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Abstract In a recent study, infliximab (IFX) therapy resulted in dramatic improve-

ment in 85–90% of children with Kawasaki disease who did not respond to

repeated intravenous immunoglobulin (IVIG) infusion or steroid therapy as

second-line treatment. Although studies have confirmed the clinical efficacy and

safety of IFX therapy in children with refractory Kawasaki disease, there is no

consensus regarding treatment of IFX nonresponse, which is defined as the presence

of persistent fever (>37 �C) despite optimal treatment. In a treatment algorithm

from two Japanese institutions, IFX was given to children who did not respond to

second IVIG or methylprednisolone pulse (IMP) therapy. Overall, 10–26% were

IFX nonresponders, and treatments for this group included IVIG, methylpredniso-

lone pulse, and cyclosporin A. Persistent fever resolved in IFX nonresponders after

these additional treatments, although some patients developed coronary artery

abnormalities. There has been no evidence-based study of optimal treatment for

IFX nonresponders. If fever or elevation of C-reactive protein does not resolve after

IFX therapy, therapies other than IFX, such as re-IVIG, re-IMP, and other immu-

nosuppressive agents, should be started.

Keywords Infliximab • Intravenous immunoglobulin • Refractory Kawasaki

disease • Methylprednisolone pulse

Introduction

Approximately 20% of children with Kawasaki disease (KD) have persistent or

recurrent fever at or later than 36 h after initial intravenous immunoglobulin (IVIG)

administration [1]. Nonresponders to initial IVIG have a higher risk of developing

coronary artery abnormalities (CAAs). A second dose of IVIG and steroid pulse

therapy are used as second-line treatment strategies. However, a small subset of

patients will remain febrile after such therapies. There are no guidelines for
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management of these children, who have persistent inflammation and are at high

risk for CAAs. Reported third-line therapies for refractory KD include infliximab

(IFX).

IFX is a humanized mouse monoclonal antibody that binds to tumor necrosis

factor-α (TNF-α), a pro-inflammatory cytokine that has an important role in

rheumatoid arthritis and other vasculitis syndromes. TNF-α levels are elevated in

patients with acute KD [2], and the highest serum levels were observed in patients

with CAAs [3]. Clinical studies have investigated the effectiveness of IFX therapy

for IVIG-resistant KD. Although several found that IFX had potential benefits for

this population [4–6], a recent study reported that the incidence of IFX nonresponse

was 11.2% [4]. Unfortunately, there have been no large studies of treatment

strategies for this population. This chapter describes recent findings from patients

with rheumatic disease and KD that did not respond to treatment with IFX.

IFX Nonresponders

IFX Therapy in KD

In a recent study of IFX therapy for children with KD who did not respond to

repeated IVIG infusion or steroid therapy, IFX resulted in dramatic improvements

in 85–90% of children, without treatment-related serious adverse events. In Japan,

IFX therapy has been used since 2006 for cases of refractory KD. As was noted in

previous US reports, Japanese patients with KD markedly improved, with no

IFX-related adverse events [7–10]. These findings suggest that IFX therapy reduces

the risk of subsequent CAAs in patients who have an unsatisfactory therapeutic

response to conventional treatments. Numerous studies have confirmed the clinical

efficacy and safety profile of IFX therapy in children with refractory KD. However,

no treatment strategies for IFX nonresponders are available.

IFX Nonresponse in Inflammatory Disease

In pediatric populations, IFX has been approved for treatment of immune-

modulated inflammatory disorders such as Crohn’s disease. Although data on IFX

therapy in KD are limited, previous studies have investigated pediatric IFX non-

responders with inflammatory bowel disease. In studies of children with Crohn’s
disease, clinical improvement was observed in children treated with 5 mg/kg IFX.

Additionally, disease activity frequently relapsed after discontinuation of IFX

treatment. A previous study found that 29% of children with Crohn’s disease

were unresponsive to IFX, whereas 29% had a prolonged response after discontin-

uation of IFX and 42% were dependent on IFX therapy [11]. Similarly, several
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studies investigated clinical response to IFX therapy in children with ulcerative

colitis. Clinical improvement was not seen in approximately 25–35% of these

patients [12, 13].

Definition and Incidence of IFX Nonresponse in KD

IFX nonresponse is defined as persistence of fever (>37 �C) despite optimal

treatment for refractory KD, ie, IVIG or steroid. In a nonrandomized, open-label,

single-center trial of 76 Japanese children unresponsive to additional IVIG therapy

[5], 70 responded to IFX therapy. The remaining six children (8%), who were

nonresponsive to IFX, were treated with plasma exchange. However, 12 of the

76 patients (16%) developed coronary artery dilatation and three had CAAs,

whereas five had coronary dilatation and one had a CAA before IFX administration.

All CAAs resolved during follow-up.

A phase III, randomized, double-blind, placebo-controlled trial of the clinical

effect of IFX plus IVIG treatment on adverse outcomes in patients with refractory

KD [4] showed no significant difference in the rate of treatment resistance (11.2%

for IFX vs 11.3% for placebo) or CAA incidence between the two groups at

5 weeks, although the IFX group had faster resolution of fever and fewer days of

hospitalization as compared with the placebo group. None of the patients who

received IFX therapy developed serious adverse events. Children resistant to IFX

received a second infusion of IVIG, but responsiveness was not described. The

authors concluded that addition of IFX to IVIG as a first-line therapy did not reduce

treatment resistance.

Treatment of IFX Nonresponders

In a treatment algorithm from two Japanese institutions, IFX was given to

nonresponders to second IVIG or methylprednisolone pulse (IMP) therapy

(Fig. 1). Overall, 26% of children were IFX nonresponders, and treatments for

this group included IVIG (1 or 2 g/kg), IMP (15–30 mg/kg), and cyclosporin A

(5 mg/kg/day, po). After these additional treatments, clinical improvements were

noted in all nonresponders. There has been no evidence-based study of optimal

treatment for children with KD who do not respond to IFX. Table 1 shows our

proposed treatment for this population. Treatment options are based on those

commonly used for other inflammatory diseases such as rheumatoid arthritis and

Crohn’s disease. In a study of the rate and reasons for discontinuation of IFX

therapy in adults with active rheumatoid arthritis during a 10-year follow-up period

[14], 34 of 144 patients (24%) discontinued IFX therapy because of loss of

effectiveness. Methotrexate and tacrolimus resulted in satisfactory clinical

improvement in the treatment of rheumatoid arthritis in IFX nonresponders [15].
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Fig. 1 Treatment algorithm at two institutions. None of patients have development of new

coronary artery abnormalities after IFX therapies. The 32nd annual meeting of the Japanese

Society of Kawasaki Disease (unpublished data). CsA cyclosporin A, IFX infliximab, IVIG
intravenous immunoglobulin, mPSL methylprednisolone

Table 1 Proposed treatment

plan for infliximab

nonresponders

1. Re-IVIG treatment

2. Steroid: prednisolone or methylprednisolone pulse

3. Immunosuppressive agents

(a) Other anti–TNF-α agent: etanercept, adalimumab

(b) Cyclosporin A

4. Plasma exchange

234 S. Takatsuki et al.



Transition to other TNF-α agents, such as etanercept and adalimumab, may also

be effective for IFX nonresponders. Like IFX, etanercept is a TNF-α inhibitor and

has been used as additional therapy for patients with refractory KD. Etanercept is

approved by the US Food and Drug Administration for children older than 2 years

with juvenile idiopathic arthritis. In an experimental study, etanercept significantly

reduced arteritis severity as compared with IVIG, methylprednisolone, and cyclo-

sporin A [16]. A mouse model of KD was induced by injecting Candida albicans
water-soluble fractions. In a study of four agents, the severity of experimental

vasculitis at 2 weeks was reduced by etanercept. Although IVIG and cyclosporin

A attenuated inflammation, only etanercept significantly improved vasculitis. A

prospective, open-label trial evaluated the clinical efficacy and safety profile in

children with KD treated with etanercept [17]. The children, aged 6 months to

5 years, were all IVIG-resistant. Three doses of etanercept (0.8 mg/kg/dose) were

given subcutaneously within 2 weeks after IVIG and resulted in resolution of

prolonged fever, without serious adverse events. No CAAs developed after

etanercept infusion. These findings suggest that etanercept is a satisfactory alterna-

tive immunosuppressive treatment for IVIG-resistant KD, although there are no

data on etanercept treatment for KD patients who did not respond to IFX.

Adalimumab is another anti–TNF-α agent and has been approved for adults with

rheumatoid disease. It improved inflammatory markers in patients who did not

respond to IFX or etanercept, without serious adverse events [18].

Although transition to other immunosuppressive treatment is effective for IFX

nonresponders, uptitration of IFX is another method for treating unresolved clinical

symptoms. In a randomized, double-blind study of the efficacy and safety of 10 mg/

kg and 3 mg/kg infliximab treatment for methotrexate-refractory rheumatoid arthri-

tis [19], the higher dosage was beneficial for patients who had not responded to

three infusions of 3 mg/kg. Incidence of adverse events did not differ between

groups.

Conclusion

IFX nonresponse is defined as persistent fever despite optimal treatment. Approx-

imately 10–26% of children with KD are IFX nonresponders. However, there has

been no evidence-based study of optimal treatments for this population. Treatments

for IFX nonresponders include IVIG, methylprednisolone pulse, and cyclosporin A.

References

1. Burns JC, Capparelli EV, Brown JA, Newburger JW, Glode MP. US/Canadian Kawasaki

Syndrome Study Group. Intravenous gamma-globulin treatment and retreatment in Kawasaki

Treatment Options for Refractory Kawasaki Disease: Alternative Treatments. . . 235



disease. Pediatr Infect Dis J. 1998;17(12):1144–8. http://dx.doi.org/10.1097/00006454-

199812000-00009 PMID:9877364.

2. Oharaseki T, Yokouchi Y, Yamada H, Mamada H, Muto S, Sadamoto K, et al. The role of

TNF-α in a murine model of Kawasaki disease arteritis induced with a Candida albicans cell

wall polysaccharide. Mod Rheumatol. 2014;24(1):120–8. http://dx.doi.org/10.3109/14397595.

2013.854061 PMID:24261768.

3. Matsubara T, Furukawa S, Yabuta K. Serum levels of tumor necrosis factor, interleukin

2 receptor, and interferon-gamma in Kawasaki disease involved coronary-artery lesions.

Clin Immunol Immunopathol. 1990;56(1):29–36. http://dx.doi.org/10.1016/0090-1229(90)

90166-N PMID:2113446.

4. Tremoulet AH, Jain S, Jaggi P, Jimenez-Fernandez S, Pancheri JM, Sun X, et al. Infliximab for

intensification of primary therapy for Kawasaki disease: a phase 3 randomised, double-blind,

placebo-controlled trial. Lancet. 2014;383(9930):1731–8. http://dx.doi.org/10.1016/S0140-

6736(13)62298-9 PMID:24572997.

5. Sonoda K, Mori M, Hokosaki T, Yokota S. Infliximab plus plasma exchange rescue therapy in

Kawasaki disease. J Pediatr. 2014;164(5):1128–32.e1. http://dx.doi.org/10.1016/j.jpeds.2014.

01.020 PMID:24560183.

6. SonMB, Gauvreau K, Burns JC, Corinaldesi E, Tremoulet AH,Watson VE, et al. Infliximab for

intravenous immunoglobulin resistance in Kawasaki disease: a retrospective study. J Pediatr.

2011;158(4):644–9.e1. http://dx.doi.org/10.1016/j.jpeds.2010.10.012 PMID:21129756.

7. Saji T, Kemmotsu Y. Infliximab for Kawasaki syndrome. J Pediatr. 2006;149(3):426. http://dx.

doi.org/10.1016/j.jpeds.2005.07.039 PMID:16939768.

8. Oishi T, Fujieda M, Shiraishi T, Ono M, Inoue K, Takahashi A, et al. Infliximab treatment for

refractory Kawasaki disease with coronary artery aneurysm. Circ J. 2008;72(5):850–2. http://

dx.doi.org/10.1253/circj.72.850 PMID:18441471.

9. Hirono K, Kemmotsu Y, Wittkowski H, Foell D, Saito K, Ibuki K, et al. Infliximab reduces the

cytokine-mediated inflammation but does not suppress cellular infiltration of the vessel wall in

refractory Kawasaki disease. Pediatr Res. 2009;65(6):696–701. http://dx.doi.org/10.1203/

PDR.0b013e31819ed68d PMID:19430379.

10. Mori M, Imagawa T, Hara R, Kikuchi M, Hara T, Nozawa T, et al. Efficacy and limitation of

infliximab treatment for children with Kawasaki disease intractable to intravenous immuno-

globulin therapy: report of an open-label case series. J Rheumatol. 2012;39(4):864–7. http://

dx.doi.org/10.3899/jrheum.110877 PMID:22337241.

11. Wewer V, Riis L, Vind I, Husby S, Munkholm P, Paerregaard A. Infliximab dependency in a

national cohort of children with Crohn’s disease. J Pediatr Gastroenterol Nutr. 2006;42

(1):40–5. http://dx.doi.org/10.1097/01.mpg.0000189137.06151.33 PMID:16385252.

12. Mamula P, Markowitz JE, Cohen LJ, von Allmen D, Baldassano RN. Infliximab in pediatric

ulcerative colitis: two-year follow-up. J Pediatr Gastroenterol Nutr. 2004;38(3):298–301.

http://dx.doi.org/10.1097/00005176-200403000-00013 PMID:15076630.

13. Russell GH, Katz AJ. Infliximab is effective in acute but not chronic childhood ulcerative

colitis. J Pediatr Gastroenterol Nutr. 2004;39(2):166–70. http://dx.doi.org/10.1097/00005176-

200408000-00008.

14. De Keyser F, De Kock J, Leroi H, Durez P, Westhovens R, Ackerman C, et al. Infliximab EAP

Study Group. Ten-year followup of infliximab therapy in rheumatoid arthritis patients with

severe, longstanding refractory disease: a cohort study. J Rheumatol. 2014;41(7):1276–81.

http://dx.doi.org/10.3899/jrheum.131270 PMID:24882838.

15. Bao J, Yue T, Li T, et al. Good response to infliximab in rheumatoid arthritis following failure

of interleukin-1 receptor antagonist. Int J Rheum Dis. 2014.[Epub ahead of print]. http://dx.

doi.org/10.1111/1756-185X.12387.

16. Ohashi R, Fukazawa R, Watanabe M, Tajima H, Nagi-Miura N, Ohno N, Tsuchiya S,

Fukuda Y, Ogawa S, Itoh Y. Etanercept suppresses arteritis in a murine model of Kawasaki

disease: a comparative study involving different biological agents. Int J Vasc Med.

2013;2013:543141. http://dx.doi.org/10.1155/2013/543141.

236 S. Takatsuki et al.

http://dx.doi.org/10.1097/00006454-199812000-00009
http://dx.doi.org/10.1097/00006454-199812000-00009
http://dx.doi.org/10.3109/14397595.2013.854061
http://dx.doi.org/10.3109/14397595.2013.854061
http://dx.doi.org/10.1016/0090-1229(90)90166-N
http://dx.doi.org/10.1016/0090-1229(90)90166-N
http://dx.doi.org/10.1016/S0140-6736(13)62298-9
http://dx.doi.org/10.1016/S0140-6736(13)62298-9
http://dx.doi.org/10.1016/j.jpeds.2014.01.020
http://dx.doi.org/10.1016/j.jpeds.2014.01.020
http://dx.doi.org/10.1016/j.jpeds.2010.10.012
http://dx.doi.org/10.1016/j.jpeds.2005.07.039
http://dx.doi.org/10.1016/j.jpeds.2005.07.039
http://dx.doi.org/10.1253/circj.72.850
http://dx.doi.org/10.1253/circj.72.850
http://dx.doi.org/10.1203/PDR.0b013e31819ed68d
http://dx.doi.org/10.1203/PDR.0b013e31819ed68d
http://dx.doi.org/10.3899/jrheum.110877
http://dx.doi.org/10.3899/jrheum.110877
http://dx.doi.org/10.1097/01.mpg.0000189137.06151.33
http://dx.doi.org/10.1097/00005176-200403000-00013
http://dx.doi.org/10.1097/00005176-200408000-00008
http://dx.doi.org/10.1097/00005176-200408000-00008
http://dx.doi.org/10.3899/jrheum.131270
http://dx.doi.org/10.1111/1756-185X.12387
http://dx.doi.org/10.1111/1756-185X.12387
http://dx.doi.org/10.1155/2013/543141


17. Choueiter NF, Olson AK, Shen DD, Portman MA. Prospective open-label trial of etanercept as

adjunctive therapy for Kawasaki disease. J Pediatr. 2010;157(6):960–6.e1. http://dx.doi.org/

10.1016/j.jpeds.2010.06.014 PMID:20667551.

18. Burmester GR, Mariette X, Montecucco C, Monteagudo-Sáez I, Malaise M, Tzioufas AG,
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