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Abstract

Background: Hemophagocytic lymphohistiocytosis (HLH) and macrophage activation syndrome (MAS) were
historically thought to be distinct entities, often managed in isolation. In fact, these conditions are closely related. A
collaborative approach, which incorporates expertise from subspecialties that previously treated HLH/MAS
independently, is needed. We leveraged quality improvement (QI) techniques in the form of an Evidence-Based
Guideline (EBG) to build consensus across disciplines on the diagnosis and treatment of HLH/MAS.

Methods: A multidisciplinary work group was convened that met monthly to develop the HLH/MAS EBG. Literature
review and expert opinion were used to develop a management strategy for HLH/MAS. The EBG was implemented,
and quality metrics were selected to monitor outcomes.

Results: An HLH/MAS clinical team was formed with representatives from subspecialties involved in the care of
patients with HLH/MAS. Broad entry criteria for the HLH/MAS EBG were established and included fever and ferritin
≥500 ng/mL. The rheumatology team was identified as the “gate-keeper,” charged with overseeing the diagnostic
evaluation recommended in the EBG. First-line medications were recommended based on the acuity of illness and
risk of concurrent infection. Quality metrics to be tracked prospectively based on time to initiation of treatment and
clinical response were selected.

Conclusion: HLH/MAS are increasingly considered to be a spectrum of related conditions, and joint management
across subspecialties could improve patient outcomes. Our experience in creating a multidisciplinary approach to
HLH/MAS management can serve as a model for care at other institutions.
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Background
Traditionally, hemophagocytic lymphohistiocytosis (HLH)
and macrophage activation syndrome (MAS) were consid-
ered distinct conditions managed by hematology/oncology
and rheumatology, respectively, with little communication
between the two specialties. Increasingly, it is evident that
HLH and MAS share an underlying pathophysiology and
should be thought of as a spectrum of related conditions.
This represents a paradigm shift in our understanding of
these disorders and necessitates a multidisciplinary approach
to the diagnosis and treatment of patients with HLH/MAS.
HLH may be inherited, as in the case of primary or fa-

milial HLH (FHL), or acquired (secondary HLH). All
known genetic mutations responsible for FHL reside in
genes that code for proteins in the cytolytic pathway,
which is employed by CD8+ T and NK cells to destroy
host cells that are compromised by infection [1]. In the
absence of a robust cytolytic response, antigen stimula-
tion persists and drives cytokine production [2–4]. The
result is a dramatic presentation in affected patients with
fevers, rashes, multi-organ dysfunction, cytopenias, and
coagulopathy due to cytokine storm. The diagnosis of
HLH is made when a patient is found to have a molecu-
lar diagnosis consistent with HLH or fulfills 5 of 8 diag-
nostic criteria: 1) fever, 2) splenomegaly, 3) cytopenias,
4) elevated triglycerides/decreased fibrinogen, 5) hemo-
phagocytosis, 6) decreased NK cell function, 7) increased
ferritin, and 8) increased soluble IL-2 receptor levels [5].
Historically, FHL was diagnosed almost exclusively in in-
fancy and thought to be fatal without chemotherapy and
hematopoietic stem cell transplantation (HSCT) [6].
In contrast to FHL, secondary HLH is an acquired

condition, typically triggered by a viral infection [7]. Pa-
tients with secondary HLH tend to be older and have
less severe disease that is often managed with chemo-
therapy but not necessarily with HSCT [5, 8]. MAS in
patients with rheumatic diseases has been increasingly
considered a form of secondary HLH [9].
MAS has been described in association with multiple

rheumatic diseases; however, it is most frequently observed
as a complication of systemic juvenile idiopathic arthritis
(sJIA) [9, 10]. MAS is a serious complication of sJIA as it is
associated with high mortality rates [9]. As in HLH, MAS
is thought to be due to uncontrolled macrophage and T
cell activation coupled with exuberant cytokine release,
particularly IL-1β, IL-6, IL-18, and interferon gamma
(IFNγ) [9, 11–13]. The diagnosis of MAS in the setting of
an underlying inflammatory disease can be a challenge.
While patients with MAS present with many of the fea-
tures outlined in the HLH diagnostic guidelines, the HLH
criteria do not sufficiently differentiate patients with an ac-
tive rheumatologic condition from those who have MAS.
A recent international effort to create classification criteria
for MAS in sJIA has addressed many of these issues and

identified fever, thrombocytopenia, transaminitis, hypertri-
glyceridemia, hypofibrinogenemia, and increased ferritin as
important markers of MAS in sJIA. The exact cut-off
values for these parameters differ from the HLH diagnostic
guidelines because patients with sJIA and chronic inflam-
mation often have elevated inflammatory markers, ferritin,
platelet counts, and coagulation studies at baseline
[14]. Traditional treatments for MAS have included
glucocorticoids, cyclosporine, and intravenous im-
munoglobulin (IVIG) [15–17]. The advent of biologic
therapies that target cytokines has expanded the armament-
arium of treatments available for MAS to include medica-
tions that block IL-1, IL-6, IL-18, and IFNγ [9, 18–20].
FHL is more closely related to secondary HLH and

MAS than previously appreciated. Mutations in FHL
genes are found not only in infants with classic HLH fea-
tures but also in adults with presumed secondary HLH
due to infection [21, 22]. Up to 35% of patients with sJIA
complicated by MAS have heterozygous variants in FHL
genes that are protein damaging [23]. As in HLH, NK cell
dysfunction is observed in sJIA patients with MAS and
may be due to the deleterious effects of IL-6 [24, 25].
Cytokine excess, particularly IL-18 and IFNγ, is a common
feature of both HLH and MAS. IL-18 is dramatically ele-
vated in MAS associated with NLRC4 inflammasomopa-
thies and HLH associated with X-linked inhibitor of
apoptosis (XIAP) deficiency [26, 27]. IL-18 is also in-
creased in patients with MAS and HLH without these par-
ticular genetic diseases [12, 28, 29]. Interestingly, IL-18
was originally named IFNγ-inducing factor and can pro-
mote IFNγ in T cells, which plays a key role in HLH and
MAS pathogenesis [30]. In humans with HLH, IFNγ levels
are stratospheric, and targeted neutralization of this cyto-
kine improves clinical metrics of the disease [3, 4, 31].
Similarly, high levels of IFNγ and the IFNγ-inducible che-
mokine CXCL9 differentiate patients with active sJIA from
those who have developed MAS [13, 32]. These new find-
ings strongly suggest that HLH and MAS are not discrete
diseases but instead represent a continuum of hemopha-
gocytic conditions that share a common pathway of im-
paired cytotoxicity leading to cytokine storm.
Given the new model of HLH and MAS as inter-related

conditions, patients should benefit from a collaborative
approach that incorporates expertise from specialties that
have traditionally cared for these patients in isolation. We
endeavored to utilize quality improvement (QI) methods
to facilitate cooperation across disciplines with the goal of
developing a diagnostic and therapeutic pathway for pa-
tients with HLH/MAS at our hospital.

Methods
The EBG model
To develop a collaborative approach to HLH/MAS man-
agement, we enlisted the support of the Evidence-Based
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Guideline (EBG) program, which is administered through
the Department of Pediatrics (DOP) Quality Program at
Boston Children’s Hospital (BCH) (Fig. 1). EBGs are clin-
ical algorithms constructed from available evidence in the
literature and the expert opinion of locally involved clini-
cians. The goal is to achieve consensus on how to manage
a given condition and thereby reduce practice variability
and improve patient care. Data support through the DOP
Quality Program allows the outcomes of an EBG to be
tracked; therefore, additional iterations of the EBG can be
developed for further improvement. The EBG approach
has been used to create guidelines for more than 60 clin-
ical topics/conditions at BCH [33].

Workgroup members
We identified the key subspecialties involved in the
management of HLH/MAS and sought a representative
from each discipline (Additional file 1: Table S1). Local
experts in HLH/MAS were asked to participate by per-
sonal invitation. In addition, division chiefs of involved
specialties were asked to recommend potential mem-
bers. Emails were sent to clinicians and trainees in
rheumatology, hematology, and oncology specialties
particularly involved in HLH/MAS management, to en-
courage participation.

Meeting format
HLH/MAS EBG meetings were convened monthly from 3/
2016 to 12/2017 (Additional file 2: Table S2). The leads of
the workgroup (M.M.H. & L.A.H) served as moderators
and identified key questions to address at each meeting.
Each session had a pre-set agenda with identified speakers
who typically had literature review assignments. At the
meetings, the speakers presented a summary of the
reviewed literature, which was followed by discussion
to build consensus. Based on the nominal group tech-
nique, greater than 80% consensus agreement on each
point was required in order to pass. At the end of each
meeting, areas of agreement and difference were sum-
marized, and action items were identified for the next
meeting.

EBG goals
Prior to the EBG, inpatient consults for HLH/MAS were
often channeled through different specialties, most often
hematology, oncology, or rheumatology, in a somewhat
arbitrary manner. The result was often discrepant diag-
nostic and treatment recommendations for patients with
similar clinical presentations. If multiple specialties were
involved in the care of the same patient, clinical recom-
mendations often conflicted, resulting in delayed diagnosis
and initiation of treatment. The workgroup sought to

Fig. 1 The Evidence-Based Guideline Workflow. The steps required to complete the evidence-based guideline (EBG) process are depicted in the
flow chart. QI, quality improvement
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eliminate this variability and develop a standard path-
way for diagnosis and treatment. The overarching goals of
the HLH/MAS EBG workgroup included: 1) Increase
communication and collaboration across specialties in-
volved in the care of these patients; 2) Develop an HLH/
MAS clinical response team; and 3) Develop a diagnostic
and treatment algorithm for HLH/MAS.

Results
HLH/MAS clinical response team
In order to implement the EBG, an HLH/MAS clinical re-
sponse team was created. As a model, the EBG workgroup
selected the Kawasaki disease (KD) program, a successful
multidisciplinary, clinical team composed of cardiologists
and rheumatologists at BCH. As with HLH/MAS, rapid
diagnosis and treatment of KD are essential to prevent
morbidity and mortality. The EBG workgroup identified
key aspects of the KD program that promote success. 1)
One subspecialty (rheumatology) is identified as the “gate--
keeper” and directs clinical care. 2) Communication is facil-
itated by an email distribution list. 3) Consensus is achieved
before recommendations are given to the house staff. 4) An
order set within the electronic medical record (EMR) facili-
tates diagnostic testing and medication administration.
At BCH, rheumatology has been increasingly engaged in

the management of HLH/MAS. Accordingly, the rheuma-
tology consult service was selected to be the “gate-keeper”
of the HLH/MAS EBG. Rheumatology serves as the initial
point of contact for the house staff to engage when
there is concern for HLH/MAS. Rheumatology deter-
mines whether the patient should enter the EBG for
further diagnostic testing and treatment. An HLH/
MAS email distribution list facilitates communication
and includes all rheumatology trainees and attendings,
as well as representatives from subspecialties involved in
the care of HLH/MAS patients (Additional file 1: Table S1).
An EMR order set was designed so that diagnostic studies
and medications suggested by the HLH/MAS clinical team
could be ordered easily by the house staff. Direct links to
requisition forms for send-out laboratory studies recom-
mended in the EBG were also included.

Entry criteria
Entry criteria were identified to help house staff recognize
patients with potential HLH/MAS who may be eligible for
the EBG. The workgroup reviewed the HLH 2004 diagnos-
tic criteria [5], proposed MAS classification criteria in pa-
tients with sJIA [14, 34], and publications on the sensitivity
and specificity of elevated ferritin in the diagnosis of HLH/
MAS [34–39]. The goal was to capture all inpatients who
should undergo a diagnostic evaluation for possible HLH/
MAS; hence, entry criteria were designed to be broad

(Table 1). Ultimately, fever and ferritin ≥500 ng/mL were
selected based on the HLH 2004 diagnostic criteria [5].
At BCH, ferritin is typically obtained as part of the

fever of unknown origin evaluation and is often readily
available. The workgroup leveraged i2b2, a centralized
repository of de-identified clinical data from BCH, to re-
view the number of inpatients within the preceding year
with a ferritin ≥500 ng/mL. Twenty-seven patients were
identified, a number that was agreed to be reasonably
handled by the HLH/MAS EBG.
In addition to fever and ferritin levels, other clinical

findings were highlighted to help house staff consider a
diagnosis of HLH/MAS: a history of a rheumatologic/
hematologic/immunologic disease that predisposes to
HLH/MAS, Epstein-Barr virus (EBV) infection, neuro-
logic symptoms, hepatosplenomegaly, coagulopathy, and
transaminitis.

Diagnostic algorithm
Once a patient with potential HLH/MAS is identified,
the rheumatology team is consulted and determines
whether the patient should enter the EBG and undergo
a diagnostic evaluation (Fig. 2, Table 2). While the EBG
provides recommendations, the diagnostic assessment is
at the discretion of the rheumatology consult team.
Based on the HLH diagnostic criteria [5] and the

ACR/PRINTO 2016 MAS classification criteria [14], la-
boratory evaluation includes assessment for cytopenias,
transaminitis, coagulopathy, and elevated triglycerides
(Table 2). Functional and genetic studies commonly used

Table 1 HLH/MAS Evidence-Based Guideline Entry Criteria

Clinical and Laboratory Criteria

1. Fever (high, unremitting)

2. Ferritin (≥500 ng/mL)

3. Other Considerations

Rheumatologic/hematologic/immunologic conditions that predispose
to HLH/MASa

Neurologic symptomsb

HSM

Cytopeniasc

Hepatobiliary dysfunctiond

DIC

EBV or other viral infection

HLH hemophagocyticlymphohistiocytosis, MAS macrophage activation
syndrome, HSM hepatosplenomegaly, DIC disseminated intravascular
coagulation, EBV Epstein-Barr virus
aIncluding but not limited to systemic juvenile idiopathic arthritis, systemic
lupus erythematosus, Kawasaki Disease, familial HLH, lymphoma, Chediak-
Higashi Syndrome, Griscelli Syndrome, Hermansky-Pudlak Syndrome type 2, X-
linked lymphoproliferative disease 1 & 2
bHeadaches, cognitive changes, focal examination findings, seizures, findings
not explained by degree of illness/medications
cHemoglobin < 9 g/dL, platelets < 200 109/L, absolute neutrophil
count < 1000/mm3

dElevated liver function tests or bilirubin
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in the diagnosis of FLH are not typically ordered in patients
with MAS. Review of the literature by the EBG workgroup
demonstrated that mutations in FHL genes and decreased
NK cell function are increasingly documented in patients

with presumed secondary HLH due to infection and MAS
associated with sJIA [21–25]. sJIA patients with MAS are
more likely to have variants in FHL-associated genes than
sJIA patients without MAS, indicating a potentially more

Fig. 2 HLH/MAS Evidence-Based Guideline Diagnostic Algorithm. The steps suggested in the HLH/MAS EBG diagnostic evaluation are depicted in
the flow chart. HLH, hemophagocytic lymphohistiocytosis; MAS, macrophage activation syndrome; Neuro, neurology; MRI, magnetic resonance
imaging; CNS, central nervous system; LP, lumbar puncture; BM, bone marrow; PET, positron emission tomography a. See Table 1. b. See Table 2.
c. Neurologic symptoms include headaches, cognitive changes, focal examination findings, seizures, findings not explained by degree of illness/
medications.d. MRI findings concerning for HLH/MAS include but are not limited to parenchymal lesions, diffuse brain edema, leptomeningeal
enhancement, periventricular white matter changes, brain volume loss, and spinal lesions. A normal MRI does not rule out CNS HLH/MAS. Some
patients may only have abnormalities in the cerebral spinal fluid. e. Concern for infection includes but is not limited to immunocompromised
hosts, recent travel, known exposures, localizing signs/symptoms, and critically ill patients. f. Concern for malignancy includes atypical
lymphadenopathy and cytopenias out of proportion of the clinical presentation. g. Indications for treatment include clinical deterioration,
unremitting fevers, progressive worsening of laboratory parameters of HLH/MAS. h. See Table 3 *This guideline was developed for educational
purposes only and for use in the Rheumatology Program at Boston Children’s Hospital. Decisions about evaluation and treatment are the
responsibility of the treating clinician and should always be tailored to individual clinical circumstances
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severe disease course that may require more aggressive and
sustained therapies [23, 40]. Accordingly, the EBG work-
group agreed that assessment of cytolytic activity with NK
cell function and/or CD107a mobilization as well as genetic
testing should be considered broadly (Table 2). While gen-
etic testing can take over a month to complete, flow cyto-
metric evaluation of perforin, granzyme, SLAM-associated
protein (SAP), and XIAP expression is often available
within days and should be considered in patients with high
concern for FHL. While bone marrow biopsies are com-
monly performed in patients with presumed FHL, they are
less frequently obtained in children with secondary HLH
due to infection or MAS associated with rheumatic disease;
therefore, this procedure was not categorically recom-
mended in the EBG.
Cytokine storm is a central feature of HLH/MAS with

a particularly important role for IFNγ and IL-18. The
EBG workgroup reviewed literature on the importance
of these cytokines as supported by data in mouse models
and humans [2–4, 12, 26–29, 31, 41–44]. While IFNγ is
difficult to measure in the peripheral blood, CXCL9, an
IFNγ-inducible cytokine, is easily measured and reflects
IFNγ levels. CXCL9 levels are high in HLH and can dif-
ferentiate patients with active sJIA and MAS [3, 13, 31,
32]. IL-18 is increased in HLH but more so in MAS,

where chronic IL-18 elevations are thought to be a risk
factor for MAS [12, 28, 29]. Like CXCL9, there is evi-
dence that IL-18 can be used to discriminate between
active sJIA and sJIA with MAS [12, 29]. Both CXCL9
and IL-18 are available for clinical testing and are likely
biomarkers of HLH/MAS; therefore, these tests were in-
cluded in the HLH/MAS EBG.
Dedicated EBG workgroup meetings were held with

representatives from neuroimmunology (L.B., M.G.) and
infectious diseases (G.P., N.S.) to select criteria for involv-
ing these subspecialties (Fig. 2). Rarely, children present
with HLH/MAS as the first manifestation of underlying
malignancy [45]. The EBG workgroup reviewed character-
istics of malignancy-associated HLH/MAS in children
[45]. In conjunction with input from representatives of
oncology (B.A.D.) and hematology (K.W.), criteria for con-
sidering additional oncologic evaluation were identified
(Fig. 2), reflecting the most common malignancies known
to present as HLH/MAS, T and B cell lymphomas.

Treatment algorithm
Development of a therapeutic pathway for HLH/MAS
patients was a major goal for the EBG workgroup. The
intent of the treatment algorithm is to provide an agreed
upon framework for therapeutic decision-making to re-
duce practice variability and improve clinical outcomes.
Decisions surrounding the start of therapy in HLH/MAS
patients are often the most difficult and can be associ-
ated with disagreements amongst subspecialists that
delay much needed intervention. It is for this reason that
the HLH/MAS workgroup focused its recommendations
on treatment initiation for the hospitalized patient. The
guidelines are meant as suggestions, and clinicians retain
their autonomy to deviate from the EBG.

Treatment algorithm inclusion criteria
The EBG workgroup recommended that FHL patients
identified during the diagnostic workup should in most
cases receive HLH directed therapy under oncology. In
addition, patients with HLH/MAS in the setting of a
known malignancy or secondary to chemotherapy were
excluded from the treatment algorithm because of insuf-
ficient guidance in the pediatric literature and the lim-
ited knowledge about safety of biologic medications in
this population.

Treatment initiation
Based on the opinion of the participating clinicians, ini-
tiation of treatment should be considered when there is
progressive clinical deterioration, worsening laboratory
parameters of HLH/MAS, and/or persistent fevers. The
workgroup members agreed that treatment should be
started as soon as HLH/MAS pathophysiology is recog-
nized and often before the patient meets the full criteria

Table 2 HLH/MAS Evidence-Based Guideline Diagnostic
Evaluation

Potential Laboratory Evaluation

CBC w/ diff

ESR

Chem 10 (Na, K, Cl, CO2, BUN, Cr, Glucose, Ca, Mg, Phos)

LFTs (AST, ALT, Tbili, Dbili)

SPA Panel (IgG, IgM, IgA, C3, C4, CRP, Albumin, Protein)

LDH

Triglycerides

Coagulation Studies (PT, PTT, INR, Fibrinogen, D-dimer)

Infectious Studies (EBV PCR, CMV PCR, Blood Culture)

CD107a Mobilization/NK Cell Degranulation

IL-18

CXCL9

Soluble IL-2 Receptor

Perforin/Granzyme Expression

SAP/XIAP Expression (Males)

Genetic Testing for FHL

Potential Radiologic Evaluation

Chest X-ray

Abdominal Ultrasound

HLH hemophagocyticlymphohistiocytosis, MAS macrophage activation
syndrome, SPA serum protein analysis panel, SAP SLAM-associated protein,
XIAP X-linked inhibitor of apoptosis, FHL familial HLH
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for HLH/MAS. Thus, absolute clinical and laboratory
parameters for treatment were not defined. Instead, the
trend in the clinical profile is indicative of the need for
treatment (Fig. 2), which is in keeping with previously
published expert consensus on the dynamics of labora-
tory values in MAS [46].

Therapeutic recommendations
Since the EBG recommends treatment at the first sign of
HLH/MAS, many patients will not meet diagnostic cri-
teria for HLH or classification criteria for MAS. The use
of chemotherapy with agents such as etoposide is not
recommended until patients meet diagnostic specifica-
tions for HLH. Alternately, medications typically used by
rheumatology for MAS are a viable option early in the
disease course because they are associated with less tox-
icity. The EBG workgroup reviewed the literature that
demonstrated efficacy for medications such as cyclosporine
and anakinra in some patients who meet criteria for not
only MAS but also secondary HLH [18, 47–49]. Since
these medications have a safer side effect profile than
chemotherapy, they were selected as first-line agents
(Table 3). An inadequate response to the suggested therap-
ies should immediately trigger re-involvement of oncology
to consider more aggressive therapeutic protocols (Fig. 2).
The workgroup agreed to present a list of recom-

mended medications that could be used alone or in
combination for HLH/MAS, depending on the prefer-
ence of the treating physician. Medication selection and
dosing are stratified by the severity of illness and risk of
infection, particularly bacterial or fungal infections. The
actual assessment of disease severity and infectious risk
is made by the treating physician. In moderately ill
patients with concern for an underlying infection, less

immunosuppressive agents such as IVIG and anakinra
are generally preferred. In critically ill patients with un-
controlled cytokine storm (typically patients requiring
ICU level care), greater immunosuppression is often
warranted despite the increased risk. Drug dose, route,
and frequency were based on the pharmacy formulary at
BCH and the experience of the involved clinicians.
The EBG workgroup reviewed a number of medications

for inclusion in the treatment algorithm. Investigational
drugs including NI-0501/anti-IFNγ monoclonal antibody
and recombinant human IL-18 binding protein were dis-
cussed but ultimately were not included in the EBG because
they were not FDA approved at the time of the workgroup
meetings and thus were difficult to obtain outside of a clin-
ical trial [31, 44]. Literature on the use of tocilizumab for
HLH/MAS was reviewed by the EBG workgroup, including
the impact of IL-6 on NK cell function [24, 25], rates of
MAS in sJIA patients treated with tocilizumab [9, 50, 51],
use of tocilizumab to treat MAS in sJIA and Adult-onset
Still’s disease (AOSD) [52, 53], and efficacy of tocilizumab
in cytokine release syndrome secondary to T cell engaging
oncologic therapies [54, 55]. The reviewed phase III clinical
studies demonstrated that MAS can occur in patients with
sJIA while on tocilizumab, even with adequate sJIA disease
control [9]. In addition, tocilizumab alters markers of
MAS/HLH such as C-reactive protein (CRP) and ferritin,
making diagnosis difficult [9, 51, 56]. Articles that sup-
ported the use of tocilizumab in MAS mostly included pa-
tients with sJIA, AOSD, or oncology patients receiving
therapies such as blinatumomab and chimeric antigen re-
ceptor (CAR) T cells. There was little evidence in the litera-
ture for the use of tocilizumab in secondary HLH due to
infection. Accordingly, tocilizumab was not recommended
as a first-line agent in our treatment algorithm.

Table 3 HLH/MAS Evidence-Based Guideline Treatment Algorithm

Illness Severity Serious Infection Potential Medications Dosinga

Moderate Yes Anakinra 2–4 mg/kg/dose (max 100mg) IV/SQ Q12-24 h

IVIG 1–2 g/kg/dose IV

No Anakinra 2–4 mg/kg/dose (max 100mg) IV/SQ Q12-24 h

Methylpred 1 mg/kg/dose IV Q12hrs OR 30 mg/kg/dose (max 1 g) IV Q24 hrs × 3 doses

Cyclosporine (Neoral®) 3–7 mg/kg/day PO Q12hrs

Tacrolimus 0.1 mg/kg/day PO Q12 hrs

IVIG 1–2 g/kg/dose IV

Critical N/A Anakinra 2–4 mg/kg/dose IV/SQ Q6-24 h (can go higher)

Methylpred 30 mg/kg/dose (max 1 g) IV Q24 hrs × 3 doses➔1 mg/kg/dose IV Q12hrs

Cyclosporine 3–7 mg/kg/day PO or 3–5 mg/kg/day IV Q12hrs (enteral preferred)

Tacrolimus 0.1 mg/kg/day PO or 0.01–0.05 mg/kg/day IV (enteral preferred)

IVIG 1–2 g/kg/dose IV

HLH hemophagocyticlymphohistiocytosis, MAS macrophage activation syndrome, IVIG intravenous immunoglobulin, methylpred methylprednisolone
aThe medication dosing contained within these guidelines is provided as a reference only. Please refer to institutional formulary or ordering guidelines when
placing orders for the clinical care of patients
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Before the era of biologic agents, IVIG, cyclospor-
ine, and glucocorticoids were used regularly to treat
rheumatologic-associated MAS [15–17]. Presently,
these medications are still used alone or in conjunction
with other biologic agents for MAS and have been shown
to be effective in HLH [5, 47, 49, 57]. Accordingly, IVIG,
cyclosporine, and glucocorticoids were included in the
treatment algorithm. Tacrolimus targets the same pathway
as cyclosporine and is occasionally prescribed by EBG
workgroup clinicians for MAS, particularly in patients
who may have difficulty tolerating cyclosporine. As such,
tacrolimus was included in the treatment algorithm.
An entire HLH/MAS workgroup meeting was dedi-

cated to discussing anakinra in the treatment of HLH/
MAS. Several manuscripts were reviewed by the work-
group that described the successful use of anakinra to
treat MAS in sJIA patients, particularly with doses
greater than 1-2 mg/kg [9, 18, 19]. In some of these re-
ports, sJIA patients who met the full criteria for second-
ary HLH still responded to anakinra [18]. In addition,
some data supported the efficacy for anakinra in second-
ary HLH due to infection [48, 58]. Notably, a re-analysis
of the original phase III randomized, placebo-controlled
study of anakinra for severe sepsis showed that patients
with features of MAS (hepatobiliary dysfunction and
severe coagulopathy) had improved survival [58]. The
HLH/MAS workgroup leaders (L.A.H, M.M.H.) ana-
lyzed additional literature in support of anakinra ther-
apy in secondary HLH and MAS [20, 47, 49, 57, 59].
It was unanimously agreed to include anakinra in the
treatment algorithm. In the phase III sepsis study,
high dose anakinra was used safely; therefore, high
dose anakinra was recommended in the treatment al-
gorithm for critically ill patients, even those with sus-
pected infections [58]. There were little data in the
literature to support the use of other IL-1-inhibiting
drugs in HLH/MAS [9].

EBG implementation
The EBG was presented to major stakeholders at depart-
mental meetings: rheumatology, immunology, hematology,
department of medicine hospitalists, and pediatric in-
terns/residents (Additional file 1: Table S1). The pre-
sentations were structured to encourage feedback,
which was then incorporated into the EBG. In addition,
pharmacy reviewed the suggested medications and dos-
ages to ensure harmonization at the institution level.
The created HLH/MAS email distribution list and EMR
order set also facilitated implementation of the EBG. In
order to increase awareness of the new HLH/MAS
EBG, laminated copies were distributed to house staff,
email announcements were sent, and the EBG was
posted on the DOP intranet site.

Quality metrics
Since our aim in implementing this EBG was to improve
the quality of care provided to this patient population,
we defined several quality metrics in concert with the
DOP QI team. First, we sought to define our target
population and to obtain baseline data regarding these
patients prior to EBG implementation. We thus devel-
oped a search algorithm for the EMR that allowed us to
identify patients who met entry criteria of the EBG and
would potentially benefit from its use. The following
search criteria were used: ferritin ≥500 ng/mL, fever
≥38.2C, presence of a rheumatology or oncology in-
patient clinical note, and clinical note including the term
“HLH” or “MAS”. Using these criteria, we evaluated the
outcomes of a historical control cohort by pooling the
medical records of patients treated within the 2 years
prior to EBG implementation. To validate our search
strategy, the charts were manually reviewed by rheuma-
tologists who confirmed the presence or absence of
HLH/MAS. During the defined time period, a total of 75
patient charts were selected based on the above parame-
ters. After review, 23 patients were confirmed to have
the diagnosis of MAS/HLH based on the expert opinion
of the reviewing rheumatologist. Prior to EBG imple-
mentation, HLH/MAS patients were cared for by differ-
ent subspecialties: oncology (n = 1), rheumatology and
oncology (n = 2), rheumatology and hematology (n = 8),
and rheumatology alone (n = 10). Treatments for pa-
tients diagnosed with HLH/MAS varied and included
systemic steroids (n = 13), anakinra (n = 11), HLH 2004
protocol (n = 3), IVIG (n = 4), cyclosporine (n = 3), tacroli-
mus (n = 2), infliximab (n = 1), and tofacitinib (n = 1).
These findings underscore the wide range of therapies
used for HLH/MAS at our institution historically. The
goal of the EBG is reduce this treatment variation and im-
prove outcomes. In order to monitor efficacy of the EBG
in achieving these goals, we selected quality measures to
be assessed after EBG implementation: length of stay, re-
admission, time to diagnosis, time to HLH/MAS directed
treatment, duration of fever, time to decrease in laboratory
parameters of disease activity (ferritin, CRP), need for
higher level of care, and death (Table 4).

Discussion
Historically, HLH and MAS have been considered distinct
diseases that have been separately managed by different
subspecialties. As a result of this compartmentalized care,
we have observed wide variations in the diagnosis and
treatment of HLH/MAS, raising concerns that there may
be deleterious delays in recognition and effective treat-
ment of this disease. Over time, however, it has become
increasingly clear that these diseases represent a spectrum
of related conditions for which an integrated management
approach is needed to optimize patient care [9]. Indeed,
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the need to develop a multidisciplinary approach to MAS
has already been recognized. The classification criteria for
MAS in sJIA was developed through an international ef-
fort that included both pediatric rheumatologists and he-
matologists [14]. Building on this model of multispecialty
consensus, we leveraged QI-based strategies to develop an
EBG that presents a unified approach to the diagnosis and
treatment of HLH/MAS [33, 60]. Our process provides a
model for other institutions interested in improving out-
comes for these patients.
Increasingly, there is evidence to support the use of

therapies such as IVIG, anakinra, and cyclosporine for
patients with secondary HLH and MAS, providing an al-
ternative to chemotherapy-based protocols (HLH 2004
protocol) [18, 47–49]. Kumar et al. proposed a manage-
ment strategy for adults with secondary HLH that in-
cludes first-line treatment with these medications [47].
We extend on this work by developing both a diagnostic
and therapeutic algorithm for HLH/MAS in children. A
key aspect of our proposal involves collaboration and con-
sensus building with all subspecialties involved in the care
of patients with HLH/MAS. We first convened a multidis-
ciplinary work group that included rheumatologists, oncol-
ogists, hematologists, neurologists, neuro-immunologists
and specialists in intensive care and infectious diseases.
Through the EBG workgroup meetings, which included an
extensive review of the relevant literature, we developed a
consensus approach to patients who raise clinical concerns
for HLH/MAS.
Recognizing the complexity of the disease process, we

have identified rheumatology as the first-line consultant to
help direct the primary team in its evaluation. To stream-
line our process, we created an EMR-based order set that
corresponds to the laboratory evaluation and medications
set forth in the EBG. In addition, we created an email dis-
tribution list with our HLH/MAS team members, such
that real-time multidisciplinary input may be solicited on

a case-by-case basis. This distribution list also provides
longitudinal contact among team members to foster cohe-
siveness and inter-specialty collaboration.
Finally, as the EBG represents a QI initiative, we plan to

objectively measure its impact on clinical outcomes. Based
on a chart review of HLH/MAS patients hospitalized
within the 2 years prior to the launch of the EBG, we have
identified quality metrics that we seek to improve. Pro-
spective data on these QI measures are currently being
gathered. Further, we plan to update the EBG annually to
incorporate new developments in the field. For example,
laboratory tests such as procalcitonin are increasingly used
to differentiate bacterial infections from other sources of
inflammation. The HLH/MAS workgroup plans to review
infection-related biomarkers for inclusion in the next iter-
ation of the EBG. Future clinical studies may provide
insight on the appropriate administration of medications
like anakinra in HLH/MAS. In addition, novel therapies
are likely to be identified and developed for these condi-
tions. The continuous QI cycle of data gathering, review,
and implementation will allow us to modify the EBG to
accommodate new scientific information. Finally, we hope
to create future versions of the HLH/MAS EBG that ad-
dress long-term management, tapering of medications,
and outpatient follow-up.
We recognize that the specific clinical guidelines out-

lined in our EBG are intended for use only at BCH. Cli-
nicians at other centers may find that the diagnostic
evaluation in our EBG, which includes genetic studies
and functional assays, is not feasible for financial or lo-
gistic reasons (Table 2). In addition, the proposed treat-
ments may not be available at hospitals outside of North
America and Europe (Table 2). We are hopeful that
other centers could utilize our approach to develop
guidelines appropriate for their institutions. In this way,
by providing others with the roadmap to carry out this
process, we hope to positively impact the outcomes of
patients affected by HLH/MAS more broadly.

Conclusions
We present a novel approach to the management of
HLH/MAS that is built on consensus decision-making
across multiple subspecialties involved in treating this pa-
tient population. An evidence-based guideline (EBG) for
HLH/MAS was created based on literature review and ex-
pert opinion that outlines our agreed-upon diagnostic
evaluation and first-line treatment recommendations. An
implementation strategy was developed to ensure that the
recommended HLH/MAS EBG is adopted widely at our
institution and outcomes can be monitored. Our approach
to developing an HLH/MAS EBG can be used by other
clinicians and at other hospitals to build consensus, re-
duce practice variability, and improve clinical care.

Table 4 HLH/MAS Evidence-Based Guideline Quality Metrics

Quality Improvement Outcome Measures

Length of hospital stay (days)

Hospital readmission within 60 days (Y/N)

Time to HLH/MAS diagnosis (days)

Time to initiation of HLH/MAS directed therapy (days)

Fever duration (days)

Ferritin decrease by 50% of maximum during hospital stay (Y/N)

Time to decrease of ferritin by 50% of maximum (days)

Time to CRP < 1mg/dL (days)

Need for higher level of care such as ICU/ICP (Y/N)

Mortality (Y/N)

HLH hemophagocyticlymphohistiocytosis, MAS macrophage activation
syndrome, ICU intensive care unit, ICP intermediate care program

Halyabar et al. Pediatric Rheumatology            (2019) 17:7 Page 9 of 12



Additional files

Additional file 1: Table S1. HLH/MAS EBG Workgroup Members.
(DOCX 14 kb)

Additional file 2: Table S2. EBG Workgroup Meetings and Topics.
(DOCX 16 kb)

Abbreviations
AOSD: Adult-onset Still’s disease; BCH: Boston Children’s Hospital;
CAR: Chimeric antigen receptor; CRP: C-reactive protein; DOP: Department of
Pediatrics; EBG: Evidence-based guideline; EBV: Epstein-Barr virus;
EMR: Electronic medical record; FHL: Familial HLH; HLH: Hemophagocytic
lymphohistiocytosis; HSCT: Hematopoietic stem cell transplantation;
IFNγ: Interferon gamma; IVIG: Intravenous immunoglobulin; KD: Kawasaki
disease; MAS: Macrophage activation syndrome; QI: Quality improvement;
SAP: SLAM-associated protein; sJIA: Systemic juvenile idiopathic arthritis;
XIAP: X-linked inhibitor of apoptosis

Acknowledgements
Nazar Mashtalir, PhD for assistance with algorithm design (Fig. 2).

Funding
This work was partially supported by the Rheumatology Research
Foundation’s Investigator Award (L.A.H), National Institute of Arthritis and
Musculoskeletal and Skin Diseases, P30 AR070253–01 and K08 AR073339–01
(L.A.H.), and the Boston Children’s Hospital Department of Pediatrics
Evidence-Based Guideline Program (L.A.H. & M.M.H). P.A.N. was funded by
NIH awards R01 AR065538 and P30 AR070253, by an Innovative Research
Award from the Rheumatology Research Foundation, and by the Fundación
Bechara. None of the funding sources played a role in the design, collection,
analysis, or interpretation of data presented in this manuscript.

Availability of data and materials
Data sharing is not applicable to this article as no datasets were generated
or analyzed during the current study.

Authors contributions
MMH and LAH designed the study. OH, MMH and LAH drafted the
manuscript. MSL, PAN, RPS, FD major contributors in writing the manuscript.
OH, MCH, MiAS, MaAS, EHZ, LB, CMB, MG, LL, MSL, PAN, CDP, GPP, JR, RPS,
NKS, KGW, FD, BAD, MHC, LAH, conducted critical literature review on
evidence for HLH/MAS diagnosis and treatment and participated in
multidisciplinary consensus process on creation of the guidelines. OH, AM,
JCY, PMR, AS, TB, MMH and LAH designed the algorithm within the EBG
guideline development process, conducted background data collection and
analysis on the patients eligible for HLH/MAS EBG. All authors read, critically
reviewed and approved the final manuscript.

Ethics approval and consent to participate
Institutional Review Board (IRB) approval was not obtained as this is QI-
related research and the EBG process is exempt from IRB review at Boston
Children’s Hospital.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Division of Immunolgy, Boston Children’s Hospital, Boston, MA, USA.
2Division of Rheumatology, Immunology, and Allergy, Brigham and Women’s
Hospital, Boston, MA, USA. 3Division of Hematology-Oncology, Boston
Children’s Hospital, Boston, MA, USA. 4Department of Pediatric Oncology,
Dana Farber Cancer Institute, Boston, MA, USA. 5Department of Pediatrics,

Marmara University Pendik Research and Training Hospital, Istanbul, Turkey.
6Department of Neurology, Boston Children’s Hospital, Boston, MA, USA.
7Department of Pediatrics, British Columbia Children’s Hospital, University of
British Columbia, Vancouver, BC, Canada. 8Division of Critical Care Medicine,
Boston Children’s Hospital, Boston, MA, USA. 9Division of Infectious Diseases,
Boston Children’s Hospital, Boston, MA, USA. 10Department of Pediatrics,
Duke University, Durham, NC, USA. 11Division of Stem Cell Transplantation
and Regenerative Medicine, Lucile Packard Children’s Hospital Stanford,
Stanford, CA, USA. 12Department of Pediatrics, Boston Children’s Hospital,
Boston, MA, USA.

Received: 2 December 2018 Accepted: 4 February 2019

References
1. Degar B. Familial Hemophagocytic Lymphohistiocytosis. Hematol Oncol Clin

North Am. 2015;29(5):903–13 PubMed PMID: 26461150.
2. Jordan MB, Hildeman D, Kappler J, Marrack P. An animal model of

hemophagocytic lymphohistiocytosis (HLH): CD8+ T cells and interferon
gamma are essential for the disorder. Blood. 2004;104(3):735–43 PubMed
PMID: 15069016.

3. Takada H, Takahata Y, Nomura A, Ohga S, Mizuno Y, Hara T. Increased
serum levels of interferon-gamma-inducible protein 10 and monokine
induced by gamma interferon in patients with haemophagocytic
lymphohistiocytosis. Clin Exp Immunol. 2003;133(3):448–53 PubMed PMID:
12930373. Pubmed Central PMCID: 1808805.

4. Xu XJ, Tang YM, Song H, Yang SL, Xu WQ, Zhao N, et al. Diagnostic
accuracy of a specific cytokine pattern in hemophagocytic
lymphohistiocytosis in children. J Pediatr. 2012;160(6):984–90 e1 PubMed
PMID: 22226576.

5. Henter JI, Horne A, Arico M, Egeler RM, Filipovich AH, Imashuku S, et al.
HLH-2004: diagnostic and therapeutic guidelines for hemophagocytic
lymphohistiocytosis. Pediatr Blood Cancer. 2007;48(2):124–31 PubMed PMID:
16937360.

6. Jordan MB, Filipovich AH. Hematopoietic cell transplantation for
hemophagocytic lymphohistiocytosis: a journey of a thousand miles begins
with a single (big) step. Bone Marrow Transplant. 2008;42(7):433–7 PubMed
PMID: 18679369.

7. Brisse E, Wouters CH, Andrei G, Matthys P. How viruses contribute to the
pathogenesis of Hemophagocytic Lymphohistiocytosis. Front Immunol.
2017;8:1102 PubMed PMID: 28936212. Pubmed Central PMCID: 5594061.

8. Schram AM, Berliner N. How I treat hemophagocytic lymphohistiocytosis in
the adult patient. Blood. 2015;125(19):2908–14 PubMed PMID: 25758828.

9. Grom AA, Horne A, De Benedetti F. Macrophage activation syndrome in the
era of biologic therapy. Nat Rev Rheumatol. 2016 May;12(5):259–68 PubMed
PMID: 27009539.

10. Avcin T, Tse SM, Schneider R, Ngan B, Silverman ED. Macrophage activation
syndrome as the presenting manifestation of rheumatic diseases in
childhood. J Pediatr. 2006;148(5):683–6 PubMed PMID: 16737887.

11. Billiau AD, Roskams T, Van Damme-Lombaerts R, Matthys P, Wouters C.
Macrophage activation syndrome: characteristic findings on liver biopsy
illustrating the key role of activated, IFN-gamma-producing lymphocytes
and IL-6- and TNF-alpha-producing macrophages. Blood. 2005;105(4):
1648–51 PubMed PMID: 15466922.

12. Shimizu M, Yokoyama T, Yamada K, Kaneda H, Wada H, Wada T, et al.
Distinct cytokine profiles of systemic-onset juvenile idiopathic arthritis-
associated macrophage activation syndrome with particular emphasis on
the role of interleukin-18 in its pathogenesis. Rheumatology (Oxford). 2010;
49(9):1645–53 PubMed PMID: 20472718.

13. Bracaglia C, de Graaf K, Pires Marafon D, Guilhot F, Ferlin W, Prencipe G,
et al. Elevated circulating levels of interferon-gamma and interferon-
gamma-induced chemokines characterise patients with macrophage
activation syndrome complicating systemic juvenile idiopathic arthritis. Ann
Rheum Dis. 2017;76(1):166–72 PubMed PMID: 27296321.

14. Ravelli A, Minoia F, Davi S, Horne A, Bovis F, Pistorio A, et al. 2016
classification criteria for macrophage activation syndrome complicating
systemic juvenile idiopathic arthritis: a European league against
rheumatism/American College of Rheumatology/Paediatric rheumatology
international trials organisation collaborative initiative. Arthritis Rheumatol.
2016;68(3):566–76 PubMed PMID: 26314788.

Halyabar et al. Pediatric Rheumatology            (2019) 17:7 Page 10 of 12

https://doi.org/10.1186/s12969-019-0309-6
https://doi.org/10.1186/s12969-019-0309-6


15. Mouy R, Stephan JL, Pillet P, Haddad E, Hubert P, Prieur AM. Efficacy of
cyclosporine a in the treatment of macrophage activation syndrome in
juvenile arthritis: report of five cases. J Pediatr. 1996;129(5):750–4 PubMed
PMID: 8917244.

16. Stephan JL, Kone-Paut I, Galambrun C, Mouy R, Bader-Meunier B, Prieur AM.
Reactive haemophagocytic syndrome in children with inflammatory
disorders. A retrospective study of 24 patients. Rheumatology. 2001;40(11):
1285–92 PubMed PMID: 11709613.

17. Ravelli A, De Benedetti F, Viola S, Martini A. Macrophage activation
syndrome in systemic juvenile rheumatoid arthritis successfully treated with
cyclosporine. J Pediatr. 1996;128(2):275–8 PubMed PMID: 8636829.

18. Miettunen PM, Narendran A, Jayanthan A, Behrens EM, Cron RQ. Successful
treatment of severe paediatric rheumatic disease-associated macrophage
activation syndrome with interleukin-1 inhibition following conventional
immunosuppressive therapy: case series with 12 patients. Rheumatology
(Oxford). 2011;50(2):417–9 PubMed PMID: 20693540.

19. Durand M, Troyanov Y, Laflamme P, Gregoire G. Macrophage activation
syndrome treated with anakinra. J Rheumatol. 2010;37(4):879–80 PubMed
PMID: 20360206.

20. Bruck N, Suttorp M, Kabus M, Heubner G, Gahr M, Pessler F. Rapid and
sustained remission of systemic juvenile idiopathic arthritis-associated
macrophage activation syndrome through treatment with anakinra and
corticosteroids. J Clin Rheumatol. 2011;17(1):23–7 PubMed PMID: 21169853.

21. Zhang K, Jordan MB, Marsh RA, Johnson JA, Kissell D, Meller J, et al.
Hypomorphic mutations in PRF1, MUNC13-4, and STXBP2 are associated
with adult-onset familial HLH. Blood. 2011;118(22):5794–8 PubMed PMID:
21881043. Pubmed Central PMCID: 3228496.

22. Schulert GS, Zhang M, Fall N, Husami A, Kissell D, Hanosh A, et al. Whole-
exome sequencing reveals mutations in genes linked to Hemophagocytic
Lymphohistiocytosis and macrophage activation syndrome in fatal cases of
H1N1 influenza. J Infect Dis. 2016;213(7):1180–8 PubMed PMID: 26597256.
Pubmed Central PMCID: 4779301.

23. Kaufman KM, Linghu B, Szustakowski JD, Husami A, Yang F, Zhang K, et al.
Whole-exome sequencing reveals overlap between macrophage activation
syndrome in systemic juvenile idiopathic arthritis and familial
hemophagocytic lymphohistiocytosis. Arthritis Rheumatol. 2014;66(12):
3486–95 PubMed PMID: 25047945. Pubmed Central PMCID: 4321811.

24. Grom AA, Villanueva J, Lee S, Goldmuntz EA, Passo MH, Filipovich A. Natural
killer cell dysfunction in patients with systemic-onset juvenile rheumatoid
arthritis and macrophage activation syndrome. J Pediatr. 2003;142(3):292–6
PubMed PMID: 12640378.

25. Cifaldi L, Prencipe G, Caiello I, Bracaglia C, Locatelli F, De Benedetti F, et al.
Inhibition of natural killer cell cytotoxicity by interleukin-6: implications for
the pathogenesis of macrophage activation syndrome. Arthritis Rheumatol.
2015;67(11):3037–46 PubMed PMID: 26251193.

26. Canna SW, de Jesus AA, Gouni S, Brooks SR, Marrero B, Liu Y, et al. An
activating NLRC4 inflammasome mutation causes autoinflammation with
recurrent macrophage activation syndrome. Nat Genet. 2014;46(10):1140–6
PubMed PMID: 25217959. Pubmed Central PMCID: 4177369.

27. Wada T, Kanegane H, Ohta K, Katoh F, Imamura T, Nakazawa Y, et al.
Sustained elevation of serum interleukin-18 and its association with
hemophagocytic lymphohistiocytosis in XIAP deficiency. Cytokine. 2014;
65(1):74–8 PubMed PMID: 24084330.

28. Takada H, Ohga S, Mizuno Y, Suminoe A, Matsuzaki A, Ihara K, et al.
Oversecretion of IL-18 in haemophagocytic lymphohistiocytosis: a novel
marker of disease activity. Br J Haematol. 1999;106(1):182–9 PubMed PMID:
10444185.

29. Weiss ES, Girard-Guyonvarc'h C, Holzinger D, de Jesus AA, Tariq Z, Picarsic J,
et al. Interleukin-18 diagnostically distinguishes and pathogenically
promotes human and murine macrophage activation syndrome. Blood.
2018;131(13):1442–55 PubMed PMID: 29326099. Pubmed Central PMCID:
5877443.

30. Okamura H, Tsutsi H, Komatsu T, Yutsudo M, Hakura A, Tanimoto T, et al.
Cloning of a new cytokine that induces IFN-gamma production by T cells.
Nature. 1995;378(6552):88–91 PubMed PMID: 7477296.

31. Jordan MB, Locatelli F, Allen C, De Benedetti F, Grom AA, Ballabio M, Ferlin
G, Nl-0501-04 Study Group, De Min C. A Novel Targeted Approach to the
Treatment of Hemophagocytic Lymphohistiocytosis (HLH) with an Anti-
Interferon Gamma (IFNγ) Monoclonal Antibody (mAb), NI-0501: First Results
from a Pilot Phase 2 Study in Children with Primary HLH. Blood. 2015;
126(23):LBA-3.

32. Put K, Avau A, Brisse E, Mitera T, Put S, Proost P, et al. Cytokines in systemic
juvenile idiopathic arthritis and haemophagocytic lymphohistiocytosis:
tipping the balance between interleukin-18 and interferon-gamma.
Rheumatology. 2015;54(8):1507–17 PubMed PMID: 25767156.

33. Akenroye AT, Stack AM. The development and evaluation of an evidence-
based guideline programme to improve care in a paediatric emergency
department. Emerg Med J. 2016;33(2):109–17 PubMed PMID: 26150121.

34. Davi S, Minoia F, Pistorio A, Horne A, Consolaro A, Rosina S, et al.
Performance of current guidelines for diagnosis of macrophage activation
syndrome complicating systemic juvenile idiopathic arthritis. Arthritis
Rheumatol. 2014;66(10):2871–80 PubMed PMID: 25044674.

35. Lehmberg K, McClain KL, Janka GE, Allen CE. Determination of an
appropriate cut-off value for ferritin in the diagnosis of hemophagocytic
lymphohistiocytosis. Pediatr Blood Cancer. 2014;61(11):2101–3 PubMed
PMID: 24753034.

36. Allen CE, Yu X, Kozinetz CA, McClain KL. Highly elevated ferritin levels and
the diagnosis of hemophagocytic lymphohistiocytosis. Pediatr Blood
Cancer. 2008;50(6):1227–35 PubMed PMID: 18085676.

37. Saeed H, Woods RR, Lester J, Herzig R, Gul Z, Monohan G. Evaluating the
optimal serum ferritin level to identify hemophagocytic lymphohistiocytosis
in the critical care setting. Int J Hematol. 2015;102(2):195–9 PubMed PMID:
25997871.

38. Schram AM, Campigotto F, Mullally A, Fogerty A, Massarotti E, Neuberg D,
et al. Marked hyperferritinemia does not predict for HLH in the adult
population. Blood. 2015;125(10):1548–52 PubMed PMID: 25573993.

39. Kostik MM, Dubko MF, Masalova VV, Snegireva LS, Kornishina TL, Chikova IA,
et al. Identification of the best cutoff points and clinical signs specific for
early recognition of macrophage activation syndrome in active systemic
juvenile idiopathic arthritis. Semin Arthritis Rheum. 2015;44(4):417–22
PubMed PMID: 25300700.

40. Bracaglia CSE, Da Ros M, De Fusco C, Micalizzi M, Cetica V, Ciambotti B,
Coniglio ML, Insalaco A, De Benedetti F, Arico M. Mutations of familial
hemophagocytic lymphohistiocytosis (FHL) related genes and abnormalities
of cytotoxicity function tests in patients with macrophage activation
syndrome (MAS) occuring in systemic juvenile idiopathic arthritis (sJIA).
Pediatr Rheumatol Online J. 2014;12(Supp1):53.

41. Behrens EM, Canna SW, Slade K, Rao S, Kreiger PA, Paessler M, et al.
Repeated TLR9 stimulation results in macrophage activation syndrome-like
disease in mice. J Clin Invest. 2011;121(6):2264–77 PubMed PMID: 21576823.
Pubmed Central PMCID: 3104738.

42. Prencipe G, Caiello I, Pascarella A, Grom AA, Bracaglia C, Chatel L, et al.
Neutralization of IFN-gamma reverts clinical and laboratory features in a
mouse model of macrophage activation syndrome. J Allergy Clin Immunol.
2018 Apr;141(4):1439–49 PubMed PMID: 28807602.

43. Girard-Guyonvarc'h C, Palomo J, Martin P, Rodriguez E, Troccaz S, Palmer G,
et al. Unopposed IL-18 signaling leads to severe TLR9-induced macrophage
activation syndrome in mice. Blood. 2018;131(13):1430–41 PubMed PMID:
29295842.

44. Canna SW, Girard C, Malle L, de Jesus A, Romberg N, Kelsen J, et al. Life-
threatening NLRC4-associated hyperinflammation successfully treated with
IL-18 inhibition. J Allergy Clin Immunol. 2017;139(5):1698–701 PubMed
PMID: 27876626. Pubmed Central PMCID: 5846100.

45. Lehmberg K, Sprekels B, Nichols KE, Woessmann W, Muller I, Suttorp M, et al.
Malignancy-associated haemophagocytic lymphohistiocytosis in children and
adolescents. Br J Haematol. 2015;170(4):539–49 PubMed PMID: 25940575.

46. Ravelli A, Minoia F, Davi S, Horne A, Bovis F, Pistorio A, et al. Expert
consensus on dynamics of laboratory tests for diagnosis of macrophage
activation syndrome complicating systemic juvenile idiopathic arthritis. RMD
open. 2016;2(1):e000161 PubMed PMID: 26848401. Pubmed Central PMCID:
4731834.

47. Kumar B, Aleem S, Saleh H, Petts J, Ballas ZK. A personalized diagnostic and
treatment approach for macrophage activation syndrome and secondary
Hemophagocytic Lymphohistiocytosis in adults. J Clin Immunol. 2017;37(7):
638–43 PubMed PMID: 28871523.

48. Rajasekaran S, Kruse K, Kovey K, Davis AT, Hassan NE, Ndika AN, et al.
Therapeutic role of anakinra, an interleukin-1 receptor antagonist, in the
management of secondary hemophagocytic lymphohistiocytosis/sepsis/
multiple organ dysfunction/macrophage activating syndrome in critically ill
children*. Pediatr Crit Care Med. 2014;15(5):401–8 PubMed PMID: 24583503.

49. Wohlfarth P, Agis H, Gualdoni GA, Weber J, Staudinger T, Schellongowski P,
et al. Interleukin 1 receptor antagonist Anakinra, intravenous

Halyabar et al. Pediatric Rheumatology            (2019) 17:7 Page 11 of 12



immunoglobulin, and corticosteroids in the Management of Critically ill
Adult Patients with Hemophagocytic Lymphohistiocytosis. J Intensive Care
Med. 2017;1:885066617711386 PubMed PMID: 28631531.

50. Yokota S, Itoh Y, Morio T, Sumitomo N, Daimaru K, Minota S. Macrophage
activation syndrome in patients with systemic juvenile idiopathic arthritis
under treatment with tocilizumab. J Rheumatol. 2015;42(4):712–22 PubMed
PMID: 25684767.

51. Shimizu M, Nakagishi Y, Kasai K, Yamasaki Y, Miyoshi M, Takei S, et al.
Tocilizumab masks the clinical symptoms of systemic juvenile idiopathic
arthritis-associated macrophage activation syndrome: the diagnostic
significance of interleukin-18 and interleukin-6. Cytokine. 2012;58(2):287–94
PubMed PMID: 22398373.

52. Watanabe E, Sugawara H, Yamashita T, Ishii A, Oda A, Terai C. Successful
tocilizumab therapy for macrophage activation syndrome associated with
adult-onset Still's disease: a case-based review. Case Rep Med. 2016;2016:
5656320 PubMed PMID: 27688774. Pubmed Central PMCID: 5027298.

53. Savage E, Wazir T, Drake M, Cuthbert R, Wright G. Fulminant myocarditis
and macrophage activation syndrome secondary to adult-onset Still's
disease successfully treated with tocilizumab. Rheumatology. 2014;53(7):
1352–3. PubMed PMID: 24609056.

54. Maude SL, Frey N, Shaw PA, Aplenc R, Barrett DM, Bunin NJ, et al. Chimeric
antigen receptor T cells for sustained remissions in leukemia. N Engl J Med.
2014;371(16):1507–17 PubMed PMID: 25317870. Pubmed Central PMCID:
4267531.

55. Teachey DT, Rheingold SR, Maude SL, Zugmaier G, Barrett DM, Seif AE, et al.
Cytokine release syndrome after blinatumomab treatment related to
abnormal macrophage activation and ameliorated with cytokine-directed
therapy. Blood. 2013;121(26):5154–7 PubMed PMID: 23678006. Pubmed
Central PMCID: 4123427.

56. Schulert GS, Minoia F, Bohnsack J, Cron RQ, Hashad S, Kon EPI, et al. Effect
of biologic therapy on clinical and laboratory features of macrophage
activation syndrome associated with systemic juvenile idiopathic arthritis.
Arthritis care & research. 2018;70(3):409–19 PubMed PMID: 28499329.

57. Lenert A, Yao Q. Macrophage activation syndrome complicating adult onset
Still's disease: a single center case series and comparison with literature.
Semin Arthritis Rheum. 2016;45(6):711–6 PubMed PMID: 26672682.

58. Shakoory B, Carcillo JA, Chatham WW, Amdur RL, Zhao H, Dinarello CA, et
al. Interleukin-1 receptor blockade is associated with reduced mortality in
Sepsis patients with features of macrophage activation syndrome: reanalysis
of a prior phase III trial. Crit Care Med. 2016;44(2):275–81 PubMed PMID:
26584195. Pubmed Central PMCID: 5378312.

59. Kahn PJ, Cron RQ. Higher-dose Anakinra is effective in a case of medically
refractory macrophage activation syndrome. J Rheumatol. 2013;40(5):743–4
PubMed PMID: 23637382.

60. Nair R, Aggarwal R, Khanna D. Methods of formal consensus in
classification/diagnostic criteria and guideline development. Semin Arthritis
Rheum. 2011;41(2):95–105 PubMed PMID: 21420149. Pubmed Central
PMCID: 3131416.

Halyabar et al. Pediatric Rheumatology            (2019) 17:7 Page 12 of 12


	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	The EBG model
	Workgroup members
	Meeting format
	EBG goals

	Results
	HLH/MAS clinical response team
	Entry criteria
	Diagnostic algorithm
	Treatment algorithm
	Treatment algorithm inclusion criteria
	Treatment initiation
	Therapeutic recommendations
	EBG implementation
	Quality metrics

	Discussion
	Conclusions
	Additional files
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

