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History of Hemophagocytic
Lymphohistiocytosis

Gritta E. Janka

First Descriptions

Hemophagocytic lymphohistiocytosis (HLH) is a severe cytokine storm syndrome
(CSS) which was described in its primary, familial form (pHLH) in 1952 by
Farquhar and Claireaux as “haemophagocytic reticulosis” [1]. Interestingly, hemo-
phagocytosis, which gave HLH its name was not present during life in the two sib-
lings but was found at autopsy only. Nevertheless, until not long ago
hemophagocytosis was considered a sine qua non for the diagnosis of HLH.

Thirteen years earlier a clinical picture typical for HLH (fever, hepatospleno-
megaly, cytopenias, and widespread histiocytic infiltration on autopsy) had been
described in adults by Scott and Robb-Smith under the term “histiocytic medullary
reticulosis” (HMR) [2]. Eight of these cases were later reviewed with more refined
histological techniques. Five patients were found to have had malignant lympho-
mas; four were of T cell origin [3]. Lymphomas are now a well-known cause for
secondary HLH (sHLH).

Another form of sHLH associated with viral infections (virus-associated hemo-
phagocytic syndrome [VAHS]) was described in 1979 by Risdall and coworkers [4].
Interestingly, their cohort not only included adults under immunosuppression but
also some children who may have had primary (familial) HLH (pHLH). Subsequent
reports by other investigators linked sHLH to various infectious agents, including
bacteria, protozoa, and fungi, though viruses, especially herpes viruses remain the
most common trigger. The majority of Epstein—Barr virus-associated cases of HLH
have been reported from Asia. The reason for this susceptibility remains mysterious
to date.
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Risdall et al. emphasized that the histological picture in sHLH is distinct from
malignant histiocytosis. Not all authors agreed, and the first case of sHLH due to
Leishmania was published under the title “Systemic Leishmaniasis Mimicking
Malignant Histiocytosis” [5]. Until the 1980s, malignant histiocytosis was consid-
ered a true histiocytic malignancy. Nearly all cases could later be reclassified as
neoplasm of lymphoid origin, now called large-cell anaplastic lymphoma.

Since then, the list of conditions predisposing to the development of HLH has
expanded, including metabolic diseases, other rare inborn immune defects, acquired
immune deficiencies such as AIDS, and iatrogenic immunosuppression. The HLH-
like picture in autoinflammatory/autoimmune diseases is usually called macrophage
activation syndrome (MAS), a special subset of sHLH. pHLH is a rare disease with
an estimated incidence of 1:50,000 live births [6]. Secondary forms are far more
frequent. Between the first description of pHLH in 1952 and the turn of the century,
PubMed lists only about 200 publications on HLH. Since then this syndrome has
rapidly gained increased attention resulting in about 4600 additional publications of
which more than 75% appeared in the last 10 years.

First Personal Experience

My first encounter with HLH was in the 1970s with four children of one family,
three of whom died in early infancy [7]. The parents and an older sibling were
healthy. The babies had unexplained high fever, hepatosplenomegaly, and cytope-
nias, the characteristic triad of HLH. The first child went from a cellular marrow to
bone marrow aplasia after weeks of uncontrolled fever; lacking a better alternative
at that time the final diagnosis was aplastic anemia. When the second child devel-
oped the same symptoms it became evident that this must be an inherited disease.
Abundant histiocytes in the bone marrow and a liver biopsy prompted a search in
the huge medical index called Index Medicus—a painstaking effort at a time when
Internet research was far away. The search led to the publication by Farquhar and
Claireaux. Since in their second patient a temporary remission was obtained with
adrenocorticotropic hormone, our patient was treated with prednisolone. However,
only some minor and transient improvement was achieved. When the third baby
showed the same symptoms the family refused treatment but had the generosity to
allow diagnostic procedures including a bone marrow aspirate and spinal tap, the
latter showing a lymphocytic pleocytosis and increased protein level—my first
encounter with central nervous system (CNS)-HLH. Unfortunately, no material was
stored; thus, one can only speculate as to the type of genetic defect in this family.
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Terminology

Various terms for pHLH were initially used such as familial reticulosis, lymphohis-
tiocytic reticulosis, familial erythrophagocytic lymphohistiocytosis, familial histio-
cytosis, generalized lymphohistiocytic infiltration and others. After the first review
on pHLH in 1983, which included 121 cases from the literature and 6 of my own
cases [8], the term hemophagocytic lymphohistiocytosis was adopted by most
authors. There has been some recent discussion whether to use a different name for
HLH which takes into account that HLH is a severe hyperinflammatory syndrome
and that lymphocytes (T cells) are not an absolute necessity for the syndrome to
develop. However, as yet no consensus has been reached. sHLH is often called mac-
rophage activation syndrome (MAS), especially in internal medicine. Pediatricians
agree to reserve the term MAS for HLH in autoinflammatory/autoimmune
diseases.

First HLH Symposium and Foundation of the FHL Study
Group

Initially, there were only few pediatricians and pathologists who were interested in
HLH. Through a colleague who had worked in Paris, I gained access to a doctoral
thesis on pHLH (“histiocytose familiale”’) from Alain Fischer’s group in which
eight cases were described. Parts of it were later published [9]. The pathologist’s
description was presented by Christian Nezelof from Paris and Julio Goldberg, a
visiting pathologist from Argentina. [10]. Another group led by Jan-Inge Henter in
Stockholm had started to thoroughly investigate all Swedish cases. A third group,
represented by Maurizio Aricé and Roberto Burgio, who also had a general interest
in histiocytosis, finally organized a first international workshop on HLH in Pavia in
1988. One year later, the FLH (pHLH) Study Group was founded as a part of the
international Histiocyte Society which had existed since 1985. FHL Study Group
founding members were Maurizio Aric, Goran Elinder, Blaise Favara, Jan-Inge
Henter, Gritta Janka, Diane Komp, Christian Nezelof, and Jon Pritchard; at the HLH
protocol meeting in 1994, several additional members joined.

In 1991, the FHL Study Group presented the first diagnostic guidelines for HLH
[11]. The suggested diagnostic criteria consisted of five clinical and laboratory
items which were easy to ascertain and which gained wide acceptance.
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State of Knowledge Before Study HLH-94

When the first international HLH study started in 1994, the knowledge about HLH
was still quite limited. It was evident that there were familial (genetic) and second-
ary forms; the latter due to infections or malignancies. However, the distinction
between pHLH and infection-associated HLH was not possible when the family
history was blank, since children with pHLH were found to have viral infections as
well [8, 12]. Involvement of the central nervous system (CNS) was recognized as a
serious complication; the common appearance on autopsy was that of “leptomenin-
gitis,” but parenchymal lesions were described as well [13]. With long-term sur-
vival, cognitive and psychosocial sequelae due to CNS involvement have now
become a major concern in children with HLH [14]. CNS-HLH is still poorly
understood, and treatment options are limited [15].

Although high levels of cytokines and soluble interleukin-2 receptor alpha chain
[16-18] suggested uncontrolled activity of macrophages and lymphocytes, the eti-
ology and pathogenesis of HLH remained elusive for a long time. Various, but
inconsistent, immunological abnormalities were reported initially. The general
assumption that HLH must be an immunodeficiency was finally confirmed by a
profound deficit in natural killer (NK) cell activity [19]. Impaired NK cell activity
had already previously been described in two immune deficiencies with partial albi-
nism, namely, Griscelli syndrome (GS-2) and Chédiak—Higashi syndrome (CHS).
GS-2 and CHS are frequently complicated by HLH and are now counted among the
primary forms of HLH.

Study HLH-1994 could fall back only on limited experience regarding therapy of
HLH. Various measures had been tried, such as splenectomy, exchange transfu-
sions, corticosteroids, and cytotoxic drugs, but the prognosis of pHLH was dismal;
only four children with prolonged survival had been reported in the first review [8].
A promising agent seemed to be the epipodophyllotoxin derivate, etoposide (VP-
16), which produced longer remissions but could not prevent reactivations, includ-
ing CNS relapses [20]. The efficacy of VP-16 combined with steroids and CNS
directed therapy could be confirmed by other groups [7, 21]. Treatment with chemo-
therapy or immunotherapy, however, was only able to reverse disease activity for
some period but was not curative in familial cases. Thus, it was a big step forward
when the first patient receiving a hematopoietic stem cell transplant (HSCT) from
his HLA-identical sibling remained free of disease without therapy [22].

There was another promising approach from a single institution with anti-
thymocyte globulin (ATG), corticosteroids, and cyclosporin A [23] which, however,
was not considered for the large international study due to less general experience
with ATG and inferior availability.
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HLH-94 Study

Between July 1994 and December 2003, study HLH-1994 recruited 249 patients
fulfilling inclusion criteria from 25 countries. The protocol included an initial inten-
sive therapy with dexamethasone and etoposide for 8 weeks. Dexamethasone was
chosen due to its better penetration into the cerebrospinal fluid (CSF). Intrathecal
methotrexate therapy was recommended for patients with progressive neurological
symptoms and/or persisting CSF abnormalities. For patients with familial, persis-
tent, or relapsing disease, continuation therapy, with cyclosporin A and periodic
etoposide and dexamethasone pulses until HSCT, was recommended. Interim
results were published in 2002 [24]. In the final report at 6.2-years median follow-
up, probability of survival was 54% [25]. This was a very gratifying result, although
at least about 20% of the patients must have had non familial disease, as evident
from reactivation-free survival in 49 children without HSCT. Death was due to poor
response to treatment within the first 8 weeks, reactivations before HSCT (median
time to HSCT 6.1 months), and complications after HSCT, mostly due to the toxic-
ity of myeloablative conditioning.

The second international study, HLH-2004, was based on the HLH-94 protocol
with only few changes: Cyclosporin A was added up front, and intrathecal therapy
was supplemented by corticosteroids. The revised diagnostic criteria also included
impaired natural killer cell activity, a hallmark of the disease, hyperferritinemia, and
increased levels of soluble interleukin-2 receptor alpha chain [26]. The results of
study HLH-2004 have recently been published, reporting a 62% 5-year probability
of survival [27].

Advances in Understanding HLH

Genetics

The description of the first genetic defect in pHLH [28] revolutionized our under-
standing of the pathogenesis of HLH. Previously, linkage analysis in a Pakistani
family had revealed a putative disease gene on chromosome 9 [29]; thus, pHLH due
to mutations in the Perforin (PRF1) gene was called FHL-2. Perforin, a component
of cytolytic granules in cytotoxic cells is critical for the access of proteolytic
enzymes to the target cell to initiate apoptotic death. Perforin is released into the
immunological synapse between effector and target cell by cytolytic granules which
traffic to the contact site, dock, and fuse with the plasma membrane. Notably, the
cytotoxic effector response not only targets infected cells but also antigen-presenting
cells (APCs). Elimination of APCs is an important negative feedback for the immune
response. The identification of perforin deficiency as cause of pHLH showed the
importance of this protein for controlling and terminating the immune response.
The failure to contract the immune response in patients with pHLH explains the
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persistently high cytokine levels which are responsible for the symptomatology.
Later, another critical role for perforin, which is immune surveillance, became evi-
dent from temperature-sensitive missense mutations where residual protein activity
was present. These mutations were associated with late-onset pHLH and the occur-
rence of lymphomas or leukemia [30].

Within the next 10 years, three additional genetic defects for pHLH were
described; all were found to also impair granule-dependent cytotoxic function. The
genes are UNCI13D (FHL-3) [31], Syntaxinl 1 (FHL-4) [32], and STXBP2 (FHL-5)
[33, 34]. In addition, mutations in Griscelli syndrome (RAB27A) and Chédiak—
Higashi syndrome (LYST) were found to also affect the cytolytic granule pathway of
cytotoxic cells, and present as pHLH. Another rare disorder of lysosomal traffick-
ing, Hermansky—Pudlak syndrome type 2 (HPS2), has only a low risk of developing
HLH. Additionally, X-linked lymphoproliferative (XLP) disease types 1 and 2 were
noted to have a high risk for developing HLH, particularly in the setting of EBV
infection. Despite the fact that the XLP mutations do not affect the cytolytic path-
way, they are now counted among the primary forms of HLH.

Disease onset and severity in primary forms of HLH are highly variable, depend-
ing on the gene involved and the type of mutation, determining complete or only
partial loss of protein structure and function. When age at onset was taken as a sur-
rogate marker for disease severity in patients with predicted severe protein impair-
ment, FHL-2 patients had the earliest onset followed by GS-2, FHL-4, and CHS
[35]. In FHL-5, patients with missense or splice-site mutations differ markedly in
age of onset and presence of diarrhea, an atypical newly described symptom [36].
There are still a small number of patients with absent degranulation, indicative for
biallelic mutations in the cytolytic pathway, but no mutation in the known genes.

Classical cases of pHLH are either autosomal recessive with biallelic mutations
(FHL2-5, GS, CHS, and HPS) or hemizygous as in XLP-1 and XLP-2. Digenic
inheritance with mutations within PRF/ and a degranulation gene or within two
genes of the degranulation pathway has also been described [37]. Reports on hetero-
zygous mutations in patients with HLH have appeared with increasing frequency.
They were found to have only reduced but not completely absent perforin expres-
sion or degranulation [38]. This suggests that these patients either have other
unknown genetic factors outside the cytolytic pathway or environmental factors
contributing to the development of HLH. It has to be emphasized that parents or
heterozygous siblings of patients with pHLH typically do not show signs of
HLH. Heterozygous carriers are accepted as donors for HSCT.

Mouse Models

Mouse models, created for pHLH and sHLH, have largely contributed to our under-
standing of how the genetic defects could be responsible for the aberrant immune
response in HLH. Studies in perforin-deficient mice, infected with LCMYV, have
shown that activated CD8 T cells and interferon-y (IFNYy) production play a central
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role in the pathogenesis of HLH. HLH could be prevented by neutralization of IFNy
[39]. This was confirmed also for Rab27a deficient mice [40]. In the PRF1 defi-
ciency mouse model, the therapeutic effect of etoposide involved deletion of acti-
vated T cells [41]. Polyclonal T cells are activated in both pHLH and sHLH [42],
and INFy is increased [16, 17]. However, the pathogenesis of HLH does not always
involve T cells; patients with severe combined immunodeficiency and T cells <1000/
pL can develop HLH, as well [43]. Activation of T cells as a prerequisite for HLH
was also not required in a mouse model with a normal genetic background where
repeated toll-like receptor 9 stimulation produced an HLH-like picture [44]. Innate
immune stimulation may be an important pathway to develop HLH in patients with-
out a cytotoxic defect.

A recent study in mouse and human cytotoxic cells demonstrated that failed tar-
get cell killing, leading to a prolonged synapse time, greatly amplifies cytokine
secretion by NK cells and cytotoxic lymphocytes. Of note, blocking caspase in the
target cell, important for the extrinsic pathway of apoptosis, phenocopied perforin
deficiency regarding prolonged synapse time. This could be an explanation for
sHLH in viral infections and malignancies since virus-infected or transformed cells
often have defects in their apoptotic machinery [45].

The clinical and laboratory symptoms of HLH can all be explained by hypercy-
tokinemia and organ infiltration by activated lymphocytes and histiocytes [46].
Macrophages secrete plasminogen, which is cleaved into plasmin, mediating fibri-
nolysis. A recent investigation in a murine model showed plasmin to be also an
important regulator for the influx of inflammatory cells and the production of
inflammatory cytokines leading to HLH [47].

Advances in HLH in Adults

Although the first cases of HLH had been described in adults [2], it took a long time
until HLH received adequate interest in internal medicine. HLH was commonly
regarded as are rare pediatric syndrome, and HLH patients outside of pediatric cen-
ters have been at high risk of not being diagnosed. Only recently, case reports and
larger case series [48] of HLH in adults have been published with greater frequency.
The recognition that mutations in HLH-relevant genes are also found in adults in a
substantial number of patients [49] has further increased interest. Nevertheless, in
most countries, a network of experts, as is present in pediatrics, is missing, although
there is even a registry in one country (www.hlh-registry.org). Thus, HLH in adults
is still very likely underdiagnosed.

The majority of HLH cases in adults are secondary to infections and malignan-
cies; a smaller number is due to autoimmune diseases [48]. The true incidence of
genetic cases is not known; mutations in these patients allow for residual protein
expression and hence partially preserved cytotoxic function. There are no separate
diagnostic criteria for HLH in adults. Usually the HLH-2004 criteria [26] or a
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recently developed score, the HScore [50], is used. Treatment of HLH in adults is
challenging since older patients have a diminished hematopoietic reserve and may
have comorbidities which limit treatment intensity. Lymphomas, often occult, have
to be ruled out vigorously before treatment. Recommendations for the management
of HLH in adults have been published [51].

Advances in Diagnostics

Diagnosis of HLH is based on a set of diagnostic and laboratory parameters; no
single parameter, including hemophagocytosis, is sufficiently specific for HLH.
pHLH and sHLH cannot be distinguished by these parameters, including NK cell
activity. Differentiation between genetic and secondary forms, however, is crucial
for early organization of a stem cell transplant. In 2012, a joint collaboration
between five European countries showed that degranulation assays, a measure
quantifying lytic granule exocytosis, were a reliable tool to identify patients with
mutations in the cytolytic pathway [52]. In combination with intracellular measure-
ment of perforin, SAP (XLP-1), and XIAP (XLP-2), also obtained by flow cytom-
etry, this approach can give guidance whether a genetic analysis should be performed
and a transplant should be prepared. A diagnostic algorithm how to proceed in
patients with HLH has been proposed [53]. Recently, perforin and degranulation
testing were shown to be superior to measurement of NK cell function for screening
patients for genetic HLH [54]. Unfortunately, these assays have been established in
larger HLH centers only and require rapid transport of material. Additionally,
repeated testing may be necessary with equivocal results. In the future, with increas-
ingly more rapid and less costly genetic testing, these functional assays may eventu-
ally be replaced by mutation analysis although functional testing will remain
important as our knowledge of the entire genetic landscape of HLH remains incom-
plete. Moreover, a blurring of the distinction between pHLH and sHLH has been
noted for patients with complete [55] or partial dominant-negative [56] heterozy-
gous mutations in known HLH-associated genes.

Developments in Therapy

Stem Cell Transplantation

Like in other immunodeficiencies, HSCT is the only curative treatment for pHLH. In
the absence of a suitable related or unrelated donor, haploidentical transplantation
or cord blood HSCT constitute alternatives [57]. Post-transplant mortality after
myeloablative conditioning (MAC) was high with a survival probability of only
49-64% in larger studies [58]. Liver (mainly veno-occlusive disease) and lung
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problems were leading causes of death. It was important to learn that sustained
remissions could be achieved in all patients with a donor chimerism >20% [59]. In
line with this, in the PRF I mouse model either a mixed hematopoietic or CD8 T cell
chimerism of ~10-20% was sufficient for reestablishment of immune regulation
[60]. The introduction of reduced-intensity conditioning was a big step forward;
more than 80% of patients with pHLH can now be expected to survive HSCT [58,
61]. An increased incidence of mixed chimerism can be seen after RIC condition-
ing. In a large retrospective study from 23 bone marrow transplant centers, the pro-
tective effect of >20% donor cells against late reactivations could be confirmed.
Interestingly, there were five patients living reactivation-free for 1.1-10 years
(median 5.1) with <10% donor cells [62].

Whereas in XLP-2, HSCT should be reserved for patients with severe disease,
there is a general indication for HSCT in patients with XLP-1, even before first
exposure to EBV [57]. These patients not only have life-threatening EB V-associated
HLH but also progressive hypogammaglobulinemia, and the risk of developing
lymphomas.

Although HSCT should be reserved for patients with pHLH, there are some
patients with EBV-associated HLH who may need a transplant. In a survey from
Japan, fourteen pediatric patients with sHLH due to EBV were collected who failed
HLH-2004 therapy and underwent HSCT [63]. Since such transplants were also
successful with autologous stem cells, cells from an identical twin, and with graft
failure, resetting of the adaptive immune response was suggested as mechanism for
success, rather than replacement of a genetically defective immune system [63].

New Therapies

Etoposide-based treatment can currently be regarded as the standard of care for
HLH. Two studies conducted in North America and Europe evaluated the combina-
tion of ATG, dexamethasone, and etoposide. The studies have been closed; results
are not published yet. A French study is currently evaluating the role of the mono-
clonal anti-CD52-antibody alemtuzumab as first line treatment. Another promising
approach is therapy with an anti-IFNy antibody, which is currently tested in a phase
[I/III study. Recently, two groups used several mouse models to show that ruxoli-
tinib, a Janus kinase inhibitor was not only successful in preventing [64] but also in
treating manifest HLH [65]. As yet there are only two case reports in humans [66,
67]. A review on salvage therapy of HLH identified alemtuzumab as the only drug
with data in a larger number of patients. A partial response was achieved in 14 of 22
patients [68]. Plasma exchange, a very old method, has received renewed interest
[69]. It may still be of value, especially when therapy with etoposide is not possible
due to renal failure. An interesting approach is cytokine absorption which has been
successfully applied in some adult patients with HLH [70]. Specific targeting of
pro-inflammatory cytokines, including IL-1, IL-6, and tumor necrosis factor is also
being explored as therapy for CSS [71, 72].
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Open Questions And Outlook

Our knowledge of HLH has increased rapidly within the last 20 years. However, our
understanding is still incomplete, and many questions remain. Just to name a few:
What other genes in the degranulation pathway are involved? What activates the T
cells in children with pHLH where no readily identifiable infectious organism is
found? What are the pathogenetic mechanisms of sHLH? Why do some genetic
defects have a higher likelihood of CNS-HLH? Is there a place for drugs with good
penetration into brain tissue such as thiotepa in refractory CNS disease? Why do
some patients respond so poorly to frontline chemoimmunotherapy? Can efficacy
and toxicity of frontline therapy be improved with the newer drugs? What compen-
satory mechanisms prevent recurring HLH in some patients with graft failure?
Which patients in the ICU with severe hyperinflammation, fulfilling HLH criteria,
could profit from immunosuppressive therapy?

HLH is no longer a disease of marginal existence but is increasingly being rec-
ognized as an important and dangerous syndrome. New drugs as supplement or
substitution in initial therapy will hopefully improve response rates and long-term
results. Gene therapy is presently being explored in animal models of HLH but will
take time until introduction into the human setting.
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