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aneurysms at diagnosis

Koichi Miyata
Jane C Burns,' Adriana H Tremoulet'?

ABSTRACT

Objective Children with Kawasaki disease (KD) and

an initial echocardiogram that demonstrates coronary
artery aneurysms (CAAs, Z score =2.5) are at high risk
for severe cardiovascular complications. We sought to
determine if primary adjunctive infliximab treatment at a
dose of either 5 or 10 mg/kg, compared with intravenous
immunoglobulin (IVIG) alone, is associated with a greater
likelihood of CAA regression in patients with KD with
CAA at the time of diagnosis.

Design and setting Single-centre observational study.
Patients Children with acute KD and Z score =2.5 at
baseline.

Interventions Primary adjunctive infliximab (5 or

10 mg/kg) within 48 hours of initiating IVIG 2 g/kg.
Main outcome measures Incidence of CAA
regression to Zmax <2 within 2 months of disease onset.
Results Of the 168 patients with KD, 111 received

IVIG alone and 57 received primary adjunctive infliximab
therapy: 39 received 5mg/kg and 18 received 10 mg/
kg. Incidence of CAA regression to Zmax <2 within
2months was statistically significant at 52%, 62% and
83% in the IVIG alone, IVIG+infliximab 5mg/kg and
IVIG+infliximab 10 mg/kg, respectively. The multivariable
logistic regression model adjusting for age, sex, baseline
Zmax and bilateral CAA at baseline showed that IVIG
plus 10 mg/kg infliximab was significantly associated
with a greater likelihood of CAA regression (adjusted OR:
4.45,95%Cl 1.17 to 16.89, p=0.028) compared with
IVIG alone. The difference between IVIG+infliximab 5mg/
kg and IVIG alone was not significant.

Conclusions Primary adjunctive high-dose 10 mg/

kg infliximab treatment was associated with a greater
likelihood of CAA regression in patients with CAA at the
time of diagnosis.

INTRODUCTION

Kawasaki disease (KD) is an acute systemic vascu-
litis of unknown aetiology that predominantly
affects children <5 years of age. KD is the most
common cause of acquired heart disease in children
in developed countries with increasing incidence in
many parts of the world."™ About 5% of patients
still develop medium or large coronary artery
aneurysms (CAAs) despite timely administration of
standard treatment with intravenous immunoglob-
ulin (IVIG).* Children with CAA may experience
significant morbidity including myocardial infarc-
tion, arrhythmias or sudden cardiac death.’ Adjunc-
tive therapies including corticosteroids, infliximab,

," Emelia V Bainto," Xiaoying Sun, Sonia Jain,” Kirsten B Dummer, "

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Children with Kawasaki disease (KD) and an
initial echocardiogram that demonstrates
coronary artery aneurysms (CAAs: Z score
>2.5) are at high risk for severe cardiovascular
complications and should receive adjunctive
anti-inflammatory therapy as per the American
Heart Association Scientific Statement.

WHAT THIS STUDY ADDS

= This single-centre cohort study of 168 KD
children with Z=2.5 at baseline is the first to
demonstrate that intravenous immunoglobulin
(IVIG) plus high-dose 10 mg/kg infliximab is
significantly associated with a greater likelihood
of CAA regression to Z<2 within 2 months of
onset compared with IVIG alone.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Primary adjunctive high-dose 10 mg/kg
infliximab therapy rather than low-dose 5 mg/
kg may benefit high-risk KD children with Z
score =2.5 at baseline by improving coronary
artery outcomes.

= Multicentre, randomised controlled trials are
warranted to confirm the effect of primary
adjunctive infliximab treatment for patients
with KD with CAA at the time of diagnosis.

etanercept, cyclosporine and anakinra combined
with IVIG have been administered to reduce
CAA.*! Infliximab, a chimeric monoclonal anti-
body that specifically binds tumour necrosis factor
(TNF) o, has been shown to be safe and well toler-
ated.'”"” A randomised, placebo-controlled trial of
infliximab plus IVIG for intensification of initial
treatment showed that infliximab reduced fever
duration and some markers of inflammation, but
was not powered to show a difference in the rate
of CAA between the groups.® Several studies have
established that the best predictor of subsequent
CAA is a coronary artery Z score (internal diameter
normalised for body surface area) >2 on the initial
echocardiogram.®2° Recent studies have suggested
that primary adjunctive anti-inflammatory thera-
pies improve coronary artery outcomes in patients
with CAA at the time of KD diagnosis, but have
not addressed the relationship between the dose
of infliximab and coronary artery outcomes.*' **
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While the 2017 American Heart Association (AHA) Scientific
Statement recommends that ‘patients believed to be at high risk
for development of CAA may benefit from primary adjunctive
therapy’ and infliximab at 5mg/kg is provided as an option,
few studies have evaluated primary adjunctive infliximab use
in patients with KD presenting with CAA at diagnosis.”>™*
Furthermore, since publication of the need for a higher dose of
infliximab at 10 mg/kg in patients with CAA based on a phar-
macokinetic study,” no study has compared 5 vs 10 mg/kg of
infliximab in patients with KD.

In this single-centre study, we compared primary adjunctive
infliximab treatment at a dose of either 5 or 10 mg/kg with IVIG
alone for CAA regression in patients with KD with a coronary
artery Z score of at least 2.5 SD units on their first echocardio-
gram at the time of KD diagnosis.

METHODS

Study design and population

We reviewed all children diagnosed with KD and treated at Rady
Children’s Hospital San Diego, California, USA, from 1 July
1989 to 29 February 2020. The study included patients if they
(1) were diagnosed within 10 days after fever onset, (2) had Z
score =2.5 for the right coronary artery (RCA) or left anterior
descending coronary artery (LAD) at time of diagnosis on their
baseline echocardiogram, (3) received IVIG (2 g/kg) and aspirin
or primary adjunctive infliximab treatment (within 48 hours of
initiating IVIG infusion). All subjects met the AHA definition
for either complete or incomplete KD.** Patients were excluded
if they had recurrent KD or received any other additional anti-
inflammatory therapies.

Treatment protocols

The treatment of patients with KD at our centre was determined
by standardised protocols that changed over time. The standard
treatment of all patients with KD was IVIG (Gammagard, Baxter
Pharma) 2 g/kg IV and aspirin. In 2004, the treatment protocol
was changed by adding 5mg/kg infliximab following IVIG
administration for most patients with CAA at diagnosis. There
was still a cohort with small CAA through 2014 that received
IVIG alone. As part of a clinical trial, a subset of patients treated
with infliximab 5 mg/kg received this medication just prior to
receiving IVIG.*  Following completion in 2014 of a pharma-
cokinetic study of infliximab in the setting of IVIG infusion,”
the dose of infliximab was increased to 10 mg/kg. The dose of
aspirin was initially 80-100 mg/kg/day until 2013 when the
protocol was changed to 30-50 mg/kg/day. There are no data
to suggest that aspirin at any dose has an effect on CAA. Aspirin
was reduced to 3-5 mg/kg/day at the time of discharge from the
hospital.

Data collection

Demographic and laboratory data, clinical information and echo-
cardiogram results were prospectively collected and entered into
a REDCap database. Patient height, weight and internal dimen-
sion of the RCA and LAD were recorded. Z scores (internal
diameter normalised for body surface area) were calculated
using the method of Dallaire and Dahdah®® for all echocardio-
grams. Zmax was defined as the highest Z score for the RCA or
LAD. We analysed all echocardiograms at baseline and follow-up
echocardiograms during the first 2months after disease onset.
We defined CAA regression as Z score <2 for both the RCA and
the LAD as per the AHA guidelines.

Outcomes

The primary outcome measure was the incidence of CAA regres-
sion to Zmax <2 on the last echocardiogram within 2 months.
We compared outcomes by treatment group: IVIG alone, IVIG
plus low-dose infliximab (5 mg/kg) and IVIG plus high-dose
infliximab (10 mg/kg)

Statistical analysis

Demographic and baseline characteristics were summarised and
compared between the treatment groups. Three-group compar-
ison used Kruskal-Wallis test for the continuous variables, while
Fisher’s exact test was used for categorical variables. Outcome
data were summarised and compared between the treatment
groups. A logistic regression model was used to assess the treat-
ment difference in CAA regression to Zmax <2 at the last
echocardiogram within 2months adjusting for age, sex, base-
line Zmax and bilateral CAA at baseline. Adjusted ORs were
presented with 95% CI. Statistical software R (V.4.1.2) was used
for the analysis (http://www.r-project.org).

RESULTS

From 1 July 1989 to 29 February 2020, 1603 patients were
treated for KD at Rady Children’s Hospital San Diego. Of
these, 242 patients with KD met the entry criteria but 74 were
excluded for receiving additional anti-inflammatory therapies.
Therefore, the study included 168 children with a median age of
1.9 years (range: 0.1-11.4) and 76% were male. Of these, 111
(66%) received IVIG alone and 57 received primary adjunctive
infliximab therapy: 39 (68%) received low-dose 5 mg/kg with
15 of those being treated with infliximab just prior to IVIG
and 18 (32%) received high-dose 10 mg/kg infliximab with 4 of
those being treated with infliximab just prior to IVIG (table 1).
The IVIG-only group had baseline higher per cent immature
neutrophils (bands) and lower per cent neutrophils. The group
treated with IVIG plus infliximab 5 mg/kg was more likely to
have bilateral CAA at baseline. Otherwise, demographic, labo-
ratory and echocardiographic values did not differ among treat-
ment groups. The severity of KD and coronary artery status were
similar at baseline in the three groups.

Coronary artery outcomes are summarised in table 2. There
was a statistically significant difference in CAA regression (Zmax
<2) within 2 months across the three groups (IVIG alone: 52%,
IVIG+infliximab 5 mg/kg: 62%, IVIG+infliximab 10mg/kg:
83%, p=0.035). Coronary artery Z score at last follow-up within
2months tended to be lower in the higher 10 mg/kg dose of
infliximab group (IVIG alone: Zmax median 2.0 (IQR 1.5-2.5),
IVIG+infliximab §Smg/kg: 1.9 (1.3-2.3), IVIG+infliximab
10 mg/kg: 1.6 (1.4-1.8)), although the difference was not statis-
tically significant (p=0.08). Similar trends were observed for the
higher 10 mg/kg dose of infliximab with a greater decrease in
Z score from baseline and fewer patients with persistent CAA
(Zmax =2.5). The inclusion of patients with KD who met the
entry criteria but received additional anti-inflammatory ther-
apies along with infliximab still showed a significantly greater
likelihood of CAA regression (Zmax<2) within 2 months across
the three groups (IVIG alone: 47%, IVIG+infliximab 5 mg/kg:
61%, IVIG+infliximab 10 mg/kg: 69%, p=0.01).

The multivariable logistic regression model compared primary
adjunctive infliximab 5mg/kg or 10mg/kg to IVIG alone,
adjusting for age, sex, baseline Zmax and bilateral CAA at base-
line (figure 1). IVIG plus high-dose 10 mg/kg infliximab was
significantly associated with a greater likelihood of CAA regres-
sion to Zmax <2 on the last echocardiogram within 2 months
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Table 1 Baseline demographic and clinical characteristics by treatment group
IVIG n=111 IVIG+infliximab 5mg/kg n=39 IVIG+infliximab 10 mg/kg n=18
1996-2014 2006-2015 2015-2019 P value

Age 2.0 (0.9-3.5) 1.6 (0.7-2.7) 1.5(1.2-2.9) 0.40
Age <1year 31 (28) 16 (41) 3(17)
Age <6 month 14 (13) 6 (15) 2(11)
lliness day* 6 (5-7) 6 (5-7) 5 (4-7) 0.38
Male sex 85 (77) 29 (74) 13(72) 0.88
Race/ethnicity 0.63

Asian 32 (29) 11(28) 4(22)

African American 2(2) 1(3) 0(0)

Caucasian 24 (22) 4(10) 3(17)

More than one 14 (13) 7(18) 6 (33)

Other 4(4) 1(3) 0(0)

Unknown 1(1) 0(0) 0(0)

Hispanic 34 (31) 15 (39) 5(28)
Incomplete KD 29 (26) 6 (15) 6 (33) 0.23
Baseline laboratory data
WBC (x103/pL) 13.8(11.7-18.0) 16.7 (12.0-18.9) 12.3(11.2-14.9) 0.09
%Polys 50 (37-58) 57 (43-64) 53 (47-65) 0.041
%Bands 14 (7-23) 9(3-18) 6(3-12) 0.009
Haemoglobint -1.7 (=2.5,-0.8) -1.8(=2.6,-1.3) -1.5(-2.8,-0.1) 0.55
Platelet count (><103/pL) 404 (321-494) 410 (359-478) 371 (285-412) 0.12
CRP (mg/dL) 8.3 (4.6-16.6) 8.7 (4.7-18.3) 7.0 (5.0-18.0) 0.67
ESR (mm/hour) 65 (52-79) 66 (45-75) 66 (58-78) 0.85
ALT (IU/L) 39 (17-72) 43 (25-76) 45 (30-73) 0.38
GGT (IU/L) 49 (16-84) 66 (25-134) 28 (18-94) 0.19
Baseline coronary artery Z scores
LAD 2.9 (2.6-3.5) 3.0 (2.7-3.7) 2.9(2.6-3.1) 0.30
RCA 1.8 (1.2-2.5) 2.0 (1.0-3.0) 1.9 (1.0-2.4) 0.47
Zmaxt 3.0 (2.7-3.8) 3.1(2.8-3.9) 3.0 (2.7-3.2) 0.17
CAA at baseline 0.88

72.5t04.99 106 (96) 37 (95) 18 (100)

Z51t09.99 4(4) 2 (5) 0(0)

7210 1(1) 0(0) 0(0)
Bilateral CAA at baseline 12 (11) 14 (36) 1 (6) 0.001
Date of the last follow-up echocardiogram 27 (14-41) 34 (23-40) 16.5 (11-27) 0.038

Data are median (IQR) or n (%). P value by Kruskal-Wallis test for continuous variables and Fisher's exact test for categorical variables.

*First day of illness defined as first day of fever.
+SD units from the mean for age-adjusted haemoglobin values.
+Zmax was defined as the highest Z score for RCA or LAD.

ALT, alanine aminotransferase; CAA, coronary artery aneurysm; CRP, C reactive protein; ESR, erythrocyte sedimentation rate; GGT, y-glutamyl transferase; IVIG, intravenous
immunoglobulin; KD, Kawasaki disease; LAD, left anterior descending coronary artery; Polys, polymorphonuclear leukocytes; RCA, right coronary artery; WBC, white blood cell.

(adjusted OR: 4.45, 95%CI 1.17 to 16.89, p=0.028) compared
with IVIG alone. In addition, older age and smaller Zmax at
baseline were significantly associated with CAA regression. The
difference between the groups treated with 5 mg/kg infliximab
and IVIG alone was not significant. The inclusion of patients with
KD who received other anti-inflammatory therapies showed that
age, Zmax at baseline and use of infliximab were independent
variables in CAA regression to Zmax <2 within 2months of
diagnosis (online supplemental table S1). There were no adverse
events associated with infliximab use at either dose.

DISCUSSION

This single-centre study is the first to suggest that the addition of
high-dose 10 mg/kg infliximab to initial IVIG therapy is associ-
ated with a greater likelihood of CAA regression in patients with
CAA at the time of KD diagnosis.

According to the AHA KD guidelines, primary adjunctive
therapy is suggested for patients who are believed to be at
high risk for development of CAA.>* However, there has
been lack of clarity regarding the definition of ‘high-risk KD
patients’. Japanese investigators have focused on risk scoring
systems to predict IVIG resistance and used these scores to
identify patients who are candidates for primary adjunctive
therapy.?”"*’ Clinical trials of intensification of IVIG therapy
with either steroids or cyclosporine in Japanese children
have shown a reduced risk of CAA. However, these scoring
systems have poor predictive value performance in mixed
ethnic populations in the USA.?° 3?31 In addition, the Japa-
nese risk scores were designed to identify patients at risk
of treatment resistance, not CAA. Previous studies in mixed
ethnic populations have demonstrated that Z score =2 at
baseline is a significant predictor of future development
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Table 2 Coronary artery outcomes on the last echocardiogram within 2 months post-KD onset by treatment group

IVIG n=111 IVIG+infliximab 5mg/kg n=39 IVIG+infliximab 10 mg/kg n=18
1996-2014 2006-2015 2015-2019 P values
Coronary artery Z score
LAD 1.8(1.3-2.2) 1.7 (1.1-2.1) 1.5(1.0-1.7) 0.051
RCA 1.1(0.5-1.7) 1.0 (0.3-1.6) 0.7 (0.3-1.6) 0.63
Zmax* 2.0 (1.5-2.5) 1.9(1.3-2.3) 1.6 (1.4-1.8) 0.08
Z score change from baseline
LAD -1.3(-1.9,-0.6) -1.5(-2.2,-1.0) -1.6 (-1.8,-1.1) 0.13
RCA -0.6 (-1.3,0.0) -1.0 (-1.6,-0.4) -1.1(-1.4,0.1) 0.16
Zmax* -1.3(-1.8,-0.6) -1.5(=2.2,-1.0) -1.5(-1.7,-1.1) 0.27
CAA regression Z<2 58 (52) 24 (62) 15 (83) 0.035
Z score categories 0.10
7<2 58 (52) 24 (62) 15 (83)
2<7<25 26 (23) 9(23) 2(11)
25<7<5 24(22) 3(8) 1(6)
5<7<10 2(2) 3(8) 0(0)
=10 1(1) 0(0) 0(0)

Data are median (IQR) or n (%). P value by Kruskal-Wallis test for continuous variables and Fisher's exact test for categorical variables.

*Zmax was defined as the highest Z score for RCA or LAD.

CAA, coronary artery aneurysm; IVIG, intravenous immunoglobulin; LAD, left anterior descending coronary artery; RCA, right coronary artery.

of CAA."2 Ideally, additional anti-inflammatory therapy
such as infliximab would be given prior to CAA formation.
A clinical risk prediction model such as that developed by
Son et al,>* which uses baseline demographic, laboratory and
Z score data, can help identify such high-risk patients who
warrant intensification of primary therapy.

However, for those patients whose first echocardio-
gram already shows a Z score =2.5 of one of the coronary
arteries, there is a lack of data as to which adjunctive anti-
inflammatory therapies should be given to children with
acute KD with CAA. A wide range of anti-inflammatory
agents including corticosteroids, infliximab, etanercept,
anakinra and cyclosporine have been advocated as adjunctive

therapies.!" Serum levels of the pro-inflammatory cyto-
kine TNFo are elevated during the acute phase of KD and
are higher in patients who subsequently develop CAA.**?
Therefore, blockade of TNFo with either infliximab, a
chimeric monoclonal antibody that specifically binds TNFa,
or etanercept, a soluble TNF decoy receptor, has been
regarded as a logical approach.®” ' A randomised double-
blind, placebo-controlled trial of 5mg/kg infliximab plus
IVIG for intensification of initial treatment enrolled 196
patients with KD.® The study resulted in shorter fever dura-
tion and more rapid normalisation of C reactive protein,
neutrophil count at 24 hours and erythrocyte sedimentation
rate at week 2. The study also showed that patients who

| omosen A
IVIG + Infliximab 5mg/kg vs IVIG alone '——O—I 1.86 (0.80-4.33) 0.15
IVIG + Infliximab 10mg/kg vs IVIG alone B ® i  445(1.17-16.89) 0.028
Age I-O-I 1.31 (1.08-1.60) 0.007
Female Sex |—o—| 1.05 (0.47-2.32) 0.91
Z max* at baseline @] 0.49 (0.30-0.81) 0.006
Bilateral CAA at baseline E ® . 1.35 (0.48-3.78) 0.57
0.1 10 20
Figure 1 A multivariable logistic regression model, CAA regression on the last echocardiogram within 2 months post-KD onset. *Zmax was defined

as the highest Z score for RCA or LAD. CAA, coronary artery aneurysm; IVIG, Intravenous immunoglobulin; LAD, left anterior descending coronary

artery; RCA, right coronary artery.
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received infliximab had a greater decrease in LAD Z score
at week 2 although the study was underpowered to evaluate
coronary artery outcomes.

Jone et al® reported outcomes for patients presenting with
CAA at a single centre who received intensification of initial
therapy with 5 mg/kg of infliximab. Primary adjunctive infliximab
therapy reduced the need for additional treatments compared
with IVIG alone. However, there were no significant differences
between treatment groups for length of stay, improvement in
coronary Z scores or rate of decrease in C reactive protein.
Dionne et al** performed a retrospective analysis of high-risk
North American patients with KD presenting with CAA at
baseline who received either IVIG alone or primary adjunctive
therapy with either infliximab (5 or 10 mg/kg) or corticosteroids.
Intensification of initial therapy with either corticosteroids or
infliximab was associated with a lower rate of subsequent CAA
enlargement compared with IVIG alone.*

At our centre, 10 mg/kg of infliximab has been used since 2014
based on the safety profile and the pharmacokinetics of inflix-
imab modelled from two randomised studies in patients with
KD. This study suggested that timing of infliximab administra-
tion relative to IVIG administration affects the distribution of the
monoclonal antibody.” The pharmacokinetic model predicted
higher doses of infliximab would be required to achieve the same
tissue concentrations compared with administration of inflix-
imab in the absence of IVIG. Thus, an increase in the dose from
5 mg/kg to 10 mg/kg was warranted and was adopted as the stan-
dard dose of infliximab in KD for a recently completed clinical
trial.*® Previous studies may have failed to demonstrate a benefit
of primary adjunctive infliximab therapy due to the lower dose

of 5 mg/kg.

Limitations

The data from this single-centre, retrospective observational
study should be viewed as hypothesis-generating. To limit the
conclusions to the effect of infliximab alone, the study excluded
patients who received other additional anti-inflammatory treat-
ments either as part of a clinical trial or as clinically indicated
rescue therapies. This, in turn, limited our sample size. Another
limitation is that the protocol-driven practice in our centre for
high-risk patients evolved over time adding 5 mg/kg infliximab
to IVIG in 2004, and then changing to 10 mg/kg infliximab in
2014. The technology and practice of echocardiograms varied
over the period of the study. There may be unknown differences
across the treatment groups in these different time periods.
Finally, the sample size was relatively small, especially for the
infliximab groups.

CONCLUSION

Primary adjunctive high-dose 10mg/kg infliximab treatment
was associated with a greater likelihood of CAA regression
within 2months in patients with CAA at the time of KD diag-
nosis. Multicentre, randomised controlled trials are warranted
to confirm the effect of primary adjunctive infliximab treatment
for patients with KD with CAA at the time of diagnosis.
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