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Kawasaki disease is an autoimmune disease found predominantly in children under the age of 5 years. Its
incidence is higher in those who live in Asian countries or are of Asian descent. Kawasaki disease is charac-
terized as an acute inflammation of the vasculature bed affecting mainly the skin, eyes, lymph nodes, and
mucosal layers. Although the disease is usually self-limiting, patients may develop cardiac abnormalities that
can lead to death. The exact cause of the disease is unknown; however, researchers hypothesize that an infec-
tious agent is responsible for causing Kawasaki disease. Initial treatment options with intravenous immune
globulin and aspirin are sufficient to cure most patients who acquire this disease. Unfortunately, in up to
one-quarter of patients, the disease will be refractory to initial therapy and will require further management
with corticosteroid, immunomodulatory, or cytotoxic agents. The lack of randomized, controlled trials makes
treatment of refractory disease difficult to manage. Until larger randomized, controlled trials are published
to give more guidance on therapy for this stage of disease, clinicians should use the data available from ob-
servational studies and case reports in conjunction with their clinical expertise to make treatment decisions.

INDEX TERMS: autoimmune disease, cyclophosphamide, cyclosporin, infliximab, methotrexate,
methylprednisolone, mucocutaneous lymph node syndrome
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INTRODUCTION

In 1967, a Japanese pediatrician, Dr. Tomisaku
Kawasaki, discovered what is now known as
Kawasaki disease. This autoimmune disease is
described as an acute inflammation of the vas-
culature bed characterized by symptoms such
as persistent fever, distinct erythema of the lips
and oral mucosa, rash involving the trunk and
extremities, bilateral conjunctivitis, and unilat-
eral lymphadenopathy. Many times this disease
is found to be acute and self-limiting; however,
up to one-quarter of cases may develop cardiac
sequelae such as coronary artery aneurysms,
myocardial infarction or heart failure which can
lead to death.'? Current acute treatment op-
tions are targeted at reducing inflammation and
preventing thrombosis. In a number of patients,
disease may be refractory to initial therapy and
require further management with immunomodu-
latory and cytotoxic agents as well as cortico-
steroids.'® This article gives a brief overview of

Kawasaki disease and discusses evidence-based
treatment options for refractory disease that are
more familiar to clinicians, with a focus on intra-
venous immunoglobulin (IVIG), corticosteroids,
infliximab, cyclosporin, cyclophosphamide, and
methotrexate therapy:.

EPIDEMIOLOGY

Kawasaki disease is diagnosed predominantly
in infants and young children under 5 years of
age, with most cases occurring in infants.'? It is
the leading cause of heart disease in this patient
population. Its incidence is higher in males than
in females (1.5:1 ratio) and those who live in
Asian countries, particularly Japan, with 1in 100
Japanese children developing Kawasaki disease
by the age of 5 years."?

In the United States, the Centers for Disease
Control and Prevention (CDC) reports a yearly
average incidence of 20 cases per 100,000 children
younger than 5 years of age who develop Kawa-
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saki disease.* The most common time of the year
for this disease to occur is in winter and early
spring. The incidence is, again, highest among
Asians and Pacific Islanders, with approximately
30 occurrences per 100,000 children, and lowest
in Caucasians, with approximately 12 cases per
100,000 children.*

Mortality is estimated to be about 0.17% in the
United States and about 0.08% in Japan.? The time
frame for which patients may be at the highest
risk for death is from 15 to 45 days after the onset
of fever; however, death has been reported to
occur years after the acquisition of this disease.
Missed diagnoses and cardiac sequelae are the
culprits attributing to mortality.®

ETIOLOGY

While the cause of Kawasaki disease remains
unknown, researchers suggest a transmittable
and infectious origin."' This hypothesis is sup-
ported by data that have been gathered from
symptoms, laboratory findings, a seasonal time
frames, epidemic patterns of history, and re-
ported cases. An infectious agent may trigger an
immunologic response in individuals who are at
high risk, but a single infectious agent has yet to
be identified.'?

A genetic predisposition may play a role in
the pathogenesis of this disease due to its high
incidence in a particular region of the world and
trends in genetic polymorphisms. The incidence
of Kawasaki disease in siblings of an index case
is 10 times higher than in the general popula-
tion. Also, children who are born from parents
with Kawasaki disease have twice the risk of
having this disease in their lifetime.> Patients
with a variant or polymorphism in the inositol-
triphosphate 3-kinase C (ITPKC) gene or the
Fc fragment of IgG low-affinity II-a receptor
(FCGR2A) gene have increased susceptibility to
Kawasaki disease.® The ITPKC gene plays a role
in inhibiting T-cell activation, and the FCGR2A
gene plays a role in the function of IgG.° Reduc-
tion in ITPKC expression leads to enhanced T-
cell activation and thus increased interleukin-2
(IL-2) expression, which in turn plays a role in
the development of Kawasaki disease.® Patients
with this genetic polymorphism are also found to
be at higher risk of developing coronary artery
lesion and unresponsiveness to IVIG therapy.’
In summary, these genetic predispositions

may lead to inflammation and activation of the
host’s immune system, resulting in the clinical
characteristics and vascular damages observed
in Kawasaki disease.

PATHOPHYSIOLOGY

Inflammation is the process that contributes
to the clinical manifestations of Kawasaki dis-
ease. The offending agent, likely infectious, is
thought to interact with the endothelial cells in
the arteries, leading to activation of adhesion
molecules, proinflammatory cytokines, and
vascular endothelial growth factors. Vascular
permeability then occurs which eventually
leads to scarring and stenosis of the arterial
wall, contributing to events such as aneurysms
and myocardial infarctions. It is important to
remember that Kawasaki disease may involve
blood vessels throughout the body, and this is
the reason that non-cardiac symptoms, which
include bilateral conjunctivitis, fissured lips,
and peripheral erythema, may appear early in
the disease state.'”

BRIEF OVERVIEW OF ACUTE STAGE
TREATMENT

Initial treatment of Kawasaki disease aims at
reducing inflammation of the vasculature beds
and includes high-dose aspirin in combination
with a single infusion of IVIG. This combination
reduces the length of fever and the incidence
of coronary artery aneurysms.® If given within
10 days of disease onset, this therapy reduces
the risk of developing cardiac sequelae at 1 to 2
months from 20% to 25% to an incidence of 2%
to 4%.°

During the acute phase of the disease, large-
dose aspirin (80-100 mg/kg/day) is used 4 times
daily and is continued until the patient is afebrile
for 48 to 72 hours or until day 14 of the illness.
The dose is then reduced to 3 to 5 mg/kg/day
during the convalescent stage and continued
for 6 to 8 weeks, unless the patient has cardiac
abnormalities, and then it will be continued
indefinitely.*'°"" Along with the initial aspirin
dose, IVIG is given as a single infusion of 2 g/kg
over 12 hours.” Table 1 summarizes the data for
initial therapies for Kawasaki disease, and Table 2
summarizes dosage and potential adverse effects
of aspirin and IVIG.
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Table 1. Initial Therapy for Kawasaki Disease®

No. of Patients Primary Endpoint

Intervention*

Results
Acute Convalescent

Comments

1629 To determine the ASA 25.8% 17.6% The prevalence of
effect of various ASA plus <1 g/kg IVIG 18.1% 13.5% coronary abnormalities
IVIG doses on | K 0 . in the subacute and
the prevalence ASAplus1-1.29/kg VIG  15.7% 9.7% convalescent stages
of coronary ASA plus 1.6 g/kg IVIG 8.6% 6.3% of Kawasaki disease is
abnormalities in ASA plus 2 g/kg IVIG 4.8% 3.8% inversely proportional
7611 Kawasaki disease to the amount of IVIG
ASA 23% 17.7% administered and
ASA plus 1g/kg IVIG 9.0% 9.0% independent of the
ASAplus 1.6 g/kg IVIG  8.6% 6.3% aspirin dose.
ASA plus 2 g/kg IVIG 4.6% 3.8%

ASA, aspirin; IVIG, intravenous immunoglobulin
* All doses of ASA were 30-50 mg/kg/day
T Patients located in the United States

REFRACTORY DISEASE AND TREATMENT
OPTIONS

Refractory Kawasaki disease exists in 9.4 to
23% of patients treated with initial aspirin plus
IVIG therapy." Patients are considered to have
refractory disease if they develop or continue to
have a fever within 36 hours of the IVIG infusion.
These patients are at increased risk of developing
cardiac abnormalities and will need additional
treatment.”"* The Egami scoring system has been
developed to help predict whether a patient will
develop refractory Kawasaki disease.' This scor-
ing system takes into account the patient’s age,
number of days the patient has been ill, platelet
count, alanine transaminase level, and concen-
tration of C-reactive protein (CRP). Although
the Egami score works well in Japan, it has low
sensitivity for predicting IVIG resistance when it
is used in the United States.'> Multiple treatment
options for refractory Kawasaki disease exist,
including a second dose of IVIG or initiation of
anew therapy such as corticosteroids, infliximab,
cyclosporin, cyclophosphamide, or methotrexate.

Second Dose of Intravenous Immunoglobulin
According to the American Heart Association
guidelines for Kawasaki disease, a second dose
of IVIG 2 g/kg is recommended in patients for
whom the initial dose has failed.! Disease should
be adequately controlled in up to 80% of patients
who receive a second dose of IVIG.' Burns et al"”
evaluated the appropriate dosage of this second
dose of IVIG, and the results indicated that the

group of patients treated with 2 g/kg was less
likely to develop coronary artery aneurysms than
the group treated with 1 g/kg (5.9% vs. 57.1%,
respectively; p = 0.014). No efficacy data exist
today to support administering a third dose of
IVIG therapy.

Corticosteroids

Corticosteroids help reduce the inflamma-
tion associated with Kawasaki disease through
inhibition of the production of inflammatory
mediators, suppressing the migration of leu-
kocytes and decreasing capillary permeability.
Corticosteroids inhibit phospholipase A,, an
enzyme needed for the production of arachidonic
acid and inflammatory mediators."

Corticosteroid therapy is the treatment of
choice for other states of vasculitis; however,
their use in Kawasaki disease remains contro-
versial, and they are reserved for those patients
with disease that is refractory to IVIG therapy."
In patients who have developed refractory Ka-
wasaki disease, IV methylprednisolone therapy
suppresses cytokine levels more rapidly than a
second dose of IVIG." Even with this finding, the
American Heart Association recommends using
corticosteroids only in children for whom 2 or
more trials of IVIG therapy have failed.!

In a meta-analysis performed by Zhu et al,"”
corticosteroid treatment improved the clinical
course of refractory Kawasaki disease without
increasing coronary artery lesions. Eleven studies
were included in this meta-analysis, 7 of which
investigated the addition of IV methylpredniso-

J Pediatr Pharmacol Ther 2015 Vol. 20 No. 3 ® wwuw.jppt.org

165

$S900E 93l} BIA 60-G0-GZ0Z 1e /wod Aioyoeignd-poid-swd-yiewlarem-jpd-awnidy/:sdiy wouy papeojumoq



JPPT

S Saneeymehri, et al

Table 2. Initial Treatment Option for Kawasaki Disease®'2

Drug Mechanism of Action Dose

Adverse Effects Cost*

Aspirint Reduces inflammation
by inhibiting
prostaglandin synthesis
through acetylation of
cyclooxygenase 1 and
cyclooxygenase 2

Reduces the risk of
thrombosis through
inhibition of platelet
aggregation from the
acetylation of platelet
cyclooxygenase

IVIG The exact MOA is
unknown but is
postulated to neutralize
the viral toxins
associated with the
disease

80-100 mg/kg/day divided No side effects are
into 4 doses

3-5 mg/kg/day

One-hundred
325-mg tablets
cost $0.83

reported in the
studies, but potential
adverse effects include
gastrointestinal ulcer,
bleeding, tinnitus,
bronchospasm,
angioedema, Reye’s
syndrome, and renal
impairment

2 g/kginfused IV over 12 hr  No side effects reported 5 g of 5% IVIG

in the studies, but costs $706.98;
potential adverse effects 10 g of 5% IVIG
include hypertension, costs $1,413.96
hypotension, increased

heart rate, injection

site reaction, diarrhea,

nausea, abdominal pain,

myalgia, headaches,

asthma, and fever

IVIG, intravenous immunoglobulin; MOA, mechanism of action
*US average wholesale price
1 Taken by mouth

lone to the initial treatment with large-dose IVIG
plus aspirin, and the other 4 analyzed IV meth-
ylprednisolone used as a treatment in patients
who had disease refractory to the initial large-
dose IVIG therapy compared to a second dose of
IVIG. In all 11 studies, the incidence of coronary
artery aneurysms did not significantly increase in
the patients treated with IV methylprednisolone
compared to the control groups.” These results
indicated that IV methylprednisolone, without
regard to the time of therapy, did not increase the
risk of developing coronary artery aneurysms;
and in those patients whose disease was refrac-
tory to IVIG therapy, the incidence of coronary
artery aneurysms was actually reduced.

In the 4 studies of 122 patients who had disease
refractory to the initial large-dose IVIG therapy,
74 patients were treated with IV methylpred-
nisolone, and 48 patients were treated with
a second dose of IVIG."” Differences between
development of coronary artery aneurysms in
methylprednisolone-treated patients and that
in controls were not significant (odds ratio [OR]
= 0.87; confidence interval [CI] = 0.32-2.36; p =

0.78), and 1 study actually showed a decrease in
the occurrence of coronary artery lesions com-
pared to that in the control group.” The incidence
of coronary artery aneurysms at 1 month after
treatment also did not show a significant increase
in cardiac abnormalities, with 20 events in the
patients treated with IV methylprednisolone
compared to 27 events in the patients treated
with a second dose of IVIG (p = 0.23). Those pa-
tients treated with IV methylprednisolone had a
significant decrease in the duration of fever, and
methylprednisolone reduced the number of pa-
tients needing additional treatment. The results
of that study showed a potential benefit in adding
IV methylprednisolone in patients with disease
refractory to initial treatment or in those patients
whose disease was predicted to be refractory to
initial high-dose IVIG, with no additional risk of
developing coronary abnormalities."

In a study performed by Furukawa et al*' a
second dose of IVIG was compared to IV meth-
ylprednisolone in 63 IVIG-resistant patients. Of
the 63 patients, 44 were treated with IV methyl-
prednisolone, 30 mg/kg/day for 3 days, and 19
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were treated with a second dose of IVIG at 1-2
g/kg. To determine the effect of the treatments,
echocardiograms were performed 1 to 2 times a
week. Of the patients who received IV methyl-
prednisolone, 34 (77%) responded successfully
compared to 12 (63%) patients who received a
second dose of IVIG. The patients treated with
IV methylprednisolone had a faster initial resolu-
tion of fever. All 44 methylprednisolone-treated
patients became afebrile within 1 day of therapy,
whereas only 12 of the 19 patients treated with a
second dose of IVIG (63%) became afebrile. All
of the patients who responded to the IV meth-
ylprednisolone or the second dose of IVIG did
not develop coronary artery aneurysms; how-
ever, 5 of the 10 patients who did not respond
to IV methylprednisolone developed coronary
abnormalities, and 2 of the 7 patients who did
not respond to a second dose of IVIG developed
coronary abnormalities. These results suggested
that IV methylprednisolone is a viable treatment
option for patients who are refractory to initial
IVIG therapy while not increasing the incidence
of developing coronary abnormalities.”!

If a patient is predicted to have resistance to
IVIG, IVIG plus IV methylprednisolone therapy
can be used. In a randomized controlled trial,
48 patients who were predicted to have IVIG
resistance based on their Egami scores were
assigned to receive either IVIG (n = 26) or IVIG
plus methylprednisolone therapy (n = 22).%
Echocardiograms were performed on all patients
before the initiation of treatment, at 36 hours,
and again at 30 days. All patients received IVIG
at 2 g/kg over 24 hours and aspirin, 30 mg/kg
every 8 hours, until they were afebrile for 36
hours, and the aspirin dose was then reduced to
5 mg/kg/day. Those patients who received ad-
ditional IV methylprednisolone with IVIG were
given methylprednisolone, 30 mg/kg, as a 1-time
dose administered over 2 hours prior to receiv-
ing their IVIG therapy. Of those patients treated
with IVIG plus methylprednisolone, 86.4% had
prompt resolution of fever compared to 23.1%
in the IVIG group. Cardiac artery dimension z
scores did not differ significantly between the
2 groups prior to treatment. The z scores, how-
ever, were significantly smaller at 36 hours in
the patients treated with IVIG plus aspirin plus
IV methylprednisolone than those in patients
treated with IVIG and aspirin alone (p = 0.016).
Echocardiograms at 30 days showed that the left

main artery z score was also significantly smaller
in the patients treated with methylprednisolone
(p=0.043). In addition, the incidence of coronary
artery lesions at 30 days after treatment was sig-
nificantly reduced in the patients treated with IV
methylprednisolone compared to those treated
with IVIG alone (9.1% vs 38.5%, respectively, p
= 0.04). These results indicated that adding a
corticosteroid to IVIG therapy was safe and ef-
fective in those patients predicted to have IVIG
resistance.”? Table 3 summarizes the data for
corticosteroid use in refractory Kawasaki disease.

Common adverse effects of IV methylpredniso-
lone that were reported in the studies include
sinus bradycardia, hypothermia, hypertension,
and hypokalemia. In the study by Zhu et al,"”
4 patients treated with IV methylprednisolone
experienced serious adverse effects including
sensorineural hearing loss, shock, and respiratory
failure. One patient treated with IV methylpred-
nisolone developed idiopathic thrombocytope-
nic purpura and subsequently died; however,
the death was believed not to be related to the
Kawasaki disease or the methylprednisolone
treatment.” In the study by Furukawa et al,* 5
patients developed hypertension, 3 developed
hypothermia, and 3 developed sinus brady-
cardia. One young patient developed transient
fibular nerve paralysis 6 days after the admin-
istration of methylprednisolone (disease day 8),
but the association with corticosteroid use was
not certain. Two patients who received IVIG plus
IV methylprednisolone developed a fever within
24 hours of receiving the dose, but they became
afebrile within 6 hours after the onset. Patients
receiving the combination therapy also had a
higher incidence of hypothermia, bradycardia,
and hypertension; however, these adverse effects
were transient and resolved by 36 hours.” Over-
all, treatment with methylprednisolone appears
to be safe and tolerable.

Infliximab

Infliximab is a monoclonal antibody that
binds to and inhibits tumor necrosis factor-alpha
(TNF-0). TNF-o.is responsible for inducing inter-
leukins and proinflammatory cytokines, enhanc-
ing the migration of leukocytes, and activating
neutrophils and eosinophils. TNF-o inhibitors
can reduce the inflammation associated with
Kawasaki disease. TNF-o plasma concentrations
and soluble TNF receptor concentrations are
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Table 3. Corticosteroid Use in Refractory Kawasaki Disease

Reference N Primary Endpoint Intervention No. of Patients Results
Treated
Initial CAA events 30-day CAA events
Zhu 122* To determine the 30 mg/kg IV MP x 74 14 (18.9%) 20 (27.0%)
etal® incidence of CAA in 3 days
patients treated with
IVMP compared to IVIG 1-2 g/kg IVIG 48 12 (25%) 27 (56.3%)
Responders Total CAA events
Furukawa 63* To determine if patients 30 mg/kg IV MP x 44 34 (77.3%) 5(11.4%)
etal” who are resistant to 3 days
initial IVIG therapy will
respond to IVMP and
the effect it may have 1-2 g/kg IVIG 19 12 (63.2%) 2(10.5%)
on developing coronary
artery aneurysms
Responders Coronary artery
lesions (z score
>2.5)
Ogata 48t Incidence of coronary 2 g/kg IVIG plus 26 6 (23.1%) 10 (38.5%)
et al? artery lesions, based ASA
on zscores >2.5 at 30 mg/kg IV MP 22 19 (86.3%) 2(9.1%)

one month, in those
patients predicted to  aga
have IVIG resistance

being treated with IVIG

or IVIG + IV MP

+ 2 g/kg IVIG plus

ASA, aspirin; CAA, coronary artery aneurysm;, IVIG, intravenous immunoglobulin; IV MP, intravenous methylprednisolone

*Total number of patients resistant to IVIG
1t Number of patients predicted to be resistant to IVIG

increased during the acute phase of Kawasaki
disease and are associated with the development
of coronary artery aneurysms.”

In a retrospective study of 106 patients who
were resistant to initial IVIG therapy, the use of
infliximab was compared to the use of a second
dose of IVIG.* Twenty patients were treated with
infliximab, 5 mg/kg, and 86 patients were treated
with a second dose of IVIG, 2 g/kg. The patients
treated with infliximab had a significant reduc-
tion in the days of continued fever (8 days vs 10
days, respectively; p = 0.028) and a significantly
shorter hospital stay (5.5 days vs 6 days, respec-
tively; p = 0.04)]. The majority of the patients
responded to the study drug and did not require
retreatment (85% infliximab vs 76% second dose
of IVIG; p = 0.55).

Burns et al® published a prospective random-
ized trial in 24 patients with disease refractory to
initial IVIG treatment. The study compared the
safety, tolerability, and pharmacokinetics of inf-
liximab with those of a second infusion of IVIG.

Twelve patients received infliximab, 5 mg/kg
infusion, whereas the other 12 patients received a
second dose of IVIG, 2 g /kg. Secondary outcomes
of the study included fever cessation within 24
hours of treatment and coronary dimensions
based on z scores, with an aneurysm defined
as z > 4. Echocardiograms were performed on
the subjects within 48 hours of randomization,
again at 2 weeks, and again at 4 weeks. Eleven
of the 12 patients who received infliximab had
fever cessation compared to 8 of the 12 patients
in the second IVIG-infusion group. Five of the
subjects who received infliximab had evidence
of coronary artery aneurysm during the 4-week
study period; however, 4 of these 5 patients
already had evidence of coronary abnormalities
on their baseline echocardiograms. There were
no significant difference in baseline characteris-
tics between the 2 study groups, and both of the
groups tolerated the treatment options well. That
was the first study using infliximab as a treatment
option in patients less than 12 months of age, and
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the results showed that the pharmacokinetics
of the drug did not differ based on age. Burns
et al® demonstrated that infliximab is another
treatment option for patients with initial IVIG
therapy resistance.

In an open-label case series report, 20 patients
resistant to large-dose IVIG therapy, up to 4 g/
kg, were treated with 5 mg/kg of infliximab.*
They were evaluated 48 hours after the infusion
for signs and symptoms of improvement and
again at 30 days with an echocardiogram.? All 20
patients showed increased echogenicity or mild
dilation in their coronary arteries on the baseline
echocardiogram. After the infliximab infusion,
18 of the 20 patients had a rapid decrease in
their temperature within 24 hours and a gradual
decrease in other symptoms within 3 days. The
infliximab infusion also provided anti-inflam-
matory effects in these patients over the 3 days
after the infusion. At the 30-day examination, 1 of
the patients had a coronary artery lesion but had
complete regression at 1 year.” No adverse effects
were reported in the patients treated with inflix-
imab. This open-label case series showed that the
majority of patients with refractory Kawasaki
disease had rapid improvement in their inflam-
matory markers after the infliximab infusion.*
Only 2 patients were defined as resistant to inf-
liximab and needed plasma exchange therapy.*
Table 4 summarizes the data for infliximab use
in refractory Kawasaki disease.

In the study performed by Son et al,* patients
treated with infliximab had a higher prevalence
of transient hepatomegaly than those who re-
ceived IVIG (6 [19%] vs 1 [1.5%)], respectively; p
= 0.004); however, hepatomegaly was reported
in patients who had Kawasaki disease due to the
inflammatory nature of the disease. Similarly, in
the randomized trial performed by Burns et al,*
the only adverse effect seen in the infliximab
group was transient hepatomegaly that resolved
within the 4-week study period. The cause of
hepatomegaly is not known; it is believed to be
either venous congestion due to cardiac dys-
function or acute inflammation of the liver and
hydrops of the gallbladder.”

Although no serious adverse effects were
reported in the trials and case reports using inf-
liximab, infections, bradycardia, anemia, neutro-
penia, and leukopenia may develop. Even though
these studies were not powered to determine
the potential risk of infections or malignancy,

it should be considered when treating children
with this type of medication. Further investiga-
tion is required in larger study populations to
determine the risk of malignancy associated
with a one-time dose of 5 mg/kg infliximab in
the pediatric population.”” With the current data
available, the benefits of using infliximab for
refractory Kawasaki disease appear to outweigh
the potential risk of this medication.

Cyclosporine

Cyclosporine is postulated to reduce inflam-
mation in patients with Kawasaki disease. It
is included in a class of medications known as
calcineurin inhibitors. In normal physiology, cal-
cineurin is required for cytokine synthesis. Cyclo-
sporine inhibits the assembly and release of IL-2,
a cytokine-signaling molecule. It also inhibits the
activation of T lymphocytes, which play a role
in cell-mediated immunity and inflammation.”

Case reports and trials present controversial
data in the efficacy of cyclosporine for the treat-
ment of refractory Kawasaki disease. Kuijpers
et al® reported a case of a previously healthy
16-month-old male who was readmitted with
refractory Kawasaki disease after initial standard
therapy of aspirin and IVIG and 3 days of IV
methylprednisolone failed. Cyclosporine 5 mg/
kg IV was administered for 4 days before being
switched to the oral formulation and was contin-
ued for a total of 7 weeks. Complete recovery was
achieved within 2 weeks of starting cyclosporine;
however, the patient’s symptoms returned 20
days after discontinuation of therapy. Cyclospo-
rine therapy was restarted with amelioration of
symptoms. The patient was admitted for further
observation during which he experienced cardiac
arrest with sudden death attributable to myo-
cardial infarction. The authors concluded that
cyclosporine might not have been able to impact
the coronary inflammation and proliferation as
seen in this case due to the exaggerated inflam-
matory response of the vascular smooth muscle.”

Suzuki et al”” published a pilot study evaluating
the use of cyclosporine in patients with refractory
Kawasaki disease. Of the 329 Kawasaki disease
patients who were admitted, 28 had refractory
disease and were treated with oral cyclosporine
at an initial dose of 4 mg/kg/day divided into
2 equal daily doses. The doses were adjusted to
maintain a trough concentration of 60 to 200 ng/
mL. Twenty-two patients (78.6%) became afebrile
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Table 4. Infliximab in Refractory Kawasaki Disease

Reference Primary Endpoint Intervention  Total No. Results
(n = patients) of Patients
Fever P value Hospital stay P value
cessation
Son et al** To determine whether 2 g/kg IVIG 86 10 days 0.028 6 days 0.04

(n=106) infliximab therapy is
an option for treating
those patients who
are resistant to initial
high-dose IVIG therapy
by looking at fever
cessation within 24 hr
and length of hospital
stay.

Burnsetal® To determine the 2 g/kg IVIG

(n=24) safety, tolerability, and 5 mg/kg infliximab

pharmacokinetics of
infliximab in all pediatric
age group, with a
secondary outcome
looking at duration of
fever and changes in
inflammatory markers.

Morietal?®  To determine the

(n=20) resolution of fever and
inflammatory processes
within twenty-four
hours of infliximab
treatment in patients
who were resistant to
initial high-dose IVIG
therapy.

5 mg/kg infliximab

5 mg/kg infliximab

20 8 days 5.5 days

Fever cessation in CAA events
24 hr
12 8 (66.7%) 0 (0%)
12 11 (91.7%) 5 (41.7%)*

Responders Decrease fever CAL events
in 24 hrs
20 18 (90%) 18 (90%) 1 (5%)

CAA, coronary artery aneurysm; CAL, coronary artery lesion; IVIG, intravenous immunoglobulin
*Four of the 5 patients had cardiac abnormalities on their initial echocardiogram prior to therapy

and had reduction in their CRP concentration
within 5 days. The remaining 6 patients (21.4%)
remained febrile after finishing their treatment
with cyclosporine, and 4 of the 6 patients (1.2%)
developed coronary arterial lesions either prior
to or after the start of therapy. The only adverse
effect reported was hyperkalemia without any
occurrence of arrhythmias. The authors sug-
gested that specific subgroups of patients might
be resistant to cyclosporine due to reasons such
as late timing of administration or insufficient
suppressive effects for the severity of inflamma-
tion despite adequate serum concentrations.”
Another small interventional trial was con-

ducted by Minami et al* in which a continuous
infusion of cyclosporine was administered in
IVIG-resistant patients. Four patients between
9 months and 5 years of age were enrolled in
the study. Two patients received cyclosporine
1.5 mg/kg/day, and the other 2 received 3 mg/
kg/day. Cyclosporine serum concentrations
(goal = 300-500 ng/mL) were monitored, and
the patients were reexamined at 1 month. The
patients who initially received the higher dose
of cyclosporine became afebrile within 24 hours,
whereas the patients in the low-dose treatment
arm did not. Coronary artery lesions were not
observed 1 month after the onset of disease. The
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authors concluded that a higher therapeutic se-
rum concentration, and thus a higher initial dose,
might be necessary to rapidly improve fever and
decrease inflammation. No adverse effects were
reported. Prospective studies are required with a
larger sample size to determine the effectiveness
of this cyclosporine dose.®

Hamada et al’! analyzed drug serum concentra-
tions and inflammatory markers in 19 patients
treated with oral cyclosporine 4 mg/kg/day for
14 days. Serum samples were collected on days
0, 7, and 14 of treatment. Cyclosporine trough
concentrations were maintained between 60 and
200 ng/mL. Fourteen patients became afebrile
within 5 days of cyclosporine treatment, and 5
patients remained febrile. One of the 14 respond-
ers and 2 of the 5 non-responders developed
coronary arterial lesions. Reports from other
researchers indicated that treatments with higher
doses of oral cyclosporine (i.e., 10 mg/kg/day)
had provided beneficial results and that higher
doses might be required in patients who did not
initially respond to 4 mg/kg/day.® Nonethe-
less, further studies need to be conducted to
determine the cytokines that are predominantly
responsible for the formation of coronary arterial
lesions so appropriate therapy can be developed
to target these markers.”

A recent study by Tremoulet et al® described
9 Japanese patients between 2 months and 11
years of age with Kawasaki disease, who were
successfully treated with cyclosporine after not
responding to multiple therapies. All 9 patients
initially received standard therapy with daily as-
pirin and 2 doses of IVIG before receiving further
management with either IV methylprednisolone
or IV infliximab or participating in a clinical
trial. Coronary artery aneurysms developed in
4 patients before the initiation of a calcineurin
inhibitor but subsided soon afterward. Cyclospo-
rine was initially started at doses ranging from 3
to 5.1 mg/kg/day 1V, divided every 12 hours or
9.9 to 11.7 mg/kg/day by mouth, divided every
12 hours in order to determine a dose that would
reach target serum trough levels of 50 to 150 ng/
mL after 3 doses or a peak serum concentration
range of 300 to 600 ng/mL. Six of the 7 patients
treated with cyclosporine for persistent fevers
became afebrile within 24 hours and the other
within 72 hours. One patient was treated with
cyclosporine due to steroid intolerance and
therapy was able to be tapered once cyclosporine

was initiated. One other patient received cyclo-
sporine for persistent rash and arthritis, which
resolved within 48 hours. The duration of therapy
lasted from 2 weeks to 3 months in all patients
treated with cyclosporine. The authors concluded
that administration of IV cyclosporine until the
cessation of fever followed by oral cyclosporine
would yield rapid therapeutic levels and clini-
cal response. A standardized treatment protocol
was developed at the University of California at
San Diego based on experience with this patient
population. The IV cyclosporine regimen in this
protocol is initiated at 3 mg/kg/day twice daily,
followed by 10 mg/kg/day by mouth twice daily
once the patients have been afebrile for greater
than 24 hours. A tapered regimen (10% every 3
days over 1 month) is then started after 2 weeks
of treatment or once the patient is afebrile or CRP
concentration is <1 mg/dL and clinically improv-
ing, whichever is longer.® Table 5 summarizes the
data for cyclosporine use in refractory Kawasaki
disease.

The adverse effects reported in the aforemen-
tioned studies were minimal. Suzuki et al® re-
ported hyperkalemia without any occurrence of
further complications. Tremoulet et al® reported
hypomagnesemia in 2 patients, hirsutism in 2
patients, and acute otitis media in 1 patient. Gen-
erally, major adverse effects to consider include
hypertension (8%-53%), hirsutism (21%-45%),
increased susceptibility to infection (3%-25%),
tremor (7%-55%), and renal insufficiency (10%-
38%).272° Clinicians need to monitor serum
trough concentrations of cyclosporine as well
as the patients’ blood pressure, complete blood
count, and basic metabolic panel while the pa-
tients are receiving this therapy.

Cyclophosphamide

Cyclophosphamide is another immunosup-
pressant thought to decrease inflammation in
Kawasaki disease. It is a prodrug in a class of
medications known as alkylating agents. These
agents inhibit DNA synthesis and prevent cell
division by cross-linking DNA strands. Prevent-
ing cell division leads to cell death, and cytokines
are some of the immune cells involved in this
process. When immune cells are suppressed,
inflammation is then reduced.”

Data for use of cyclophosphamide in Ka-
wasaki disease are even scarcer than those
for cyclosporine. Wallace et al* reported the
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Table 5. Cyclosporine Use in Refractory Kawasaki Disease

Reference Study Design

(no. patients)

Cyclosporine

Primary Endpoint Results

Kuijpers et al?® Case Report

(M

5 mg/kg/day IV

Observational
(28)

Suzuki et al® 4 mg/kg/day PO

Minami et al*° Prospective 1.5 vs 3 mg/kg/day IV
interventional

4

Hamada et al*' Observational
(19)

4 mg/kg/day PO

Tremouletetal®  Case Report 3 mg/kg/day IV,
9) followed by
10 mg/kg/day PO

Response to
cyclosporine
treatment

Coronary disease and death

Response to
cyclosporine

22 patients became afebrile with
decreased CRP within 5 days
(78.6%);

6 patients (21.4%) did not
respond to therapy;

4 of the 6 patients (1.2%)
developed coronary arterial
lesions

Detection of Those who received the higher

coronary artery doses of cyclosporine became

lesions afebrile within 24 hours;
coronary artery lesions were not
detected after 1 month of onset
of disease in any patient

Reduction of 14 responders vs 5 non-

inflammatory responders; decrease in IL-6
markers in onday 7 (13.8 vs 43.5 pg/mL,
responders respectively, p < 0.001) and

sIL-2R (3.31 vs 21.3 pg/mL,
respectively)

Resolution of 6 patients became afebrile within

inflammation and 24 hr; 1 patient was afebrile

fever between 72 hr; 2 other patients
had resolution of inflammation
due to rash or steroid intolerance

CRP, C-reactive protein; IL, interleukin; IV, intravenous; IVIG, intravenous immunoglobulin; PO, by mouth

outcomes of pulse IV methylprednisolone and
cyclophosphamide in patients with refractory
Kawasaki disease in a 3-year retrospective analy-
sis. Sixty-five patients were evaluated of whom
5 had persistent disease after 2 doses of IVIG (4
patients developed coronary artery thrombosis
and 3 developed coronary aneurysm). Four of the
5 patients were then treated with IV methylpred-
nisolone, 30 mg/kg/day, and 2 of these 5 were
also treated with IV cyclophosphamide, 2 mg/
kg/day. Methylprednisolone therapy in these 2
patients was unable to be tapered without reoc-
currence of symptoms; however, the addition
of cyclophosphamide allowed tapering. Cyclo-
phosphamide and methylprednisolone were
continued at discharge and tapered over 1.5 to 7
months without mentioning a dosage regimen.
None of these patients experienced any further
coronary aneurysms or death after finishing the

therapy.®

Wallace et al** did not report any adverse effects
that might have potentially been experienced by
the patients who were given cyclophosphamide
in the study. Potential common adverse effects of
cyclophosphamide physicians should be famil-
iar with include hemorrhagic cystitis, alopecia,
diarrhea, mucositis, and bone marrow suppres-
sion (frequency not defined).” Clinicians need
to monitor the patients’” complete blood count,
serum electrolytes, and serum creatinine while
the patients are taking this therapy.

Methotrexate

Methotrexate, initially used as an anticancer
agent in the 1950s, is an antimetabolite that inhib-
its the synthesis, replication, and repair of DNA.
It inhibits the enzymes dihydrofolate reductase
and thymidylate synthase, which play a role in

172 J Pediatr Pharmacol Ther 2015 Vol. 20 No. 3 ® www.jppt.org

$S900E 93l} BIA 60-G0-GZ0Z 1e /wod Aioyoeignd-poid-swd-yiewlarem-jpd-awnidy/:sdiy wouy papeojumoq



Treatment Options for Pediatric Patients with Refractory Kawasaki Disease

JPPT

Table 6. Methotrexate Use in Refractory Kawasaki Disease

Reference Study Design Methotrexate

(no. patients)

Primary Endpoint Results

Lee etal® Case Report 10 mg/m?/wk plus
(1) corticosteroids (dosage

forms not mentioned)

Ahnetal** Retrospective 10 mg/m%*wk PO

Response to methotrexate  After administration of

methotrexate, patient
remained afebrile

Response to methotrexate  Clinical and laboratory

(4) and progression to cardiac  improvements were seen
disease without any progression to

Leeetal®® Retrospective 10 mg/m?/wk PO
(17)

cardiac disease

Response to methotrexate  Fevers were reduced within

24 hr of methotrexate therapy
(37°C vs 38.6°C, respectively,

p < 0.001)

Average CRP concentration
was reduced after 1 week

of starting methotrexate

(1.2 mg/dL vs 8.9 mg/dL,
respectively, p < 0.001)

CRP, C-reactive protein; PO, by mouth

folate synthesis. This process is necessary for the
production of purines that are the building blocks
of DNA. Methotrexate has also been thought
to reduce CRP, erythrocyte sedimentation rate,
and the production of leukotrienes as well as to
inhibit IL-1 and IL-6. Thus, methotrexate may
play a role in autoimmune diseases such as Ka-
wasaki disease.”

In 2002, Lee et al® reported the case of a
6-year-old male with refractory Kawasaki dis-
ease who was treated with both methotrexate,
10 mg/m? weekly, and dexamethasone, 0.6 mg/
kg/day, starting on day 38 from the onset of
illness. The dosage forms of methotrexate and
dexamethasone were not stated. Up until that
point, the patient had already received several
courses of IVIG without clinical improvement
and had developed dilation of the right coronary
artery. Corticosteroids were then started, with a
transient improvement before methotrexate was
added to the regimen. After the administration
of methotrexate, the patient remained afebrile
and was discharged with a regimen of weekly
methotrexate and aspirin. Intended duration of
therapy or adverse effects were not reported.*

Ahn et al** evaluated the effect of small-dose
methotrexate in 4 cases of refractory Kawasaki
disease in patients between 8 months and 8 years
of age. All 4 patients had been treated with aspi-
rin, IVIG, and IV dexamethasone with recurrent
symptoms or no response. After treatment with

weekly PO methotrexate, 10 mg/m?, clinical and
laboratory improvements were seen without
any progression of cardiac abnormalities. The
duration of treatment varied from 3 weeks to 7
months depending on the clinical improvement
of each patient. The patients did not experience
any adverse effects associated with the metho-
trexate therapy.™

Lee et al® reported similar cases in which 17 pa-
tients with persistent fevers after initial therapy
were treated with methotrexate at a low dose
of 10 mg/m? PO weekly. Fevers were reduced
within 24 hours of methotrexate therapy (38.6°C
vs 37.0°C, respectively; p < 0.001), and average
CRP concentration was remarkably reduced after
1 week (8.9 mg/dL vs 1.2 mg/dL, respectively;
p < 0.001). Methotrexate was found to rapidly
reduce fever and inflammatory markers with-
out provoking any adverse effects; however, the
authors suggested that methotrexate should be
further assessed for the improvement of coronary
artery outcome.® Table 6 summarizes the data for
methotrexate use in refractory Kawasaki disease.

Clinical studies and case reports regarding
methotrexate therapy for refractory Kawasaki
disease have shown either minimal or no adverse
effects. Lee et al® suggested that the cumulative
dose of methotrexate is so low in this setting
that adverse effects are unlikely to be observed.*
Common adverse effects (>10%) that may
potentially be seen with methotrexate include
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Table 7. Treatment Options for Refractory Kawasaki Disease*'3'6-35

Therapy

Mechanism of Action Dose

Adverse Effects

Cost*

Methylprednisolone Reduces inflammation

Infliximab

Cyclosporine

Cyclophosphamide

Methotrexate

by suppressing the
migration of leukocytes 2hrsx3
and decreasing capillary days
permeability

Binds to and inhibits TNF-o, 5 mg/kg IV
which is responsible for

inducing interleukins

and proinflammatory

cytokines, enhancing the

migration leukocytes, and

activating neutrophils and

eosinophils.

Inhibits the assembly and
release of IL-2, a cytokine-
signaling molecule; it also
inhibits the activation of

T lymphocytes which play
arole in cell-mediated
immunity and inflammation

IV or PO

Inhibits DNA synthesisand 2 mg/kg/
prevents cell division by day IV
cross-linking DNA strands;
cyclophosphamide is also a

strong immunosuppressant

Inhibits the enzymes
dihydrofolate reductase
and thymidylate synthase,
which play a role in folate
synthesis, and may reduce
CRP, ESR, and production
of leukotrienes as well as
inhibit IL-1 and IL-6, and
thus may play a role in
autoimmune diseases such
as Kawasaki disease

10 mg/m?
weekly PO

30 mg/kg IV Sinus bradycardia,
infused over hypothermia, hypertension, AOV cost $99.49;

and hypokalemia

Studies have reported

hepatomegaly associated

with infliximab use;

other side effects include

infections, bradycardia,

increased liver enzymes,
anemia, neutropenia, and

leukopenia

4 mg/kg/day Hyperkalemia,

hypertension (8%-53%

incidence), hirsutism (21%-
45% incidence), increased
susceptibility to infection
(3%-25% incidence), tremor
(7%-55% incidence), and
renal insufficiency (10%-

38% incidence)

Hemorrhagic cystitis,
alopecia, diarrhea,
mucositis, and bone
marrow suppression

The cumulative dose of
methotrexate is so low that
adverse effects are unlikely;
common adverse effects

(>10% incidence) that

may potentially be seen
with methotrexate include
stomatitis, alopecia, bone
marrow suppression, and

hepatotoxicity

40 mg/mL box of 25

box of twenty-five
125 mg/mL AOV
cost $160.42

100-mg vial cost
$1,061.86

Box of ten 250 mg/5
mL ampules cost
$496.58;

thirty 25-mg tablets
cost $52.601;

thirty 100- mg
tablets cost
$210.111;

thirty 25-mg UD cost
$95.76%;

thirty 100-mg UD
cost $382.22%;

25 mg UD #30:
$55.768

100 mg UD #30:
$222.828

500-mg vial cost
$439.50;

1-g vial cost $579.00;
2-g vial cost
$1,758.00;
One-hundred 25-mg
tablets cost $278.61;
One-hundred 50-mg
tablets cost $511.30;

25 mg/mL 40 mL
cost $43.43;
One-hundred
2.5-mg tablets cost
$356.40

AOV, Act-O-Vial; CRF, C-reactive protein; ESR, erythrocyte sedimentation rate; IL, interleukin; 1V, intravenously; PO, by mouth; TNF-o, tumor
necrosis factor-alpha; UD, unit dose

* US average wholesale price

1 Gengraf (Abbott Laboratories, North Chicago, IL)

# Sandimmune (Novartis Pharmaceuticals, East Hanover, NJ)
§ Neoral (Novartis Pharmaceuticals, East Hanover, NJ)
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stomatitis, alopecia, bone marrow suppression,
and hepatotoxicity.* Clinicians should monitor
patient’s complete blood counts and liver func-
tion tests while they are taking this therapy.

CLINICAL APPLICATION

Refractory Disease

The evidence supporting treatment of refrac-
tory Kawasaki disease is scarce, consisting
mainly of observational studies and case series.
For this reason, this topic of interest is very
controversial. There are many agents that may
be considered for refractory disease. A repeated
dose of IVIG seems to be the common practice
in many reported cases, before other treatment
options are considered; however, patients who
do not respond to a repeated dose of IVIG have
further delay of adequate therapy and are at in-
creased risk of developing cardiac sequelae and
death. Identifying and treating those patients
who may have refractory Kawasaki disease is of
utmost importance.

Although definite conclusions cannot be
drawn from the small pool of evidence, it may be
worthwhile to consider initiating corticosteroids
after the first treatment failure of IVIG instead of
waiting until after the second treatment failure.
Patients who are predicted to fail initial IVIG
therapy based on an Egami score of >3 have ben-
efitted from initial treatment with IVIG in com-
bination with corticosteroids.” Few cases reports
have noted recurrent fever and clinical symptoms
as corticosteroid therapy is tapered;* therefore,
an additional agent for refractory disease such
as cyclophosphamide or methotrexate may be
added to allow for this taper to occur. Cortico-
steroids may exacerbate symptoms in patients
with a history of uncontrolled diabetes or venous
thromboembolism; patients with these clinical
outcomes will likely benefit from other treatment
options. Patients with a history of seizures or
uncontrolled hypertension should also explore
treatment options other than cyclosporine due to
its potential adverse effects. Cyclophosphamide
and methotrexate may cause myelosuppression
and should not be used in patients who may be
taking concurrent myelosuppressive medications
for other disease states. It is also important to be
vigilant in all patients who have renal or hepatic
dysfunction when initiating these medications.

Beyond the use of corticosteroids, it is difficult
to differentiate among the efficacies of other
agents in refractory disease. As mentioned before,
specific patient characteristics, adverse effect
profiles of the drug, and possible contraindica-
tions for the patient should be taken into account
when choosing the therapy. Table 7 summarizes
the major treatment options and their proposed
dosages for refractory Kawasaki disease.

CONCLUSIONS

About 20% of patients with Kawasaki disease
will be refractory to initial therapy. The lack of
randomized, controlled studies makes treatment
of refractory disease difficult. Delayed control
of the symptoms may increase morbidity and
mortality. Current treatment options for refrac-
tory disease are based mainly on observational
studies and case reports. Until larger random-
ized, controlled trials become available to give
more guidance on therapy for this stage of dis-
ease, clinicians should use the available data in
conjunction with their clinical expertise and the
adverse effect profile of the available drugs to
make treatment decisions.
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