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ABSTRACT

Multisystem inflammatory syndrome in children (MIS-C) is a new
illness that evolved during the COVID-19 pandemic with initial reports
of severe disease including use of extracorporeal membrane oxygen-
ation and death. Institutions rapidly assembled task forces to develop
treatment algorithms. At the national/international levels, collabora-
tives and associations assembled consensus writing groups to draft
guidelines. These guidelines and algorithms were initially on the basis
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RESUME

Le syndrome inflammatoire multisystémique chez les enfants (SIME)
est une nouvelle maladie qui s'est manifestée pendant la pandémie de
COVID-19. Les premiers rapports faisaient état d’'une maladie grave
nécessitant parfois I'utilisation de I'oxygénation par membrane
extracorporelle, et provoquant parfois la mort. Les établissements ont
rapidement mis sur pied des groupes de travail ayant pour but de créer
des algorithmes de traitement. A I'échelle nationale et internationale,
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of expert opinion and small case series. Some groups used the Delphi
approach, and the resultant guidelines often mimicked those for other
conditions that resembled MIS-C, like Kawasaki disease (KD). For
instance, intravenous immunoglobulin (IVIG), a known effective treat-
ment for KD, was recommended for MIS-C. Early in the pandemic
many favoured IVIG over steroids as first-line therapy. As evidence
evolved so did some guidelines, which now endorse the dual use of
IVIG with steroids as first-line therapy. In contrast, withholding immu-
notherapy became an option for some MIS-C patients with mild
symptoms. Herein, we review guidelines and discuss the evidence
informing early recommendations, how this has evolved, the role and
limitations of expert opinion and observational data, and the impor-
tance of leveraging existing research infrastructures, such as the
intensive care unit collaborative (Overcoming COVID-19 surveillance
registry), and the International Kawasaki Disease Registry. Finally, we
discuss strategies to rapidly develop, deploy, and adapt clinical trials
evaluating the treatment of such rare conditions in children, which
might include alternatives to conventional clinical trial design. The
emergence of MIS-C during the COVID-19 pandemic has highlighted
unmet needs regarding research of a new condition.

Early experience during the COVID-19 pandemic prompted
the prediction that children would be largely spared from the
severe disease noted in adults.” However, several weeks after
peak incidences of COVID-19 in Europe, global reports
appeared describing a postinfectious inflammatory syndrome
in children after exposure to SARS-CoV-2. Children with the
syndrome exhibited clinical features overlapping with Kawa-
saki disease (KD) in addition to a shock-like presentation,
often requiring intensive care management. The syndrome has
had various names but for the purpose of this review, we will
refer to the US Centers for Disease Control and Prevention
term, multisystem inflammatory syndrome in children (MIS-
C).”° MIS-C also has multiple case definitions with recent
call for development of international consensus on diagnostic
criteria.” Initial reports characterized MIS-C as a systemic
vasculitis with a propensity for myocardial involvement.®
Emergence of new SARS-CoV-2 variants and the effect of
diagnostic and treatment algorithms have modified the clinical
presentation. Thus, treatment algorithms developed from
various professional societies will require adaptation. We
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des collectifs et des associations ont formé des groupes pour rédiger
des lignes directrices préliminaires. Ces lignes directrices et ces
algorithmes reposaient au départ sur I'avis d’experts et sur de petites
séries de cas. Certains groupes ont adopté I'approche Delphi, et les
lignes directrices qui en ont résulté étaient souvent trés semblables a
celles d’autres maladies ressemblant au SIME, comme la maladie de
Kawasaki (MK). Par exemple, 'administration d'immunoglobulines par
voie intraveineuse (IglV), un traitement efficace pour la MK, a été
recommandée dans les cas de SIME. Au début de la pandémie,
nombre de personnes ont favorisé les IgIV plutot que les stéroides
comme traitement de premiére intention. De nouvelles données ont
amené les instances a réviser certaines lignes directrices et a
préconiser 'utilisation en premiére intention d’IgIV en association avec
des stéroides. En contrepartie, 'absence d'immunothérapie est deve-
nue une option pour certains patients atteints du SIME qui
présentaient des symptomes légers. Dans la présente publication,
nous passons en revue les lignes directrices et discutons des données
qui ont servi de base aux premiéres recommandations; nous exa-
minons leur évolution, les rdles et les limites des avis d’experts et des
données observationnelles, et 'importance d'utiliser les infrastructures
de recherche existantes, comme la collaboration entre les services de
soins intensifs (registre de surveillance Overcoming COVID-19), et
I'International Kawasaki Disease Registry (registre international de la
maladie de Kawasaki). Enfin, nous discutons des stratégies a utiliser
pour élaborer, déployer et adapter rapidement des essais cliniques sur
le traitement de ce type de pathologie rare chez les enfants, y compris
les solutions de rechange aux protocoles d’essais cliniques con-
ventionnels. L'émergence du SIME pendant la pandémie de COVID-19
a mis en lumiére des besoins non satisfaits quant a la recherche sur
une nouvelle maladie.

present the readers with a review of the basis for these algo-
rithms and their evolution in response to a changing disease
landscape. Finally, we discuss how we can improve decision-
making during the initial experience with a new condition,
including a review of how clinical trials were expedited, and a
discussion of the role of observational data and expert opinion.

Basis for Management Decisions Early in the
Pandemic

Faced with the rapid progression of an evolving
post-COVID-19 severe illness along with reported cases of
mortality and severe morbidity including the need for extra-
corporeal membrane oxygenation,” centres across the globe
quickly formed task forces to develop institutional clinical
practice guidelines and algorithms to help front-line providers
diagnose and promptly treat children who present with signs
and symptoms suggestive of MIS-C.”'" Within months,
treatments were leading to excellent outcomes.''

Initially, in the absence of evidence supporting best treat-
ment practices, treatment decisions were largely influenced by
the management of KD, because of the significant overlap
noted in presenting signs and symptoms.'” Both conditions
are characterized by severe inflammatory disease, triggered by
an environmental agent, which in the case of MIS-C is SARS-
CoV-2."" They might both have a genetic predisposition,
albeit with different ethnic/race groups disproportionately
affected in the 2 processes, and both affect the heart.'”"
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They might present with similar clinical and laboratory fea-
tures like fever, conjunctivitis, skin rash, and elevated in-
flammatory markers.'” Because diagnostic criteria in the
United States allow for treatment in the presence of only 24
hours of fever, some treatment algorithms supported the early
initiation of intravenous immunoglobulin (IVIG) in the
presence of other supporting symptoms.'’ KD signs and
symptoms can arise at different time points throughout the
illness and, thus, the diagnosis might be delalyed.ls Thus,
considering the approximate 35-year experience with IVIG for
the treatment of KD, including the known effectiveness in
reducing the incidence of coronary artery aneurysms from
25% to 4%, institutional task forces and society guidelines
largely supported prompt IVIG therapy as the first-line
treatment for MIS-C (Tables 1 and 2).'°"”

To further highlight how early management decisions
were more on the basis of expert opinion and clinician
experience with other diseases, one should consider how
recommendations for steroid use in the management of
children with MIS-C evolved. MIS-C shows similarities to
other inflammatory diseases, including rheumatological
conditions such as macrophage activation syndrome.”’
Cytopenias, coagulopathy, and elevated ferritin and inter-
leukin levels are shared features for MIS-C and macropha%e
activation syndrome, albeit to a different degree. 0
Accordingly, some centres prioritized the use of steroids
alone or in combination with IVIG.”"*” In contrast, early in
the pandemic some argued against the use of steroids in the
management of MIS-C, evoking caution for steroid use in
adults with active COVID-19 infection and lack of support
for routine use in myocarditis, a common complication of
MIS-C.5?32¢ For some centres, anakinra, an interleukin-1
receptor antagonist, was the preferred agent, and was typi-
cally used as an adjunct or second-line therapy rather than
corticosteroids.”

Current Management Algorithms and How They
Evolved During the Pandemic

Now within the third year of the pandemic, clinicians
have more familiarity with the presentation and clinical
course of MIS-C. The importance of expeditious initiation
of immunomodulatory treatment remains a cornerstone in
all of the currently published guidelines for treatment. As
previously noted in Table 2, most published recommen-
dations include combination therapy of IVIG and steroids
as the first-line therapy for MIS-C. Nonetheless, there has
been much more practice variation regarding the use of
steroids, with 1 early survey showing that only 14% of
respondents used steroids for all patients.”” The benefits of
steroids were related to their potential effectiveness in
treating cytokine storm syndrome, and their added utility
for patients with a shock-like presentation. However, there
were initial concerns regarding immunosuppression in a
potentially septic and bacteremic/viremic patient, as well as
the overall concerns regarding adverse effects, including
hyperglycemia, hypertension, agitation, hospital-acquired
infection, and hip osteonecrosis.”**’ The presence and
severity of adverse effects also increases with increased
duration and dose, necessitating careful consideration of
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the risk vs benefits of steroid therapy.””’" Other
contributing factors were the lack of consensus on the
specific indication, dosage, or type of steroids to use,
institutional preference and comfort level with using other
biologics, and practitioner reluctance to use steroids in the
setting of KD translating to reluctance for MIS-C. One of
the major turning points for steroid use came about with
the publication of a nonrandomized cohort study by Son
et al., which showed superior cardiovascular outcomes at
hospital discharge in a group treated with IVIG with ste-
roids compared with IVIG alone.”” They also reported that
adjunctive therapy was used less frequently in the combi-
nation group compared with the single-regimen group,
suggestive of a decreased need for escalation of therapy.
These findings have been noted in other studies,”
including some studies that have suggested that the use
of steroids as monotherapy might be adequate treatment.”
Although current data are compelling, the observational
nature of these studies continues to result in practice
variation and, at times, conflicting results and overall low
level of evidence.””*> Another consideration is the varia-
tion in the use of a tapering course of steroids (Table 2).
The recommendations for a taper remained relatively
broad and nonspecific (ranging from 2 to 6 wecks,
depending on clinical response), consistent with the low
level of supporting evidence.'”"”*”

To address the diagnostic and treatment issues some pro-
fessional societies convened multidisciplinary task forces to
provide guidance on the management of MIS-C primarily on
the basis of expert consensus. For instance, the American
College of Rheumatology (ACR) task force was composed of 9
pediatric rheumatologists, 2 adult rheumatologists, 2 pediatric
cardiologists, 2 pediatric infectious disease specialists, and 1
pediatric critical care physician.'”'®"” The ACR task force
developed consensus using a modified Delphi process on the
basis of the principle that forecasts (or decisions) from a
structured group of individuals are more accurate than those
from unstructured groups. The ACR used 2 rounds of
anonymous voting and 2 webinars. The committee applied a
9-point Likert scale to determine each statement’s appropri-
ateness (median scores of 1-3 as inappropriate, 4-6 as uncer-
tain, and 7-9 as appropriate). Consensus was then rated as
low, moderate, or high on the basis of vote dispersion along
the numeric scale. Approved ACR guidance statements
required moderate or high levels of consensus. The ACR
statement was intended as a “living document,” which would
be modified in response to emerging data.'”'*!”

Although recommendations for first-line immunomodu-
latory therapy are approaching a relative consensus, choices for
adjunct and/or escalation therapy remain highly variable.
Some centres used a tiered treatment algorithm on the basis of
disease severity at presentation, although there is no consensus
for classification of severity, and each centre would develop
their own criteria for severity and what warranted adjunctive
therapy.”® Published recommendations continue to note use
of a wide variety of medications and leave these decisions to
the discretion of the treating provider (Table 2). Like KD,
data to support a preferred treatment for refractory disease are
lacking. In contrast to KD, a second dose of IVIG for MIS-C
is not recommended by some (Table 2).%7
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Table 1. Evolution of the American College of Rheumatology MIS-C clinical management guidelines with regard to immune modulation therapy

American College of Rheumatology
clinical guidance-version 1 12

American College of Rheumatology
clinical guidance-version 2 to

American College of Rheumatology
clinical guidance-version 3"

Date of online publication
Primary immunomodulation therapy

Adjunct immunomodulation therapy

Indication for adjunct
Immunomodulation therapy
Rescue immunomodulation therapy

Indication for rescue
immunomodulation therapy

Special comment

October 3, 2020

IVIG and/or glucocorticoids

If contraindicated then anakinra
(LV. or SC)

Glucocorticoids

If contraindicated then anakinra
(V. or SC)

N/A

Anakinra (I.V. or SC)

Refractory to IVIG and/or
glucocorticoids

Immunomodulatory treatment may be
withheld in some patients with mild

February 15, 2021
IVIG

Low- to moderate-dose glucocorticoids

Shock and/or organ-threatening disease

Low- to moderate-dose steroids (if not
already given)

High-dose glucocorticoids

Anakinra (I.V. or SC), in patients with
MIS-C and features of MAS, or in
patients with contraindications to
long-term use of glucocorticoids

Second dose of IVIG is not
recommended

Refractory to IVIG and/or low- to
moderate-dose glucocorticoids

“Persistent fevers and/or ongoing and
significant end organ involvement”

Immunomodulatory treatment may be
withheld in some patients with mild

February 3, 2022
IVIG and low- to moderate-dose
glucocorticoids

See above

High-dose glucocorticoids

Anakinra (preferred anticytokine
therapy)

Infliximab (except in patients with
features of MAS)

Second dose of IVIG is not
recommended

Persistent fevers and/or ongoing and
significant end organ involvement

Immunomodulatory treatment may be
withheld in some patients with mild

symptoms

Patients might require a 2- to 3-week, Patients might require a 2- to 3-week,

or even longer, taper of
immunomodulatory medications,
guided by serial laboratory and

cardiac evaluations

symptoms symptoms

Patients might require a 2- to 3-week,
or even longer, taper of
immunomodulatory medications,
guided by serial laboratory and

cardiac evaluations

or even longer, taper of
immunomodulatory medications,
guided by serial laboratory and

cardiac evaluations

MIS-C was first described on April 26, 2020.

L.V, intravenous; IVIG, intravenous immunoglobulin; MAS, macrophage activation syndrome; MIS-C, multisystem inflammatory syndrome in children; N/A,

not available; SC, subcutaneous.

Evidence-Based Medicine to Support the
Currently Used Therapies and Effect of the
Management on Clinical Outcomes Including
Cardiac Outcomes (Short-term) With No Clinical
Trials

As discussed earlier, upon the initial reports of MIS-C in
early 2020, there was a lack of evidence and experience in
treating this novel condition. Management was on the basis of
overlapping clinical features of MIS-C and other inflamma-
tory syndromes, such as KD, and fortunately, patients often
responded well to these established treatments.” >’ The
following summarizes the current evidence, or lack of, since
these initial reports with a focus on the 3 tenets of MIS-C
management: treatment of shock, immunomodulatory thera-
pies, and thromboprophylaxis.

Shock

Shock is a common presentation among MIS-C patients,
with signs of cardiogenic, distributive, or hypovolemic shock.
Regardless of the specific cause, patients should be treated
with fluid resuscitation. Because of the significant risk of left
ventricular dysfunction in patients with MIS-C, clinicians
should be aware of potential dysfunction upon administering
fluid and reassess frequently. There are no studies that have
compared vasoactive agents for patients with fluid-refractory
shock, and guidance is on the basis of existing protocols for
pediatric shock. For pediatric septic shock, the Surviving
Sepsis guidelines®’ suggest using either epinephrine or

norepinephrine rather than dopamine. Two studies have
shown a lower risk of mortality”' and less organ dysfunction™
among those who received epinephrine instead of dopamine.
However, with the concern of myocardial dysfunction in
patients with MIS-C, the B—agonist actions of epinephrine
might be more favourable than the increase in systemic
vascular resistance from norepinephrine.

Immunomodulatory therapy

Primary therapy. There have been no randomized clinical
trials that have compared immunomodulatory therapies. In an
early nonrandomized series from France 18 patients who
received IVIG alone were compared with 22 patients who
received IVIG and intravenous methylprednisolone (0.8 mg/
kg/d for 5 days). Dual therapy was associated with a faster
recovery time for left ventricular systolic function (2.9 vs 5.4
days), along with decreased length of stay in the intensive care
unit (ICU); (3.4 vs 5.3 days).4’ In a subsequent retrospective
study with propensity-matched analysis using the national
surveillance system in France, 32 children received IVIG and
methylprednisolone and 64 received IVIG alone.”” The
methylprednisolone dose was 0.8-1 mg/kg every 12 hours
(maximum 30 mg for 12 hours) for 5 days, although 4 pa-
tients received a bolus of 15-30 mg/kg/d for 3 days. Patients
who received dual therapy had a more severe presentation, yet
they had a more favourable outcome. Treatment with IVIG
and methylprednisolone was associated with lower risk of



Table 2. Comparison of current published society MIS-C clinical management guidelines with regard to immune modulation therapy

PIMS-TS National Consensus Management
Study Group'®

Guidance from the Rheumatology Study
Group of the Italian Society of Pediatrics'’

American College of Rheumatology clinical
guidance-version 3"/

. . . 29
Practice recommendations in Switzerland

Date of online publication

Primary
immunomodulation
therapy

Adjunct
immunomodulation
therapy

Indication for adjunct
immunomodulation
therapy

Rescue
immunomodulation
therapy

Indication for rescue
immunomodulation
therapy

Special comment

September 18, 2020
IVIG

KD phenotype: High dose glucocorticoids

KD phenogype: High-risk children including
those younger than 12 months and those
with coronary artery changes

Second dose of IVIG

High-dose glucocorticoids

Biological therapy should be considered as a
third-line option in children who do not
respond to IVIG and glucocorticoids (for
those recruited in the RECOVERY trial
tocilizumab or standard of care,

if not recruited in RECOVERY trial the agent
of choice for KD phenotype is infliximab and
for nonspecific presentation phenotype, the
choice is left to the clinician to choose from
the following agents: tocilizumab, anakinra,
and infliximab)

Indication for second dose of IVIG: not
responded or partially responded to the first
dose

Indication for high-dose glucocorticoids:
unwell 24 hours after infusion of IVIG,
particularly with ongoing pyrexia

All children who meet the criteria for the
RECOVERY trial should be invited to
participate in the first stage of randomization
for the trial

Management is divided according to
phenotype: KD phenotype vs nonspecific
presentation phenotype

For the nonspecific presentation phenotype,
indications for therapy include: evidence of
CAA, meeting the criteria for toxic shock
syndrome, evidence of progressive disease,
and extended duration of fever (> 5 days).
In other words those not meeting above criteria
can be observed.

No guidance was provided on tapering
immunomodulatory medications

February 8, 2021
IVIG

Glucocorticoids
Anakinra

Glucocorticoids: in case of heart involvement,
severe disease, impending sHLH or toxic
shock syndrome

Anakinra: in case of severe sHLH or shock

with cardiac failure

Second dose of IVIG

Anakinra

Persistent disease activity 48 hours after first-
line treatment

Although different doses of steroids were
suggested depending on severity and cardiac
involvement, no guidance was provided on
tapering immunomodulatory medications

IVIG and low-moderate dose
glucocorticoids

See above

High-dose glucocorticoids

Anakinra (preferred anticytokine therapy)

Infliximab (except in patients with features
of MAS)

Second dose of IVIG is not recommended

Persistent fever and/or ongoing and
significant end organ involvement

Immunomodulatory treatment may be
withheld in some patients with mild
symptoms

Patients might require a 2- to 3-week, or
even longer, taper of
immunomodulatory medications,
guided by serial laboratory and cardiac
evaluations

May 26, 2021
IVIG

Glucocorticoids

Anakinra
Other biologics (tocilizumab, infliximab)

Second dose of IVIG

No clinical improvement 24-36 hours after
IVIG treatment with persistent fever
and/or inflammation

The guidelines suggest considering
immunomodulation therapy (IVIG,
prednisolone) in patients who present
with undefined inflammatory phenotype
(not shock or KD phenotype)

In other words, immunomodulatory
trearment may be withheld in some
patients

Slow wean of steroids, taper over 2-6 weeks
depending on the clinical course and
considering the clinical and biochemical
(such as CRP, D-dimer, and ferritin

levels) response

MIS-C was first described on April 26, 2020.
CAA, coronary artery abnormality; CRP, C-reactive protein; IVIG, intravenous immunoglobulin; KD, Kawasaki disease; MAS, macrophage activation syndrome; MIS-C, multisystem inflammatory syndrome in
children; PIMS-TS, pediatric inflammatory multisystem syndrome temporally associated with COVID-19; RECOVERY, Randomised Evaluation of COVID-19 Therapy; sHLH, secondary hemophagocytic

lymphohistiocytosis.
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treatment failure compared with IVIG alone (9% vs 38%) and
decreased likelihood of requiring intensification of therapy
(9% vs 31%), vasoactive agents (6% vs 23%), or acute left
ventricular dysfunction (17% vs 35%), along with shorter
duration of stay in the ICU (4 vs 6 days).

The larger US-based Overcoming COVID-19 surveillance
registry performed a propensity score-matched comparison of
103 patients who recelved IVIG and glucocorticoids vs 103
who received IVIG alone.”” Methylprednisolone was the most
common glucocorticoid received, primarily 2 mg/kg/d with
fewer receiving pulse doses of 10-30 mg/kg/d. Dual therapy
was associated with a lower risk of cardiovascular dysfunction
on or after day 2, defined as a composite of left ventricular
dysfunction or shock resulting in use of vasopressors (17% vs
31%). Left ventricular dysfunction rates were lower among
those who received dual therapy (8% vs 17%), as was the
likelihood of receiving vasoactive agents (13% vs 24%) or
second-line therapy (34% vs 70%).

An analysis by the Best Available Treatment Study (BATS)
Consortium, published simultaneously with the Overcoming
COVID 19 study, provided what seemed to be conflicting
results.”” In an international observational cohort study of
patients with suspected or confirmed MIS-C, 246 patients
received primary treatment with IVIG alone, 208 IVIG and
glucocorticoids, and 99 glucocorticoids alone. The primary
outcomes were: (1) a composite of inotropic support or me-
chanical ventilaton by day 2 or later or death; and (2)
reduction in disease severity by day 2. There were no signif-
icant differences in outcomes among the treatment groups. A
subgroup analysis among patients who met World Health
Organization criteria for MIS-C and received glucocorticoids
alone had a lower risk of requiring respiratory support by day
2 or later or death compared with those who received IVIG
alone (odds ratio, 0.3 [0.1-0.85]). However, there were several
potential limitations. The study included many patients with
suspected MIS-C who did not meet diagnostic criteria, and
only 12% of patients had left ventricular systolic dysfunction,
less than reported in other series, suggestive of milder disease
in this cohort.

In a more recent single-centre retrospective study the po-
tential for steroids as monotherapy, including standard ther-
apy (2 m /kg/d methylprednisolone) or pulse dosing was
reviewed.” Propensity score analysis was used to compare
differing treatments for 179 patients with MIS-C (68 with
steroids alone, 111 with IVIG and steroids). Steroid mono-
therapy was associated with similar rates of treatment failure
but shorter steroid course duration (5 vs 10 days) and shorter

hospital length of stay (5 vs 6 days).

Escalation of therapy. Patients with MIS-C might decom-
pensate quickly, and there should be a low threshold to
escalate therapy. There are no clinical trials that have
compared treatment for refractory disease, although the most
common reported therapies include high-dose glucocorticoids,
anakinra, and 1nﬂ1x1mab with a few earlier studies reporting
the use of tocilizumab.”” At least for 1 guideline, 2 doses of
IVIG are not recommended because of the risk of volume
overload and hemolytic anemia.'”

In a small single-centre study including 33 patients, 22
received ICU care. Although all 22 received IVIG, 12 received
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second-line therapy with 1nﬂ1x1mab all showing improvement
with no adverse reactions.”* A subsequent larger single-centre
retrospective study including 72 children with MIS-C, 20
received IVIG alone and 52 received IVIG and infliximab (10
mg/kg).”” Although infliximab was used as primary therapy in
this instance rather than intensification, dual therapy was
associated with less additional therapy (31% vs 65%), shorter
duration of ICU stays (1.8 vs 3.3 days), decreased develop-
ment of left ventricular systolic dysfunction (4% vs 20%), and
faster decrease in C-reactive protein levels.

Thromboprophylaxis. Pediatric patients with  acute
COVID-19 and MIS-C are presumed to have increased risk
for thrombosis. In a multicentre, retrospective study of 138
MIS-C patients, 9 (6.5%) developed a thrombotic event:
stroke (n = 1), intracardiac thrombosis (n = 1), and deep
venous thrombos1s (n =7), all in the setting of central venous
catheters.*® One patient with a thrombotic event died whereas
2 others who received anticoagulation had major bleeding
events. Across the entire study of MIS-C and acute COVID-
19 patients, age > 12 years old and a D-dimer 5 times greater
than the upper limit of normal were associated with throm-
botic events.

Antiplatelet treatment with low-dose aspirin is generally
recommended for all patients, on the basis of a similar
recommendation for KD, as well as the likelihood of platelet
activation and evidence of microvascular thrombotic events in
adults with acute COVID-19.”"*’ It is less clear when and
how aggressive thromboprophylaxis should be applied.
Although pediatric patients with acute COVID-19 appear to
have a much lower risk of thrombotic complications
compared with adults, patients with MIS-C, as well as older
patients (age > 12 years), a history of cancer, or the presence
of a central venous catheter, were at the highest risk in 1
multicentre study.”® Left ventricular dysfunction is also
believed to be a risk factor for cardiac thrombosis, with
guidelines suggesting a need for antlcoagulatlon if there is at
least moderate left ventricular dysfunction.'””°

However, current recommendations for additional
thromboprophylaxis in addition to low-dose aspirin are on the
basis of expert consensus, and include consideration of pre-
COVID-19 risk factors, presence of cardiovascular abnor-
malities (severe ventricular dysfunction, large coronary aneu-
rysms, etc), markedly elevated D-dimer (> 5 times the upper
limit of normal), and risk factors for hospltal associated
venous thrombosis and thromboembolism.’

Facilitating Clinical Decision-Making and
Building Evidence With a New Condition

As discussed earlier, the COVID-19 pandemic and the
subsequent ﬁrst descriptions of MIS-C arrived suddenly and
dramatically.”” The first reported cases of MIS-C seemed
particularly severe. This was presumably due to delays in
presentation, diagnostic uncertainties, and a lack of realization
early on of the need for prompt immunomodulatory therapy,
together with the fact that the health care system was reeling
from the effects of severe acute COVID-19 cases in adults.”
The assumption that children were largely spared the conse-
quences of severe COVID-19 complications was quickly
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dashed, when the assoc1at10n with a previous COVID-19

infection was determined. '’

How Can We Inform Decision-Making During the
Initial Experience With a New Condition?

For the first cases of MIS-C, care was appropriately sup-
portive and empiric specific to the complications that were
observed in individual patients. Because this appeared to be a
new condition, 3 important strategies were deployed that were
aimed at informing clinical care and discovery. First, sharing
of information was widespread initially by peer-reviewed
journals pivoting to prioritize rapid review and pubhcatlon,
often through open access to case reports and series.”* In
addition, increased use of preprint services expedited dissem-
ination, albeit at the expense of peer-review and the occasmnal
retraction of incorrect or misleading information.”® Second,
multicentre data collections were quickly organized. These
took the form of public health surveillance and reporting as
well as the formation or leveraglng of ex1st1ng networks of
clinicians, investigators, and institutions.”” These efforts,
together with the huge shift to virtual meetings, also facilitated
greater and more rapid communication and sharing, as well as
the critical examination of pooled data. For example, the In-
ternational Kawasaki Disease Registry collaborators held
frequent open virtual webinars to review and discuss recent
literature, and to provide a forum for open sharing and dis-
cussion regarding participants’ experience with clinical chal-
lenges related to MIS-C and KD, in addition to plvotlng data
collection to include MIS-C and acute KD patients.’ 7 Of
particular importance for surveillance and scientific inquiry,
expert opinion and the evaluation of pooled data were used to
define and refine initial case definitions for this new
condition.”®®

The third strategy was to look for homologous conditions.
It was immediately apparent that a large proportion of pre-
sumed MIS-C patients also met diagnostic criteria for KD.””
This homology led to the use of IVIG as initial therapy, the
evidence-based standard of care for initial therapy of KD,
followed by steroids and other 1nﬁammatory therapies in the
event of insufficient response.'” The strategy appeared to be
effective. However, without knowing the exact underlying
pathophysiology of MIS-C, the development and use of
alternative or adjunctive specific therapies, and the creation of
treatment algorithms, is challenging. In addition, when 1
therapy quickly becomes the standard of care it becomes
difficult to study what might be more specific and effective
alternatives. This appears to be the case regarding whether
IVIG or steroids or both to§ether would be the more effective
initial therapy for MIS-C.°

The Strengths and Challenges of Clinical Trials

Clinical decision-making should be on the basis of critical
appraisal and synthesis of the best available research evidence.
However, clinician and institutional expertise and experience
together with patient preferences for treatments and outcomes
also should be incorporated to personalize the decision.”’ This
concept was first developed in the early 1990s by David
Sackett and colleagues, and has stood the test of time to
become the ideal approach to clinical practice,”" albeit with
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calls for refinements and expansion of scope.”” There is a
hierarchy of evidence, with systematic reviews and meta-
analyses being at the top, which ideally should be on the
basis of the next level of evidence being randomized controlled
clinical trials. Clinical trials produce high-quality evidence for
2 main reasons. First, random allocation to treatments, if
successful and the sample size is large enough, reduces bias by
balancing known and unknown confounders equally among
the groups to be compared. Hence, they provide the best
evidence as to whether the intervention causally affected the
outcome. Second, the study design is inherently prospective in
nature, allowing for standardization of study procedures and
measurements and strategies to mitigate loss to follow-up.
However, clinical trials are resource-intensive, have restric-
tive inclusion and exclusion criteria that often limit general-
izability, only allow for the study of the randomized
interventions, and are usually powered to detect the effect on a
specific outcome. They are also prone to give equivocal an-
swers, usually focused on average effect and not balancing
different benefits and risks or specifying patient and clinical
characteristics that mediate the effect of the interventions. In
addition, real-world generalizability of the results depend on
the degree of deviation of the clinical circumstance/patient
being treated and the study design/participant population.
Clinical trials are also particularly challenging for the study of
rare conditions and rare or time-related outcomes (especially
long-term outcomes), which has been true for KD and MIS-C
and for the outcome of coronary artery involvement and
cardiovascular events.””°° The need for head-to-head or
adjunctive trials necessitates a large participant population to
generate necessary power for the study design, providing an
added challenge for pediatric clinical trials of uncommon
disease processes.

For ethical reasons, the comparator to a new intervention
must include the minimal current standard of care. Lacking
equipoise, placebo-controlled trials, particularly those in
children, can be ethically challenged. In some cases, the new
intervention must be provided as an adjunctive therapy to the
standard of care to meet clinical equipoise requirements. This
strategy makes it difficult to determine if a new intervention is
superior to the standard of care alone. With the first cases of
MIS-C, the rapid adoption of the empiric use of IVIG as the
standard of care made it dlfﬁcult to study the use of steroids
alone as first-line therapy.”” This rapid acceptance of a stan-
dard of care without strong evidence has further impeded the
study of newer biologic agents, such as infliximab, etanercept,
and anakinra, which are currently reserved for patients not
responsive to the current standard of care therapy or used as
an adjunct therapy.

Expediting Clinical Trials During a Pandemic
Because randomized clinical trials provide the highest
quality of research evidence, how might they be rapidly
conceived, implemented, and adapted to provide timely an-
swers in new and perhaps rapidly evolving clinical scenarios?
First, they must take advantage of existing infrastructure and
expertise. Relevant consortia and networks of investigators
might be engaged and empowered. They could be augmented
by external experts, particularly if a multispecialty and inter-
disciplinary approach is needed. Some of these might be
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methodologic experts, particularly those with expertise in
novel trial approaches/designs and statistical methods. Merg-
ing of networks might be desired. Relevant existing patient
registries might pivot to prioritize the new patient population
for data collection. There are precedents for nesting clinical
trials within existing registries to provide efficiency in
recruitment, data collection, and study management at lower
cost.”’

Regarding study costs, funding agencies need to rapidly
adapt and prioritize research into the new condition, which is
what happened with the onset of the COVID-19 pandemic.
However, investigators need to be prepared to respond rapidly
to these prioritized requests for proposals, and funding
agencies need to be prepared to provide expedited review and
funding decisions. Both would have to ensure that the best
science be put forward, evaluated, and funded, and that this is
not compromised by the compressed time lines. Clinical trials
must negotiate numerous regulatory hurdles that might need
to be carefully expedited, including review and approvals from
governmental regulatory bodies such as Health Canada and
the US Food and Drug Administration, negotiation of multi-
institutional contracts and data-sharing agreements, and
obtaining institutional ethics review board approvals. The
entire research governance structure might need to go into
overdrive, together with strategies and oversight to minimize
and mitigate risk.

Because of the rarity of MIS-C, conventional and timely
randomized clinical trial designs would not likely be feasible
because of the small participant numbers limiting statistical
power to reliably detect relative treatment effects. This
persistent problem has plagued pediatric clinical trials, has
hampered acquisition of the necessary evidence required to
support regulatory approvals for pediatric drug use, and has
made it difficult to support strong recommendation state-
ments in clinical practice guidelines.®®®’

Because of the importance of quickly developing high-
quality and reliable evidence on which to base clinical care
for a new condition, a clear strategy is needed. Rather than
relying on funding agencies to solely determine which
investigator-initiated trials are performed, a clearinghouse is
needed for coordination across agencies. Such a strategy would
provide for rapid deployment of overlapping and comple-
mentary trials (perhaps shorter and smaller in scope, perhaps
powered for reasonably justified surrogate end points),
avoidance of competition for enrollment, and facilitation of
sharing of expertise and resources. Therapies identified to be
ineffective or potentially harmful should be abandoned as
quickly as possible. Nimble governance would be essential to
quickly and efficiently respond to findings and changes in the
condition, such as with the emergence of new variants of the
SARS-CoV-2 virus or the additional effect of vaccination.

Alternatives to conventional clinical trials might have a
particular utility for evaluating new therapies for rare diseases.
These might include pragmatic trials, use of cluster random-
ization, ste Ped wedge designs, factorial designs, and Bayesian
methods.”””" Another strategy would be to use adaptative
trial designs,72 those that adapt or are modified on the basis of
new information that emerges as the trial progresses. That
information most commonly derives from different types of
prespecified interim analysis strategies. Noncomparative ana-
lyses might lead to adjustments in sample size informed by
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improved estimates of variance or of baseline risk of the
outcome. The interim analyses could be performed compar-
atively to assess for rigourous prespecified criteria for stopping
a trial early for either efficacy, futlity, or safety (group
sequential design). If comparative interim analyses show fu-
tility in the overall group but efficacy in a prespecified sub-
population then further enrollment might be restricted for
that subpopulation, known as adaptive enrichment.
Comparative interim analyses might also be used to plan
modifications to treatment arms, such as dose escalation, or
adding or deleting certain treatment arms, often compared
with a common control or comparator arm. Adaptations can
be applied to treatment arm allocation on the basis of
comparative interim analyses, such as consecutive allocation
aimed to balance baseline covariates between treatment arms
or basing consecutive allocation on accumulating outcome
data that might favour allocation to the more beneficial
treatment (play the winner designs). All of these adaptation
strategies must be preplanned and strictly monitored to
maintain the overall integrity and rigour of the trial. In
addition, because the adaptations described all entail interim
analyses, a detailed statistical strategy must be in place to
compensate or adjust for an increasing probability of a type 1
error. These adaptation techniques could be applied in the
setting of rapidly evolving clinical scenarios and emergence of
new treatment strategies, such as was seen with the COVID-
19 pandemic and MIS-C.

What Is the Role of Observational Data?

Observational data can be very useful to determine the
clinical disease spectrum within a new condition. Such data
can identify variations in clinical presentation and serve to
refine case definitions, which were somewhat diverse for MIS-
C after the onset of the pandemic. Observational data sets can
also define the natural and modified history of a condition,
which is critical information for determining patient prognosis
and prediction of health care system resource requirements.
Prospective cohort studies with defined inclusion and exclu-
sion criteria and standardized and adjudicated data collection
provide the optimum observational data. Patient-reported
outcomes should be formally elicited, and patient advocates
actively engaged. For optimal estimates of incidence and risk,
population-based studies with a defined denominator and
complete reporting are needed. This limits the utility of pas-
sive surveillance systems (incomplete reporting) and admin-
istrative data (lack of granularity and standardization).

The primary limitation of using observational data to
determine or compare outcomes of interventions is that the
allocation to intervention type is nonrandom and, hence,
subject to bias, because patients might get one intervention
over another because of factors that might also influence the
outcome. A number of statistical methods can be used to
make the comparison fairer, but they only partially adjust for
differences, and can only adjust for factors that were
measured, in contrast to randomization, which ideally creates
equal groups balanced according to unmeasured factors as
well. Introduction of these biases represents the primary
reason that studies using observational data to make non-
randomized comparisons often yield differing results. A recent
example for MIS-C were 3 multi-institutional observational
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studies regarding initial immunomodulatory treatment with
IVIG alone vs IVIG with steroids. The study by Son et al.
included 518 patients and noted, as mentioned earlier, a
relative benefit of IVIG with steroids on left ventricle
dysfunction at and after 2 days.”> The comparison incorpo-
rated propensity score matching and covariate adjustment,
and a further analysis using inverse probability weighting,
both yielding similar results. The study by McArdle et al.
included 614 patients and did not note a relative benefit of
either steroids alone or in combination with IVIG over IVIG
alone on a comgpsite outcome of ventilatory or inotropic
support or death.”” Likewise, these investigators used a similar
statistical adjustment approach. The reasons for the disparity
in the results for these 2 observational studies were explored
by the combined teams of investigators. They noted differ-
ences in disease severity and cardiovascular involvement
among these 2 studies, which also used differing case defini-
tions.”” A further multi-institutional study by Ouldali et al.
included 181 patients and noted a relative benefit of IVIG
with steroids over IVIG alone on treatment failure, defined as
persistent or recurrent fever, as well as other clinically relevant
outcomes.”~ These investigators used propensity score
matching for statistical adjustment, with further analyses
incorporating covariates and using inverse probability
weighting. Because of the potential for residual bias for each of
these 3 studies, it is difficult to know where the true answer
lies.

How Do We Make Recommendations?

Recommendations for management strategies must be on
the basis of accurate and reliable evidence of effectiveness and
safety. However, early in the experience with a new condition
this evidence might be lacking, indirect, incomplete, or at risk
of being inaccurate. Expert opinion can be used as a starting
point, but it must be used cautiously. The search for relevant
experts should be broad and diverse, and all perspectives
should be represented. The questions to be addressed should
be carefully specified, and the starting point should be from a
critical appraisal of what is already known as published in the
literature where possible. Methods for reaching consensus
should be fair, inclusive, and transparent, such as with the
Delphi approach and others.”*

Eventually, research evidence will emerge and either
complement, refine, or replace expert opinion alone. Many
studies, including observational studies, will make concluding
statements that highlight the need for further research, but
some will include statements regarding the clinical relevance
of the findings and then proceed to make a recommendation.
These recommendations should be viewed with caution and
only in light of critical appraisal of the specific study.

Cumulative evidence and experience can be synthesized
into higher-level collections of recommendations that might
have broader applicability. This is the process for development
of guidelines, for which there are guidelines for creating
guidelines (www.agreetrust.org). Pivotal to the process is an
underlying prespecified and detailed review and critical
appraisal of the published research evidence, aimed at
addressing key questions that are defined according to the
patient, population, or problem at hand, the intervention and
its comparators, and the outcomes. The review might be
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performed by experts independent of those drafting the
recommendation statements. An evidence review should
culminate in the production of evidence tables, which uld-
mately guide decisions as to the wording and grading of
recommendation statements which is in alignment with the
overall quantity and quality of the appraised evidence. These
tables should be published with the guideline statement and
kept alive and updated with new evidence periodically.
Recommendation statements relevant to MIS-C are charac-
terized by lower classes, reflecting the magnitude and un-
certainties in the size of the treatment effect or association,
which are accompanied by lower levels of evidence, reflecting
uncertainties about the precision of that treatment effect or
association,' !¢

As might be seen in rare diseases, such as MIS-C, the ev-
idence is often lacking or of suboptimal quality, yet guidance
is needed.”” To that end, some advocated for the development
of rapid guidelines but caution was raised in the adaptation of
rapid guidelines because they often lack clarity around reason
for development, how the quality of evidence was assessed,
and how management of conflicts was handled.”® Gaps in
recommendations can lead to inconsistencies and un-
certainties in clinical practice, which can affect patient out-
comes. It is necessary to provisionally fill these gaps, and we
are often left with expert opinion. However, great caution is
needed. Expert opinion is often on the basis of anecdotal
practice that has not been systematically reviewed and
appraised. It might be skewed by outlier experiences, firmly
held opinions and outside influences, and it might be biased
by local circumstances and practices. If expert opinion is to be
used to fill recommendation gaps, it must be used with the
provisions previously described.

The conclusion of any guideline development project
should not only include an accompanying plan for knowledge
translation, but also a detailed accounting of the evidence gaps
and the research strategies to address them. This can be done
by identifying gaps and challenges during the evidence review
and incorporating findings into evidence tables that are
updated. Methodologists should be included in this activity to
inform research approaches. The results should be specified a
priori as an output in addition to the guideline itself.
Guidelines are often developed by organizations that fund
research, and the results should be used to inform funding
priorities. Finally, the research strategy needs to have its own
knowledge translation and implementation plan.

Penultimately, recommendations and guidelines are really
on the basis of the average treatment effects as derived from
research evidence. Optimally, decisions regarding manage-
ment need to move from this approach toward management
that is precision-based.””

Conclusion

Although results have been encouraging, the optimal
treatment of children with MIS-C remains to be determined.
Current therapies are on the basis of expert opinion, simi-
larities to other pediatric conditions like KD, and multiple
observational studies. Herein, we have provided guidance on
developing future clinical trials for such a rare condition to
help inform optimal treatment strategies.


http://www.agreetrust.org
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