining 

reported infections were also single events. Infections occurring around periods of grade 3/4 

neutropenia included upper respiratory tract infection (5 events), nasopharyngitis (3 events), 

gastroenteritis and conjunctivitis (2 events each), and pneumonia, rhinitis, viral infection, and 

subcutaneous abscess (1 event each). No serious infections were reported around episodes of grade 

3 or 4 neutropenia, but 2 serious infections were reported with grade 1/2 neutropenia (8.7/100 PY), 

which is similar to the rate of infection AEs (11.5/100 PY) observed during periods of normal 

neutrophil counts (Figure 3B). 

Among patients with pcJIA, rates of infection AEs during periods of normal, grade 1/2, and grade 

3/4 neutropenia were 147.8/100 PY, 176.6/100 PY, and 340/100 PY, respectively, with largely 
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overlapping confidence intervals (Figure 3C). Infections occurring around periods of grade 1/2 

neutropenia included nasopharyngitis (6 events), upper respiratory tract infection (6 events), 

pharyngitis (4 events), respiratory tract infection (3 events), and gastroenteritis, influenza, 

pediculosis, localized infection, and rhinitis (2 events each). All other infections were single events. 

Infections with grade 3/4 neutropenia included upper respiratory tract infection and influenza (2 

events each) and mumps, tracheitis, and nasopharyngitis (1 event each). No serious infections were 

reported around episodes of neutropenia of any grade. All 16 serious infections occurred during 

periods of normal neutrophil counts and ≥30 days from neutrophil counts below the lower limit of 

normal (Figure 3D).

DISCUSSION 

Neutropenia was reported in the 2 pivotal trials of TCZ in patients with JIA, with grade ≥3 events 

occurring in 19 of 112 patients with sJIA (17%) after 52 weeks10 and in 7 of 188 patients with 

pcJIA (3.7%) after 40 weeks11. This secondary analysis included data for up to 2 years of TCZ 

treatment in each trial, identified potential risk factors for the development of neutropenia, and 

investigated whether there was a temporal association between neutropenia and the occurrence of 

infections. In this analysis, grade ≥3 neutropenia was observed in 25.0% of the patients with sJIA 

and in 5.9% of the patients with pcJIA. Risk factors for neutropenia included young age and MTX 

use in patients with sJIA but not in patients with pcJIA. Rates of infection (serious or nonserious) 

were similar during times of normal or near-normal ANC (grade 1 and grade 2 neutropenia) and 

periods of more pronounced reduction of neutrophil counts (grade 3 or 4 neutropenia) in patients 

with sJIA and in those with pcJIA. Grade ≥3 neutropenia has been reported in clinical trials of TCZ 

in patients with RA. In a recent long-term pooled analysis of the pivotal phase 3 and 4 clinical trials 

of TCZ in RA (16,204.8 PY of TCZ exposure), grade 3 neutropenia occurred in 5.4% of patients 

and grade 4 neutropenia occurred in <1% of patients18. Hence, the frequency of neutropenia in 
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patients with pcJIA (5.9%) reported here is comparable to that reported in patients with RA. As 

might be expected, neutropenia was more common among RA patients who received TCZ 8 mg/kg 

than those who received TCZ 4 mg/kg per month4, 6. Together with the data from patients with sJIA 

reported here, this suggests that higher TCZ exposure is associated with more frequent neutropenia4, 

6. However, we did not observe a direct relationship between TCZ mean serum concentrations and 

ANC in patients with sJIA or in those with pcJIA. This suggests that other factors may also 

contribute to the development of decreases in neutrophil count. Although this study lacked the 

power for more informative multivariate analysis, it is worth noting that, based on univariate 

analysis, MTX background therapy was a risk factor for neutropenia in patients with sJIA. 

However, it was not a risk factor in patients with pcJIA and has not been reported as a risk factor in 

patients with RA treated with TCZ3. Moreover, in a meta-analysis of Japanese patients with RA 

treated with TCZ monotherapy, the incidence of grade 3 neutropenia (6%)25 was not different from 

that reported in global trials in which TCZ was used in combination with MTX16. It is possible that 

other disease-related factors are involved in the development of neutropenia or that the effect of 

MTX on neutrophil counts is evident only with higher doses of TCZ, such as those administered to 

patients with sJIA. Given the limited, if any, efficacy of MTX in sJIA26, holding TCZ is 

recommended in patients with neutrophil counts <1.0 × 109/L, and withdrawing MTX or dose 

reduction might be considered. 

It is well known that the use of glucocorticoids is associated with neutrophilia because 

glucocorticoids inhibit neutrophil apoptosis in humans27. The current analysis showed that 

glucocorticoid use (yes or no) and weight-adjusted glucocorticoid dose were not significantly 

associated with lowest neutrophil count. This finding suggests that glucocorticoid treatment does 

not mask neutropenia in patients treated with TCZ. It should be noted that a potential limitation in 

the current study is the reduction in glucocorticoid dose over the course of the study as patients’ 

disease improved.
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In both sJIA and pcJIA, children in the lower weight category had a higher frequency of grade 3 

neutropenia; analysis of the relationship between lowest neutrophil count and several variables 

showed a significant association only for age and only in patients with sJIA. It is well known that 

the prevalence of neutropenia is higher in younger subjects. In a US-based epidemiological study, 

neutropenia was observed in 3.7% of children aged 3 to 5 years but in only 1.5% of adolescents 

aged 15 to 17 years and in 0.72% of adults28.

Our data support the finding that the rate of serious infections in children with sJIA treated with 

TCZ (10.9/100 PY; 95% CI, 6.8-16.5) tends to be higher than in children with pcJIA treated with 

TCZ (5.2/100 PY; 95% CI, 3-8.5) and still higher than reported in adult patients with RA treated 

with TCZ with or without MTX (4.4/100 PY; 95% CI, 4.1-4.8)16. This result is consistent with 

observations of other treatments previously reported. For example, in patients with sJIA treated 

with anakinra, the rate of infections was approximately 6/100 PY in a multicenter retrospective case 

series of 46 patients29 and 26/100 PY in a randomized, double-blind, placebo-controlled study in 22 

patients30. Similarly, in a large US report on infections in patients with JIA, Beukelman et al31 

showed a risk for infections requiring hospital admission in anakinra users (primarily patients with 

sJIA) at a rate of 8.4/100 PY. In agreement with these findings, preliminary results from the 

Pharmachild Registry showed that the risk for infection was significantly increased in patients with 

sJIA (approximately 2-fold higher) than in patients with other JIA subtypes32. Indeed, the rate of 

serious infection reported in trials of patients with pcJIA treated with tumor necrosis factor 

inhibitors ranges from 2/100 PY to 4/100 PY33, 34. These numbers are consistent with a recent large 

study in patients with JIA observed for approximately 13,000 PY that showed an overall rate of 

2.8/100 PY for bacterial infections that necessitated hospital admission, which was 2-fold higher 

than in the control population (patients with attention-deficit hyperactivity disorder) and 3.5-fold 

higher in patients who received tumor necrosis factor inhibitors with or without MTX35. 
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Altogether, the data reported here support the idea that susceptibility to infections is a feature of JIA 

and the conclusion that inflammation/autoimmunity predisposes children to infections; this 

predisposition may be amplified by individual treatments. Furthermore, glucocorticoids, 

particularly at high doses, are known to increase the risk for infections in adults with RA36-39 and in 

children with JIA32, 35. Patients with sJIA are more commonly treated with higher doses of 

glucocorticoids than patients with pcJIA; this was also true for the populations analyzed in this 

study. 

In the sJIA and the pcJIA trials, we found a numerically higher rate of infections around grade 3 or 

4 neutropenia than around normal or grade 1 or 2 neutropenia; however, serious infections were not 

more commonly reported during periods of grade 3 and 4 neutropenia than around normal or grade 

1 and 2 neutropenia. It is worth noting that we evaluated the occurrence of infections during grade 

≥3 neutropenia over a duration of 5.5 years in patients with sJIA and 2.1 years in patients with 

pcJIA. In a recent observational study in patients with severe congenital neutropenia, the rate of 

serious infection was 232/100 PY before the administration of G-CSF and 38/100 PY after 

diagnosis and the administration of G-CSF40. 

A number of hypotheses may be consistent with the lack of an association between decreased ANCs 

during TCZ treatment and the occurrence of infections. It is possible that blockade of IL-6 may 

modulate the circulating pool of neutrophils by shifting them from the circulating to the marginated 

pools21, 41, or increasing their transit time through the bone marrow, or both21,42. Moreover, after 

TCZ administration, neutrophils are fully functional and show no impairment in their antibacterial 

functions40. 

In conclusion, our findings indicate that neutropenia in patients with sJIA and patients with pcJIA 

who were treated with TCZ was transient and was not associated with the development of infections 

and serious infections. 
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FIGURE LEGENDS

Figure 1. (A) Median (IQR) neutrophil count in sJIA patients treated with TCZ for up to 2 years. 

(B) Median (IQR) neutrophil count in pcJIA patients stratified by part 2 randomized treatment. 

IQR: interquartile range; pcJIA: polyarticular-course juvenile idiopathic arthritis; sJIA: systemic 

juvenile idiopathic arthritis; TCZ: tocilizumab.

Figure 2. Association between baseline and pharmacokinetic variables with neutrophil counts based 

on univariate regression analysis in (A) patients with sJIA and (B) patients with pcJIA. Differences 

are regression coefficients against each variable. For example, 0.47 for age (A) means that older age 

(per 10 years) corresponds to an increase in the lowest neutrophil count by 0.47 × 109/L. CI: 

confidence interval; Ctrough: within-subject average trough TCZ concentration; MTX: methotrexate; 

pcJIA: polyarticular-course juvenile idiopathic arthritis; sJIA: systemic juvenile idiopathic arthritis; 

TCZ: tocilizumab.

Figure 3. Rates of (A) infection and (B) serious infection during ±15 days of normal neutrophil 

count, grade 1 or 2 neutrophil count, and grade 3 or 4 neutrophil count in patients with sJIA treated 

with tocilizumab. Rates of (C) infection and (D) serious infection during ±30 days of normal 

neutrophil count, grade 1 or 2 neutrophil count, and grade 3 or 4 neutrophil count in patients with 

pcJIA treated with tocilizumab. AE: adverse event; CTC: Common Toxicity Criteria; pcJIA: 

polyarticular-course juvenile idiopathic arthritis; PY: patient-years; sJIA: systemic juvenile 

idiopathic arthritis.
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Table 1. Baseline demographics and disease characteristics of all patients  

 

Characteristic sJIA pcJIA 

All 

N = 112 

BW <30 kg 

n = 58 

BW ≥30 kg 

n = 54 

All 

N = 188 

BW <30 kg 

n = 69 

BW ≥30 kg 

n = 119 

Mean age, 

years (SD) 

9.7 (4.6) 

 

6.4 (3.2) 13.2 (2.9) 11.0 

(4.0) 

7.2 (2.9) 13.1 (2.8) 

Female, n (%) 56 (50) 27 (47) 29 (54) 144 (77) 54 (78) 90 (76) 

Mean body 

weight, kg 

(SD) 

33.8 

(19.6) 

 

 

20.1 (5.9) 48.5 (18.5) 39.6 

(17.3) 

21.5 (5.5) 50.0 (12.6) 

Mean disease 

duration, years 

(SD) 

5.2 (4.1) 

 

 

3.7 (3.1) 6.7 (4.5) 4.2 (3.7) 3.5 (2.46) 4.7 (4.2) 

Mean baseline 

neutrophil 

count, 10
9
/L 

(SD) 

10.7 

(6.9) 

 

 

 

11.4 (7.4) 9.9 (6.3) 5.4 (3.2) 5.6 (2.0) 5.2 (3.7) 

Baseline GC 

use, n (%) 

102 (91) 

 

56 (97) 46 (85) 86 (46) 33 (48) 53 (45) 

Mean baseline 

GC dose,
a
 

0.33 

(0.18) 

0.39 (0.18) 0.26 (0.16) 0.13 

(0.05)   

0.15 (0.04) 0.12 (0.05) 
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mg/kg/day 

(SD) 

 

 

 

Baseline MTX 

use, n (%) 

77 (69) 

 

46 (79) 31 (57) 148 (79) 59 (86) 89 (75) 

Mean baseline 

MTX dose,
a
 

mg/week (SD) 

13.7 

(8.4) 

 

 

13.1 (10.1) 14.6 (4.8) 13.0 

(5.8) 

15.1 (8.1) 11.6 (2.7) 

Patients with sJIA weighing <30 kg received TCZ 12 mg/kg every 2 weeks, and those weighing 

≥30 kg received TCZ 8 mg/kg every 2 weeks. Patients with pcJIA weighing <30 kg received 

TCZ 8 mg/kg or TCZ 10 mg/kg every 4 weeks, and those weighing ≥30 kg received TCZ 8 

mg/kg every 4 weeks. 

a
Mean dose based on patients who were taking GC or MTX only. 

BW: body weight; GC: glucocorticoids; MTX: methotrexate; pcJIA: polyarticular-course 

juvenile idiopathic arthritis; SD: standard deviation; sJIA: systemic juvenile idiopathic arthritis. 
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Table 2. Worst CTC grade of neutropenia during the first 2 years of TCZ treatment in sJIA and 

pcJIA patients by BW group   

CTC Grade sJIA pcJIA 

All 

N = 112 

BW <30 kg 

n = 58 

BW ≥30 kg 

n = 54 

All 

N = 188 

BW <30 kg 

n = 69 

BW ≥30 

kg 

n = 119 

Grade 0-1, n 

(%) 

1.5 × 10
9
/L to 

normal 

50 (44.6) 21 (36.2) 29 (53.7) 133 

(70.7) 

49 (71.0) 84 (70.6) 

Grade 2, n (%) 

1.0 to <1.5 × 

10
9
/L 

34 (30.4) 16 (27.6) 18 (33.3) 44 (23.4) 13 (18.8) 31 (26.1) 

Grade 3, n (%) 

0.5 to <1.0 × 

10
9
/L 

26 (23.2) 19 (32.8) 7 (13.0) 11 (5.9) 7 (10.1) 4 (3.4) 

Grade 4, n (%) 

<0.5 × 10
9
/L 

2 (1.8) 2 (3.4) 0 0 0 0 

Patients with sJIA weighing <30 kg received TCZ 12 mg/kg every 2 weeks, and those weighing 

≥30 kg received TCZ 8 mg/kg every 2 weeks. Patients with pcJIA weighing <30 kg received 

TCZ 8 mg/kg or TCZ 10 mg/kg every 4 weeks, and those weighing ≥30 kg received TCZ 8 

mg/kg every 4 weeks. 
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BW: body weight; CTC: Common Toxicity Criteria; pcJIA: polyarticular-course juvenile 

idiopathic arthritis; sJIA: systemic juvenile idiopathic arthritis; TCZ: tocilizumab.�
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