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Hemophagocytic Lymphohistiocytosis: Advances in
Pathophysiology, Diagnosis, and Treatment

Shanmuganathan Chandrakasan, MD, and Alexandra H. Filipovich, MD

emophagocytic lymphohistiocytosis (HLH) is a

potentially life-threatening disorder characterized by

immune dysregulation, overwhelming immune
activation, and inflammation. HLH has been categorized as
primary or familial HLH (FHLH), when there is a family
history of HLH or known underlying genetic defects. Reac-
tive or secondary HLH occurs in the setting of infection or
underlying rhematologic disorders or malignancy. HLH
occurring in a setting of rheumatologic illness is commonly
referred to as macrophage activation syndrome (MAS)."

Most patients with FHLH have defects in lymphocyte
cytotoxicity, leading to ineffective infection control and im-
mune dysregulation resulting in massive activation and
expansion of cytotoxic T cells and macrophages. This im-
mune activation results in marked elevation of inflammatory
cytokines, including interferon (IFN)-v, interleukin (IL)-1,
IL-6, and IL-10, and an ensuing extreme hyperinflammatory
state. Clinically, patients with FHLH or secondary HLH typi-
cally present with high-grade fever, progressive cytopenias,
liver dysfunction, coagulopathy, and variable degrees of
neurologic symptoms.” Depending on the predominant or-
gan system involved in HLH, patients may be seen by
different clinical subspecialists. Initial manifestations of
HLH may include fulminant hepatic failure’ or isolated
neurologic involvement presenting with seizures and altered
sensorium.*

Over the last decade, research on the genetics and patho-
physiology of HLH has greatly improved our understanding
of this condition. Importantly, increasing awareness and
availability of better treatment options have improved the
prognosis of HLH from a fatal disorder to a treatable condi-
tion with good long-term survival.” In this review, we present
recent advances in genetic and pathophysiological research,
rapid diagnostic modalities, and clinical management
of HLH.

ATG Antithymocyte globulin

CTL Cytotoxic T lymphocyte

EBV Epstein-Barr virus

FHLH Familial hemophagocytic lymphohistiocytosis
HCT Hematopoietic stem cell transplantation
HLH Hemophagocytic lymphohistiocytosis
IFN Interferon

IL Interleukin

MAC Myeloablative conditioning

MAS Macrophage activation syndrome

NK Natural killer

RIC Reduced-intensity conditioning

XIAP X-linked inhibitor of apoptosis

XLP X-linked lymphoproliferative disease

Subtypes of HLH

Granule-mediated cytotoxic T lymphocyte (CTL) function is
essential for the control of infection, as well as regulation and
termination of the immune response. Mutations in genes
that encode proteins critical to the lymphocyte granule-
mediated cytotoxic pathway lead to FHLH.® Based on genetic
etiology, FHLH has been subcategorized into 5 subtypes,
FHLH-1 to FHLH-5.” The mutation in FHLH-1 remains
unidentified, but the defect has been mapped to chromosome
9q21.3. FHLH-2 is due to mutations in the gene encoding
perforin (PRF-1).® Mutations in the genes encoding Munc-
13-4 (UNCI3D),” syntaxin 11 (STX11),'"® and syntaxin-
binding protein 2 (STXBP2)'! are associated with FHLH-3,
-4, and -5, respectively. HLH is also described in 3 distinct
disorders of intracellular granule trafficking resulting in
both pigmentary abnormalities and defective cytotoxicity.
They include Griscelli syndrome type II (RAB27A),
Chediak-Higashi syndrome (LYST), and Hermansky-
Pudlak syndrome type II (AP3BI). In these disorders, the
defect in granule trafficking also affects neutrophil and
platelet function. The degranulation pathway and the disor-
ders associated with this pathway are illustrated in the Figure
and listed in Table L.

Two unique X-linked disorders that do not affect the cyto-
toxic pathway directly but are associated with Epstein-Barr
virus (EBV)-driven HLH are X-linked lymphoproliferative
disease (XLP)'? and X-linked inhibitor of apoptosis
(XIAP)." XLP is caused by mutations in the SH2DIA gene
encoding signaling lymphocyte-activating molecule—associ-
ated protein. Recently, mutations in IL-2—inducible T cell ki-
nase (ITK),'"* CD27,"° and magnesium transporter gene
(MAGTI)'® have been reported to be associated with EBV-
associated lymphoproliferation, lymphoma, and HLH. The
classification, genetic defects, and salient clinical features of
HLH are summarized in Table I.

Infection and rheumatologic illness are the 2 most com-
mon settings of secondary HLH in children. Various
infectious agents have been associated with HLH, with
viral-associated HLH by far the most common form."” Her-
pes family viruses, including EBV and cytomegalovirus, are
frequent causes of infection-associated HLH.'” Systemic-
onset juvenile idiopathic arthritis and systemic lupus
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Figure. CTL activation results in microtubule organizing Centre (MTOC) polarization and transport of cytotoxic granules. LYST
and AP3B1are involved in sorting and transport of cytotoxic granules. The granules are then docked to the site of immune
synapse by Rab27a. Granule priming is mediated by Munc13-4, and membrane fusion by STX11 and STXBP2. Granule fusion
results in perforin mediated pore formation and release of lysosomal enzymes leading to target cell death. Genetic defects in
highlighted proteins involved in granule-mediated cytotoxicity leads to HLH.

erythematosus are the rheumatologic conditions most
commonly associated with MAS. Among malignancies, lym-
phoma and acute lymphoblastic leukemia have been reported
in children with HLH.'® Of note, although infections alone
can lead to secondary HLH, they are also the common trigger
for overwhelming immune activation in FHLH. Thus, at-
tempts should be made to identify an underlying genetic pre-
disposition even if an obvious infectious trigger is identified.

Pathophysiology

In the normal physiological context, granule-mediated cyto-
toxic function of natural killer (NK) cells and CTLs is
required for clearance of viral infection as well as regulation
and termination of the inflammatory response.'” Thus, de-
fects in NK cell and CTL granule-mediated cytotoxicity result
in ineffective clearance of infection and defective suppression
of antigen presentation, leading to persistent antigen expo-
sure and prolonged cytotoxic T-cell activation.'” Until
recently, the pathophysiology of secondary HLH was not
well understood. However, the finding of an HLH/MAS-

2

like condition from repeated Toll-like receptor 9 stimulation
in a murine model could explain the potential mechanism
of HLH in inflammatory conditions with normal T-cell
cytotoxicity.*

Overwhelming T-cell and macrophage activation results in
the “cytokine storm,” characterized by marked elevation of
cytokines, such as IFN-v, tumor necrosis factor o, IL-6, IL-
8, IL-10, IL-12, IL-18, and macrophage colony-stimulating
factor.”' IFN-y has been shown to play a critical role in
macrophage activation and hemophagocytosis.”*> Elevated
tumor necrosis factor levels lead to hypofibrinogenemia®’
and hypertriglyceridemia.”® Gene expression studies on pe-
ripheral blood mononuclear cells in patients with active
HLH have revealed down-regulation of genes involved in
innate and adaptive immune systems, including Toll-like re-
ceptor expression and B-cell and T-cell function. This finding
suggests that patients with active HLH experience an immu-
nodeficient state that may lead to increased susceptibility to
infections.**

HLH is a defect in immune regulation, apart from classical
defects in granule-mediated cytotoxicity in FHLH, and
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Table I. Classification of primary HLH, notable clinical findings, and rapid diagnostic results
Defective
HLH type gene Function Notable clinical findings Rapid diagnosis by flow cytometry
FHLH-2 PRF1 Pore formation Decreased/absent perforin expression
FHLH-3 UNC13D  Vesicle priming Increased incidence of CNS Decreased CD107a expression
HLH
FHLH-4 STX11 Vesicle fusion Mild, recurrent HLH, and colitis Decreased CD107a expression
FHLH-5 STXBP2  Vesicle fusion Colitis and hypogammaglobulinemia Decreased CD107a expression
Syndromes
Griscelli syndrome type Il RAB27A  Vesicle docking Partial albinism and silvery-gray hair Decreased CD107a expression,
abnormal hair shaft examination*
Chediak-Higashi syndrome  LYST Vesicle trafficking Partial albinism, bleeding tendency, Decreased CD107a expression,
and recurrent pyogenic infection abnormal neutrophil granules’
Hermansky-Pudlak AP3B1 Vesicle trafficking Partial albinism, bleeding tendency, and  Decreased CD107a expression
syndrome type Il immunodeficiency
EBV-driven
XLP-1 ) SH2D1A  Signaling in T, NK, and NK T-cells ~ Hypogammaglobulinemia and lymphoma  Decreased/absent SAP expression
XLP-2/XIAP* BIRC4 Signaling pathways involving NF-xB  Mild, recurrent HLH and colitis Decreased/absent XIAP expression
IL-2—inducible T-cell ITK Signaling in T-cell AR, Hodgkin lymphoma NA (gene sequencing required)
kinase deficiency
CD27 deficiency cD27 Lymphocyte costimulatory molecule AR, combined immunodeficiency Absent CD27 expression on B cells
XMEN MAGT?  T-cell activation via T-cell receptor ~ Combined immunodeficiency, Decreased CD4 cells and defects in
chronic viral infections, and lymphoma T-cell receptor signaling
\

J

CNS, central nervous system; AR, autosomal recessive; NF-xB, nuclear factor kappa light chain enhancer of activated B cells; SAP, signaling lymphocyte-activating molecule—associated protein;
XMEN, X-linked immunodeficiency with Mg?* defect, EBV infection, and neoplasia; N4, not available.
*Light microscopy examination of a hair shaft shows a characteristic abnormal clumping of pigment.
tLight microscopy examination of peripheral blood smear shows giant granules in neutrophils and other leukocytes.

iDefect is present in all tissues.

the alternate pathway of direct macrophage activation could
play a significant role in secondary HLH.

Clinical Presentation

FHLH was once thought to affect predominantly infants and
young children. However, recent reports suggest that it can
affect all age groups, from preterm neonates™ to elderly
adults.”® With increasing awareness, HLH is likely to be diag-
nosed more often in infants. However, its occurrence in ne-
onates and adults is still underrecognized.”*” HLH in
neonates merits special mention because the disorder can
be easily missed and mismanaged as sepsis. Fever, a frequent
symptom in children with HLH, is uncommon in neonates,
especially those born preterm. Herpes simplex virus and
enterovirus are common triggers of severe HLH in the
neonatal period.”>*®

Classical manifestations of HLH include high-grade fever,
progressive cytopenias, liver dysfunction, coagulopathy, and
variable neurologic symptoms>’ (Table IT). Untreated HLH is
potentially fatal. Interestingly, patients with defects in
STX11 and XIAP have been reported to have milder recurrent
episodes of HLH compared with patients with other forms of
FHLH." Neurologic involvement is seen in approximately
30%-50% of patients with HLH**’'; symptoms at
presentation include seizures, altered mental status, brain stem
symptoms, and ataxia. HLH also may be associated with
atypical manifestations, such as colitis, bleeding disorder,
and hypogammaglobulinemia. Colitis has been reported in a
significant proportion of patients with defects of STXBP2
(38%)* and XIAP (17%).” Hypogammaglobulinemia is
reported in two-thirds of patients with defects of XLP-17

and STXBP2’® Based on the findings of colitis and
hypogammaglobulinemia, some of these patients were initially

diagnosed with common variable immunodeficiency.

Genetics

32,34

With the identification of defects in PRFI, UNC13D, STX11,
and STXBP2 genes in FHLH, a genetic diagnosis can be made
in up to 40%-80% of patients with HLH.>® Defects in
UNCI13D are the predominant defects identified in Cauca-
sians in the US.>® In African-American patients, PRF1 defects
are by far the most common.’® Studies in patients with de-
fects in PRF1,”” UNC13D,”® and STXBP2’ have shown broad
phenotype-genotype correlations based on the functionality
of the protein expressed. Generally, the complete absence of
protein resulting from frameshift and nonsense mutations

4 )y

Table II. Diagnostic criteria for HLH

Diagnosis of HLH is based on the presence of 5 or more of the following:
o Fever
e Splenomegaly
o Cytopenias (affecting 2 of 3 lineages in the peripheral blood)
Hemoglobin <90 g/L (<100 g/L in infants aged <4 weeks)
Platelets <100 x 10%L
Neutrophils <1.0 x 10%L
o Hypertriglyceridemia and/or hypofibrinogenemia
Fasting triglycerides >3.0 mmol/L
Fibrinogen <1.5 g/L
e Hemophagocytosis in bone marrow, spleen, or lymph nodes
o Low or absent NK-cell activity
o Ferritin >500 ug/L

o sIL-2R >2400 U/mL
\ V.

SIL-2R, soluble IL-2 receptor.
Adapted from the Histiocyte Society HLH-2004 protocol 2°
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results in HLH at an early age and with more severe manifes-
tations compared with HLH associated with hypomorphic
(ie, missense and splice-site sequence variants) mutations.
Interestingly, hypomorphic mutations in PRFI, UNCI3D,
and STXBP2 have been reported in 14% of adults with
HLH.”

For a long time, only exons of disease causing genes were
screened for genetic defects in HLH. Recently, deep intronic
and inversion mutations in UNCI3D were identified in
patients with HLH. These mutations are the leading cause
of FHLH in many European countries.** Multiple genetic
predispositions also have been identified in patients with sec-
ondary HLH. However, unlike the genetic defects identified
in patients with FHLH, those in secondary HLH involve
sequence variants or single-nucleotide polymorphisms.*'

Currently, the genetic basis for HLH can be identified in a
significant proportion of patients. The genetic predisposition
to HLH varies from classical frameshift and nonsense muta-
tions in children with FHLH to sequence variants and single-
nucleotide polymorphisms in patients with secondary HLH.

Diagnosis

The Histiocyte Society HLH 2004 protocol establishes both
clinical and laboratory diagnostic criteria for the diagnosis of
HLH? (Table II). These published criteria pertain especially
to the diagnosis of FHLH. For early diagnosis of secondary
HLH (especially MAS), decreasing leukocyte and platelets
counts may be more relevant than absolute cytopenias.
Although analysis of bone marrow aspirate is commonly
used for diagnosing HLH, it has a sensitivity of only ~60%.**
Undue emphasis on a lack of hemophagocytosis could result
in either missed or delayed diagnosis. Thus, a negative bone
marrow analysis result should not preclude initiation of
therapy if there is high clinical suspicion and laboratory
evidence of HLH. On the other hand, the sensitivity of bone
marrow analysis potentially could be improved by the
addition of CD163 immunohistochemistry,” a marker of
activated histiocytes.

Sometimes, differentiating a normal infection or rheumoto-
logic illness—associated inflammatory state from hyperinflam-
matory HLH can be challenging. Fortunately, an array of rapid
diagnostic tests is available to aid the diagnosis of HLH.
Ferritin, an acute- phase reactant secreted by activated macro-
phages, has been widely used as a screening tool for HLH. A
level >500 wg/L is supportive of HLH,* but is nonspecific
and can been seen in other febrile illnesses; however, a value
>10 000 ug /L has been reported to be highly specific and diag-
nostic of HLH (90% sensitivity and 96% specificity).** Soluble
IL-2 receptor a, a marker of activated T lymphocytes, is increas-
ingly used in the diagnosis and monitoring of patients with
HLH. Soluble CD163, a marker of monocyte/macrophage acti-
vation, also has been reported to be useful in diagnosing
HLH.* Elevations of multiple proinflammatory cytokines
are seen in patients with HLH, and markedly elevated levels
of IFN-v and IL-10 have been identified as helpful markers
in diagnosing HLH.*®
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Several reliable flow cytometry—based rapid screening tests
are available to help identify patients with FHLH.*” Surface
expression of CD107a on NK cells and CTLs is used to measure
the integrity of the lymphocyte granule-mediated cytotoxicity
pathway.*® Patients with defects in genes of the cytotoxic
degranulation pathway, such as UNCI13D, STX11, STXBP2,
and RAB27A, demonstrate decreased CD107a expression.‘l&49
In contrast, patients with a PRF-1 defect, XLP, XIAP, or sec-
ondary HLH generally show normal degranulation.*® Howev-
er, HLH due to defects in PRF-1, XLP-1, and XIAP can be
identified by flow cytometry—based assays to detect the intra-
cellular expression of perforin,*’ signaling lymphocyte-
activating molecule-associated protein,50 and XIAP.’! NK
cell cytotoxicity assay is another commonly ordered test in
the workup for HLH; however, this assay is more time-
consuming, and NK cell cytotoxicity might not be depressed
in all patients with HLH. Furthermore, this assay is insensitive
in infants under 3 months of age. Thus, an abnormal NK func-
tion assay may be supportive of, but not diagnostic of, HLH.

In conjunction with the basic laboratory and clinical fea-
tures, ferritin and soluble IL-2 receptor are the most useful
widely available and validated markers for diagnosing
HLH. Once a diagnosis of HLH is made, flow cytometry—
based screening tests and a confirmatory genetic workup
will guide long-term management, including hematopoietic
stem cell transplantation (HCT).

Treatment

Significant advances have been made in the management of
HLH over the last 2 decades. Current management of HLH
involves a 2-pronged approach comprising a short-term
strategy aimed at controlling the hyperinflammatory state
and a long-term strategy aimed at definitively correcting
the underlying genetic defect by allogeneic HCT. Manage-
ment of the hyperinflammatory state focuses on 3 main areas:
controlling or eliminating the infectious trigger, stopping
T-cell proliferation and activation, and stopping or control-
ling the inflammatory process by blocking excessive cytokine
production and function.

To control T-cell proliferation and activation, the Histiocyte
Society HLH-94 protocol specified an 8-week course of combi-
nation dexamethasone-etoposide therapy.” With this protocol,
the remission induction rate was 71%, and 5-year post-HCT
survival probability was 54% =4 6%.> Transplantation out-
comes were better in patients with adequately controlled
HLH activity before HCT.” In an effort to improve the remis-
sion rate and to achieve better control of HLH activity, inten-
sification of initial therapy with the addition of cyclosporine
and intrathecal steroids was proposed in the Histiocyte Society
HLH-2004 protocol.® Another HLH induction protocol con-
sisting of antithymocyte globulin (ATG) in combination with
steroids reported 82% short-term complete response in
HLH.” Based on this promising result, ATG has been incorpo-
rated into a novel hybrid therapy with chemotherapy. Hybrid
Immunotherapy-HLH, a phase II clinical trial based on this
principle, is now open and enrolling patients in the US.
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Until recently, there was no good second-line therapy for
pretransplantation treatment of HLH refractory to
etoposide-based therapy. Alemtuzumab, a monoclonal anti-
body to CD52, reportedly induced partial response in 64% of
treated patients.” As noted earlier, the status of HLH activity
before HCT predicts ultimate outcome. Thus, in patients re-
fractory to HLH-2004-based induction therapy, alemtuzu-
mab might be useful bridge therapy for better disease
control before proceeding to HCT.

HCT with myeloablative conditioning (MAC) using
busulfan, cyclophosphamide, and etoposide with or without
ATG has long been the standard of care for patients with
HLH.? However, MAC HCT is associated with high
transplantation-related mortality (30%-50%).> In addition,
patients with XIAP deficiency were found to have poor toler-
ance to MAC.”* Reduced-intensity conditioning (RIC) with
alemtuzumab, fludarabine, and melphalan has demonstrated
better outcomes in HCT, and its use is increasing.ss’56 Marsh
et al’® reported a 3-year survival rate of 92% in their RIC
cohort, compared with 43% in their MAC cohort. However,
a higher incidence of mixed donor chimerism was noted with
RIC HCT. Although the RIC approach appears promising,
more follow-up is needed to ascertain the long-term
outcome. Novel treatment modalities, such as gene therapy
for correction of perforin defects, are currently under evalu-
ation. Preliminary data using a HLH mouse model have
shown encouraging results.

Unlike with FHLH, there is no broad consensus on manage-
ment of secondary HLH. The identification of genetic poly-
morphisms and heterozygosity for known HLH mutations
has made long-term treatment decision making more compli-
cated. In MAS, therapy with pulsed steroids and/or cyclo-
sporine has demonstrated a good response.””>® Various
other targeted therapies, including alemtuzumab, infliximab,
etanercept, and daclizumab, have been identified to be useful
in anecdotal reports. There is no specific management guide-
lines for any infection-associated forms of HLH apart from
EBV-driven HLH. EBV-associated HLH has historically
been associated with poor outcome; however, outcomes
have improved significantly with the use of rituximab, etopo-
side, and HCT for refractory EBV-associated HLH.”® In both
primary and secondary HLH, management of associated
infection is essential for resolving HLH. Moreover, in
infection-associated HLH, management of infection alone is
often insufficient for clinical improvement. Some form of
immunosuppressive/immunomodulatory therapy might be
necessary to manage the hyperinflammatory state.'” Interest-
ingly, in tropical infections associated with HLH, such as leish-
maniasis,” definitive management of infection alone appears
to be sufficient to control the associated HLH symptoms.

Summary

HLH is a potentially fatal disorder of immune regulation. De-
pending on the severity of the underlying genetic defect, it
can present across all age groups. Both pediatricians and sub-
specialists need to be aware of the atypical presentations of

MEDICAL PROGRESS

HLH. Colitis, bleeding tendency, and hypogammaglobulin-
emia are not uncommon in HLH. When evaluating patients
with HLH, secondary HLH/MAS from underlying infections,
rheumatologic disease, or malignant neoplasms should be
considered as well. Many rapid diagnostic tests are available
for diagnosing HLH. Increased awareness, early identifica-
tion, and definitive management have improved outcomes. =
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