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Background: Kawasaki disease (KD) is a leading cause of acquired heart disease in children in developed countries. While
intravenous immunoglobulin (IVIG) is the standard treatment, 10-20% of patients do not respond to IVIG. Given the significant
role of interleukin-6 (IL-6) in KD pathophysiology, targeting IL-6 may offer a therapeutic option for IVIG-resistant KD.
Objective: This study aims to evaluate the efficacy and safety of tocilizumab (an IL-6 receptor antagonist) in the treatment of IVIG-
resistant KD through a retrospective analysis of clinical data.

Methods: Clinical data from five KD patients treated with tocilizumab (TCZ) at Jiangxi Children’s Hospital from January 2023 to
February 2024 were retrospectively analyzed. All patients met the 2017 American Heart Association diagnostic criteria for KD and
received a single dose of TCZ. Data on clinical manifestations, laboratory indicators, and coronary artery changes before and after
TCZ treatment were collected.

Results: Four of the five patients had a KOBAYASHI score >4, and initial IVIG and glucocorticoid treatments were ineffective.
Following TCZ administration, body temperature normalized within 12 hours in three patients, and inflammatory markers, including
C-reactive protein and interleukin-6, returned to normal levels. Coronary artery dilation was observed in 75% of patients pre-TCZ;
post-TCZ, coronary arteries normalized in three patients, while one patient experienced progressive right coronary artery dilation. No
adverse events were reported following TCZ administration.

Conclusion: Tocilizumab effectively controls systemic inflammation and improves coronary artery outcomes in IVIG-resistant KD
patients, with no observed adverse events. Larger studies are necessary to confirm these findings and further investigate long-term
effects on coronary artery health.
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Introduction

Kawasaki disease (KD), also known as mucocutaneous lymph node syndrome, was first identified by Dr. Fujio Kawasaki
in Japan in 1967." While the etiology and pathogenesis of KD remain unclear, current understanding suggests that acute
systemic non-specific vasculitis in genetically susceptible children may be triggered by infectious factors.” Interleukin-6
(IL-6), a pleiotropic cytokine, plays a significant role in various inflammatory and immune-related disorders, including
KD.? Lymphocyte activation drives vascular inflammation in KD, releasing cytokines such as IL-1, IL-6, and TNF-a
intensifying the immune response and leading to systemic vascular inflammation.*-> Clinical data indicate that IL-6 levels
are significantly higher in the IVIG-resistant KD group compared to the [IVIG-responsive group, suggesting an associa-
tion between IL-6 overexpression and IVIG resistance.”’” Tocilizumab, an IL-6 receptor antagonist and humanized
monoclonal antibody, inhibits IL-6 signaling by antagonizing both membrane-bound and soluble IL-6 receptors,
delivering targeted anti-inflammatory effects, and is widely used for various autoimmune diseases.® Current treatments
for IVIG-resistant KD include glucocorticoids, secondary IVIG, and infliximab. However, due to a limited early
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understanding of IL-6’s role in KD pathogenesis, there is minimal clinical experience and research on IL-6 receptor
antagonists in KD treatment. This study aims to evaluate the clinical efficacy, safety, and impact on coronary artery
damage of tocilizumab for IVIG-resistant KD through a retrospective analysis of clinical data from five cases treated with
tocilizumab.

Patients and Methods

This study retrospectively analyzed KD patients admitted to the Rheumatology and Immunology Department of Jiangxi
Children’s Hospital from January 2023 to February 2024. The inclusion criteria were as follows: (1) diagnosis of
Kawasaki disease, with both typical and incomplete forms meeting the 2017 American Heart Association diagnostic
criteria;” IVIG-resistant KD, defined as persistent fever 36 hours post-IVIG treatment or recurrence of typical KD
symptoms during a previously afebrile phase, met specific diagnostic criteria.’ (2) Single-dose tocilizumab treatment,
following the dose recommendations for systemic juvenile idiopathic arthritis: 12 mg/kg per dose for children weighing
under 30 kg and 8 mg/kg per dose for children over 30 kg.'® Exclusion criteria included: (1) KD patients previously
treated with IVIG before admission; (2) KD patients who received immunosuppressants or other biological agents; (3)
KD patients with other rheumatic or immune diseases.

We analyzed the clinical manifestations, laboratory indicators, and imaging results of five KD patients before and
after tocilizumab administration. Data collection included temperature measurements on the day before administration,
the day of administration, and on days one, two, three, and seven post-administration, as well as laboratory indicators
recorded at admission and five days after tocilizumab treatment. A descriptive analysis, including statistical summaries
and graphical representations, was conducted on the data collected.

Coronary artery damage was assessed using echocardiogram results. The coronary artery Z-score was calculated
based on each child’s gender, age, weight, and echocardiogram data.” The classification was as follows: no coronary
artery dilation (Z-score < 2.0), coronary artery dilation (2.0 < Z-score < 2.5), small aneurysm (2.5 < Z-score < 5.0),
medium aneurysm (5.0 < Z-score < 10.0), and giant aneurysm (Z-score > 10.0).

Results

The specific clinical characteristics of these five patients are detailed in Table 1. Eighty percent of the patients presented
with typical KD manifestations. Four patients exhibited prominent joint symptoms, mainly swelling or pain in the lower
limb joints. One patient experienced convulsions during fever, and three exhibited gastrointestinal symptoms, including
skin jaundice, diarrhea, and abdominal distension. One patient had complications of macrophage activation syndrome
and severe pneumonia, while none had Kawasaki disease shock syndrome. All patients tested negative for COVID-19
nucleic acid or antigen, and 75% had a KOBAYASHI score above 4. Initial IVIG treatment failed to control clinical
symptoms.

Three patients (patients 2, 3, and 4) received 2—6 mg/kg/day intravenous methylprednisolone before TCZ adminis-
tration, with no improvement in symptoms. Patient 2 developed hyperferritinemia following methylprednisolone shock
therapy. Patients 1 and 5 received a second IVIG combined with 2—4 mg/kg/day intravenous methylprednisolone before
TCZ treatment. Patient 1 continued to experience recurrent fever, while Patient 5 showed slight temperature improve-
ment but a progressive increase in inflammatory markers. Four patients had coronary artery dilation before tocilizumab,
including two with small aneurysms.

Following TCZ administration, coronary artery diameters returned to normal in three of the four patients with initial
dilation. However, as shown in Table 2, one patient (Patient 1) exhibited progressive dilation of the right coronary artery.
As illustrated in Figure 1, this dilation peaked eight weeks after onset, reaching a diameter of 7 mm (z-score 13.3). By
37 weeks post-onset, the coronary artery had retracted to a diameter of 3.8 mm, with a z-score of 4.65. Notably, in the
third week of illness, when significant coronary dilation was observed in Patient 1, examinations of the aortic branches
and peripheral arteries revealed no other arterial involvement.

Clinically, KD-related symptoms gradually subsided in all patients following TCZ treatment. All patients exhibited
fingertip desquamation post-treatment, and four patients with joint pain experienced symptom regression. Additionally,
liver function returned to normal in three patients. As shown in Figure 2, TCZ had a notable effect on body temperature
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Table | Characteristics of Tocilizumab-Treated Kawasaki Disease Patients

inflammatory storms

Patient Sex Age iKD | KOBAYASHI Pretreatment with TCZ Reason Coronary Coronary Follow-
No. (Years) Score Dilation Dilation up
1 2 Glucocorticoid | Methylprednisolone | Aspirin TCZ Before after TCZ | Duration
Dose Doses Pulse Treatment TCZ (Months)
of of After
IVIG IVIG Onset
(Day)
| M 3.16 N 6 Y Y Y N Y 8 Uncontrollable clinical Y Y 8
symptoms
2 F 3.17 N 2 Y N Y Y Y 10 Uncontrollable clinical Y N 2
symptoms;
thrombocytopenia;
Hyperferriinemia
3 F 2.83 N 6 Y N Y N Y 7 Uncontrollable clinical Y N 6
symptoms
4 M 6.83 Y 5 Y N Y N Y 7 Recurrent fever; N N 12
Hyperferriinemia
5 M 233 N 2 Y Y Y Y Y 9 Uncontrollable Y N 12

Abbreviations: M, Male; F, Female; Y, Yes; N, No; iKD, incomplete KD; TCZ, Tocilizumab.
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Table 2 Specific Changes in Coronary Artery of Patient |

Number of Days of Onset 4 7 10 days (Day 3 | 3 weeks | 5 weeks | 8 weeks | 12 weeks | 20 weeks | 37 weeks
Days | Days after TCZ)

Diameter of left anterior 2.1 23 25 24 1.9 22 22 2.1 2.1

descending artery (mm)

Z value of left anterior 1.57 | 2.15 2.73 2.33 0.84 1.66 1.66 1.23 1.1

descending artery

Diameter of right coronary 2.8 2.6 29 5.2 6.2 7 6.9 6.3 38

artery (mm)

Z value of right coronary 2.7 2.15 2.96 8.83 11.33 13.3 13.04 1.2 4.65

artery

Abbreviation: TCZ, Tocilizumab.

control. Four patients who had recurrent high fevers before treatment achieved normal body temperatures within one-day
post-administration. None of the patients experienced fever following TCZ treatment.

As shown in Figure 3, laboratory indicators improved significantly following TCZ treatment. Elevated white blood
cell counts decreased in three patients (median 9.06x10%/L), and lymphocyte counts normalized in all five patients
(median 2.75x10°/L). C-reactive protein (CRP), initially elevated with a median of 109 mg/L, decreased substantially to

4 Days Of Onset 8 Weeks Of Onset 37 Weeks Of Onset

RCA
D=2.8mm
~2.7

s

-
.

Figure | Doppler image of right coronary artery dilatation in Patient |.
Abbreviations: RCA, Right Coronary Artery; D, Diameter.
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Figure 2 Temperature changes of 5 patients.
Abbreviation: TCZ, Tocilizumab.
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Figure 3 Laboratory Parameters of Tocilizumab-treated Kawasaki Disease Patients.
Abbreviations: WBC, White blood cell; CRP, C-reactive protein; NT-proBNPcount, N-terminal pro-B-type natriuretic peptide.

a median of 1.02 mg/L post-treatment. Similarly, interleukin-6 levels showed a marked reduction from a median of
461.05 pg/mL pre-treatment to 26.35 pg/mL post-treatment. NT-proBNP levels, tested in three patients, decreased from
a median of 1503 pg/mL pre-treatment to 50.8 pg/mL post-treatment, indicating improved cardiac status.

Discussion

With the gradual understanding of the pathogenesis of Kawasaki disease, targeted cytokine therapy has emerged as an effective
treatment for treating [VIG-resistant cases. Tumor necrosis factor-a antagonists have proven effective for [VIG-resistant KD, and
IL-1 antagonists are increasingly used in refractory cases.'' The fundamental pathological feature of Kawasaki disease is systemic
vasculitis, with pathological examinations showing local infiltration of inflammatory cells, such as granulocytes and macro-
phages, alongside tissue necrosis.'* In the LCWE-induced mouse model of Kawasaki disease, increased production of inflam-
matory cytokines (including IL-1, IL-6, and TNF-a) is associated with heart disease, particularly coronary artery damage.'
Clinical studies further indicate a significant rise in these cytokines during the acute phase of Kawasaki disease, followed by
a substantial decrease in the recovery phase.*'*!'> Our analysis of C-reactive protein and interleukin-6 levels, as well as body
temperature changes in these five patients, demonstrates that the systemic inflammatory response was effectively controlled post-
TCZ treatment.

Research findings indicate that abnormal immune activation in Kawasaki disease is closely linked to the suppres-
sion of regulatory T cells (Tregs) during the acute phase.'® Reduced Treg numbers and impaired function significantly
contribute to the onset and progression of Kawasaki disease.!” Studies have shown that IL-6 may downregulate
FOXP3+ Tregs, promoting pro-inflammatory Tregs and reducing Treg stability, which exacerbates vasculitis in the
acute phase.'® Additionally, IL-6 has been shown to induce thrombocytosis and contribute to vasculitis and endothelial
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damage by initiating a cascade reaction.'” The relationship between serum IL-6, the IVIG response, and coronary
artery aneurysms (CAA) in Kawasaki disease remains largely unexplored. However, overexpression of 1L-6-related
genes has been linked to IVIG non-responsiveness.”’ Clinical data indicate that patients with Kawasaki disease
complicated by CAA have IL-6 sub-levels 2.13 times higher than those with normal coronary arteries.>’ A 2019
study from Japan suggested that IVIG resistance is associated with inadequate monocyte suppression and increased
T lymphocyte activity, particularly activation of the CD8-related immune system.”> The continuous release of
inflammatory factors like IL-6 and TNF-a from monocytes and T lymphocytes drives IVIG resistance.”® Further
studies on serum cytokines in Kawasaki disease have identified IFN-y, IL-6, and other cytokines as independent risk
factors for IVIG-unresponsive cases.” Given the critical role of IL-6 in Kawasaki disease pathophysiology, IL-6
antagonism presents a feasible therapeutic approach.

Research on the application of IL-6 receptor antagonists in Kawasaki disease remains limited in both animal models and
clinical studies. Porritt et al reported that IL-1 antagonists could control LCWE-induced KD vasculitis, whereas IL-6
receptor antagonists could not.** However, this study assessed the aorta and abdominal aorta, not the coronary artery.
Experimental data indicated that IL-6 receptor antagonists effectively reduced serum SAA levels, suggesting their efficacy
in managing systemic inflammation.”> In clinical research, Nozawa et al conducted a prospective small-sample study in
2017, demonstrating that IVIG-non-responsive KD patients treated with tocilizumab showed improvement in systemic
inflammation. However, 50% (2 out of 4 cases) of these patients developed giant coronary artery aneurysms post-treatment.
Based on these findings, Nozawa et al suggested that tocilizumab might contribute to coronary artery aneurysms in KD
patients. In our study, one patient developed aneurysm-like dilation after treatment; this patient had extensive systemic
involvement, including high inflammation, hypoproteinemia, jaundice, joint effusion, and a Kobayashi score of 6, a known
risk factor for coronary dilation. In contrast, 80% of patients in our cohort did not experience progressive coronary artery
dilation after tocilizumab, and two patients’ dilated coronary arteries returned to normal following treatment. These findings
suggest that the impact of tocilizumab on coronary arteries in KD patients requires further investigation.

Conclusion

In summary, this retrospective study highlights the potential efficacy and safety of tocilizumab for treating IVIG-resistant KD.
Tocilizumab significantly improved systemic inflammatory markers and coronary artery outcomes in this small cohort, with no
adverse events observed. These findings indicate that tocilizumab may offer a viable treatment alternative for refractory KD,
introducing a new therapeutic pathway for patients unresponsive to conventional IVIG and glucocorticoid therapies. The
limitations of the study, including the small sample size and absence of a control group, particularly the lack of comparison
with other biological agents, highlight the need for larger, controlled trials to confirm these findings and clarify tocilizumab’s long-
term effects on coronary artery health in Kawasaki disease patients. Future research should target a broader patient population with
extended follow-up to better define tocilizumab’s therapeutic role in KD management. Addressing these gaps will enable a more

comprehensive treatment strategy for KD, ultimately improving outcomes for patients with this challenging disease.

Ethical Approval
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