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Abstract

Background and Objectives Intravenous immunoglobulin (IVIG) therapy for acute-stage Kawasaki disease (KD) is the
first-line treatment for preventing the development of coronary artery aneurysms (CAA). Corticosteroids (prednisolone) and
infliximab are often used in patients at a high risk of CAA or those with CAA at diagnosis; however, there are only a few
reports of non-responders to corticosteroids as an adjuvant therapy or rescue alternative to IVIG. In this study, we compared
the therapeutic effects of primary and secondary prednisolone with IVIG for KD.

Methods We established the following three protocols: A was a secondary rescue prednisolone protocol; B was no predni-
solone and second-line infliximab protocol, and C was the primary prednisolone protocol. The indication for prednisolone
administration was based on the following: primary prednisolone administration, Kobayashi score; and secondary admin-
istration, Shizuoka score.

Results Four hundred and sixty-nine patients were enrolled in the three protocols. A comparison between primary and
secondary prednisolone and IVIG, as the first-line therapy revealed that the number of first non-responders in C group was
7 (8.3%), which was significantly lower than the 50 (20.9%) in A group. There was a significant difference in the first and
second non-responders among the three groups, and the number of non-responders in A group was 6 (2.5%), which was sig-
nificantly lower than the 13 (9.9%) in B group (p < 0.001, by Bonferroni test). The multivariate logistic regression analysis
showed that IVIG non-responders among the protocol groups had an adjusted odds ratio of 6.47. Fifteen IVIG non-responders
were administered infliximab as a second-line therapy, and of them, 9 (60%) showed therapy resistance. CAA occurred in
21 patients (4.6%). There was no significant difference among each protocol group.

Conclusions The number of IVIG non-responders in the group with prednisolone administration was lower than that in the
group without prednisolone administration. Secondary rescue infliximab therapy for IVIG non-responders resulted in a lower
defervescence effect than the secondary rescue IVIG with prednisolone administration. Further prospective randomized
studies are needed to identify factors useful for preventing IVIG non-responders and determine the optimal rescue therapy
for preventing CAA.

1 Introduction

Kawasaki disease (KD) is the leading cause of acquired
heart disease in children. It is an acute, self-limited, systemic
vasculitis of unknown etiology that typically presents in
early childhood. Coronary artery aneurysms (CAAs) occur
in 15-25% of untreated patients [1]. One of the most widely
administered therapies is intravenous immunoglobulin
(IVIG), which substantially reduces the incidence of CAA
[2, 3]. Randomized controlled studies and meta-analyses [4,
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5] have confirmed that IVIG plus aspirin compared with
aspirin alone reduces the risk of CAA, and thus, this treat-
ment is now used as the standard therapy. However, some
patients with KD do not respond to IVIG therapy and show
persistent fever or the return of symptoms within 48 h. The
proportion of patients with KD who did not respond to initial
IVIG therapy was 11-23% [6-8]; the disease was compli-
cated by CAA in 10-15% of these patients [9]. No prospec-
tive trial has been carried out to evaluate rescue therapy in
initial IVIG non-responders for KD; thus, new more effec-
tive therapies are needed to prevent CAA.

A previous study reported that physicians are reluctant
to administer corticosteroids for acute KD [10]; nonethe-
less, previously used drugs such as corticosteroids and drug

A\ Adis


http://orcid.org/0000-0003-2713-321X
http://crossmark.crossref.org/dialog/?doi=10.1007/s40261-020-00984-6&domain=pdf

78

H. Sakai et al.

We aimed to compare the therapeutic effects of primary
and secondary prednisolone with intravenous immu-
noglobulin for Kawasaki disease and established three
treatment protocols (A, secondary rescue prednisolone
protocol; B, no prednisolone and second-line infliximab
protocol; and C, primary prednisolone protocol).

Four hundred and sixty-nine patients were enrolled, with
245 in A group, 136 in B group, and 88 in C group.

The number of non-responders in the group with pred-
nisolone administration was lower than that in the group
without prednisolone administration. Secondary rescue
infliximab therapy for intravenous immunoglobulin
non-responders resulted in a lower defervescence effect
than secondary rescue intravenous immunoglobulin with
prednisolone.

combinations have been reassessed [11-13]. The Japanese
Society of Pediatric Cardiology revised the Guidelines for
Medical Treatment of Acute Kawasaki Disease based on
the results of the Japanese RAISE study [14]; that is, cor-
ticosteroids can be used as primary therapy if a patient’s
risk score for predicting an IVIG non-responder indicates
severe KD. The study also endorsed corticosteroid as rescue
therapy for IVIG non-responders [15]. A systematic review
and meta-analysis of 16 controlled studies involving 2746
patients treated with IVIG plus corticosteroid versus IVIG
alone concluded that the efficacy of corticosteroids for pro-
tecting against CAA was inversely related to the duration of
illness before corticosteroid administration [16]. However,
it remains unclear whether combination therapy is effective
in a real-world clinical setting.

An important issue in the administration of corticosteroid
regimens for KD therapy is whether it should be used as a
primary therapy adjuvant to IVIG or as a rescue alternative
to IVIG. We previously reported that serum C-reactive pro-
tein (CRP) level after initial IVIG therapy is a good predictor
of IVIG non-responders in patients with KD [17]. Targeted
use of prednisolone with IVIG as second-line therapy for
refractory KD with a high serum CRP level (> 10 mg/dL
after the first IVIG) was considerably more effective and
appeared to lower the incidence of CAA than the second
round of IVIG alone [18]. However, our previous research
could not compare with the RAISE study [14] can be used
as IVIG with primary corticosteroid therapy if a patient’s
risk score for predicting an IVIG non-responder indicates
severe KD. Various corticosteroid regimens are used in
patients who fail to respond to IVIG therapy. Reports on the
advantages and disadvantages of corticosteroid regimens,
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including primary or rescue corticosteroid regimens, for KD
are limited. We conducted this study to investigate appropri-
ate timing to add prednisolone with KD therapy. Addition-
ally, options for rescue therapy are based on agents with
established effectiveness in other vasculitides, including
inhibitors of tumor necrosis factor (TNF-o) [19], immuno-
suppressive agents, and plasmapheresis [20]. This study was
conducted to compare the therapeutic effects of predniso-
lone with IVIG for KD and therapeutic options for IVIG
non-responders.

2 Patients and Methods
2.1 Study Population

The subjects received a diagnosis of KD based on the Diag-
nostic Guideline for KD by the attending physicians of insti-
tutions involved in the Shizuoka Kawasaki Disease Study
Group (SKDSG). Patients who met at least five criteria for
typical KD or four criteria for atypical KD with CAA were
diagnosed as definitely having KD; those who met less than
four criteria and had no other diagnoses were diagnosed as
having incomplete KD [21]. Patients with typical and atypi-
cal KD were included in this study. This trial was conducted
in accordance with the ethical principles of the Declaration
of Helsinki and in compliance with Good Clinical Practice
and related regulations. The study was reviewed and approved
by the ethics committee of Shizuoka Children’s Hospital and
all participating institutions. Patients and their guardians pro-
vided written informed consent before enrollment or informed
consent was obtained as an opt-out and inclusion agreement
based on the Japanese Ethical Guidelines for Medical and
Health Research Involving Human Subjects. Some institutions
posted an explanation of this study on their web homepage.
When a subject was not willing to participate, his/her data
were excluded from the analysis.

2.2 Methods

This was a prospective cohort study that aimed to com-
pare the therapeutic effects of prednisolone with those of
IVIG for KD and identify therapeutic options for IVIG non-
responders. This study was registered as a clinical trial at
UMIN (UMINO000025707). This multicenter study was car-
ried out from October 1, 2016 to March 31, 2019 by the
SKDSG, which consists of the following 12 institutions:
Shizuoka Children’s Hospital, Shizuoka General Hospi-
tal, Shizuoka Saiseikai General Hospital, Shizuoka City
Shimizu Hospital, Shizuoka City Hospital, Fuji City General
Hospital, Seirei Numazu Hospital, Shizuoka Kosei Hospital,
Shizuoka Red Cross Hospital, Yaizu City Hospital, Fujieda
Municipal General Hospital, and Chutoen General Medical
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Center. Each hospital independently decided to select the
one protocol from the three protocols (A, B, and C) for KD
therapy before participating in the study.

2.3 Protocol

In Japan, clinical risk scores are used in clinical practice to
identify patients at a high risk of not responding to IVIG
and developing CAA [22-24]. Recently, patients with KD
have been treated following the RAISE protocol at numerous
institutions using the scoring system [14, 25]. In the SKDSG,
before establishing the protocol for KD therapy in the present
study, we discussed the following: (1) issues associated with
corticosteroid regimens for KD therapy; (2) appropriate tim-
ing to add prednisolone with KD therapy; (3) RAISE proto-
col that recommends primary prednisolone protocol; and (4)
previously reported secondary prednisolone protocol [17, 18].
Furthermore, we discussed whether second-line infliximab
should be used as a therapeutic option for IVIG non-respond-
ers based on agents with established effectiveness in other
vasculitides, including inhibitors of TNF-a [19]. Based on
these aspects, we established the following three protocols:
Protocol A: This protocol involved the use of second-
ary prednisolone with IVIG. Patients resistant to first-line
IVIG therapy (2 g/kg) were divided into two groups based
on the Shizuoka score—high serum CRP (> 7.0 mg/dL) and
low serum CRP (< 7.0 mg/dL) groups—depending on the
serum CRP level examined at approximately 48 h after the
initiation of IVIG therapy. The high serum CRP group was
treated by intensified, co-administration of prednisolone and
a second IVIG course (2 g/kg). Targeted use of prednisolone
with IVIG for refractory KD with high serum CRP levels
(> 10 mg/dL after first IVIG) as a second-line therapy was
considerably more effective and appeared to lower the inci-
dence of CAA than the second round of IVIG alone [18].
This indicated that secondary prednisolone is administered
to patients with a CRP level of 7.0 mg/dL instead of 10.0
mg/dL after the first-line therapy because the sensitivity of
IVIG non-responders to first-line therapy decreased with
CRP level (based on previous data). The sensitivity and
specificity of the predicted second IVIG non-responders
with CRP level > 8 mg/dL were 76.0% and 63.6% [17], with
CRP level 8.89 mg/dL were 58.3% and 73.0%, and with CRP
level 10 mg/dL were 51.1% and 79.6%, respectively [18].
Protocol B: This protocol involved the use of secondary
infliximab instead of secondary prednisolone for first non-
responders. The secondary infliximab was modified from our
previous protocol based on a high level of CRP (7.0 mg/dL).
Protocol C: This was a primary corticosteroid protocol for
IVIG non-responders predicted using the Kobayashi score
[14] (RAISE protocol). Patients were stratified by the Kob-
ayashi score into predicted IVIG non-responders (Kobayashi
score > 5) and predicted IVIG responders (Kobayashi score

< 5). The scoring and cut-off values for the Kobayashi score
were as follows: two points each for serum sodium concentra-
tion of < 133 mmol/L, < 4 days of illness at diagnosis, aspar-
tate aminotransferase concentration of > 100 units per L, and
neutrophil count of > 80%; and one point each for a platelet
count of < 30 x 10* cells per puL, CRP level of > 100 mg/L,
and age < 12 months. Patients resistant to the first-line therapy
of protocol C were administered second-line infliximab.

The treatment protocols are shown in Fig. 1. If patients
in B and C groups did not meet the criteria for infliximab
administration (such as patients aged less than 1 year,
patients who received Bacillus Calmette—Guérin vaccination
within 6 months or live vaccination within 3 months before
enrollment, patients with suspected coexistence of an active
infection, patients with a history of infliximab-complicated
abnormal laboratory results, patients with immunodeficiency
or serious complications requiring hospitalization, and if
the attending physician did not allow infliximab adminis-
tration), they were treated similar to those in A group and
with IVIG plus prednisolone, respectively. If the patients
did not respond to secondary therapy, the physician selected
a rescue therapy, such as additional IVIG therapy (2 g/kg),
steroid therapy, infliximab, plasma exchange [15], and cyclo-
sporin [26]. The selection of rescue therapy after secondary
therapy for IVIG non-responders was dependent on the insti-
tutes involved in the working group. The regimen for predni-
solone comprised 2 mg/kg/day intravenous (IV) therapy in
three divided doses until fever resolved and serum CRP level
decreased to < 1.0 mg/dL. Subsequently, prednisolone was
tapered gradually to 1.5, 1.0, and 0.5 mg/kg/day every 3—5
days to maintain a continuous decrease in serum CRP. Pred-
nisolone was discontinued if the serum CRP level remained
within the normal range (< 0.5 mg/dL) at the 0.5 mg/kg/
day prednisolone dose. Prednisolone was orally administered
when the patient’s conditions improved. All patients were
treated with 30 mg/kg aspirin during the acute phase and 5
mg/kg aspirin after the control of inflammation.

2.4 Measurements and Definitions

2.4.1 Fever Investigation

Fever was defined as an axillary temperature of > 37.5 °C,
and defervescence was defined as a decrease in body tem-
perature to < 37.5 °C. Fever was monitored 2-3 times per
day until discharge in each institution.

2.4.2 Laboratory Tests

Laboratory tests were performed before and after initial
IVIG including measurement of blood characteristics. If

laboratory tests were performed more than once before the
first therapy, the worst value was used for analysis.
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Fig. 1 Study flowchart and
therapy protocol. We estab-
lished three protocols: primary
(Protocol C) and secondary
rescue prednisolone (Protocol
A) protocols and no predniso-
lone protocol and second-line

Protocol A

Ineffective Second-line

CRP>7 mg/dL
;& [ 1v1G 2 kg + PSL 2 mgke
IVIG 2 g/kg
\b IVIG 2 g/ke

CRP <7 mg/dL

First-line

infliximab protocol (Protocol

B). CRP C-reactive protein,
IVIG intravenous immuno-
globulin, PSL prednisolone,
IFX infliximab

Protocol B

Second-line

IFX 5 mg/kg

First-line Ineffective

IVIG 2 g/kg \ If IFX is not appropriate, IVIG + PSL as above

IVIG 2 g/kg

CRP <7 mg/dL

Protocol C

N

First-line Second-line \
Kobayashi score > 5 Ineffective
+PSL2 mg/ke > | IFX 5 mg/kg

Kobayashi score < 5

IVIG2 gkg |—=p| IFX5mgkg

If IFX is not appropriate, IVIG as above

If TFX is not appropriate, IVIG + PSL

/

2.4.3 CAA Definitions

CAA was defined in accordance with the report of the Japa-
nese Ministry of Health and Welfare. It describes the Guide
for KD criteria as an actual internal diameter of 3 mm or
more in a child younger than 5 years or 4 mm or more in
a child 5 years or older, with the internal diameter of the
segment at least 1.5-fold greater than that of an adjacent
segment or a clearly irregular luminal contour [27], which
was examined approximately 1 month after onset by two-
dimensional echocardiograms. The diameter of the proximal
right coronary artery (CA), proximal left main CA, proximal
left anterior descending CA, and proximal left circumflex
CA was determined by two-dimensional echocardiograms.
The results were converted to z score using a model derived
with the Lambda-mu-sigma method [28]. From the CA data,
the maximum diameter was defined as the maximum CA
diameter of each branch.

2.4.4 Outcome Analysis

Outcomes were defined as follows. The primary outcome
was the number of non-responders after therapy within 48 h
of administration of first- and second-line therapies among
the three protocol groups. Next, we compared the number of
non-responders between the groups with and without pred-
nisolone administration.

Non-responders were defined as those who remained
febrile 48 h after the administration of first- or second-line
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therapy or had recrudescent fever after first- or second-line
therapy. These patients were divided into two types. The
first non-responders were defined as those who remained
febrile 48 h after the administration of first-line therapy or
had recrudescent fever after first-line therapy. The second
non-responders were defined as those who remained febrile
48 h after the administration of second-line therapy or had
recrudescent fever after second-line therapy.

As a secondary outcome, we compared the number of
second non-responders to each second-line therapy and
incidence of CAA determined by two-dimensional echo-
cardiography at 1 month among the three protocol groups
and between the groups with and without prednisolone
administration.

2.5 Statistical Analysis

The results are expressed as median and interquartile
range. To determine differences in numerical data, two-
side comparisons were performed using Mann—Whitney
U test. Comparisons of three factors were performed using
Kruskal-Wallis test. Fisher’s exact test was used to evaluate
differences in incidence. Post hoc analyses were performed
using the Bonferroni test. For all statistical analyses, the
results with p < 0.05 were considered significant. All statis-
tical analyses were performed using EZR (Saitama Medical
Center, Jichi Medical University, Tochigi, Japan), which is a
graphical user interface for R (The R Foundation for Statisti-
cal Computing) [29].
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3 Results

The study flowchart is shown in Fig. 2. A total of 503
patients entered this study. Thirty-four patients were
excluded because they were not administered IVIG. Thus,
469 patients were enrolled, with 245 in A group, 136 in B
group, and 88 in C group. Eleven patients in A and B groups
and 4 patients in C group were excluded because other thera-
pies were performed as defined by each protocol.

3.1 Primary Outcome

The baseline characteristics of each protocol group are
shown in Table 1. Although there were significant differ-
ences in the number of diagnostic criteria in C group com-
pared with A and B groups, most cases had more than four
diagnostic criteria as specified by each protocol. Based on
blood examination before the initial therapy, more severe
cases were treated by protocol C than by protocols A and B
according to platelet count, aspartate aminotransferase level,
total bilirubin, sodium content, and Kobayashi score. These
results were similar after the initial therapy. The high-risk
(HR) rate with Kobayashi scoring did not differ significantly
among each protocol group.

A comparison of primary and secondary prednisolone
with IVIG, as the first-line therapy, and that between groups
with and without secondary prednisolone administration, in
the second-line therapy, are shown in Table 2. A compari-
son of non-responders between the groups with and without

Fig.2 Study flowchart. Five
hundred and three patients were
enrolled in this study. Thirty-
four patients were excluded
because they did not receive
intravenous immunoglobulin
(IVIG) treatment. Thus, 469
patients were enrolled in each
protocol, with 245 in A group,
136 in B group, and 88 in C
group. Eleven patients in A and
B groups, and 4 patients in C
group were excluded because
other therapies were not
administered as defined by each
protocol

in protocol A

First-line outcome

56 patients showed resistance
(22.9%)

%

50 patients were administered the

Excluded:

criteria

second-line treatment of protocol

A

prednisolone administration is shown in Table 3. There was
a significant difference in the number of diagnostic criteria
between the groups with and without prednisolone admin-
istration. From each blood examination before the initial
therapy, the protocol with prednisolone administration
appeared to be used to treat more severe cases according to
CRP, aspartate aminotransferase, alanine aminotransferase,
and sodium levels. The HR rate of the Kobayashi score was
not significantly different between the groups. Table 4 pre-
sents the crude and adjusted non-responder estimates for the
groups with and without prednisolone administration. In uni-
variate analysis, the first and second non-responders in the
group without prednisolone administration was significantly
higher than that in the group with prednisolone administra-
tion, with a crude odds ratio of 3.83 (95% CI 1.47-10.44;
p = 0.003). Multivariate logistic regression analysis was
performed to compare the first and second non-responders
between groups with and without prednisolone administra-
tion after adjusting for possible confounders, Kobayashi
score HR, Shizuoka score, and HR. The combined first and
second non-responders in the group without prednisolone
administration was significantly higher than that in the group
with prednisolone administration, with an adjusted odds
ratio of 6.47 (95% CI 2.03-20.60; p = 0.002).

3.2 Secondary Outcomes
Figure 3 shows the first non-response of patients to sec-

ond-line rescue therapy. In the second-line therapy, all
patients with a high CRP level were successfully treated

503 patients were recruited to

245 patients were enrolled

the stud
Excluded: 34 who were not treated with IVIG

469 patients were enrolled

88 patients were enrolled in

. 1
136 patients were enrolled protocoE)S:IUdCd:

in protocol B l—) 4 who did not meet the
protocol criteria
84 patients treated

using the first-line of protocol C

l

27 patients showed resistance
(20.0%)

7 patients showed resistance

6 who did not meet the protocol [—>

22 patients were administered the

(8.3%)

Excluded:
5 who did not meet the protocol
criteria

7 patients were administered the

second-line treatment of

second-line treatment of protocol

B protocol C
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Table 1 Characteristics of patients in the present study

Characteristic Protocol A n =239 Protocol B n =131 Protocol C n = 84 p value®

Sex (m/f) 128/111 75/56 51/33 0.509
Age (years) 2.41[1.1-3.8] 2.3 [1.2-4.0] 2.8 [1.4-4.7] 0.260
Diagnostic criteria 5 [4-6]" 5 [5-61% 5 [4-5]*58 < 0.001

Day of first treatment 5 [4-6] 5 [4-6] 5 [4-6] 0.556
Pre-WBC (/uL) 13,580 [10,780-16,375] 13,230 [11,430-16,100] 14,400 [12,500-17,550] 0.067
Post-WBC (/uL) 6470 [5000-8600] 6900 [5160-9040] 7000 [5875-9350] 0.114
Pre-neutrophil (%) 69 [56-79] 67 [58-771° 73 [62-82]° 0.028
Post-neutrophil (%) 36 [25-52]* 38 [25-571° 51 [34-70]*S < 0.001

Pre-PLT (x 10%/uL) 33.2 [27.8-39.0]" 33.5 [27.7-41.0]% 30.3 [24.6-36.6]" 0.003
Post-PLT (x 10%/uL) 34.6 [27.7-42.3] 34.4[26.2-42.4] 34.1 [29.1-40.0] 0.887
Pre-CRP (mg/dL) 7.2 [4.2-10.5] 6.2 [3.6-8.6] 7.5 [4.9-10.6] 0.064
Post-CRP (mg/dL) 3.2[1.7-5.9] 3.0 [1.7-5.2] 3.0 [1.4-4.9] 0.461

Pre-AST (IU/L) 35 [25-63]* 30 [24-551% 51 [38-78]#% <0.001

Post-AST (IU/L) 31 [27-391* 32 [25-417° 36 [29-471*% 0.004
Pre-ALT (IU/L) 21 [13-75] 18 [11-591° 36 [18-931° 0.012
Post-ALT (IU/L) 20 [12-41] 16 [11-33] 24 [13-46] 0.059
Pre-T.Bil (mg/dL) 0.5 [0.4-0.7]"# 0.6 [0.4-0.7]" 0.7 [0.5-0.8]" < 0.001

Post-T.Bil (mg/dL) 0.3 [0.2-0.4] 0.3 [0.2-0.4] 0.3 [0.2-0.4] 0.024
Pre-Na (mEq/L) 134 [133-136]* 135 [133-136]% 133 [131-135]*% < 0.001

Post-Na (mEq/L) 137 [136-139]% 137 [136-138]° 136 [135-137]#$ <0.001

Kobayashi score 3 [1-5] 2[1-51° 3[2-51° 0.030
HR 71/239 (29.7%) 36/131 (27.5%) 32/84 (38.1%) 0.238
Onset age less than 1 year 59 (24.7%) 30 (22.9%) 12 (14.3%) 0.140

Statistics: * p < 0.05, ** p < 0.001 protocol A vs protocol B; # p < 0.05, ## p < 0.001 protocol A vs protocol C; $ p < 0.05, $$ p < 0.001 proto-
col B vs protocol C, by Bonferroni test

Values are expressed as median [IQR] or n (%)

ALT alanine aminotransferase, AST aspartate aminotransferase, CRP C-reactive protein, HR high risk of IVIG non-responder more than a Kob-
ayashi score of 5, IQR interquartile range, /VIG intravenous immunoglobulin, Na serum sodium, PLT platelet, pre- before IVIG administration,
post- following IVIG administration, 7. Bil total bilirubin, WBC white blood cell

4Comparisons of three factors were performed using Kruskal-Wallis test and Fisher’s exact test was used to evaluate differences in incidence

with IVIG plus prednisolone following protocol A. How-
ever, in B group, there were 10 second non-responders
with a CRP level > 7 mg/dL after initial IVIG. Seven of
nine patients treated with infliximab as second-line therapy
showed resistance. In C group, two of six patients treated
with infliximab were resistant to the therapy. Fifteen of the
first non-responders were treated with infliximab as second-
line therapy, among whom nine patients showed resistance.
Among the second non-responders, 14 (12 in A group, 1
in B group, 1 in C group) were treated using IVIG with
prednisolone as second-line therapy, with 1 patient show-
ing resistance. There was a significant difference in second
responders between second-line infliximab and second-line
IVIG with prednisolone (p < 0.005).

Twenty-one patients were administered an additional res-
cue therapy after second-line therapy; 8 patients were treated
with IVIG (all protocol B), 2 with IVIG plus steroids (all
protocol B), 8 with steroids (6 protocol A and 2 protocol
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B), 2 with plasma exchange (all protocol C), and 1 with
infliximab (protocol B). Six patients were administered addi-
tional therapy after third-line therapy: 1 with cyclosporin A
(protocol B), 3 with IVIG (2 protocol A and 1 protocol B),
and 2 with steroids (all protocol B).

3.3 Patients Complicated with CAA

CAA was observed in 21 patients (4.6%) according to the
Japanese criteria; there was no significant difference among
the protocol groups. Similarly, 53 patients (11.7%) and 8
patients (1.8%) had z scores of over 2.5 and 5.0 in the CAs,
respectively, with no significant difference among the proto-
col groups. There were also no significant differences among
A, B, and C groups or between groups with and without
prednisolone administration. Additionally, there was no
significant difference between protocols with and without
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Table 2 Comparison between the three groups
Variable Protocol A Protocol B n = 131 Protocol C n = 84 p value®
n=239
The 1st non-responders 507239 (20.9%)* 22/131 (16.8%) 7/84 (8.3%)* 0.027
The 2nd non-responders 6/50 (12.0%)"" 13/22 (59.1%)"™" 2/7 (28.6%) <0.001
The 1st and 2nd non-responders 6/239 (2.5%)" 13/131 (9.9%)" 2/84 (2.4%) 0.011
Administration rate of PSL in first- and second-line 12/239 (5.0%)"* 1/130 (0.8%)%® 32/84 (38.1%)%% < 0.001
therapy
CAA at 1 month
Japanese criteria 8/239 (3.3%) 7/131 (5.3%) 6/84 (7.1%) 0.281
CAA at 1 month (Z score > 2.5) 20/239 (8.4%) 13/131 (9.9%) 12/84 (14.3%) 0.290
CAA at 1 month (Z score > 5.0) 3/239 (1.3%) 2/131 (1.5%) 3/84 (3.6%) 0.348
Onset age less than 1 year
Japanese criteria 3(5.1%) 1(3.3%) 1(8.3%) 0.794
CAA at 1 month (Z score > 2.5) 12 (20.3%) 6 (20.0%) 3 (25.0%) 0.929
CAA at 1 month (Z score > 5.0) 1(1.7%) 1(3.3%) 1(8.3%) 0.462
Maximum Z score
All patients 1.31[0.29-1.91] 1.15[0.29-1.77] 1.33[0.62-1.87] 0.351
Less than 1 year 1.58 [0.57-2.41] 1.74 [0.53-2.32] 1.16 [0.71-2.48] 0.980
Kobayashi HR 1.49 [0.67-1.90] 1.07 [0.12-1.69] 1.47 [0.75-1.99] 0.208
Kobayashi LR 1.26 [0.22-1.94] 1.19 [0.37-1.80] 1.17 [0.62-1.87] 0.812

Statistics: * p < 0.05, ** p < 0.001 protocol A vs protocol B; # p < 0.05, ## p < 0.001 protocol A vs protocol C; $ p < 0.05, $$ p < 0.001 proto-

col B vs protocol C, by Bonferroni test

Values are expressed as median [IQR] or n (%)

CAA coronary artery aneurysms, HR high risk, /QR interquartile range, LR low risk, Na serum sodium, PLT platelet, PSL prednisolone, T.Bil

total bilirubin, WBC white blood cell

#Comparisons of three factors were performed using Kruskal-Wallis test and Fisher’s exact test was used to evaluate differences in incidence

Table 3 Comparison of efficacy rate between protocol with and without PSL

Variable Protocol A and C n =323 Protocol B n = 131 p value
Sex (m/f) 179/144 75156 0.755
Age (years) 2.4 [1.3-4.0] 2.3[1.24.0] 0.906
Diagnostic criteria 5 [4-5] 5 [5-6] 0.029
Day of the first treatment 5 [4-6] 5 [4-6] 0.320
Pre-WBC (/uL) 13,800 [11,075-16,765] 13,230 [11,430-16,100] 0.351
Pre-neutrophil (%) 70 [58-81] 67 [58-77] 0.155
Pre-PLT (x 10*/uL) 32.4(27.2-38.1] 33.5[27.7-41.0] 0.122
Pre-CRP (mg/dL) 7.4 [4.3-10.5] 6.2 [3.6-8.6] 0.021
Pre-AST (IU/L) 40 [27-70] 30 [24-55] 0.002
Pre-ALT (IU/L) 23 [14-780] 18 [11-59] 0.036
Pre-T-Bil (mg/dL) 0.5 [0.4-0.8] 0.6 [0.4-0.7] 0.239
Pre-Na (mEq/L) 134 [132-136] 135 [133-136] 0.034
Kobayashi score 3 [1-5] 2 [1-5] 0.053
HR 103/323 (31.9%) 36/131 (27.5%) 0.371
The 1st non-responders 57/323 (17.6%) 22/131 (16.8%) 0.892
The 1st and 2nd non-responders 9/323 (2.8%) 13/131 (9.9%) 0.003
Shizuoka score 15/323 (7.6%) 10/131 (4.6%) 0.299
CAA (Japanese criteria) 14/323 (4.3%) 7/131 (5.3%) 0.628
CAA (Z score > 2.5) 32/323 (9.9%) 13/131 (9.9%) 1.000
CAA (Z score > 5.0) 6/323 (1.9%) 2/131 (1.5%) 1.000

Values are expressed as median [IQR] or n (%)

ALT alanine aminotransferase, AST aspartate aminotransferase, CAA coronary artery aneurysms, CRP C-reactive protein, HR high risk, IQOR inter-
quartile range, /VIG intravenous immunoglobulin, Na serum sodium, PLT platelet, PSL prednisolone, 7.Bil total bilirubin, WBC white blood cell
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Table 4 Univariate analysis multivariable logistic regression model for IVIG non-responders of the protocol with or without PSL

Variable Univariate p value Multivariate p value
Crude OR [95% CI] Adjusted OR (95% CI)
Protocol with PSL 3.83 1.47-10.44 0.003 6.47 2.03-20.6 0.002
Kobayashi score HR 1.23 0.77-2.00 0.371 0.60 0.17-2.13 0.426
Shizuoka score HR 0.59 0.24-1.51 0.225 0.53 0.16-0.18 0.317
Male 0.93 0.60-1.43 0.755 0.46 0.14-1.48 0.192
Initial IVIG days < 4 days 0.88 0.57-1.36 0.598 1.18 0.34-4.13 0.790
Initial IVIG non-responders 1.06 0.60-1.92 0.892 < 0.001 0.00-0.00 0.989
Age < 1 year 0.68 0.30-1.64 0.404 0.55 0.07-4.46 0.575
Diagnostic criteria < 4 1.51 0.90-2.59 0.12 0.77 0.18-3.30 0.728

CI confidence interval, HR high risk, IVIG intravenous immunoglobulin, OR odds ratio, PSL prednisolone

prednisolone administration in patients who were less than
1 year old at the onset, based on the Kobayashi score.

3.4 Total Prednisolone Administration in Each
Protocol

Prednisolone administration was based on the Kobayashi
and Shizuoka scores in C and A groups. We compared total
prednisolone administration between each group. The total
administration rate of prednisolone in first- and second-line
therapies in C group was 38.1%, which was significantly
higher than that in A and B groups (Table 2).

Fig.3 Second step outcome.

Second-line outcome

Efficacy rate of second-line
rescue therapy. In A group,

Protocol A: 50 patients

there were 6/50 non-responders

were 1%t non-responders

4 Discussion

4.1 Targeted Administration of Prednisolone
for IVIG Non-responders

In the present prospective study, we estimated the effective-
ness of protocols A, B, and C (RAISE protocol) to determine
the optimal use of prednisolone to achieve the maximum
effects and safety. As reported previously [14, 25], the C
group had a lower number of first non-responders than the
IVIG alone group (protocols A and B). However, intensi-
fying second-line therapy using IVIG with prednisolone
in patients with a persistently high CRP level in A group
showed a similar response as C group until second-line

Protocol C: 7 patients
were 15t non-

Protocol B: 22 patients
were 1% non-responders

: responders
(12.0%), in B group, there were CRP>7mg/dlL CRP<7mg/dL CRP>7 mg/dL CRP < 7 mg/dL
13/22 non-responders (59.1%), *
and in C group, there were 2/7 " "
non—responders .(2846%). .CRP IVIG+PSL: IVIG: IVIG+PSL: IVIC’: IVIG+PSL:
C-reactive protein, IVIG intrave- 12 patients 38 patients | patient 12 patients .
nous immunoglobulin, PSL 1 patient
prednisolone, /FX infliximab IFX: IFX:
9 patients 6 patients
0 patients were 6 patients were 8 patients were 2" 5 patients
214 non- 21d pon- non-responders were 2" non- 2 patients were 2"
responders responders (80.0%) responders non-responders
(0.0%) (15.8%) (41.7%) (28.6%)
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therapy. Moreover, we compared the effectiveness of pro-
tocols with and without prednisolone administration. Our
data showed that the first and second non-responders in the
group with prednisolone administration (protocols A and
C) were significantly lower than those in the group without
prednisolone administration (protocol B). The multivariate
logistic regression analysis showed that the first and second
non-responders in groups with prednisolone administration
as first- or second-line therapy were significantly higher
than those in the group without prednisolone administration,
with an adjusted odds ratio of 6.47. Previously, there were
insufficient data to determine whether first-versus second-
line administration of prednisolone had favorable effects in
IVIG non-responders [30]. Our data showed that both first-
and second-line administration of prednisolone had similar
favorable effects in IVIG non-responders.

The rate of prednisolone administration in A group was
5.0%, which was considerably lower than that (38.1%) in C
group. A previous study reported that adrenal suppression
occurred in a large proportion of children with KD treated
with IVIG plus prednisolone, despite the short duration and
relatively small amounts of prednisolone administered [31].
Even inhaled corticosteroids, which were previously consid-
ered to have no systemic adverse effects, have recently been
reported to affect linear growth in children, particularly in
the first year of treatment [32]. A meta-analysis reported
that steroids plus non-steroidal anti-inflammatory drugs
synergistically increased gastrointestinal complications [33].
Based on these studies, it can be suggested that the systemic
administration of prednisolone should be limited as much as
possible. Our protocol A with reduced levels of predniso-
lone achieved the maximum effect in IVIG non-responders;
however, we could not evaluate the hospitalization duration
required to reduce prednisolone administration and/or medi-
cal costs. It is important to balance the adverse effects and
benefits of therapy strategies for KD involving prednisolone
in the acute phase.

4.2 Second-line Infliximab for IVIG Non-responders

We administered infliximab in protocols B and C. In B
group, seven patients treated with second-line inflixi-
mab showed resistance. In C group, two patients showed
resistance to this therapy. Fifteen IVIG non-responders
were treated with second-line infliximab and nine patients
showed resistance. The efficacy rate of this treatment was
40%, which was lower than that reported previously [19, 34,
35]. Infliximab, a monoclonal antibody, is a selective anti-
inflammatory molecule that functions by blocking TNF. The
pro-inflammatory cytokine TNF-a has been shown to be ele-
vated in patients with KD, with the highest levels observed
in patients with CAA [36]. Infliximab therapy for KD has
been reported to decrease serum soluble TNF receptor 1

and IL-6 levels [37] and regulate signaling pathways related
to KD inflammation and IVIG resistance factors [38]. In a
previous study, primary adjunctive treatment with inflixi-
mab decreased the duration of fever but was not associated
with a decreased risk of non-response to IVIG [39]. Our
data showed that the efficacy rate of second-line infliximab
therapy for IVIG non-responders was limited and lower than
that of second-line IVIG with prednisolone therapy. Dionne
et al reported that the rate of initial IVIG non-responders
was lower in the group administered additional corticoster-
oids than in the group administered additional infliximab or
IVIG alone [40]. Thus, second-line infliximab therapy for
IVIG non-responders may have lower defervescence effects
than prednisolone.

4.3 Complicated with CAAs

Our data showed no significant difference in the percentage
of CAA among A, B, and C groups, and CAA at 1 month
and z score of more than 5 indicated that the risk of persis-
tent CAA was 3 in A group, 2 in B group, and 3 in C group.
We could not compare the CAA rate among the different
protocol groups, because the observational period was too
short to estimate cases complicated by CAA. Nevertheless,
recently, the administration of corticosteroids or infliximab
for KD showed a favorable long-term effect on complicated
CAA. Dionne et al reported that adjunctive primary ther-
apy with prednisolone or infliximab may improve coronary
outcomes in patients with a coronary z score of more than
2.5 [50]. Another study reported that CAA regression rates
among IVIG non-responders were higher in patients admin-
istered infliximab than in those not administered infliximab
therapy. Infliximab therapy was associated with significant
early regression of CAA in patients presenting with refrac-
tory KD. Infliximab not only suppresses inflammatory
responses that lead to the development of CAAs, but addi-
tionally assists with/achieves vascular remodeling follow-
ing early CAA regression [41]. Our protocol C involved the
administration of both prednisolone and infliximab. Further
long-term observational studies are needed to confirm our
results.

4.4 Limitations

This study was a multicenter prospective investigation
with a relatively small number of patients. Echocardio-
graphic examination was performed by different observers
and with different equipment in each hospital. Thus, there
may have been information bias in the echocardiography
results because the interpretation by pediatric cardiologists
at each institution could not be completely blinded. How-
ever, the echocardiogram techniques and assessment might
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have varied among the participating hospitals, although all
examiners followed the standardized method [42].

In the present study, the indication for prednisolone
administration was based on the Kobayashi and Shizuoka
scores in A and C groups. Predicting the non-response to
IVIG before first-line IVIG and additional corticosteroid
therapy for KD therapy is used in Japan but has not been
globally accepted [43-51]. Retrospectively, in the present
study, based on the HR Kobayashi scores, 29 (40.8%) IVIG
non-responders were observed in A group, 16 (44.4%) in
B group, and 2 (6.3%) in C group. IVIG non-responders
in C group were lower than those in A and B groups (p <
0.001). There were no significant differences in IVIG non-
responders among the three groups based on the low-risk
Kobayashi scores (p = 0.296). For A and B groups, the sen-
sitivity and specificity of the Kobayashi score were 62.5%
and 79.2%, respectively. Our data showed that the Kobayashi
score is still useful for preventing an initial non-response to
IVIG. However, a validation study is needed to establish the
predicting IVIG non-responders for KD therapy.

5 Conclusion

In conclusion, the number of non-responders in the group
with prednisolone administration was lower than that in the
group without prednisolone administration. Secondary res-
cue infliximab therapy for IVIG non-responders resulted in
a lower defervescence effect than secondary rescue IVIG
with prednisolone. Further prospective randomized studies
are needed to identify the factors useful for preventing IVIG
non-responders at an early stage and determine the optimal
rescue therapy for preventing CAA.
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