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Introduction

Hemophagocytic lymphohistiocytosis (HLH) is a
primary immune system disorder that results
from defective cell-to-cell signaling and disrup-
tion of inflammatory system homeostasis. This
disorder usually affects children, although cases
of HLH in adults have been reported (Zhang et al.
2011). HLH usually is initiated by an external
stimulus, most commonly by viral infections, but
familial cases have also been described (Janka
2006). Epstein-Barr virus is one of the more fre-
quently implicated infections in the pathogenesis
of HLH, but many other infections have been
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associated (Filipovich 2008). There are several
inherited gene mutations which have been dem-
onstrated to cause HLH. All of these genes
encode proteins that participate in target-cell kill-
ing within the immune system and that effect
homeostasis of the inflammatory response.
Without such a regulatory system, cytokines and
other inflammatory mediators are produced
unchecked, resulting in fever, multiple organ sys-
tem failure, pancytopenia, and death in many
patients if treatment is not initiated promptly.

Recognition of this rare disorder continues to
increase as improved diagnostic tools become
available to medical centers worldwide. The
growth of translational research over the last sev-
eral years, as well as clinical trials investigating
more targeted therapies for HLH, has led to the
potential for significant improvement in the diag-
nosis and treatment of patients with HLH.

Case 1: Review of the Pathogenesis,
Diagnosis, and Treatment Options
for HLH

A 14-month-old male with a 1-week history of
high fevers and recent onset of total-body maculo-
papular rash presents to the local emergency
department. He has no significant medical or fam-
ily history. On examination, he was found to have
widened pulse pressures and difficulty in breath-
ing. He has massive hepatosplenomegaly but no
lymphadenopathy. A CBC is performed and shows
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severe pancytopenia. Serum ferritin is markedly
elevated. Plasma fibrinogen is normal, but the
serum triglyceride level is elevated. He is trans-
ferred to the intensive care unit for further moni-
toring and evaluation. HLH is strongly suspected.

Question 1. What other laboratory studies
should be performed to support this diagnosis
according to internationally accepted criteria?

A. C-reactive protein, hepatic transaminases,
MRI brain

B. C-reactive protein, NK cell function, serum
soluble IL-2 receptor

C. NK cell function, serum soluble IL-2 recep-
tor, bone marrow aspiration/biopsy

D. NK cell function, C-reactive protein, bone
marrow aspiration/biopsy

Expert Perspective Prompt diagnosis of a
patient with HLH is critical for improved sur-
vival. It would be reasonable for this patient to be
admitted to the intensive care unit, only to be
extensively evaluated for a fever of unknown ori-
gin and to have consultations with the infectious
disease and/or rheumatology services prior to the
recognition that this patient may have HLH.
The Histiocyte Society uses the following

Criterion (absolute)
Familial disease or known genetic defect
Criteria (5/8 needed)
Fever
Splenomegaly
Bicytopenia

Hemoglobin <9 g/dl

Platelets <100,000/p1

Neutrophils <1,000/pl
Hypertriglyceridemia (fasting >265 mg/dl) and/or
Hypofibrinogenemia (<150 mg/dl)
Ferritin (>500 ng/dl)

Soluble IL-2 receptor (> upper limit of normal for
reference laboratory)

Decreased or absent NK cell activity

Hemophagocytosis in the bone marrow, liver, spleen,
lymph nodes, or cerebrospinal fluid
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internationally accepted criteria to establish the
diagnosis of HLH:

If a patient has a known mutation in a gene that is
associated with HLH, or if a patient has a family
history of HLH and symptoms associated with
HLH, the diagnosis of HLH can be made.
Otherwise, at least five of the eight additional cri-
teria need to be documented for a diagnosis of
HLH. The challenge, however, lies in the case of
the patient who does not have a family history or
documented genetic defect and satisfies only
three or four of the stated criteria. These patients
must be monitored with extreme vigilance due to
the risk of rapid disease progression without
treatment. It would be reasonable to perform
weekly evaluations of the aforementioned
criteria, including bone marrow aspirations, in
order to demonstrate a diagnosis of HLH and to
proceed with treatment to prevent clinical decom-
pensation of the patient.

Serum ferritin is a useful surrogate marker for
inflammation, and patients often can experience
hyperferritinemia >50,000 ng/dl at the time of
diagnosis. Serum soluble IL-2 receptor is a more
sensitive marker of the degree of hypercytokin-
emia that is experienced by patients with HLH,
and levels are often markedly elevated at the time
of diagnosis. Of note, both of these serum tests
are used to monitor a patient’s disease activity
after treatment has been initiated.

Once a diagnosis of HLH is made, care must
be taken to document central nervous system
(CNS) involvement with a MRI of the brain with
and without contrast and a lumbar puncture with
histological evaluation of the cerebrospinal fluid
(CSF). Patients may present with neurological
symptoms (most commonly, seizures or irritabil-
ity), or they may have an abnormal MRI (white
matter lesions). Both clinical symptoms and
radiological abnormalities may be associated
with abnormal CSF (pleocytosis, increased pro-
tein, or demonstration of hemophagocytosis),
and at least 50 % of patients have CNS involve-
ment with HLH at the time of diagnosis (Horne
et al. 2008).
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Question 2. Laboratory testing for familial
causes of HLH reveals a mutation in the PRF1
gene that results in near-absent expression of
perforin. What is the role of perforin in the
pathogenesis of HLH?

A. Endocytosis of inflammatory cytokines
B. Microtubule formation

C. Direct cytotoxicity

D. Vesicle docking

Expert Perspective Familial HLH is much more
rare an entity than secondary (infection-associated)
HLH, but its detection, when possible, is essential
for identification of patients who will require hema-
topoietic stem cell transplant (HSCT) for eventual
cure. The following genes can be sequenced for
mutations readily and commercially:Mutations in
any of these genes disrupt any one of a number of
steps in the process of cell signaling in an effector
cell (e.g., NK cell) that lead to apoptosis of a target
cell (e.g., histiocyte). Thus, histiocytes proliferate,
remain activated, and cause the symptomatology
that was discussed previously in this chapter. The
following diagram illustrates the role of these genes
along the many steps in this pathway:

Gene Associated condition

AP3BI Hermansky-Pudlak syndrome type 2

BLOCI1S6 Hermansky-Pudlak syndrome type 9

CD27 Lymphoproliferative syndrome type 2

ITK Lymphoproliferative syndrome type 1

LYST Chediak-Higashi syndrome

MAGT]I XMEN syndrome

PRF1 Familial hemophagocytic lymphohistiocytosis
type 2

RAB27A Griscelli syndrome type 2

SH2DIA X-linked lymphoproliferative syndrome type 1

SLC7A7 Lysinuric protein intolerance

STX11 Familial hemophagocytic lymphohistiocytosis
type 4

STXBP2 Familial hemophagocytic lymphohistiocytosis
type 5

MUNC13-4 Familial hemophagocytic lymphohistiocytosis
type 3

BIRC4 X-linked lymphoproliferative syndrome type 2
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Cytolytic granules, including granzyme and
perforin (PRF1), are released from the endo-
plasmic reticulum of the effector cell, possibly
with the aid of LYST. The granules and perforin
are packaged into vesicles with AP3BI (a key
component of protein trafficking and lyso-
somal packaging), and the vesicles are pre-
pared for docking with RAB27A. The vesicles
are further primed and docked via the actions
of MUNCI3-4, BLOCIS6, STXII, and
STXBP2. The granules are polarized in a
SH2D1A-dependent manner, and the entire
complex causes the vesicle to undergo exocy-
tosis and release the granules and perforin.
Perforin is a pore-forming protein that creates
a transmembrane channel in the target cell that
allows the cytolytic granules to enter. Via cell
signaling and the actions of CD27, ITK, and
BIRC4, the target cell undergoes apoptosis.
The actions of the transport genes MAGTI and
SLC7A7 are less clear. If any of these genes
have mutations, the normal pathways that lead
to apoptosis of the target cell are disrupted, and
increased inflammatory mediators and cyto-
kine storm ensue as a result. These actions can
lead to the development of HLH.

Role in HLH pathogenesis when deficient
Vesicle formation

Vesicle docking and fusion

Cell signaling and apoptosis

Differentiation and T-cell receptor signaling
Size and function of lytic granules
Magnesium transport

Pore forming for transmembrane channel
and target-cell killing

Vesicle docking and granule movement
Signal transduction, granule polarization
Amino acid transport

Vesicle transport and fusion

Vesicle transport and fusion
Vesicle priming

Cell signaling and apoptosis
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Question 3. What are considered to be the opti-
mal treatment options for patients with HLH?

A. Dexamethasone and etoposide
B. Alemtuzumab
C

. Antithymocyte globulin and
methylprednisolone

D. Allogeneic  hematopoietic ~ stem  cell
transplantation

E. All of the above

Expert Perspective The first trial, HLH-94, was
championed by the Histiocyte Society and
enrolled 113 patients (Henter et al. 2002;
Trottestam et al. 2011). The treatment regimen
for this trial employed an initial 8-week phase of
dexamethasone and etoposide, followed by a
continuation phase (for those patients who
require hematopoietic stem cell transplantation,
HSCT) consisting of dexamethasone alternating
weekly with etoposide, with daily cyclosporine. A
second and institutional study enrolled 38 patients
(Mahlaoui et al. 2007). This study used a combi
and methylprednisolone to induce remission. A
maintenance phase (for patients who required
HSCT) included cyclosporine. Both trials used
multiple doses of intrathecal hydrocortisone and
methotrexate to treat CNS involvement.

The HLH-94 trial demonstrated a complete
response (CR) rate of 50%, overall survival
(OS) of 78 %, and relapse rate (RR) of 13 %.
The Mahlaoui study showed an improved CR
rate compared to the HLH-94 trial (74 %), but
the overall survival was similar (79 %). This
trial also had an increased RR of 29 %. These
data indicate that the combination of ATG and
methylprednisolone may be very effective in
inducing remission, but these patients were
more likely to experience reactivation of
HLH. In contrast, patients enrolled in the HLH-
94 trial had a poorer CR rate than those patients
in the Mahlaoui study, but the RR was lower,
which indicates that the clinical responses to
treatment with HLH-94 therapy were sustained
more often. These results provided the rationale
for the HIT-HLH (hybrid immunotherapy) clini-
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cal trial, which is in process at the time of this
writing. This study combines the use of ATG (as
in the Mahlaoui study) with a backbone of dexa-
methasone and etoposide (as in the HLH-94
trial). The hypothesis is to capitalize on the
superior CR while providing a favorable RR by
combining aspects of both treatment regimens.
Of note, the favorable results of the HLH-94
trial laid the groundwork for the HLH-2004
clinical trial that was administered by the
Histiocyte Society and is currently completed
(Henter et al. 2007). The main difference
between HLH-94 and HLH-2004 was that
cyclosporine was used in the 8-week induction
phase, in addition to dexamethasone and etopo-
side. Data from this trial have not yet been pub-
lished. The results of these clinical trials will
likely serve as a new baseline for future clinical
studies administered by the Histiocyte Society
and others to treat HLH.

Recurrent or refractory HLH is a challenging
entity, mostly because there are very few data
that exist to provide clinical evidence for an opti-
mal approach to treatment. Responses using a
variety of salvage therapies for recurrent/refrac-
tory HLH have been reported, but only in small
case series. These therapies include (among oth-
ers) daclizumab, (anti-CD25 antibody; Tomaske
et al. 2002), infliximab (tumor necrosis factor
alpha antibody; Henzan et al. 2005), tocilizumab
(anti-IL-6 antibody; Rios-Fernandez et al. 2015),
and anakinra (interleukin-1 receptor antagonist;
Bruck et al. 2011). In addition, a clinical trial
investigating the treatment of HLH with an
inhibitory monoclonal antibody directed against
gamma interferon is currently underway. One
promising approach is alemtuzumab (monoclo-
nal antibody to the lymphocyte, NK cell, and
dendritic-cell marker CD52). A retrospective
analysis of 22 adults and children who were
treated with alemtuzumab for refractory/
recurrent HLH demonstrated effectiveness and
safety of alemtuzumab in this setting (Marsh
et al. 2012). This author gives alemtuzumab
0.2 mg/kg every 6 weeks with a small dose of
continuous oral dexamethasone to be a safe and
effective bridge to HSCT while keeping a
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patient’s HLH in remission. It is clear that clini-
cal trials will be needed to further elucidate the
safety and effectiveness of alemtuzumab for
refractory/recurrent HLH.

Hematopoietic stem cell transplantation is a
treatment modality that is employed for the first-
line treatment of asymptomatic patients with
familial HLH or as consolidative therapy for
patients with refractory/recurrent HLH.

Question 4. When you search for possible
infectious etiologies for this patient’s HLH, you
discover that his plasma contains greater than
one million copies per milliliter of Epstein-
Barr virus (EBV), which is also the likely cause
for the patient’s rash. What is the most effec-
tive option to treat the EBV?

A Ganciclovir
B. Rituximab
C. Valganciclovir
D. Plasmapheresis

Expert Perspective EBV is a common trigger
for the pathogenesis of HLH. Since EBV usually is
found in B-lymphocytes, rituximab, a monoclonal
antibody to the B-lymphocyte marker CD20,
becomes an excellent therapeutic choice. Evidence
for the use of rituximab in patients with HLH is
supported from a small case series that first demon-
strated its efficacy (Balamuth et al. 2007) and a
larger, multi-institutional, retrospective study that
investigated the outcome of patients who had
received rituximab for EBV-associated HLH
(Chellapandian et al. 2013). Both studies reported a
rapid decrease in plasma EBV load after the admin-
istration of rituximab. Because EBV often drives
HLH disease activity, the reduction in viral load
was followed quickly by a decrease in serum ferri-
tin and AST, as well as an increase in platelet count
(Chellapandian et al. 2013). Decreased EBV load
to <1,500 copies/ml and ferritin to £1,000 were also
associated with increased long-term disease-free
survival. The accepted regimen of rituximab is to
give one to four weekly doses at a dose of 375 mg/
m?, and rituximab can be given concurrently with
the HLH therapy consisting of corticosteroids and
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etoposide. If the EBV load decreases to undetect-
able levels prior to the fourth weekly dose, the
rituximab can be discontinued. While there may
appear rationale to utilize antiviral agents in such
cases, there is lack of rigorous evidence that ganci-
clovir or valganciclovir are effective alone in
changing the course of EBV-related.

Question 5. In which of the following scenar-
ios is hematopoietic stem cell transplantation
NOT indicated for a patient with HLH?

A. No evidence of current or familial HLH after
initial 8 weeks of therapy

B. No evidence of familial HLH, but persistent
pancytopenia and fever after initial therapy

C. Reactivation of HLH after initial therapy

D. Evidence of familial HLH

Expert Perspective In order to be considered to
be “in remission” at the end of the initial 8 weeks
of therapy for HLH, patients must have no evi-
dence of disease activity and have no identifiable
mutation of genes that are known to be associated
with HLH. If this scenario occurs, patients are
monitored closely for signs or symptoms of
recurrence. If a patient has refractory or recurrent
HLH (based on clinical examination or labora-
tory results), the patient would proceed to
maintenance therapy (previously discussed in
this chapter) until an adequate HSCT donor is
identified. If the patient were found to have a
mutation of a gene known to be associated with
HLH during the initial 8 weeks of treatment, the
patient would proceed to maintenance therapy by
default, followed by HCT. HCT would be the
best treatment option for an asymptomatic sib-
ling of a patient with a known genetic mutation
that is the same as an affected patient; it would be
best to perform HCT in the asymptomatic sibling
prior to the onset of HLH symptoms due to the
high rate of morbidity and mortality that accom-
panies HLH, for which the timing of onset cannot
be predicted.

Allogeneic hematopoietic cell transplantation
(HCT) is the only currently known curative
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approach to treating genetically inherited HLH or
recurrent HLH. The outcomes using reduced inten-
sity conditioning (RIC) are superior compared to
myeloablative regimen (MAC) for allo-HCT (92 %
for RIC 3-year overall survival compared to 43 %
for MAC) (Marsh et al. 2010). A similar retrospec-
tive analysis from the Japanese transplant registry
found that the overall survival of patients who
received RIC followed by cord blood transplanta-
tion (CBT) was similar to that of MAC followed by
CBT (Sawada et al. 2013). Larger, prospective tri-
als are needed to better determine the efficacy of
these approaches. In addition, several studies using
gene therapy for specific gene-mutated HLH are
beginning.

Controversies
* Clinical/laboratory diagnostic testing

for HLH

* Genetic mutations and their role in the
pathogenesis of HLH

e Optimal treatment for patients with
HLH

¢ Treatment of EBV-associated HLH
* Role of allogeneic HCT in the treatment
of HLH

Answers

Question 1: D
Question 2: C
Question 3: E
Question 4: B
Question 5: A
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