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Chapter 9

Diagnosis, Treatment, and Management
of Hemophagocytic Lymphohistiocytosis
in the Critical Care Unit

Melissa Hines, Neel Bhatt, and Julie-An M. Talano

Introduction

Definitions, HLH Nomenclature, and Clinical Presentation

Hemophagocytic lymphohistiocytosis (HLH) is a hyperinflammatory syndrome char-
acterized by significant CD8 T-cell and macrophage activation and severe hypercyto-
kinemia. This hypercytokinemia can lead to severe multi-organ dysfunction which
often requires aggressive supportive care within the intensive care unit. Given the
syndromic nature of the disease, HLH is defined by the constellation of certain physi-
cal exam findings and laboratory criteria that were initially defined by the Histiocyte
Society in the HLH-94 protocol [1, 2] and then updated in the HLH-2004 protocol [3].
While these diagnostic criteria were initially intended as inclusion criteria for these
protocols, they remain the most widespread and accepted clinical diagnostic criteria.
In the initial HLH-94 definition, patients had to meet five of five diagnostic criteria to
be included within the study, including fever, splenomegaly, hemophagocytosis,
hypertriglyceridemia and/or hypofibrinogenemia, and cytopenias [1, 2]. With the
HLH-2004 protocol, the diagnostic criteria were updated to include elevated soluble
IL-2 receptor, reduced or absent NK-cell cytotoxic function, and hyperferritinemia
[3]. Patients were required to meet at least 5 of 8 criteria or harbor genetic defects
known to cause HLH for inclusion in the study protocol (Table 9.1) [3].
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Table 9.1 HLH Five of criteria below
diagnostic criteria from

HLH-2004 protocol

Fever

Splenomegaly

Cytopenias (affecting >2 of 3 lineages in the peripheral blood)
Hemoglobin < 9 g/dl (10 g/dl in infants less than 4 weeks)
Platelets < 100 x 10°/L
Neutrophils < 1 x 10°/L

Hypertriglyceridemia and/or hypofibrinogenemia

Fasting triglycerides 2265 mg/dl
Fibrinogen <150 g/dl
Presence of hemophagocytosis in bone marrow or other tissue

Low or absent NK-cell activity

Ferritin >500 microgram/L
Soluble IL-2 receptor (CD25) >2400 U/ml

HLH is often differentiated into primary or familial HLH (fHLH) or secondary
HLH (sHLH) based on whether a genetic defect associated with HLH can be identi-
fied. Those with a genetic defect are classified as having fHLH, whereas those with
secondary HLH are thought to have overwhelming immune system activation due
to infection, malignancy, or another cause rather than disease caused by an underly-
ing genetic defect. The pathophysiology and the current understanding about the
differentiation of fHLH and sHLH is evolving as many secondary HLH patients are
found to have other genetic changes that can predispose them to the development of
HLH. This will be discussed in more detail in the HLH pathophysiology section.
Regardless, experts typically use the HLH-2004 diagnostic criteria as a guide for
diagnosis of both fHLH and sHLH. Macrophage activation syndrome (MAS) refers
to the cytokine storm and inflammation that can be associated with rheumatologic
disease. While MAS is often categorized as a form of secondary HLH, new diagnos-
tic criteria have been formed in recent years to specifically define MAS associated
with systemic juvenile idiopathic arthritis (sJIA; Table 9.2), but there are no cur-
rently diagnostic criteria for MAS associated with other rheumatologic diseases.

Fever (91%) and splenomegaly (84%) are two of the most common clinical fea-
tures described in HLH [4]. Fever in HLH patients is particularly notable as it tends
to be high and persistent despite antimicrobial therapy [5]. Primary HLH patients in
particular have very prominent organomegaly (hepatomegaly and splenomegaly)
that often progresses with time [5]. Cytopenias, especially thrombocytopenia (97%)
and anemia (88%), are common laboratory findings [2]. Neutropenia is less com-
mon (69%) at the time of diagnosis [2]. These patients can also have DIC with sig-
nificant hypofibrinogenemia, but this finding is more variable (primary HLH
60-65%; secondary HLH 40%) [6]. When hypofibrinogenemia is present, it is
highly suggestive of HLH and can be helpful in differentiating patients with HLH
from patients with sepsis who tend to have DIC with hyperfibrinogenemia [5].
Elevated ferritin is a marker of inflammatory response and macrophage activation
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Table 9.2 Diagnostic
criteria for macrophage

activation syndrome in —
SJIA Ferritin >684 ng/ml

Suspected or confirmed diagnosis of sJIA

Fever

AND any two of the following:
Platelet count <181 x 10°/L
Aspartate aminotransferase >48 u/L
Triglycerides >156 mg/dl
Fibrinogen <360 mg/dl

andis seen in up to 93% of HLH cases. Hyperferritinemia, particularly >10,000 pg/L,
is a highly sensitive (90%) and specific (96%) test for HLH and can differentiate
hyperferritinemia seen in other conditions such as liver disease, chronic transfu-
sions, and infections [7]. Hypertriglyceridemia is common (80%), but is not specific
for HLH and thought to be secondary to elevated TNF-alpha levels [5, 8]. In addi-
tion to ferritin, elevated serum-soluble IL-2 receptor (a chain; sCD25), a marker of
T-cell activation, is helpful for diagnosis and disease monitoring [9]. Other HLH
testing included in the HLH-2004 diagnostic criteria includes tissue or bone marrow
biopsy with the presence of hemophagocytosis and NK-cell function. Decreased or
absent NK-cell function is suggestive of HLH but can be normal in both primary
and secondary HLH [10]. Similarly, the presence of hemophagocytosis can be sug-
gestive of HLH if other clinical and laboratory criteria are met, but is not specific or
necessary for the diagnosis of HLH [11].

There are several other important clinical and laboratory findings that are not part
of the HLH-2004 diagnostic criteria which are often found in HLH patients. For
example, liver dysfunction evident by elevated transaminases and bilirubin (typi-
cally direct hyperbilirubinemia) is a common associated finding [2, 5, 9]. Cases of
fulminant liver failure and hydrops fetalis have been reported in patients who have
ultimately been diagnosed with HLH [12]. Elevated AST, ALT, and bilirubin have
been reported in 76%, 76%, and 51% of the patients, respectively. Other common
abnormal laboratory findings include elevated LDH, hyponatremia, and hypoalbu-
minemia [1-3, 8]. More variable clinical findings include edema, ascites, respira-
tory failure, lymphadenopathy, rash (30-65%), and CNS involvement [2, 5, 13].
Symptoms concerning for CNS involvement include seizures, mental status changes,
or focal neurologic findings and can be seen in up to 75% of the pediatric HLH
cases [2, 4, 13, 14]. In the HLH-94 study, patients with CNS HLH (n = 122) pre-
sented with either abnormal CSF studies (CSF pleocytosis, elevated protein; 41%)
or neurological symptoms (17%) or both (42%) [14]. MRI findings are just as broad
as the neurologic symptoms in HLH and include leptomeningeal enhancement,
hemorrhage, and T2 and FLAIR hyperattenuation [15, 16]. Both MRI changes and
CSF findings can be seen in patients that have no CNS symptomatology. Rare cases
of isolated CNS HLH (i.e., no or few systemic HLH manifestations) have also been
reported in the literature which makes the diagnosis challenging [17-19]. Skin man-
ifestations such as rashes are present in up to 65% of the cases [9]. Types of rashes
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range from generalized maculopapular to petechiae and purpura [20]. These signs
and symptoms can be seen in patients with or without an identifiable trigger, such as
infection. In short, while the presentation of HLH is extremely variable, patients
that raise suspicion for HLH include those who are persistently febrile with cytope-
nia and hepatosplenomegaly and are often critically ill with some evidence of liver
dysfunction and/or DIC with hypofibrinogenemia.

Incidence and Mortality

The incidence of familial HLH has been estimated to be 1 in 50,000 live births with
average survival of 2 months and a mortality of greater than 90% without therapy
[4, 21]. The estimated incidence of both primary and secondary HLH is not known
but has been reported to be 1 in 3000 inpatient admissions in a retrospective review
at a single center [7]. While mortality has significantly improved over the last
20 years, it remains high for both adult and pediatric HLH patients. Mortality in the
adult population has been reported to be 22-59% [22-24]. With the introduction of
etoposide-based immunochemotherapy, pediatric HLH survival has improved from
less than 10% to a 5-year survival of 55% to 61% [1, 2, 25]. Familial HLH patients
that receive a bone marrow transplant have a reported survival of 64% at 3 years and
58-66% at 5 years [1, 2, 25, 26].

HLH Pathophysiology

Primary HLH

The understanding of the pathophysiology of HLH has grown dramatically over the
last 15 years with the discovery of loss-of-function germline mutations in the PRF/
gene, which encodes the protein perforin, in familial HLH patients [27-29]. Prior to
this discovery, it was recognized that HLH patients often exhibited NK cytotoxic
dysfunction, but the cause of the dysfunction was unknown [30, 31]. Since this ini-
tial discovery, several other genes have been identified to cause the HLH phenotype,
many of these involving the sorting, trafficking, docking, and fusion of cytotoxic
granules containing granzymes A and B and perforin to the cell membrane (includ-
ing the proteins LYST, AP-3 complex, Rab27a, Munc 13-4, Munc 18-2, Syntaxin
11) [9, 32, 33]. In these cases, the cytotoxic granules do not contain perforin, or they
are unable to stably dock and/or fuse with the cell membrane, preventing optimal
perforin pore formation and granzymes A and B delivery to the target cell (Fig. 9.1).
Typically, once the cytotoxic granule saddles up to the cell membrane and fuses,
perforin proteins come together to form a pore-like structure allowing the release of
granzymes A and B from the granule of the NK or cytotoxic T cell into the target
cell. Once in the target cell, granzymes A and B stimulate the apoptosis cascade
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Fig. 9.1 Function of HLH-related proteins and cytotoxic cell function and the use of CD107a and
perforin expression assays for diagnosis. LYST (function not fully understood) and AP-3 function
in protein trafficking and sorting from the Golgi apparatus to the formation of the cytotoxic gran-
ules. As seen in the figure, granzymes A and B, as well as perforin, are packaged in the cytotoxic
granules. Rab27a function is in cytotoxic vesicle trafficking and cytotoxic vesicle membrane
fusion to the effector cell membrane. Munc 13-4, Munc 14-2, and Syntaxin 11 assist in the dock-
ing, priming, and fusion of the cytotoxic granule to the effector cell membrane for degranulation.
Once the cytotoxic vesicle fuses with the effector cell membrane, individual perforin proteins
come together to form a pore-like structure that allows granzymes packaged in the cytotoxic gran-
ules to pass from the effector cell to the target cell causing target cell death. CD107a is found
within the membrane of the cytotoxic granule and is expressed in the cell membrane once the
cytotoxic membrane fuses with the cell membrane during cytotoxic granule degranulation. Perforin
and CD107a expression testing uses fluorescently conjugated anti-perforin and anti-CD107a anti-
bodies and detects and quantifies the amount of florescence by flow cytometry. Perforin expression
assay determines the amount of perforin within the cytotoxic vesicles within the cell. In CD107a
expression testing, NK and cytotoxic T cells are stimulated to degranulate. After degranulation,
anit-CD107a antibodies attach to CD107a expressed on the cell membrane (This figure was origi-
nally published in Blood. Hines and Nichols [34])

leading to cell death [35]. In the case of PFRI mutations (codes the perforin pro-
tein), the cytotoxic granule is appropriately trafficked and can fuse with the cell
membrane, but there is a decreased or an absent perforin. Therefore, no perforin
pore is made, and granzyme A or granzyme B is not delivered to the target cell to
induce apoptosis [32, 33, 36]. These known gene mutations account for FHL 2-5
(PFRI, UNCI3D, STX11, STXBP2) and three other immunodeficiency disorders,
Griscelli syndrome type 2, Chediak-Higashi syndrome, and Hermansky-Pudlak
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Table 9.3 Genetic causes of HLH and associated tests

M. Hines et al.

Gene Encoded Perforin CD107a NK cell
Disease name protein expression upregulation cytotoxicity
FHL2 PRF1 Perforin 1l Normal lor0
FHL3 UNCI3D 'Muncl3—4 Normal 11 lor0
FHL4 STX11 Syntaxin 11 | Normal 1l lor0
FHLS5 STXBP2 | Muncl18-2 Normal 1l lor0
Griscelli RAB27A | Rab27a Normal 11 lor0
Chediak- LYST LYST Normal 1l lor0
Higashi
XLP1® SH2DIA | SAP® Normal¢ Normal¢ | or normal
XLP2 BIRC4 XIAP® Normal® Normal® | or normal
HPS2f AP3BI AP3¢ Normal 1l |

aX-linked lymphoproliferative syndrome

bsignaling lymphocytic activation molecule (SLAM)-associated protein
¢X-linked inhibitor of apoptosis

ISAP expression decreased

*XIAP expression decreased

'Hermansky-Pudlak syndrome type 2

adaptor protein 3 complex

This figure was originally published in Blood. Hines and Nichols [34]

syndrome type 2 (RAB27A, LYST, AP3B1; Table 9.3), which are all inherited in an
autosomal recessive fashion [9, 32]. In addition to these disorders, there are two
X-linked disorders that can lead to an HLH phenotype [3, 9, 32]. X-linked lympho-
proliferative disease types 1 and 2 are caused by a defect in the genes SH2D A and
BIRC4, which code for the SAP and XIAP proteins, respectively. SAP protein is
thought to play a role in effector function of multiple immune cells including NK,
NKT, and T cells by relaying proper signaling for the polarization of granules [32].
Due to the defect in effector function, there can be impaired NK and CD8 T-cell
cytotoxic dysfunction that is thought to lead to the HLH phenotype, particularly
after EBV infection [32, 37, 38]. XIAP is an anti-apoptotic protein that inhibits
caspase activity, but how a defect in this protein leads to HLH pathophysiology is
not as well understood [32].

How do these defects in cytotoxic function lead to a cytokine storm? Familial or
primary HLH is an immunodeficiency as well as a hyperinflammatory syndrome.
The effector function of NK and CDS8 T cells kills cells with intracellular infection as
well as cells that are dysfunctional, such as cancer cells. In addition to the surveil-
lance function that these cells serve, they also play a crucial role in controlling the
immune response by eliminating immune cells that are no longer needed, including
antigen-presenting cells. Based on what we know from murine models, both CD8 T
cells and interferon-gamma are imperative to the formation of the cytokine storm and
clinical findings of primary HLH [39]. In an HLH flare, the initial immune response
including immune activation is appropriate but is later complicated by persistent
antigenemia, persistent antigen presentation, uncontrolled monoclonal expansion of
CD8 T cells, and hypercytokinemia (predominately INF-gamma) [33, 39—41]. Once
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there is a triggering event, such as a viral infection, CD8 T cells are activated by
antigen-presenting cells (APCs) and monoclonally expand both in the blood and in
the tissue and secrete interferon-gamma. Interferon-gamma activates and then
recruits macrophages to the area [32, 33]. Macrophages in turn secrete multiple cyto-
kines, including IL-18, IL-10, IL-6, IL-1beta, and TNF-alpha, which provide a feed-
back loop for further CD8 T-cell activation and proliferation [32, 39, 42]. This
process of CD8 T-cell activation continues, since virally infected cells cannot be
eliminated due to defective degranulation of CD8 T cells and NK cells, leading to
persistent antigenemia and cytokine production [33, 40, 43]. APCs are typically
removed by NK and CD8 T cells but remain in this case due to the ineffective cyto-
toxic function of these cells [33, 40, 41]. Continued activation and expansion of the
CDS8 T cells lead to massive amounts of interferon-gamma [39]. NK and CD8 T cells
with degranulation defects have prolonged contact with the target cells, which can
cause a fivefold increased release of interferon-gamma and promote hypercytokin-
emia [44]. All aspects of this immune dysfunction lead to signs and symptoms of
HLH, including hyperferritinemia, increased soluble IL-2 receptor (sIL2R), cytope-
nias, splenomegaly, hemophagocytosis, hypertriglyceridemia, fever, and hypofibrin-
ogenemia [5].

Secondary HLH

sHLH patients have the same HLH phenotype as those with fHLH, but they lack the
known HLH-associated genetic mutations. Secondary HLH can be induced by
infection, rheumatologic disease, or malignancy. Infection-associated HLH can be
due to viral, bacterial, fungal, or parasitic infection [45]. The most common viral
culprits are the DNA viruses, including EBV, HHV6, parvovirus, HSV, CMV, and
adenovirus [45]. HLH secondary to influenza and HIV (typically with superinfec-
tion) has also been described. Bacterial-associated HLH has been described particu-
larly with Mycobacterium, as well as Staphylococcus aureus, Ehrlichia, Rickettsia,
and Mycoplasma [45]. Parasitic infections are a common cause of HLH in countries
outside of the United States, and causative agents include Leishmania (particularly
visceral leishmaniasis), Plasmodium, and Toxoplasma. Histoplasmosis (particularly
disseminated), Candida, and Cryptococcus are fungal agents that have been associ-
ated with HLH in the literature [33, 45].

HLH-like presentation associated with rheumatologic disease is typically referred
to as MAS or MAS-HLH. The rheumatologic disease most commonly associated
with MAS is sJIA [46]. Up to 10% of sJIA patients develop overt MAS, but there is
evidence that up to 30% of patients may have subclinical MAS [47]. In addition,
MAS has been described in SLE, adult-onset Still’s disease, dermatomyositis,
Kawasaki’s disease, rheumatoid arthritis, and inflammatory bowel disease [46].
Malignancy-associated HLH is more commonly seen in adult patients but can also be
seen in pediatric patients. It is most often associated with lymphomas, particularly T
cell or NK cell, or leukemias [48]. It is thought that HLH may manifest due to
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immune dysregulation from dysfunctional leukemic or lymphoma cells with ensuing
hypercytokinemia. Often there is a concomitant viral infection, particularly EBV
[33, 48]. In addition to HLH resulting directly from the malignancy, there are reports
of HLH resulting after bone marrow transplant [49, 50], as well as malignancy-
related therapies including chemotherapy and immunomodulation [33, 48]. The
majority (88%) of patients that develop HLH related to cancer-directed therapy often
have a concomitant infection, so infectious disease work-up is important in these
patients [48].

The pathophysiology for secondary HLH is not as well understood as fHLH. Unlike
the pathophysiology of primary HLH, secondary HLH pathophysiology cannot be
completely explained by a defect in cytotoxic function, as many secondary HLH
patients have normal NK-cell cytotoxic function when tested [10, 51]. Cytotoxic dys-
function and the sizable innate immune activation appear to work in concert leading
to the subsequent cytokine storm and phenotype of HLH. It also appears that depend-
ing on the etiology of the secondary HLH, the predominance of innate immune sys-
tem activation versus cytotoxic cell dysfunction may vary. The cytotoxic dysfunction
that may occur in secondary HLH can be due to a direct, but reversible, defect in
cytotoxic function or a relative cytotoxic dysfunction due to decreased numbers of NK
or CD8 T cells [33, 52]. The acquired cytotoxic dysfunction is particularly important
in certain viral infections, such as EBV, influenza, and HSV, where the cytotoxic dys-
function is virally induced [44, 53, 54]. Prolonged increased IL-6, which can be seen
in infection but is particularly common in rheumatologic disorders, can also play a
role in acquired cytotoxic dysfunction by decreasing perforin and granzyme B expres-
sion [55]. In addition to acquired defects in cytotoxicity, overactivation of the innate
immune system also plays an important role in the development of HLH, particularly
MAS and sepsis or bacterial-induced HLH. Both sepsis and MAS are characterized
largely by innate immune system activation by Toll-like receptors (TLRs) as well as
high levels of IL-6, which have been shown to amplify TLR signaling [56]. In a recent
murine model, it was demonstrated that blatant HLH phenotype with hypercytokin-
emia could be produced by repeated stimulation of TLR9 [57]. Contrary to primary
HLH murine models, this process does not appear to be dependent on CD8 T-cell
activation or interferon-gamma secretion [57, 58]. Based on multiple murine cytokine
neutralization studies, there is no single cytokine that is responsible for driving HLH/
MAS pathophysiology [33, 43]. IL-1 family, IL-6, IL-10, IL-18, and INF-gamma all
appear to play a role in the pathophysiology and the MAS/HLH phenotype [33, 43,
57, 58]. While the differences between primary and secondary HLH or MAS may
seem esoteric, the differences in pathophysiology will be crucial in predicting the best
novel therapies, such as cytokine neutralization, that will be the most effective.

Evolving Understanding of Secondary HLH

Traditionally, secondary HLH has referred to patients that have the phenotype of
HLH, but do not have bi-allelic mutations in HLH-associated genes. The distinc-
tion between primary and secondary HLH has become more complex as we have
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learned that some secondary HLH patients also carry polymorphisms (of unknown
significance) or mono-allelic mutations in HLH-associated genes, although it is
controversial if the reported polymorphism cause disease [36, 59-63]. In addition
to mutations or polymorphisms in HLH-associated genes, there have been muta-
tions and other variants found in secondary HLH patients with whole-genome
sequencing, including mutations in genes involved with microtubule organization,
vesicle transport, NK-cell receptors, cytokine production and signaling, inflamma-
some activation, and TLR signaling [33, 64]. This is an interesting concept as it
suggests that these variants or mono-allelic mutations could lead to a small decrease
in cytotoxic function or other immunopathology that may predispose an individual
to develop HLH with an infectious or rheumatologic trigger. This may be an expla-
nation why some individuals are predisposed to the development of HLH with
infection while others may not.

HLH Versus Sepsis Pathophysiology

Are sepsis and HLH really that different? There are many similarities, but there
are some very important differences between the immune response in HLH com-
pared to sepsis. The best understanding that we have about immune function dur-
ing the initial phases of sepsis and an HLH flare is from genomic expression
profiling within the pediatric population and serum cytokines from both adult and
pediatric studies. According to genomic expression profiling in sepsis, there is
initially a large activation of the innate immune system, likely due to DAMPs
(damage-associated molecular patterns) and/or PAMPs (pathogen-associated
molecular patterns), and then the cytokine storm [65]. In sepsis, there is an imme-
diate downregulation of adaptive immunity, increased apoptosis particularly of T
cells, as well as decreased antigen presentation over the ensuing days (due to IL-4
and IL-10) [65]. However, in a primary HLH flare, there is a similar downregula-
tion in genes related to adaptive immunity but also a downregulation in innate
immunity and proteins related to promoting apoptosis [66]. Contrary to serum
cytokine profiles, in genomic expression profiling, both HLH and sepsis patients
demonstrated upregulation of genes related to the same cytokines, including IL-6,
IL-10, and IL-1 family [65, 66]. Serum cytokine levels in HLH patients usually
show an overwhelming predominance of INF-gamma (consistent with over-
whelming CD8 T-cell activation) and IL-10 (released in an attempt to control the
immune response) [42, 67-69]. TNF-alpha and IL-6 are elevated within the HLH
group, but not predominant [36, 42, 67-69]. In sepsis, IL-6 and IL-10 levels tend
to predominate with some elevation of TNF-alpha [36, 68, 70, 71]. Interestingly
in sepsis, a low INF-gamma is associated with a poorer prognosis [72], most
likely a herald for overwhelming immune suppression and lack of T cells. In sum-
mary, both syndromes have a similar initial release of cytokines with subsequent
cytokine storm with a paradoxical but needed early attempt to control the immune
response with the downregulation of multiple genes related to adaptive
immunity.
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In primary HLH, this attempted downregulation of the immune system is inef-
fective due to the lack of cytotoxic function of NK and CD8 T cells to appropri-
ately dampen activated immune cells resulting in continued, unrestricted immune
system activation and cytokine release. In sepsis, the term for this reactive down-
regulation of the immune system has been coined compensatory downregulation
syndrome (CDS) [73, 74]. In sepsis, downregulation of the immune system can
be adequate, over-exaggerated, or inadequate. If the CDS is adequate, then the
infection is cleared and the immune system returns to homeostasis and the patient
will slowly improve. If CDS is overexaggerated, then immunoparalysis (defined
as TNF-alpha release <200 pg/ml with ex vivo lipopolysaccharide stimulation or
monocyte HLA-DR) can occur with inadequate clearance of initial infectious
agent or new nosocomial infection with multi-organ dysfunction syndrome
(MODS) and increased risk of mortality [74, 75]. Interestingly, there is another
newly described phenotype of MODS/sepsis in the literature, MAS-like MODS
or macrophage activation-like syndrome [76-81]. This entity is thought to be
caused by inadequate downregulation of the immune system with continued
inflammation. Unfortunately, there is no consistent definition of these patients.
Some fulfill five of eight HLH diagnostic criteria or the H-score [80, 82], while
other studies describe sepsis characterized by hyperferritinemia, hepatobiliary
dysfunction, and DIC with or without cytopenias [36, 76, 78, 81, 83]. The lead-
ing hypothesis for the pathophysiology for this subgroup of sepsis is thought to
be partly due to CDS. Due to sepsis-related CDS, there is thought to be a
decreased overall number of NK cells and/or function leading to impaired prun-
ing of activated immune cells, including antigen-presenting cells and macro-
phages, as well as overactivation of the innate immune system via TLRs. While
the literature is still young, those with hyperferritinemic (>1980 ng/ml or
>4420 ng/ml) sepsis represent an at-risk group with high mortality (44-46%)
[78, 81]. These MAS-like MODS/sepsis patients may not fit all HLH criteria, but
they may represent patients in the HLH spectrum of inflammation that may ben-
efit from some amount of immunosuppression [78, 80, 82, 83]. Despite this
growing evidence for MAS-like MODS/sepsis, much work still needs to be done
including more clearly defining this phenotype of sepsis within the literature and
determining best therapy.

In conclusion based on emerging data, there are many potential reasons why
sepsis and HLH appear phenotypically the same, particularly at initial presentation.
There is a growing body of evidence to suggest that the amount of inflammation
seen in sepsis, HLH, and MAS is not dissimilar, but rather each entity is represented
on a spectrum of inflammation.

HLH Evaluation and Testing

There are several tests (Table 9.4) that can be sent immediately with a quick turn-
around that can assist in the diagnosis of HLH. This includes complete blood cell
count, coagulation studies with fibrinogen, ferritin level, lactate dehydrogenase



9 Diagnosis, Treatment, and Management of Hemophagocytic Lymphohistiocytosis... 169

Table 9.4 Initial testing for diagnosis and suggested testing are listed in the table. Those indicated
with an astericks () represent tests that often require specialized testing at a send-out lab with
varying expected return times. NK cell function, CD25 level, CD107a mobilization, perforin
expression, XIAP, and SAP expression usual takes 2 to 5 days for results to return. Time for HLH
genetic testing often requires 4 to 6 weeks

Recommended laboratory and diagnostic studies for HLH

Initial testing

Complete blood count

Basic metabolic panel

LDH

Coagulation studies including fibrinogen
Albumin

Liver function panel

Ferritin

Soluble IL-2 receptor or CD25 level”
NK-cell function”

Bone marrow biopsy

Hemophagocytosis

Optional:

Abdominal ultrasound to determine hepatosplenomegaly if not palpable

Tests to consider in primary HLH

Lumbar puncture

CSF cell count

CSF protein level
MRI head with and without contrast
CD107a mobilization”
Perforin/granzyme B expression”

HLH genetic panel”

In males:

XIAP and SAP expression”

Tests for HLH monitoring

Ferritin Once to twice weekly
Soluble IL-2 receptor or CD25 level Once weekly

(LDH), albumin, bilirubin (total and direct), and liver function studies. Other tests that
are helpful for HLH diagnosis include soluble IL-2 receptor level (also known as
CD?25) and NK-cell function; however, in most institutions these are send-out labs and
do not have a quick turnaround time. Soluble IL-2 receptor level acts as a barometer
for the amount of T-cell activation and can be helpful in the diagnosis of HLH and
following disease activity. The use of NK-cell function for HLH diagnosis is more
nuanced as many secondary HLH patients will have normal NK-cell function [10,
51]. In addition steroids can cause NK-cell dysfunction making the study invalid once
patients have received steroids. NK-cell function can also be normal in primary HLH
patients, so a normal NK-cell function result does not rule out primary HLH [10].
Soluble CD163 is a marker of scavenger macrophage activation and may aid in mak-
ing the diagnosis along with other tests. Patients with sepsis or infectious
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mononucleosis could also show elevated sCD163 levels; however there is minimal
overlap compared to the levels seen in patients with HLH [84]. Bone marrow biopsy
for the evaluation of hemophagocytosis can be helpful for the diagnosis of HLH, par-
ticularly in patients where the cause of persistent cytopenias is unclear, specifically in
the context of a possible HLH at malignancy diagnosis, chemotherapy-related HLH,
or HLH in the setting of bone marrow transplant. The result of the bone marrow
biopsy must be considered in the whole of the clinical picture and alone cannot prove
or disprove the diagnosis of HLH. Primary HLH patients can have a normal bone mar-
row biopsy particularly early in their illness [5, 11]. In addition, hemophagocytosis
can be found in critically ill patients without HLH, and hemophagocytosis is not
always seen in HLH patients [36, 85-87]. Because of these reasons, hemophagocyto-
sis is considered neither a sensitive nor a specific finding to diagnose HLH, and HLH
diagnosis should not solely depend on the finding of hemophagocytosis but rather the
complete clinical picture [86]. DIC or coagulopathy does not necessarily preclude
performing bone marrow biopsy as the risk of bleeding is low. In addition, there are
two functional flow cytometry tests that determine perforin/granzyme B expression
and CD107a mobilization that typically have a turnaround time of 2-5 days (Fig. 9.1)
[10, 51]. These tests have been found to be both sensitive and specific for predicting
the presence of an HLH-associated gene mutation [10, 51]. There are two other flow
cytometry tests, SAP and XIAP expression, which should be sent in male patients for
work-up for possible X-linked lymphoproliferative disease. Please see Table 9.3 for
expected results for NK-cell function, CD107a mobilization, and perforin expression
for different HLH-associated mutations.

While primary or familial HLH is most commonly thought of in neonates or
those under 1 year of age, many familial HLH patients may not present until later in
life depending on the severity of their mutation (i.e., and thus the degree of cyto-
toxic dysfunction). Due to this reason, genetic testing should be considered in all
pediatric patients to determine if they have germline mutations associated with
fHLH, especially in patients less than 1 year of age, or if perforin/granzyme B, SAP,
XIAP expression, or CD107a mobilization testing is abnormal. For HLH genetic
testing, next-generation sequencing (NGS)-based assays are commercially avail-
able to test for the genetic syndromes responsible for abnormal T-cell and NK-cell
cytotoxicity leading to HLH development [88]. These tests take several weeks to
result and should be sent early in the work-up in cases of high clinical suspicion.

In addition to testing required for HLH diagnosis, there are some additional tests
that are helpful in determining additional type of HLH-specific therapy required, as
well as response to therapy. Most patients with high suspicion of HLH should have
a baseline MRI head and lumbar puncture with CSF studies (CSF cell count and
differential and CSF protein level) [2, 15, 16]. These studies should be performed
even if patients have no neurologic findings, as CSF pleocytosis and MRI findings
can be seen in patients that are asymptomatic [14, 16]. Due to higher mortality and
significant morbidity in patients with abnormal CSF at diagnosis, patients with neu-
rologic symptoms, CSF pleocytosis, and/or MRI findings may require additional
intrathecal therapy [2, 14, 16, 36]. In addition to CSF studies, all patients need a full
infectious work-up including blood cultures, common viral etiologies (EBV, CMV,
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hepatitis viruses, adenovirus, influenza), and possible fungal etiologies even if there
is suspicion of primary HLH. Rheumatology may need to be consulted to assist in
further investigation of a possible underlying rheumatologic disorder. Both ferritin
and soluble IL-2 receptor can be followed weekly to twice weekly to monitor
patients’ progress on therapy [2, 30].

Intensive Care Presentation and Management

In addition to the early diagnosis of HLH, most of the ICU (intensive care unit)
management for HLH patients hinges on anticipation of HLH-related multi-system
organ failure and providing adequate supportive care while getting immunosuppres-
sive therapies initiated in a timely fashion. Another key point of management is the
understanding that the severity of disease can change drastically in a matter of hours
(sometimes as little as 6-12 h). Given this factor, another important aspect for care
of HLH/MAS patients is frequent reevaluation and communication with the oncol-
ogy, immunology, and/or rheumatology teams, especially if there is worsening in
the patient’s status, to determine if another agent or additional doses of agents, such
as steroids, etoposide, anakinra, alemtuzumab, or a novel therapy, need to be given.

ICU care is centered around the management of quickly evolving multi-system
organ failure, including cardiovascular, renal, hepatobiliary, neurological, respira-
tory, and hematological systems, including cytopenias and coagulopathy [89].
Reported reasons for ICU admission in the limited literature for HLH ICU patients
(total of 80 patients described) include respiratory failure or ARDS (30-50%), neu-
rologic decompensation (encephalopathy, seizure; 20-21%), shock or hypotension
(18-22%), acute renal failure (16%), fulminant liver failure (7-30%), and bleeding
(5% Table 9.5) [90-92]. HLH patients had failure of two or greater organs at ICU
admission [90, 92]. There were 44% of patients that were not diagnosed with HLH
prior to ICU admission [90], which highlights the need for intensivists to have a low
threshold for ruling out this diagnosis in the ICU particularly in patients with
quickly decompensating MODS. These patients typically require multiple forms of
interventional support including mechanical ventilation (57-100%), vasopressors
(43-80%), and renal replacement therapy (17-75%; Table 9.5) [90-93]. ARDS was
described in as many as 90% of the patients in one study [92]. In addition to respira-
tory failure secondary to parenchymal disease, respiratory failure can occur due to
significant organomegaly with decreased thoracic compliance and respiratory
impingement. As many as 90% have been reported to have hepatomegaly and 76%
with splenomegaly [2, 90-92]. In the pediatric cohort, many patients required
aggressive respiratory and cardiac support. The use of the high-frequency oscilla-
tory ventilation and/or inhaled nitric oxide was described in three patients (20%)
that required mechanical ventilation, and 22% of the cohort required three or more
vasopressors [91]. While up to one third of the ICU patients described required
renal replacement therapy, clinical indication for renal replacement therapy (i.e.,
fluid overload vs. acute renal failure vs. oliguria) was not described; however, these
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Table 9.5 This table describes the described causes of ICU admission as well as the extensive
supportive measures that are often required

Reasons for ICU admission

Respiratory failure 30-50%

Encephalopathy or seizure 20-21%

Hypotension/shock 18-22%

Acute renal failure 16%

Fulminant liver failure 7-30%

Bleeding or coagulopathy 5%

ICU supportive care requirements

Vasopressors 43-88%

Mechanical ventilation 57-100%
iNO and/or oscillator (pediatric) 20%

Renal replacement therapy 17-75%

Frequent blood product transfusions ~8.5 units of product (adult)
Packed red blood cells 1-7 transfusions (average pediatric)
Fresh frozen plasma 0-4.5 transfusions (average pediatric)
Platelets 0-12.5 transfusions (average pediatric)

patients can have extremely low albumin levels (1.6-3.2), capillary leak, and edema
secondary to the severity of cytokine storm [2, 92]. Anecdotally, these patients often
have severe fluid overload and may benefit from continuous renal replacement ther-
apy. In addition, many critically ill HLH patients require support with multiple
transfusions, particularly platelet (mean platelet count 48-61 x 10°/L) and FFP or
cryoprecipitate transfusions (mean INR 1.4, mean PTT 57.3, mean fibrinogen 130-
157 mg/dl) [90-92]. Anemia (mean hemoglobin 8.3—10 g/dl) can be present, but is
not as severe or as prominent as thrombocytopenia [90-92]. In one study, patients
required an average of 8.5 units of product per person [92]. In a pediatric study, non-
survivors required more blood products than survivors with a mean of 7 packed red
cell transfusions, 4.5 transfusions of FFP, and 12.5 transfusions of platelets [91].
Many of these patients will have some amount of liver dysfunction ranging from
transaminitis (41%) and hyperbilirubinemia (mean bilirubin 6.45 mg/dl) to fulmi-
nant liver failure (7-30%) [90, 92]. Exploration of possible infectious etiologies
needs to be performed and infections aggressively treated. HLH ICU non-survivors
had higher organ dysfunction and mortality indexes at ICU admission compared to
survivors and more often required supportive therapies including mechanical venti-
lation, renal replacement therapy, inotropes, and transfusion [90, 91]. Average
length of ICU stay is 5.7-8.5 days [90-92]. Despite aggressive supportive therapy,
ICU mortality is high in this subset of patients ranging from 35% to 70% [90-92].
If these supportive measures are ineffective, extracorporeal life support (ECLS)
can be considered within this patient cohort. Initiation of ECLS may allow time for
immunosuppressive therapies to be effective. A recent study evaluating the survival
of pediatric HLH patients on ECLS showed a survival rate of only 30% [94]. This
is significantly lower than the general pediatric ECLS survival of 59% but is com-
parable to other immunocompromised pediatric cohort survival (31%) and neonatal
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cardiac and E-CPR (extracorporeal cardiopulmonary resuscitation) patients (38%)
[94]. Indication for ECLS included respiratory failure, cardiac failure, and E-CPR
with 63% being placed on venoarterial ECLS [94]. Unfortunately, no clear risk fac-
tors could be identified for increased mortality (including age, sex, time of ventila-
tion prior to cannulation, vasopressors, or nitric oxide use), but all of the patients
that were placed on ECLS for cardiac failure or E-CPR died [94]. There was also no
indication whether these patients were primary or secondary HLH [94]. Care should
be taken when managing anticoagulation on the circuit as many of these patients
have underlying coagulopathy (DIC; 17%) and the most common complication
reported was bleeding with >50% of patients reported to have bleeding at the can-
nula site and 17% with pulmonary or intracranial hemorrhage [94]. Infection status
should also be considered when evaluating for ECLS candidacy, particularly in pri-
mary HLH patients since viremia or fungal diseases are more likely to persist due to
their underlying cytotoxic defect which can complicate their ECLS course. Other
patients with secondary HLH with infection (influenza, tick-borne diseases) have
successfully cleared infection on ECLS [95-98].

A unique consideration within this group of patients is the various neurologic
symptoms that can manifest including seizure, encephalopathy, focal deficits, ataxia,
generalized hypotonia or hypertonia, or meningismus [15, 16]. With new onset
symptoms, CT scan can be helpful to rule out intracerebral hemorrhage or significant
cerebral edema. An attempt to manage cerebral edema with hypertonic therapy can
be considered, but this has not been studied within the HLH population. Neurosurgical
consult should be considered with both hemorrhage and cerebral edema for possible
surgical intervention since both are potentially reversible phenomena once immuno-
suppressive therapy is started. Early initiation of HLH therapy is imperative to pre-
vent or decrease the severity of long-term neurological sequelae [15, 16]. MRI and
lumbar puncture should be obtained once the patient is stable.

HLH-Directed Therapy

Because of the diagnostic challenges and significant mortality associated with HLH,
when there is a high degree of suspicion, treatment often needs to be started before
all HLH-specific testing has resulted. Patients often develop disease characteristics
over time, and the delay in diagnosis could make it too late to initiate therapy. Organ
failure (high sequential organ failure score) has been associated with significantly
increased mortality in adult patients admitted to the ICU [99]; therefore an early
consultation of an HLH expert is of utmost importance.

In broad terms, the management of familial or primary HLH includes a short-
term approach in a critically ill child controlling over-inflammation, targeting acti-
vated immune cells, and treating infections and a long-term approach replacing the
defective immune system through a hematopoietic cell transplant (HCT) in familial
HLH or refractory secondary HLH. Etoposide, an epipodophyllotoxin, was first
used in the 1980s for HLH therapy and has become a mainstay in familial HLH
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therapy [100]. The mechanism for use in HLH is thought to be due to its ability to
reverse defective apoptosis and to target activated T cells which are a known impor-
tant driving force for the development of primary HLH [101, 102]. Similarly, corti-
costeroids have been the mainstay of HLH therapy and have been successfully used
in combination with vinblastine/etoposide/teniposide/antithymocyte globulin [33,
35-37] [21, 103-105]. In 1994, the Histiocyte Society implemented the first inter-
national protocol (HLH-94) to treat previously untreated children and adolescents
(<16 years of age) with primary and secondary HLH. [1, 106] Patients were treated
with an 8-week regimen using the combination of dexamethasone (10 mg/m? for the
initial 2 weeks followed by a taper over 2 months), and etoposide (150 mg/m? twice
weekly for 2 weeks, followed by 150 mg/m? once a week for 6 weeks), and cyclo-
sporine (CSA) in a continuation phase, starting at week 9 (Fig. 9.2). Patients with
CNS HLH received intrathecal methotrexate, and patients with familial HLH were
bridged to HCT. A total of 249 patients received the therapy with a 5-year overall
survival of 54% (95% CI: 48—60%) [2]. Pre-HCT mortality was 29% [2]. The HLH-
2004 protocol aimed to improve the pre-HCT morbidity and mortality seen in HLH-
94 trial by using CSA up front [25]. Additionally, prednisolone was given
intrathecally to reduce the late neurological sequelae (19%) seen in HLH-94 proto-
col. Between 2004 and 2011, a total of 369 children were enrolled. Overall survival
was 61% (56—67%) in the entire cohort, but the pre-HCT mortality was non-different
compared to HLH-94 (27% vs. 19%, p = 0.064) [25]. Therefore, upfront CSA
approach was deemed not necessary. It is important to note that both trials used
dexamethasone as the corticosteroid of choice due to its higher concentration in
CSF compared to prednisolone [107] and the poor prognosis associated with CNS
HLH. Children with abnormal CSF studies were at higher risk of mortality and late
neurological sequelae in HLH-94 study [14].

When patients are initially treated, they typically will show improvement/stabi-
lization within the first 48 h after they receive their initial dose of dexamethasone
and etoposide. However, if no improvement or worsening is noted after the first
week on therapy, we would consider them refractory to frontline therapy.

5 mg/m2

Etoposide v v v v v v v v v V
vV vV VvV

IT MTX/HC v
(CNS+ only) T T T T l

0 1 2 3 4 5 6 7 8
Week

Fig. 9.2 Standard-of-care induction treatment for HLH (Dex. dexamethasone, etoposide dosing
150 mg/m?, IT MTX/HC, intrathecal methotrexate and hydrocortisone for patients with active
CNS disease at week 2)
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Approximately 25-50% of patients will fail to achieve a complete response to the
standard-of-care therapy or relapse and may require additional treatment with the
same drugs or alternative “salvage” agents. Alemtuzumab, anakinra, and antithymo-
cyte globulin have been reported in small studies as options for salvage therapy;
however this has not been extensively studied [108, 109]. Future clinical trials are
desperately needed in this patient population.

Secondary/Acquired HLH

Patients with secondary HLH in the ICU need prompt initiation of HLH-specific
therapy regardless of the type of HLH (familial vs. acquired) [9, 110]. Often at
diagnosis, it is impossible to distinguish between the primary and secondary HLH
unless the patient has a known trigger, such as a malignancy or rheumatologic
disorder. Efforts should be made to identify underlying trigger in patients with
acquired or secondary HLH, especially infection and malignancy, which could be
treated with appropriate antimicrobials or cancer-directed therapy, respectively.
Decision for type and length of immunosuppression in this patient population must
be made in consideration of patient’s trajectory and severity of illness. There is a
subset of patients with secondary HLH who will respond to steroids alone or in
conjunction with IVIG that will have a good outcome without etoposide-based
therapy. Decision to add etoposide is based on the severity of illness and clinical
evolution and should be made early in the course, usually with a reassessment
within 24-48 h after starting dexamethasone. Any worsening during a patient’s
clinical course should also trigger a reassessment for the addition of etoposide
therapy. Additionally, in patients with EBV-associated HLH, the addition of ritux-
imab (a CD20-specific antibody which targets B cells) to steroid or etoposide
should be considered [111]. Those with chemotherapy-related HLH are a special-
ized group that require much careful consideration as further immunosuppression/
myelosuppression in an neutropenic patient with concurrent infection may not be
therapeutic. In these patients, it is often prudent to hold chemotherapy and agres-
sively treat the infection. It is often helpful for determining need for immunosup-
presion in this group to obtain a bone marrow biopsy to determine if continued
cytopenias are related to HLH or continued effect of previous chemotherapy [48].

Treatment of MAS is unique within the secondary HLH group. The main-
stay of MAS therapy is high-dose pulse intravenous steroids with or without
the addition of CSA or IVIG [112]. New cytokine inhibitors have shown
promise in MAS and some secondary HLH patients. Anakinra, an interleu-
kin-1 inhibitor, concurrently with steroids has been found to be helpful in the
treatment of both MAS and MAS-like sepsis and is the most common biologic
used for sJIA MAS therapy [82, 83, 112-114]. Similarly, tocilizumab (IL-6
inhibitor) has also shown durable responses in patients with adult-onset Still’s
disease [115]. While etoposide is not a mainstay of MAS therapy, if there is
clinical deterioration or laboratory findings of worsening inflammation
despite steroids, cyclosporine, or other disease-specific therapy, it is some-
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times necessary to escalate treatment to include etoposide or other HLH sal-
vage therapy (such as ATG or Campath), or HCT.

Novel Therapeutics

Currently several novel agents are being studied for the management of HLH. Blockade
of interferon-gamma (IFNYy) has shown therapeutic benefit in two models of perforin-
and Rab27a-deficient mice infected with lymphocytic choriomeningitis virus.
Increased survival was noted in perforin-deficient mice, and resolution of cytopenias,
reduction of cytokines, and hemophagocytosis were noted in both models [39, 116].
Subsequently, NI-0501, a human anti-interferon-gamma monoclonal antibody (anti-
IFNy mAb), was used in a phase-2 trial setting including pediatric patients with pri-
mary HLH (n = 13) and showed a satisfactory response (69%) [117]. Twelve patients
received NI-0501 as a second-line agent, and 7 proceeded to allogeneic hematopoietic
cell transplant. Resolution of CNS signs and symptoms was noticed in two evaluable
patients. At 8-week follow-up, 11 patients were alive. Based on the promise shown in
this trial, a multi-institutional clinical trial is currently studying the role of NI-0501 in
pediatric patients with primary HLH (NCT01818492). Another ongoing clinical trial
aims to study the safety and efficacy of anti-IFNy mAb in pediatric patients with sys-
temic juvenile idiopathic arthritis developing MAS/secondary HLH (NCT03311854).
Ruxolitinib, a Janus kinase (JAK) 1/Janus kinase (JAK) 2 inhibitor, has been used
as a therapeutic strategy in murine models of HLH. Ruxolitinib significantly improved
cytopenias, organomegaly, and cytokinemia in murine models of HLH [118]. A trial
is ongoing to study the effects of ruxolitinib in adults with secondary HLH
(NCT02400463). It has also been used on an individual basis as a salvage therapy in
pediatric and adult patients with HLH. Broglie et al. used it in an 11-year-old boy with
HLH refractory to HLH-directed therapy and anakinra [119]. The patient was noted to
have improvement in liver dysfunction, inflammatory markers, and resolution of
fevers within 24 h of the medication administration. A critically ill adult patient with
rheumatoid arthritis with secondary HLH responded within 48 h and survived [120].
Sin and colleagues published a case report describing the use of ruxolitinib in an adult
patient with EBV-associated HLH [121]. The patient was also noted to have improve-
ment in ferritin, LDH, and liver function within 3 days, but bone marrow did not
recover and patient had continued pancytopenia [121]. In the future, we anticipate
potential use of newer less toxic pharmacologic options as first-line therapy options in
critically ill patients who may not otherwise tolerate conventional chemotherapy.

Conclusion and Future Directions

The best care of HLH patients hinges on early recognition and initiation of immu-
nosuppressive therapy as well as the aggressive supportive intensive care physi-
cians are able to provide. Our understanding of HLH has evolved quickly over the
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last 30 years, but continued investigation of novel therapies will be imperative for
further improvement in HLH patient outcomes.
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