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1 5 Histiocytic disorders

Amir H. Shahlaee and Robert J. Arceci

Introduction

The histiocytoses are a diverse group of hematologic dis-
orders defined by the pathologic infiltration of normal tissues
by cells of the mononuclear phagocyte system (MPS). The
heterogeneity of this family of disorders, a direct result of the
biologic variability of the cells of the MPS and the tissues they
inhabit, makes the study of these diseases one of the most
intriguing yet complex areas of modern hematology.

Advances in basic hematology and immunology over the
last two decades have significantly enhanced our under-
standing of the histiocytic disorders. It is now accepted that
the pathogenic cells central to the development of the histio-
cytoses arise from a common hematopoietic progenitor. More
specifically, the ability to molecularly identify the hemato-
poietic cells has enabled us to classify the histiocytoses based
on the cellular basis of the disease and to define the natural
history of these disorders.!? These pathologic cells phenotypic-
ally resemble immature mononuclear phagocytes at specific
stages of differentiation.”

The Histiocyte Society, formed in 1985, has served as a
forum for enhanced collaboration between international
histiocytosis experts. Since its inception, the Histiocyte
Society has used the cellular based classification of the histio-
cytoses as a guideline for therapeutic studies, which have in
turn significantly advanced our ability to care for patients,
improve their outcomes and advance the scientific under-
standing of the histiocytoses. In this chapter we use the cellu-
lar classification of histiocytic disorders, as adopted by the
Histiocyte Society, to present each subgroup of this family of
disorders, describe their natural history and present current
therapeutic approaches and outcomes.

Histiocytes and normal immune function

The MPS is a system of cells whose primary function consists
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of phagocytosis of foreign material, antigen processing, and
antigen presentation to lymphocytes. This system, recog-
nized in part through the work of Metchnikoff, was originally
termed the reticuloendothelial system by Ludwig Aschoff
in the early part of the twentieth century.>* The central cell
of this system, the mononuclear phagocyte or histiocyte,
represents a group of anatomically and functionally distinct
cells arising from a common precursor, the hematopoietic
stem cell.

Cells of the MPS have a wide range of morphologic, anatomic
and functional characteristics that make classification of this
system difficult. Our ability to identify and classify the cells
of the MPS has advanced in parallel with developments in
basic hematology and immunology. As our knowledge of the
molecular biology regulating hematopoiesis has improved,
we have been able to identify specific characteristics that
have enabled us to classify the cells of the MPS. Mononuclear
phagocytes can be divided into two major classes, macro-
phages and dendritic cells. This classification is based on
(i) phagocytic and antigen-presenting abilities, (ii) morphologic
and ultrastructural appearance, (iii) expression of common
enzymes, (iv) presence of common cell surface antigens,
and (v) common regulatory cytokine and transcription factor
networks.

Tissue macrophages are derived from bone marrow
hematopoietic precursors and can arise directly from circu-
lating peripheral blood monocytes. These cells enter different
tissues and assume tissue-appropriate morphology based on
the local cytokine milieu. Once established in various tissues,
macrophages typically do not have the ability to self-renew
extensively except possibly under specialized microenviron-
ments such as in the lungs and pituitary. Tissue inflammation
increases the influx of monocytes, which in turn give rise to
macrophages with an immunologically activated phenotype.
Inflammatory stimuli can also further enhance the local rep-
lication of macrophages in cases of tissue injury.>® Regardless
of location, macrophage growth and differentiation is a tightly
controlled process regulated by specific growth factors.
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Interleukin (IL)-3, IL-4, IL-13, granulocyte-macrophage
colony-stimulating factor (GM-CSF) and macrophage colony-
stimulating factor (M-CSF) are all stimulatory cytokines
with a major role in macrophage development and differenti-
ation.® M-CSF activity is especially essential for appropriate
macrophage growth and differentiation. The M-CSF recep-
tor, a product of the c-fms protooncogene, is expressed by
most members of the MPS. When bound by M-CSF this
receptor dimerizes, leading to the activation of its kinase
domain and initiation of downstream signaling pathways.
The signaling cascade initiated by the binding of M-CSF to its
receptor is essential for the proliferation of progenitor cells of
the monocyte-macrophage lineage, differentiation and their
long-term survival. Information regarding the role of M-CSF
primarily arises from studies of op/op knockout mice, which
are deficient in the M-CSF receptor.” Despite their severe
monocyte-macrophage deficiencies, op/op mice maintain
normal levels of dendritic cells in their spleens and skin, thus
demonstrating an alternative and M-CSF-independent path-
way for their development.®® The GM-CSF receptor, also
present on most members of the MPS, plays a critical role in
normal cellular homeostasis, differentiation and function.?
There is also a positive survival effect of stem cell factor (the
ligand for the c-KIT receptor) and FLT3 ligand and its cognate
receptor FLT3, as well as inhibitory roles for interferon (IFN)-
o/f, transforming growth factor (TGF)-B and leukocyte
inhibitory factor as critical determinants in macrophage
development.® The phenotypic and functional heterogeneity
of macrophages as a group is attributed to the tissue-specific
effects of cytokine stimulation on the multipotent monocyte.
Pathologic changes in this cytokine milieu play important
roles in the pathogenesis of the histiocytoses. %14

Macrophages are ubiquitously distributed in the body
and are heavily represented in mucosal tissues and other
potential portals of entry for microorganisms, where they
function in both innate and adaptive immunity. They have
the capacity to phagocytose foreign organisms and release in-
flammatory cytokines that in turn recruit other inflammation-
associated cell types. Macrophages also maintain the ability
to process and present antigenic portions of foreign organ-
isms to T lymphocytes, although not as effectively as den-
dritic cells. Tissue macrophages have significant functional
variability depending on their location within the body.
Peritoneal and soft tissue macrophages, Kupffer cells, foam
cells, synovial cells, osteoclasts and microglial cells are all
members of this class of cells and contribute to tissue
growth, repair and remodeling. A distinguishing feature
of macrophages is expression of the enzymes lysozyme,
o,-antitrypsin, o,,-antichymotrypsin, aminopeptidase, perox-
idase, alkaline phosphatase, o-naphthol-chloroacetate esterase
and B-glucuronidase.

The second class of mononuclear phagocytes, the dendritic
cells, was first described by Steinman and Cohn in 1973. These
cells were named because of their unique membranous, and
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often branch-like, cytoplasmic aberrations (from the Greek
word for tree, 8evdpeov).”® Dendritic cells are primarily
located in skin, mucosa, bone marrow, spleen, thymus and
lymph nodes. This group of cells also includes dendritic cells
of the lymphoid follicle, the interdigitating dendritic cells of
the paracortical regions of lymph nodes, and Langerhans
cells of the skin and other organs. Langerhans cells, originally
identified by Paul Langerhans in the late 1800s, are mono-
nuclear cells with little cytoplasmic vacuolization and a folded
or indented nucleus. Electron microscopic observation of
Langerhans cells reveals the presence of Birbeck granules, a
distinguishing characteristic of these cells. Birbeck granules,
or X bodies, are rod-shaped, pentalaminar, cytoplasmic
inclusions, typically ending in a vesicular structure that arise
as a result of receptor-mediated endocytosis and are involved
in antigen processing.!®

In contrast to macrophages, dendritic cells are less
phagocytic but play a central role in initiating primary T-
lymphocyte antigen responses. The hallmark of dendritic
cells is their conversion from immature, peripherally located
sentinels capable of antigen capture and processing to
mature immunostimulatory cells, a process called maturation.
This specific characteristic of dendritic cells, in combina-
tion with their ability to migrate, provides a physical and
functional link between peripheral tissues and secondary
lymphoid organs where lymphocyte maturation takes
place.”” Langerhans cells and the interdigitating dendritic
cells present antigens to stimulate primary T-lymphocyte
responses. It is well established that the precursor to most
dendritic cells is bone marrow derived but the biologic
significance of this differentiation schema is still not com-
pletely defined as a significant amount of the data has
been derived from in vitro studies.!® Other distinguishing
characteristics of mature dendritic cells include (i) high
expression levels of class Il major histocompatibility complex
(MHC) antigens and costimulatory receptors, making them
potent at antigen presentation, (ii) adenosine triphosphatase
and a-mannosidase expression and (iii) distinct paranuclear
and cell surface-staining pattern with peanut agglutinin that
contrasts with the diffuse staining pattern demonstrated by
macrophages.'®18

The development of methods to generate monoclonal
antibodies in the 1970s and 1980s significantly enhanced our
knowledge of the MPS. The F4/80 antibody, a murine pan-
macrophage antibody, was one of the first well-recognized
markers of the MPS. This antibody recognizes members of a
gene family that includes the human epidermal growth factor
(EGF) module-containing mucin-like hormone receptor 1 and
CD97. The presence of this antigen on the surface of tissue
macrophages and dendritic cells helped confirm the exist-
ence of a common origin for the diverse lineages that com-
prises the MPS. Other markers such as S-100p subunit, CD1a
and Langerin, are found on Langerhans cells but are usually
absent on macrophages are used clinically to distinguish
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Fig. 15.1 Possible lineage relationships of hematopoietic cells and cells of the mononuclear phagocyte system along with the histiocytic disorders that
arise from them. GM-CSF, granulocyte-macrophage colony-stimulating factor; M-CSF, macrophage colony-stimulating factor; SCF, stem cell factor;
TGF, transforming growth factor; TNF, tumor necrosis factor. Adapted with permission from Ref. 3.

between the cells of the MPS. Conversely, monocytes and
macrophages express nonspecific carcinoembryonic cross-
reacting antigen, CD4 antigen, nonspecific esterase and the
cell surface marker CD11lc (Leu-M5). Both types of cells
express class I MHC molecules and T-lymphocyte costimu-
latory receptors. These markers, in particular 5100, CD1a and
Langerin are utilized clinically to distinguish between the
different histiocytic syndromes. Figure 15.1 denotes the lin-
eage relationships thought to define the differentiation of
cells of the MPS and the developmental stages from which
various histiocytic disorders are believed to arise.

The development and differentiation of the cells of the
MPS, much like other hematopoietic lineages, is driven by
a tightly regulated pattern of gene expression governed by
distinctive sets of transcription factors that control cell pro-
liferation and differentiation. The main transcription factor
families implicated in the development of this system include
the myb family, the Efs family and the C/EBP family. PU.1,
a member of the Ets family, plays a central role in
monocyte-macrophage lineage as demonstrated by PU.1
knockout mice which lack functional monocytes and tissue

342

macrophages and display significant dendritic cell abnorm-
alities.!”?! This has become clearer recently as it has been
shown that PU.1 regulates the expression of c-fms, the gene
coding for the M-CSF receptor, in addition to other critical
genes such as FcyRI, FcyRIIIA, scavenger receptors type 1 and
2,CD11b, CD18 and CD14.2!

In summary, the MPS represents a continuum of function-
ally distinct cell types that arise from common bone marrow
progenitors and differentiate along specific lineage pathways
based on environmental stimuli and intrinsically regulated
gene expression patterns. The result is the generation of a
diverse group of cell types with distinct but often over-
lapping biologic functions. Understanding this biologic
heterogeneity is an important key to more accurate diagnosis
and treatment of the histiocytic disorders.

Modern classification of histiocytic
disorders

As proposed in 1987,! the histiocytic disorders can be
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classified into three classes based on the pathologic cells
present within the lesions.

* Class I: Langerhans cell histiocytoses and other dendritic
cell disorders.

* Class II: non-Langerhans cell histiocytoses primarily con-
sisting of hemophagocytic lymphohistiocytosis.

* (Class III: malignant histiocytosis.

This system was revised in 1997 by the World Health
Organization’s Committee on Histiocytic/Reticulum Cell
Proliferations and the Reclassification Working Group of the
Histiocyte Society. The central theme of this reclassification
schema consisted of distinguishing the clearly malignant
histiocytoses from the remaining subtypes, the so-called “dis-
orders of varied biological behavior”. Acute myelomonocytic
leukemia (FAB M4), acute monocytic leukemia (FAB M5),
chronic myelomonocytic leukemia and the histiocytic sarco-
mas are all classified in the malignant histiocytoses category.
The disorders of varied biological behavior continued to be
divided into dendritic cell-related disorders (class I) and
macrophage-related disorders (class II). The dendritic cell-
related disorders include Langerhans cell histiocytosis, the
most common type in this class, in addition to other less
common subtypes. Primary and secondary hemophagocytic
lymphohistiocytosis, in addition to sinus histiocytosis with
massive lymphadenopathy (also known as Rosai-Dorfman
disease), are the two major types of macrophage-related his-
tiocytosis discussed in this chapter. This classification schema
is summarized in Table 15.1.2 The remainder of this chapter
focuses on the pathophysiology, clinical presentation, treat-
ment and outcomes of the principal histiocytoses.

Disorders of varied biological behavior:
dendritic cell-related (class I) histiocytoses

Langerhans cell histiocytosis

Biology

Langerhans cell histiocytosis (LCH) is the most common
member of the dendritic cell-related histiocytic disorders.
LCH includes the previously identified disorders known
as eosinophilic granuloma, Abt-Letterer-Siwe disease and
Hand-Schiiller-Christian disease. The pathologic similarity
of these disorders was first noted by Sidney Farber in 1941
and by the 1950s, as a result of the work of Lichtenstein, these
disorders were collectively referred to as histiocytosis X.1°
The persistent use of this historical terminology in modern
medical vernacular is indicative of its significance and utility
for cataloging patient symptomatology. Regardless of the
historical eponyms, the pathologic hallmark of all subtypes
of LCH is the abnormal proliferation and accumulation
of immature Langerhans cells along with macrophages,
lymphocytes and eosinophils that together form granuloma-
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Table 15.1 Classification of histiocytic disorders.

Class I: dendfritic cell histiocytoses

Langerhans cell histiocytosis

Secondary dendritic cell processes

Juvenile xanthogranuloma and related disorders
Erdheim-Chester disease

Solitary histiocytomas of various dendritic cell phenotypes

Class Il: nondendritic cell histiocytoses
Primary hemophagocytic lymphohistiocytosis
Familial hemophagocytic lymphohistiocytosis
Secondary hemophagocytic lymphohistiocytosis
Infection associated
Malignancy associated
Rosai-Dorfman disease (sinus histiocytosis with massive lymphadenopathy)
Solitary histiocytoma with macrophage phenotype

Class Ill: malignant histiocytoses
Monocyte related
Leukemias (FAB and revised FAB classification)
Monocytic leukemia M5A and M5B
Acute myelomonocytic leukemias M4
Chronic myelomonocytic leukemias
Extramedullary monocytic tumor or sarcoma
Dendritic cell-related histiocytic sarcoma
Macrophage-related histiocytic sarcoma

FAB, French—-American—British.

tous lesions. Although the biologic role of LCH cells in the
pathogenesis of LCH remains unclear, it is now generally
accepted that the close physical interaction between these
cells and other cell types present in these lesions is associated
with an abnormal cytokine and chemokine microenviron-
ment that underlies the pathogenesis of LCH.

In 1973 Nezelof et al.?*> provided definitive evidence for
the phenotypic similarity of normal Langerhans cells and
LCH cells, including a description of the presence of Birbeck
granules in both cell types. However, LCH cells, in contrast to
normal Langerhans cells, typically lack dendritic cell exten-
sions and have a rounded appearance with distinct cellular
margins. These cells express CD1a, 5100 and Langerin (CD207)
but not the typical markers of more mature dendritic cells
such as CD83, CD86 and DC-Lamp (Fig. 15.2). In addition,
these cells express CD40 and intracellular MHC class II pro-
teins but are inefficient antigen-presenting cells. When LCH
cells are exposed in vitro to CD40L they acquire markers of
dendritic cell maturation.?® LCH cells also express CCR6, the
receptor for the proinflammatory chemokine CCL20/MIP3c,
a characteristic of immature dendritic cells. Furthermore,
these cells have been shown to also secrete CCL20/
MIP3o, CCL5/RANTES and CXCL11/I-TAC, all of which
are believed to function in recruiting additional LCH
cells, eosinophils and T cells to LCH lesions.!? Of note, the
co-expression of CCR6 and CCR7 on LCH cells has also
been reported. This may be suggestive of the pathological
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maturational arrest of these cells.'* Immunohistochemical
and in situ hybridization data also demonstrate abnormal
release of specific cytokines, such as GM-CSF, IL-10, TGF-
o./B, IFN-y and tumor necrosis factor (TNF)-o, by lesional
cells in LCH.'3?+25 The cytokine abnormalities noted in LCH
lesions are hypothesized to magnify the local autocrine and
paracrine effects of these cells, resulting in a focal “cytokine
storm”. These cytokines also cause local tissue damage and
contribute to the systemic symptoms such as fever, skin
rashes and hypotension.'®?* Unlike hemophagocytic lym-
phohistiocytosis, there is no clear-cut evidence for systemic
cytokine overproduction in most cases of LCH.

Despite our improved understanding of the molecular
events involved in the pathophysiology of LCH, its etiology
remains undetermined. Infectious, inflammatory and neo-
plastic mechanisms have all been postulated to play an
etiologic role in LCH, but the relative contribution of each
process to the development of the disease remains controver-
sial.10111626-28 The human androgen receptor DNA assay and
analyses of T-cell receptor gene rearrangements for detecting
clonality have demonstrated the clonal nature of LCH cells
but not lymphocytes in lesions, a finding consistent with a
neoplastic origin for LCH.?>® This is further supported
by analyses of LCH lesions using comparative genomic
hybridization and loss of heterozygosity, which reveal mul-
tiple chromosomal abnormalities.>3? Clinical evidence of
familial cases, in addition to the increased risk of malignancy
seen in patients with histiocytosis, further supports a neo-
plastic origin for some forms of LCH.%34

However, this conclusion is tempered by several lines
of evidence suggesting an inflammatory contribution to the
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Fig. 15.2 Langerhans cell histiocytosis.
Histology and immunohistochemical staining

of a bone lesion (eosinophilic granuloma)
characterized by (a, b) sheets of large pale
Langerhans cells, many of which have prominent
nuclear indentations or grooves, interspersed
with large numbers of bilobed eosinophils
(hematoxylin and eosin staining) (original
magnification: a, x200; b x400). Langerhans cells
strongly express CD1a (c, original magnification
x400) and S100 protein (d, original magnification
x400). Photographs courtesy of Dr John Reith,
Department of Pathology, University of Florida
School of Medicine, Gainesville, FL, USA.

etiology of LCH. In vitro studies have demonstrated an inabil-
ity to grow LCH cells in culture or in immunodeficient mice,
characteristics typically observed with aggressive malignan-
cies. Studies of isolated pulmonary LCH show no consistent
or uniform evidence of clonality. Immunohistochemical evid-
ence for human herpesvirus-6 in bone lesions, in addition to
differences in HLA types among patients with single-system
versus multisystem LCH, might be considered suggestive of
a potential inflammatory etiology for LCH, although these
data remain controversial due to methodologic issues and
inconsistencies.?2%>% Implications of the variable expression
pattern of MDM2, p53 and p21 and the strong expression of
TGF-B seen in LCH remain unclear.!’?” Based on this data,
most experts now agree that LCH is the result of complex inter-
actions between environmental factors and intrinsic genetic
changes leading to a clonal proliferative disorder of immature
Langerhans cells with variable clinical behavior.!%11/1626-28,38,39
Although the pathologic findings may not be clearly different
among cases of LCH, the clinical variability strongly suggests
different biology and thus a possible continuum from the
least to the most aggressive forms of the disease.

Incidence and epidemiology

LCH has been historically considered a disease of young
children, with a peak occurrence between the ages of 1 and
3 years. A Danish study estimated the incidence of LCH in
children less than 15 years old to be 0.54 per 100 000 children
per year. However, this is considered to be an underestima-
tion as a proportion of children are believed to go undia-
gnosed. A Swedish study has estimated an incidence of
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around 0.9 per 100 000.4%4! LCH also shows a predilection for
males, with a female to male ratio of 1:1.2-2.1.164! It is also
now well recognized that the incidence of LCH in adulthood
is likely to be underestimated. This has been attributed to the
multiple subspecialties involved in the care of patients with
this disease depending on the involved organ system in addi-
tion to incorrect diagnoses.*! This problem is now being
addressed by the Histiocyte Society as more emphasis is
being placed on studies of adult subjects, including the most
recent adult therapeutic study, LCH A-1.

A case—control epidemiologic study has suggested associ-
ations between the diagnosis of LCH and maternal urinary
tract infections as well as feeding problems, medication use
and blood transfusions during the first 6 months of life.*> A
subsequent study has demonstrated a significant odds ratio
for postnatal infections, diarrhea and vomiting, as well as
medication use in multisystem LCH, while single-system
LCH was associated with thyroid disease or a family history
of thyroid disease.*® The results of these studies are for
the most part inconclusive with regard to any etiologic
associations. However, it has to be pointed out that none of
the studies performed has noted a geographical or seasonal
clustering of cases of LCH, making a common infectious
etiology unlikely.

Clinical presentation and therapy

LCH represents a wide variety of different clinical entities
recognized to be pathologically the same. LCH is clinically
subclassified by the degree and location of organ involve-
ment: localized single-system disease, multifocal single-
system disease and multisystem disease. The location of
involvement has been shown to be of prognostic importance,
with bone marrow, pulmonary, spleen and liver involvement
denoted as “risk organs” while involvement of cranial bones
or spine with extradural soft tissue extension is considered to
be “central nervous system (CNS) risk”.#45 This clinical
classification schema currently serves as the basis for risk
stratification of LCH treatment protocols.

At the time of diagnosis, a complete work-up should be
performed to establish the full extent of disease and delineate
risk-based therapy (Table 15.2). The work-up should include

o

Histiocytic disorders

detailed history and physical examination, complete blood
count and differential, metabolic panel including liver and
renal function tests, bone scan, skeletal survey and chest
radiograph. Urine analysis should also be performed to
assess for diabetes insipidus and possible hypothalamic—
pituitary involvement. Additional studies such as water
deprivation test, antidiuretic hormone levels or other end-
ocrinologic examinations evaluating hypothalamic—pituitary
function may be necessary depending on a patient’s clinical
presentation. Magnetic resonance imaging (MRI) of the brain
with gadolinium contrast is becoming a more common part
of the staging work-up of “CNS-risk” patients because of the
recognition of significant CNS involvement. Bone marrow
studies, computed tomography (CT) of the chest and pul-
monary function tests should also be performed as clinically
indicated to evaluate risk-organ involvement. The role of
positron emission tomography remains undefined, but is a
potentially promising imaging approach.®

Localized LCH involving skin, lymph node or skeleton
usually carries a good prognosis. Lesions of bone, a condition
often referred to as eosinophilic granuloma, usually present
as a painful swelling. These lesions appear radiographically
as “punched-out” sites and most commonly affect the cal-
varium (Fig. 15.3), although they can involve any part of the
skeleton. Vertebra plana, or a collapsed vertebra, is a com-
mon presentation of this disease process (Fig. 15.4). Single
bone lesions rarely need therapy beyond biopsy or curettage,
except in the case of severe symptoms or danger of organ
dysfunction, such as spinal cord compression or loss of
vision. Treatment options for these patients with nonemer-
gency single bone lesions that recur or remain clinically prob-
lematic after surgery include nonsteroidal antiinflammatory
agents or local steroid injections and, rarely, local low-dose
radiation therapy (40-80 cGy). Full surgical resection (i.e.,
performing a “cancer operation”) of these single bone lesions,
especially when other vital structures could be compromised
as a result of such an operation, is not typically necessary.

Skin disease typically involves the scalp, retroauricular
area, neck, upper chest, axilla and groin. This rash can vary
from maculopapular to more eruptive and even nodular in
appearance (Fig. 15.5). In some patients, the rash can be quite
erosive and a risk factor for serious superinfection. Therapy

Table 15.2 Risk groups as defined by the LCH-IIl protocol (adapted from the Histiocyte Society LCH-III study).

Group 1: multisystem “risk ” patients

Multisystem patients with involvement of one or more “risk” organs (i.e., hematopoietic system, liver, spleen or lungs)

Group 2: multisystem “low-risk” patients

Multisystem patients with multiple organs involved but without involvement of “risk” organs

Group 3: single-system “multifocal bone disease” and localized “special site” involvement

Patients with multifocal bone disease (i.e., lesions in two or more different bones)

Patients with localized special site involvement, such as “CNS-risk” lesions with intracranial soft tissue extension or vertebral lesions with intraspinal soft

tissue extension
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Fig. 15.3 Radiograph of skull of a patient with Langerhans cell
histiocytosis showing multiple lytic lesions (white arrows).

for isolated skin disease typically involves topical steroids or,
in some steroid-refractory cases, topical nitrogen mustard,
PUVA or short-wave ultraviolet light without psoralen.
Systemic steroids and vinblastine are reserved for extensive
single-system disease, including skin involvement, usually
with good outcomes.?®

In contrast to localized LCH, systemic therapy is indicated
in patients with multisystem LCH. The most common pre-
sentation of multifocal LCH includes diffuse skin and multi-
focal bone involvement. The oral cavity, lymph nodes and, to
a lesser extent, the lungs, liver and brain are other common
sites of involvement in this disease. Oral cavity involvement
can lead to infiltrative lesions with ulceration as well as ero-
sion of the mandible or maxilla, leading to “floating” teeth.
Figure 15.6 demonstrates the characteristic CT findings
of lung involvement. Diabetes insipidus, with pituitary
involvement (Fig. 15.7), is the most common manifestation
of CNS involvement in LCH and is reported in 5-30% of
patients. The triad of lytic skull lesions, exophthalmos and
diabetes insipidus, historically referred to as Hand-Schiiller—
Christian disease, is not commonly observed at the time of
diagnosis, although the chronic waxing/waning course is
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Fig. 15.4 Magnetic resonance image depicting a vertebra plana secondary
to involvement of the vertebral body with Langerhans cell histiocytosis
(white arrow).

frequently seen in this group of patients. Risk factors for the
development of diabetes insipidus have been reported to
include the presence of multisystem disease and craniofacial
lesions, especially involving the orbit, ear and oral cavity.*” In
addition to acute CNS involvement, patients with LCH may
develop a severe neurodegenerative process involving loss of
motor functions and cognition. This syndrome characteristic-
ally involves the cerebellum, pons and midbrain, often in a
symmetric pattern (Fig. 15.8).#8%0 The clinical severity of
neurodegenerative-associated LCH can be independent of
radiographic findings or progression.*°! There are currently
no effective means of ameliorating the progression of this
process. Liver involvement is another complication of LCH
that portends a poor prognosis. Transaminitis and hyper-
bilirubinemia are the hallmarks of acute liver involvement
in LCH. Patients with hepatic LCH or with multisystem dis-
ease appear to have a higher risk of developing sclerosing
cholangitis that can, in turn, lead to hepatic fibrosis, liver
failure and the need for liver transplantation.
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Fig. 15.5 Various depictions of skin involvement with Langerhans cell histiocytosis. (a) The back of a teenager showing slightly raised lesions. (b) Papular
appearing lesion in an infant. (c) Inguinal involvement in an infant. (d) Perianal involvement in an infant. Reproduced with permission from Arceci RJ.
Histiocytosis. In: Young NS, Gerson SL, High KA (eds) Clinical Hematology. Mosby/Elsevier, 2006. (e) Axillary, lower abdomen and oral involvement in

an infant. Reproduced with permission from Ref. 39.

In addition to site of involvement, age has been thought
to be an important prognostic factor in LCH, with younger
patients having a significantly higher mortality rate. However,
more recent clinical trial data have shown that response
to initial (6—12 weeks) therapy with vinblastine and steroids
is the most powerful prognostic factor, outweighing even
age. Abt-Letterrer-Siwe disease is a historical eponym used
to describe systemic LCH characterized by extensive skin,
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bone marrow, spleen, liver and lung involvement; it is
usually observed in children less than 2 years old. Oral cavity
and gastrointestinal involvement are other commonly seen
manifestations of this severe form of LCH. Patients typically
suffer from intractable fevers, failure to thrive and, in later
phases of the disease, severe pancytopenia and hepatic fail-
ure leading to hemorrhage and sepsis. Abt-Letterrer-Siwe
disease carries a particularly poor prognosis in patients with
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Fig. 15.6 Involvement of the lung in
Langerhans cell histiocytosis. (a) Acute nodular
involvement; (b) cystic changes often associated
with chronic involvement. Photograph

(b) courtesy of Dr William Cumming, Department
of Radiology, University of Florida School of
Medicine, Gainesville, FL, USA.

Fig. 15.7 Magnetic resonance image of pituitary involvement in Langerhans cell histiocytosis: (a) sagittal view; (b) coronal view; (c) horizontal view.

advanced hematopoietic involvement who do not show a It is critical that pulmonary involvement as part of multi-
good response to initial therapy. Patients with Abt-Letterer— system disease be distinguished from isolated pulmonary
Siwe disease should undergo a full evaluation for congenital LCH (PLCH). PLCH is distinguishable from other forms of
and acquired immunodeficiency syndromes in addition to LCH by its almost exclusive occurrence in young adults and
infectious etiologies as part of their diagnostic work-up. close association with smoking. PLCH can cause severe inter-
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Fig. 15.8 Magnetic resonance image of
neurodegenerative disease in an adult patient
with Langerhans cell histiocytosis. (a) Symmetric
enhancing lesions involving the cerebellar
peduncles on a horizontal view; (b) enhancing
lesions involving the pons on a coronal view.

stitial lung disease, cor pulmonale and eventual respiratory
failure necessitating lung transplantation. The first line of
therapy for PLCH remains smoking cessation, followed in
some patients with steroids. The role of chemotherapy in
PLCH remains uncertain as prospective data are not avail-
able. The use of 2-chlorodeoxyadenosine (2-CDA) has shown
some promise in PLCH, although this therapy is reserved
for patients with refractory disease and has only shown
anecdotal success.’>>* The Histiocyte Society trial for adults
with LCH includes patients with PLCH.

Patients with multisystem LCH have been demonstr-
ated to benefit from systemic chemotherapy. The current
therapeutic regimens evolved from work originally per-
formed in the 1970s and 1980s. Several studies during that
time demonstrated that single-agent therapy with drugs
such as methotrexate, vincristine, vinblastine, etoposide, 6-
mercaptopurine and prednisone was effective treatment for
LCH. These trials were subsequently followed by the larger
studies (AIEOP-CNR-HX and DAL-HX 83/90), all of which
used regimens with multiple agents. These studies demon-
strated response rates of 60-90% using combinations of
vinblastine and/or etoposide plus prednisone. These studies
also demonstrated that patients with extensive disease and
organ dysfunction had significantly higher mortality and
recurrence rates. >0

The AIEOP-CNR-HX and DAL-HX-83/90 studies were
then followed by the first international, prospective, random-
ized study, LCH-I, which also represented the first inter-
national clinical trial of the Histiocyte Society. The results of
this study demonstrated that patients randomized to treatment
with etoposide plus steroids did not have a better outcome
than those randomized to receive vinblastine plus steroids. In
addition, this study revealed that response at 6 weeks was
strongly predictive of overall outcome. For example, patients
without a response to therapy after 6 weeks had a survival
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rate of less than 40% at 5 years. Another critical outcome
of this study was the confirmation of earlier work by Lahey
that patients older than 2 years of age and without pul-
monary, hepatosplenic or hematopoietic involvement had
an excellent prognosis, with a response rate of 90% and
survival of 100% at 6 years.”””® In comparison with the
AIEOP-CNR-HX and DAL-HX 83/90 trials, LCH-I showed a
higher recurrence rate and higher frequency of diabetes
insipidus. This raised the question of whether more aggress-
ive therapy in patients with high-risk disease would provide
a therapeutic advantage.”

The second Histiocyte Society protocol, LCH-II, attempted
to answer this question in a randomized fashion. The results
of this study are still under analysis although preliminary
evaluations led to the following conclusions:

1 response by 12 weeks of therapy is an important prognostic
factor;

2 etoposide plus vinblastine and steroids does not appear
to confer any benefit over therapy with vinblastine and
steroids;

3 prolonged therapy may decrease the reactivation rate of
LCH.

In light of the risk of therapy-associated acute myelogen-
ous leukemia/myelodysplastic syndrome in patients treated
with epipodophyllotoxins (i.e., etoposide/VP-16), this study
obviated the use of etoposide in LCH. This trial also con-
firmed that age less than 2 years without risk-organ involve-
ment is not an independent prognostic factor. The Histiocyte
Society protocol LCH-III is attempting to determine in a ran-
domized design whether (i) intensified induction therapy,
with the addition of intermediate-dose methotrexate fol-
lowed by inclusion of methotrexate in maintenance therapy,
improves remission induction rates and overall outcomes
and (ii) whether prolonging continuation therapy reduces the
rate of disease reactivation (see Fig. 15.9 for treatment
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Details of chemotherapy by symbols
¢ ¢ ¢ ¢¢ ¢ Vinblastine 6 mg/m? per week x 6 weeks
.. Prednisone 40 mg/m? per day x 4 weeks then taper over 2 weeks
‘ ‘ ‘ Methotrexate 500 mg/m? with leukovorin rescue on weeks 1, 3, 5

¢ ¢ ¢ ¢ ¢ ¢ Vinblastine 6 mg/m? per week x 6 weeks
DEEEEE  Prednisone 40 mg/m? per day x 3 days each week x 6 weeks
‘ ‘ ‘ Methotrexate 500 mg/m? with leukovorin rescue on weeks 1, 3, 5

¢ ¢ ¢ Vinblastine 6 mg/m? per week x 6 weeks
- - - Prednisone 40 mg/m? per day x 5 days each 3-week cycle
T 6-Mercaptopurine (6MP) 50 mg/m? per day for 12 months

ﬁ ﬂ ﬂ ﬂ ﬂ ﬁ Methotrexate (MTX) 500 mg/m? with leukovorin rescue on Fig. 15.9 Treatment arms for LCH-IIl protocol
weeks 1, 3, 5 sponsored by the Histiocyte Society.
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schema). Based on the results of the previous studies, etopo-
side is no longer recommended as initial therapy.

Despite past successes in the treatment of newly diagnosed
LCH, the treatment of refractory disease remains problem-
atic. Experience with immunosuppressive agents such as
cyclosporin and antithymocyte globulin are limited and
responses most commonly transient.®® However, there is
significant experience with the nucleoside analog 2-CDA,
alone or in combination with cytosine arabinoside.®-* 2-
CDA has been shown to produce a remission in more than
one-third of patients with refractory disease in an inter-
national phase II study. The response rate was even better
in patients with a good response to initial treatment./61/6364
2-CDA has also shown anecdotal efficacy in the treatment
of parenchymal CNS disease, although no agent has been
shown to be convincingly effective in halting the progression
of the neurodegenerative disease. Other approaches that
have been used to treat the neurodegenerative disease asso-
ciated with LCH include drugs that decrease inflammatory
responses such as thalidomide and TNF inhibitors such as
infliximab (Remicade) and etanercept (Enbrel).®>%” Alem-
tuzumab (Campath), an anti-CD52 antibody, may also have
promise in the treatment of LCH, especially in patients with
advanced disease, but should be tested in prospective clinical
trials because of its profound immunosuppressive effect.%
There are case reports of hematopoietic stem cell transplanta-
tion (HSCT) in patients with refractory LCH, but the role
of this therapeutic approach remains unclear in part due to
difficulty in identifying matched donors and the high mortal-
ity rate in patients with significant disease-related organ
dysfunction.®” A Histiocyte Society trial is currently testing
the use of a nonablative preparative regimen for HSCT.*

There remains a significant need for more effective agents
in the treatment of patients with organ involvement and dys-
function, including those with progressive CNS, hepatic and
pulmonary disease. Several new agents, including antibodies
to the CDla surface antigen as well as agents targeting
cytokine receptor signaling pathways, are currently in pre-
clinical/early clinical phases of development. It is anticipated
that the optimization of these agents and their incorporation
into routine clinical use will help increase our ability to more
effectively treat patients with refractory and progressive
disease.

Survivorship issues

Survivors of LCH can have significant late sequelae related to
their disease after achieving remission and long-term cure.
Late effects in survivors of LCH tend to be directly related
to sites of original disease involvement. In one study, 42%
of patients developed long-term complications, patients
with multisystem disease being at highest risk. Diabetes
insipidus developed in 15% of patients, CNS complications in
12% and pulmonary insufficiency in 10%.%' Others have
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noted neurocognitive problems such as intellectual impair-
ment, psychological problems and psychomotor retardation
in long-term survivors of LCH.#*?%70 The late CNS complica-
tions of LCH also include neurodegenerative changes that
can be highly disabling.*°%71-73 The neurodegenerative disease
is thought to be the result of a paraneoplastic process and
pathologically is characterized by an inflammatory infiltrate
dominated by CD8-positive reactive lymphocytes, microglial
activation and gliosis. This contrasts with the T-cell infiltra-
tion and severe neurodegeneration surrounding CD1a infil-
trates of CNS parenchyma.*® Sclerosing cholangitis and liver
failure necessitating liver transplant are also well recognized
late effects of systemic LCH. The role of chemotherapy in the
management of CNS and hepatic sequelae is limited as these
complications appear to be related to an aberrant immune
response and tissue fibrosis as opposed to active LCH.7+7
Patients with LCH also have an increased risk of malignancy,
which may be further increased when treated with etoposide
or radiation as part of their therapy.333+76

It is critical for patients with LCH, especially multisystem
disease, to be followed on a long-term basis at a center famil-
iar with the care of patients with LCH. Follow-up should
include imaging studies in addition to routine blood counts,
liver and thyroid function testing as well as urine and elec-
trolyte levels for assessment of diabetes insipidus. Formal
neurocognitive evaluations should be done in patients with
suspected or proven CNS involvement.

Non-Langerhans cell (class I) histiocytoses

Juvenile xanthogranulomatous disease and
related disorders

The non-Langerhans cell (class I) histiocytic disorders repres-
ent a spectrum of disease defined by the accumulation of
dendritic cells that do not meet the phenotypic criterion for
diagnosis of LCH. These histiocytes, like LCH cells, pheno-
typically resemble a stage in the normal development of
dendritic cells. It is believed that under growth factor stimu-
lation, a common progenitor can develop along two separate
differentiative pathways that can be phenotypically dis-
tinguished by the expression of CD14. The CD14-negative
lineage, under the influence of TNF-o. and GM-CSF, differen-
tiates into Langerhans cells while the CD14-positive lineage
can give rise to either cells of the monocyte-macrophage
lineage or to interstitial/dermal dendrocytes.”” Disorders
arising from the monocyte-macrophage lineage are categor-
ized as the class II or macrophage-related histiocytoses.
However, the non-Langerhans cell (class I) histiocytoses are
believed to arise from dermal dendritic cells. It is critical to
emphasize that disorders arising from the dermal dendrocyte
are now considered class I histiocytoses.

The non-Langerhans cell (class I) histiocytoses are histolog-
ically nonmalignant proliferative disorders that have variable
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clinical presentations. However, these disorders are all
defined by the similar pathologic finding of a histiocytic
proliferation that is CD1a and S100 negative but factor XIII,
CD31, CD68, CD163, fascin and CD14 positive (Fig. 15.10).
Clinical presentation of these disorders is variable and
appears to be age dependent. It has been hypothesized that
the clinical presentation of these disorders, much like LCH,
depends on the variable local cytokine milieu.”® Weitzman
and Jaffe’”” have suggested that the non-Langerhans cell (class
I) histiocytoses be divided into three major groups based on
their clinical presentation for ease of classification: (i) dis-
orders primarily affecting skin (cutaneous); (ii) cutaneous dis-
orders that have a systemic component; and (iii) multisystem
disorders that can also affect skin.

The juvenile xanthogranuloma (JXG) family of diseases
represents the most common disorder of this subtype.
Juvenile xanthogranulomatous disease is the prototypical
member of this family of disorders and the most common
form observed in pediatrics. The primary presentation of JXG
in children is cutaneous (Fig. 15.11), although approximately
4% of children may also have systemic involvement of the
CNS, liver, lungs and eyes.””® JXG lesions typically self-
involute, although systemic disease may sometimes neces-
sitate chemotherapy.”” Optimal therapy for patients with
systemic JXG who need therapeutic intervention remains
unclear, although LCH regimens have been most commonly
used with variable responses observed.””#152 Interestingly, a
triple association between JXG, juvenile myelomonocytic
leukemia and neurofibromatosis type I has been reported,
possibly genetically linking these conditions in some
patients.33-80
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Fig. 15.10 Histopathology and
immunochemical staining of juvenile
xanthogranulomatous disease. (a) Juvenile
xanthogranuloma characterized by oval, partially
lipidized histiocytes admixed with eosinophils
(hematoxylin and eosin staining) (original
magnification x200). Many juvenile
xanthogranulomas also contain Touton-type
multinucleated giant cells. Unlike Langerhans cell
histiocytosis, juvenile xanthogranulomas do not
express CD1a (b, original magnification x400)
but do express histiocyte antigens CD68 (c,
original magnification x400) and CD31 (d,
original magnification x400). Photographs
courtesy of Dr John Reith, Department of
Pathology, University of Florida School of
Medicine, Gainesville, FL, USA.

Fig. 15.11 Extensive cutaneous involvement of an infant with juvenile
xanthogranulomatous disease.

Erdheim—Chester disease is also a member of the class
I non-Langerhans cell histiocytoses and can often present as
a systemic disease. This disease is extremely rare in the
pediatric age group and patients are typically older than
50 years of age. Clinically, this disease presents with
xanthoma-like skin nodules and bilateral lower extremity
bone pain. Radiography shows symmetrical sclerosing bone
lesions typically affecting the metaphyseal ends of long
bones. Patients with disseminated disease may have severe
cardiopulmonary insufficiency from parenchymal involve-
ment of heart and lung tissues, renal insufficiency due to
perinephric involvement, and CNS involvement with ataxia,
diabetes insipidus and mental status changes.®”% This dis-
ease is frequently progressive and fatal. Limited success has
been reported when treating patients with Erdheim—-Chester
disease with standard LCH therapy, although anecdotal
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cases of response to low-dose IFN-o. are notable but in need of
prospective confirmation.”!

Disorders of varied biological behavior:
macrophage-related (class Il) histiocytoses

Hemophagocytic lymphohistiocytosis

Biology

Class II histiocytic disorders are all characterized by the
abnormal accumulation of activated macrophages along
with lymphocytes in tissues. The predominant member of
the class II histiocytoses is hemophagocytic lymphohistio-
cytosis (HLH), a disorder characterized by the abnormal
accumulation of T lymphocytes and macrophages in normal
tissues. HLH is further subdivided as follows:

1 primary HLH (familial erythrophagocytic lymphohistio-
cytosis), a heritable autosomal recessive disorder;

2 secondary HLH, a sporadic disease typically associated
with a preexisting inflammatory condition such as infection
(infection-associated hemophagocytic syndrome), malignancy
(malignancy-associated hemophagocytic syndrome) or im-
munosuppressive therapy (macrophage activation syndrome).
Primary and secondary HLH are clinically indistinguishable.
The presentation of these disorders is typically fulminant
and consists of fever, cytopenias, hepatosplenomegaly,
hyperbilirubinemia, hyperlipidemia, hypofibrinogenemia,
coagulopathy, hemophagocytosis and CNS abnormalities
such as seizures.”>! A family history of consanguinity and
age <2 years at time of onset are highly suggestive of primary /
inherited HLH. Positive genetic testing for genes known to
cause HLH establishes the diagnosis of the primary or inher-
ited form of the disease.

The immunologic defect underlying primary HLH is low
or absent natural killer (NK) cell and cytotoxic T-lymphocyte
function and number.”?%° This diminished cytotoxic function
is responsible for the pathologic expansion of cellular immune
responses and infiltration of tissues by inflammatory cells.
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This accumulation of activated macrophages and lympho-
cytes in tissues is perpetuated by the release of inflammatory
cytokines by both lymphocytes and antigen-presenting cells,
resulting in systemic hypercytokinemia which in turn con-
tributes to organ damage and the signs and symptoms of
HLH.%-%

Mutations in three genes have now been identified in
patients with primary HLH: PRFI (perforin),”” UNC13-D
(Munc13-4)!%° and STX11 (syntaxin 11).71%0 Perforin is
stored in cytotoxic granules of NK cells and cytotoxic T cells
and is released to the cell surface during the formation of an
immunologic synapse, where it functions to create pores in
the cytoplasmic membranes of target cells leading to cell
death. Munc13-4 and syntaxin 11 are both involved in the
stabilization and transport of cytotoxic granules in NKand T
cells. Normal NK-cell and T-cell function is crucial in the
clearance of infections, particularly viral infections through
lysis of infected cells.'"21% The association of PRF1, UNC13-D
and STX11 mutations with HLH and the observed NK-cell
defects in patients with HLH clearly point to the central role
of this pathway in the pathogenesis of HLH. Furthermore, in
vitro NK-cell enumeration and cytotoxicity data suggest
significant variability among patients with HLH that is
directly related to the nature of their genetic defect.!®

This pathophysiologic model for HLH is further supported
by the reports of HLH-like syndromes in patients with other
immunodeficiency diseases such as Chédiak-Higashi syn-
drome (LYST), Griscelli syndrome (RAB27A) and X-linked
lymphoproliferative syndrome (SH2D1A).1%-19 Mutations in
the perforin gene are thought to account for 20-58% of cases
of primary HLH (Table 15.3) [101, 110-112]. Interestingly, pati-
ents with HLH with missense mutations and higher levels of
perforin expression appear to have a delayed onset of symp-
toms relative to patients with no expression of perforin.!!!

Incidence and epidemiology

The incidence of primary HLH is estimated to be around 1
in 50 000-300 000 live births based on several retrospective
epidemiologic studies.!’>'* However, these estimations may

Table 15.3 Genetic defects in primary and secondary hemophagocytic lymphohistiocytosis.

Disease Associated gene Gene function Chromosomal location
FHLH-1 Unknown Unknown 9921.3-922

FHLH-2 PRF1 Induction of apoptosis 10021-q22

FHLH-3 UNC13-D Vesicle priming 17925

FHLH-4 STX11 Vesicle transport; t-SNARE 6024

GS-2 RAB27A Vesicle transport; small GTPase 15021

CHS-1 LYST Vesicle transport; not further defined 1942.1-q942.2

XLP SH2D1A Signal transduction and activation of lymphocytes Xq25

CHS, Chédiak-Higashi syndrome; FHLH, familial hemophagocytic lymphohistiocytosis; GS, Griscelli syndrome; XLP, X-linked lymphoproliferative syndrome.
Adapted with permission from Janka G, zur Stadt U. Hematology (Am Soc Hematol Educ Program) 2005; 82-8.
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Fig. 15.12 Bone marrow biopsy from an infant presenting with
pancytopenia, fever and hepatic failure shows evidence of large
macrophages phagocytosing a white cell and multiple red cells (arrow).
Courtesy of Dr Ying Li, Department of Pathology, University of Florida
School of Medicine, Gainesville, FL, USA.

under estimate the true incidence of HLH secondary to lack of
familiarity of many primary physicians with this diagnosis.
Interestingly, the prevalence of primary HLH is noted to be
geographic in distribution, a finding attributed to the familial
nature and the founder effect seen in this disease.!13115116

The majority of cases of primary HLH occur within the first
year of life, although cases have been reported as late as the
third decade of life.!'”!!8 Secondary HLH, however, occurs
sporadically and can be seen at any age depending on the
primary initiating event. The male to female ratio of primary
HLH is estimated to be 1 : 1, with some studies suggesting a
slight male predominance.!!%117118

Clinical presentation

HLH is fatal if the diagnosis is delayed and appropriate
therapy not instituted rapidly. The most common presenting
symptoms include fever and hepatosplenomegaly, although
rash, lymphadenopathy and CNS symptoms are common.
Signs and symptoms also include cytopenias, transaminitis,
coagulopathy, hypofibrinogenemia, hypertriglyceridemia,
hyperferritinemia, and evidence of hemophagocytosis from
bone marrow aspiration (Fig. 15.12). As significant variability
in clinical presentation may impede diagnosis, specific diag-
nostic criteria have been established by the Histiocyte
Society to aid in more expeditious diagnosis and treatment
(Table 15.4).*! In particular, some children may present with
solely or primarily CNS-related symptoms; in these children
a high level of suspicion on observing characteristic brain
MRI changes is important in making an early diagnosis. If
strong clinical suspicion is present, it is recommended that
therapy be initiated even if all criteria are not fully satisfied.
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Table 15.4 Diagnostic criteria for hemophagocytic lymphohistiocytosis. *

Clinical
Fever
Hepatosplenomegaly

Laboratory
Hematologic
Cytopenias (more than two of three lineages in peripheral blood)
Hemophagocytosis
Biochemical
Hypertriglyceridemia (fasting triglycerides > 2 mmol/L or > 3SD
above normal)
Hypofibrinogenemia (< 1.5 g/L or < 3SD below normal)
Hyperferritinemia
Immunologic
Low or absent natural killer cell function
Elevated soluble CD25 serum levels

Additional
Molecular demonstration of known gene mutation
Presence of familial disease

* Diagnosis requires five of the eight clinical and laboratory criteria or the
identification of specific gene mutations or presence of familial disease.

In such cases, bone marrow studies should be repeated if ini-
tially negative to help establish a diagnosis by documenting
hemophagocytosis. The presence of a family history positive
for consanguinity or another affected sibling as well as the
availability of molecular testing for gene mutations can fur-
ther assist in establishing a diagnosis.

Treatment

Current therapy of HLH, as prescribed by the HLH-2004 pro-
tocol of the Histiocyte Society, consists of dexamethasone,
etoposide and cyclosporin in combination with intrathecal
methotrexate and prednisolone when indicated by the pres-
ence of cerebrospinal fluid pleocytosis. Antithymocyte glob-
ulin has also been used, but mostly as second-line therapy.'"’
Primary HLH tends to be recurrent and does not perman-
ently respond to chemotherapy, thus necessitating HSCT
for cure.®*120121 However, secondary HLH, with the excep-
tion of refractory cases, can often be effectively treated with
chemotherapy or immunomodulatory approaches such as
intravenous immunoglobulin.!?27126 Treatment of an under-
lying infection or malignancy, while necessary, may be inad-
equate in cases of secondary HLH, necessitating HLH-type
therapy. Thus, in cases of infection-associated or malignancy-
associated HLH, there is often a need to sequentially treat
both the HLH and the underlying disorder in order to
achieve complete remission. HSCT is usually necessary in
patients with recurrent secondary HLH.

The current Histiocyle Society international study, HLH-
2004, is based on the HLH-94 study. The HLH-94 protocol
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achieved an estimated survival rate of 55% at a median of
about 3 years of follow-up. This rate was slightly lower in
patients with familial HLH (51%), although patients who
underwent bone marrow transplantation had a 3-year sur-
vival probability of 62%. As a significant number of patients
on HLH-94 died prior to receiving bone marrow trans-
plantation, the HLH-2004 protocol has been modified so that
cyclosporin is administered concurrently with dexametha-
sone and etoposide at the beginning of therapy with the goal
of improving on the early treatment failure rate.®

Survivorship issues

The primary long-term sequelae of HLH are mainly related to
the extent of CNS involvement. Prompt initiation of systemic
therapy is critical for reducing CNS morbidity in HLH.
Although the benefits of intrathecal therapy have not been
clinically proven, inclusion of intrathecal therapy in patients
with documented CNS disease is recommended.”!1%-129
Close follow-up of neurologic function is critical in order
to assess the developmental delay that has been observed
in these patients. It remains unclear if the neurologic com-
plications are a direct result of disease involvement, therapy
or infectious complications.!®* Long-term follow-up is a
critical part of the care of HLH patients and should include
observation for CNS effects, bone marrow transplant-related
morbidities, and secondary acute myeloid leukemia related
to the use of etoposide.!3!

Sinus histiocytosis with massive
lymphadenopathy (Rosai-Dorfman disease)

Other members of the class II histiocytoses tend to have a
more indolent course than HLH. Sinus histiocytosis with
massive lymphadenopathy (SHML), also known as Rosai-
Dorfman disease, is characterized by a lymphohistiocytic
accumulation in the sinuses of lymph nodes without archi-
tectural effacement.!®2 The proliferative macrophages seen in
this disorder are typically S100 positive but CD1a negative
and can be characteristically observed to wrap around intact
lymphocytes or other cells, a process known as emperipole-
sis. SHML has a predilection for lymph nodes of the head and
neck but can be seen in any organ including the CNS.133-1%7
SHML more commonly occurs in patients of African ances-
try; and is not typically responsive to most therapeutic
approaches.!® Recent reports have documented response
to therapy with high-dose dexamethasone and also with 2-
CDA. 133139140 Although SHML can be potentially disfigur-
ing, it is only rarely life-threatening.

Malignant (class Ill) histiocytoses

This class of disorders consists of malignant histiocytosis, his-
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tiocytic sarcoma and acute monocytic leukemia. For the most
part, these disorders can be characterized by malignant trans-
formation of cells of the MPS with significant cellular atypia.
Those disorders characterized by malignant transformation
of dendritic cells are often treated with lymphoma/leukemia
protocols, including HSCT, although outcomes remain relat-
ively poor. The wide variety of these conditions, the rarity of
occurrence in pediatrics, and discussion elsewhere in this
book (see Chapter 16) preclude a more detailed discussion
here.

Challenges

Important landmarks have been achieved in our understand-
ing of LCH since the first descriptions from the 1800s. We
have a better understanding of the normal and abnormal
responses of cells belonging to the MPS as well as of the etio-
logy, presentation, natural history and treatment of LCH.
Nevertheless, large numbers of patients remain undiagnosed
or inadequately treated or simply do not respond to current
therapies. The outcome for patients with LCH, particularly
with refractory disease or disease involving organs such as
the bone marrow, liver, lung and CNS, remains poor. The
cure rate of HLH still remains close to 50%, with many
survivors having significant adverse long-term sequelae.
The formation of the Histiocyte Society has helped establish
a framework within which collaborative studies can be
undertaken. Future efforts should focus on further defining
the etiology of LCH and understanding the molecular
pathways with the goal of identifying molecular targets
for more effective treatment and improved outcomes.
Additionally, improved clinical understanding of the natural
history of the histiocytoses is an important key to early diag-
nosis and appropriate therapy. Cooperative group clinical
trials involving multidisciplinary approaches, particularly
involving medical and pediatric oncologists, should help
establish future improvements in outcome for patients with
histiocytosis.

References

1. Writing Group of the Histiocyte Society. Histiocytosis
syndromes in children. Lancet 1987; i: 208-9.

2. Favara BE, Feller AC, Pauli M et al. Contemporary
classification of histiocytic disorders. The WHO Committee
on Histiocytic/Reticulum Cell Proliferations. Reclassification
Working Group of the Histiocyte Society. Med Pediatr Oncol
1997; 29: 157-66.

3. Metchnikoff E. Immunity in Infective Disease. Cambridge:
Cambridge University Press, 1905.

4. Aschoff L. Das Reticulo-Endotheliale System. Ergebn Inn Med
Kinderhulk 1924; 26: 1-118.

5. Hume DA, Ross IL, Himes SR, Sasmono RT, Wells CA, Ravasi

355



PHC15 12/06/2006 04:24PM Page 356

Chapter 15

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

356

T. The mononuclear phagocyte system revisited. | Leukoc Biol
2002; 72: 621-7.

. Gordon S. Macrophages and the immune response. In: Paul WE

(ed.) Fundamental Immunology. Philadelphia: Lippincott
Williams and Wilkins, 2003, pp. 481-95.

. Wiktor-Jedrzejczak W, Bartocci A, Ferrante AW Jr et al. Total

absence of colony-stimulating factor 1 in the macrophage-
deficient osteopetrotic (op/op) mouse. Proc Natl Acad Sci USA
1990; 87: 4828-32.

. Riches D. Monocytes, macrophages and dendritic cells of the

lung. In: Murray | (ed.) Textbook of Respiratory Medicine.
Philadelphia: WB Saunders, 2000, pp. 385-412.

. Takahashi K, Naito M, Shultz LD, Hayashi S, Nishikawa S.

Differentiation of dendritic cell populations in macrophage
colony-stimulating factor-deficient mice homozygous for

the osteopetrosis (op) mutation. | Leukoc Biol 1993; 53: 19—

28.

McClain KL, Natkunam Y, Swerdlow SH. Atypical cellular
disorders. Hematology (Am Soc Hematol Educ Program) 2004;
283-96.

Laman JD, Leenen PJ, Annels NE, Hogendoorn PC, Egeler RM.
Langerhans-cell histiocytosis: insight into DC biology. Trends
Immunol 2003; 24: 190-6.

Annels NE, Da Costa CE, Prins FA, Willemze A, Hogendoorn
PC, Egeler RM. Aberrant chemokine receptor expression and
chemokine production by Langerhans cells underlies the
pathogenesis of Langerhans cell histiocytosis. ] Exp Med 2003;
197: 1385-90.

Egeler RM, Favara BE, van Meurs M, Laman JD, Claassen E.
Differential in situ cytokine profiles of Langerhans-like cells
and T cells in Langerhans cell histiocytosis: abundant
expression of cytokines relevant to disease and treatment.
Blood 1999; 94: 4195-201.

Fleming MD, Pinkus JL, Fournier MV et al. Coincident
expression of the chemokine receptors CCR6 and CCR7 by
pathologic Langerhans cells in Langerhans cell histiocytosis.
Blood 2003; 101: 2473-5.

Steinman RM, Cohn ZA. Identification of a novel cell type in
peripheral lymphoid organs of mice. I. Morphology,
quantitation, tissue distribution. ] Exp Med 1973;137: 1142-62.
Arceci R]. The histiocytoses: the fall of the Tower of Babel.
Eur ] Cancer 1999; 35: 747-67; discussion 767-9.

Moser M. Dendritic cells. In: William PE (ed.) Fundamental
Immunology. Philadelphia: Lippincott Wiiliams and Wilkins,
2003, pp. 455-80.

Abbas A, Lichtman AH, Jordan SP. Cells and tissues of the
immune system. Cellular and Molecular Immunology. Abbas A,
Lichtman AH, Jordan SP. Fourth edition. Philadelphia: WB
Saunders, 2000, pp. 17-38.

Guerriero A, Langmuir PB, Spain LM, Scott EW. PU.1 is
required for myeloid-derived but not lymphoid-derived
dendritic cells. Blood 2000; 95: 879-85.

Anderson KL, Perkin H, Surh CD, Venturini S, Maki RA,
Torbett BE. Transcription factor PU.1 is necessary for
development of thymic and myeloid progenitor-derived
dendritic cells. | Immunol 2000; 164: 1855-61.

Valledor AF, Borras FE, Cullell-Young M, Celada A.
Transcription factors that regulate monocyte/macrophage
differentiation. | Leukoc Biol 1998; 63: 405-17.

o

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Nezelof C, Basset F, Rousseau MF. Histiocytosis X: histogenetic
arguments for a Langerhans cell origin. Biomedicine 1973; 18:
365-71.

Geissmann F, Lepelletier Y, Fraitag S et al. Differentiation of
Langerhans cells in Langerhans cell histiocytosis. Blood 2001;
97:1241-8.

Kannourakis G, Abbas A. The role of cytokines in the
pathogenesis of Langerhans cell histiocytosis. Br | Cancer Suppl
1994; 23: S37-540.

Emile JF, Fraitag S, Andry P, Leborgne M, Lellouch-Tubiana A,
Brousse N. Expression of GM-CSF receptor by Langerhans’
cell histiocytosis cells. Virchows Arch 1995; 427: 125-9.

Nezelof C, Basset F. An hypothesis for Langerhans cell
histiocytosis: the failure of the immune system to switch from
an innate to an adaptive mode. Pediatr Blood Cancer 2004; 42:
398-400.

Egeler RM, Annels NE, Hogendoorn PC. Langerhans cell
histiocytosis: a pathologic combination of oncogenesis and
immune dysregulation. Pediatr Blood Cancer 2004; 42: 401-3.
Arico M, Clementi R, Caselli D, Danesino C. Histiocytic
disorders. Hematol | 2003; 4: 171-9.

Willman CL, Busque L, Griffith BB et al. Langerhans’-cell
histiocytosis (histiocytosis X): a clonal proliferative disease.

N Engl ] Med 1994; 331: 154—-60.

YuRC, Chu C, Buluwela L, Chu AC. Clonal proliferation of
Langerhans cells in Langerhans cell histiocytosis. Lancet 1994;
343:767-8.

Murakami I, Gogusev J, Fournet JC, Glorion C, Jaubert F.
Detection of molecular cytogenetic aberrations in Langerhans
cell histiocytosis of bone. Hum Pathol 2002; 33: 555—-60.

Dacic S, Trusky C, Bakker A, Finkelstein SD, Yousem SA.
Genotypic analysis of pulmonary Langerhans cell histiocytosis.
Hum Pathol 2003; 34: 1345-9.

Egeler RM, Neglia JP, Arico M, Favara BE, Heitger A, Nesbit
ME. Acute leukemia in association with Langerhans cell
histiocytosis. Med Pediatr Oncol 1994; 23: 81-5.

Egeler RM, Neglia JP, Arico M et al. The relation of Langerhans
cell histiocytosis to acute leukemia, lymphomas, and other
solid tumors. The LCH-Malignancy Study Group of the
Histiocyte Society. Hematol Oncol Clin North Am 1998; 12:
369-78.

Glotzbecker MP, Carpentieri DF, Dormans JP. Langerhans cell
histiocytosis: a primary viral infection of bone? Human herpes
virus 6 latent protein detected in lymphocytes from tissue of
children. ] Pediatr Orthop 2004; 24: 123-9.

Bernstrand C, Carstensen H, Jakobsen B, Svejgaard A, Henter
JI, Olerup O. Immunogenetic heterogeneity in single-system
and multisystem langerhans cell histiocytosis. Pediatr Res 2003;
54:30-6.

Schouten B, Egeler RM, Leenen PJ, Taminiau AH, van den
Broek L], Hogendoorn PC. Expression of cell cycle-related gene
products in Langerhans cell histiocytosis. | Pediatr Hematol
Omncol 2002; 24: 727-32.

Arceci R], Longley BJ, Emanuel PD. Atypical cellular disorders.
Hematology (Am Soc Hematol Educ Program) 2002; 297-314.
Arceci R], Grabowski GA. Histiocytosis and disorders of the
reticuloendothelial system. In: Handin RI, Lux SE, Stossel TP
(eds) Blood: Principles and Practice of Hematology. Philadelphia:
Lippincott Williams & Wilkins, 2003, pp. 921-57.

o



PHC15 12/06/2006 04:24PM Page 357

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Carstensen H, Ornvold K. The epidemiology of LCH in
children in Denmark. Med Pediatr Oncol 1993; 21: 387—-88.
Henter JI, Tondini C, Pritchard J. Histiocyte disorders. Crit Rev
Omncol Hematol 2004; 50: 157-74.

Hamre M, Hedberg ], Buckley ] et al. Langerhans cell
histiocytosis: an exploratory epidemiologic study of 177 cases.
Med Pediatr Oncol 1997; 28: 92—7.

Bhatia S, Nesbit ME Jr, Egeler RM, Buckley JD, Mertens A,
Robison LL. Epidemiologic study of Langerhans cell
histiocytosis in children. | Pediatr 1997; 130: 774—84.

Gadner H, Grois N, Milen M, Potschger U, Thiem E. LCH-III,
treatment protocol of the Third International Study for
Langerhans cell histiocytosis, Histiocyte Society, April 2001.
Lahey E. Histiocytosis X: an analysis of prognostic factors.

] Pediatr 1975; 87: 184-9.

Calming U, Bemstrand C, Mosskin M, Elander SS, Ingvar M,
Henter JI. Brain 18-FDG PET scan in central nervous system
Langerhans cell histiocytosis. | Pediatr 2002; 141: 435—40.

Grois N, Potschger U, Prosch H et al. Risk factors for diabetes
insipidus in Langerhans cell histiocytosis. Pediatr Blood Cancer
2006; 46: 228-33.

Grois N, Prayer D, Prosch H, Lassmann H. Neuropathology
of CNS disease in Langerhans cell histiocytosis. Brain 2005;
128: 829-38.

Grois N, Prayer D, Prosch H, Minkov M, Potschger U, Gadner
H. Course and clinical impact of magnetic resonance imaging
findings in diabetes insipidus associated with Langerhans cell
histiocytosis. Pediatr Blood Cancer 2004; 43: 59—-65.

Grois NG, Favara BE, Mostbeck GH, Prayer D. Central nervous
system disease in Langerhans cell histiocytosis. Hematol Oncol
Clin North Am 1998; 12: 287-305.

Goldberg-Stern H, Weitz R, Zaizov R, Gornish M, Gadoth N.
Progressive spinocerebellar degeneration “plus” associated
with Langerhans cell histiocytosis: a new paraneoplastic
syndrome? | Neurol Neurosurg Psychiatry 1995; 58: 180-3.
Vassallo R, Ryu JH. Pulmonary Langerhans’ cell histiocytosis.
Clin Chest Med 2004; 25: 561-71, vii.

Vassallo R, Ryu JH, Schroeder DR, Decker PA, Limper AH.
Clinical outcomes of pulmonary Langerhans’-cell histiocytosis
in adults. N Engl | Med 2002; 346: 484-90.

Shahlaee AH, Arceci R], Chernick V, Wilmott R. Histiocytic
disorders of the lung. In: Boat T (ed.) Kendigs Disorders of the
Respiratory Tract in Children. In press.

Ceci A, de Terlizzi M, Colella R et al. Langerhans cell
histiocytosis in childhood: results from the Italian Cooperative
AIEOP-CNR-H.X 83 study. Med Pediatr Oncol 1993; 21: 259—-64.
Gadner H, Heitger A, Grois N, Gatterer-Menz I, Ladisch S.
Treatment strategy for disseminated Langerhans cell
histiocytosis. DAL HX-83 Study Group. Med Pediatr Oncol 1994;
23:72-80.

Ladisch S, Gadner H. Treatment of Langerhans cell
histiocytosis: evolution and current approaches. Br | Cancer
Suppl 1994; 23: S41-546.

Ladisch S, Gadner H, Arico M et al. LCH-I: a randomized trial
of etoposide vs. vinblastine in disseminated Langerhans cell
histiocytosis. The Histiocyte Society. Med Pediatr Oncol 1994;
23:107-10.

Minkov M, Grois N, Heitger A, Potschger U, Westermeier T,
Gadner H. Treatment of multisystem Langerhans cell

o

o

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Histiocytic disorders

histiocytosis. Results of the DAL-HX 83 and DAL-HX 90
studies. DAL-HX Study Group. Klin Padiatr 2000; 212: 139—

44.

Minkov M, Grois N, Broadbent V, Ceci A, Jakobson A,

Ladisch S. Cyclosporine A therapy for multisystem langerhans
cell histiocytosis. Med Pediatr Oncol 1999; 33: 482-5.

Weitzman S, Wayne AS, Arceci R, Lipton JM, Whitlock JA.
Nucleoside analogues in the therapy of Langerhans cell
histiocytosis: a survey of members of the Histiocyte Society
and review of the literature. Med Pediatr Oncol 1999; 33: 476—81.
Bernard F, Thomas C, Bertrand Y et al. Multi-centre pilot study
of 2-chlorodeoxyadenosine and cytosine arabinoside combined
chemotherapy in refractory Langerhans cell histiocytosis with
haematological dysfunction. Eur | Cancer 2005; 41: 2682-9.
Saven A, Piro LD. 2-Chlorodeoxyadenosine: a potent
antimetabolite with major activity in the treatment of indolent
lymphoproliferative disorders. Hematol Cell Ther 1996, 38
(suppl. 2): S93-5101.

Stine KC, Saylors RL, Williams LL, Becton DL. 2-
Chlorodeoxyadenosine (2-CDA) for the treatment of refractory
or recurrent Langerhans cell histiocytosis (LCH) in pediatric
patients. Med Pediatr Oncol 1997; 29: 288-92.

Thomas L, Ducros B, Secchi T, Balme B, Moulin G. Successful
treatment of adult Langerhans cell histiocytosis with
thalidomide. Report of two cases and literature review. Arch
Dermatol 1993; 129: 1261-4.

Henter JI, Karlen J, Calming U, Bernstrand C, Andersson U,
Fadeel B. Successful treatment of Langerhans’-cell histiocytosis
with etanercept. N Engl | Med 2001; 345: 1577-8.

McClain KL, Kozinetz CA. A phase II trial using thalidomide
for Langerhans cell histiocytosis. Pediatr Blood Cancer 2005.
Jordan MB, McClain KL, Yan X, Hicks J, Jaffe R. Anti-CD52
antibody, alemtuzumab, binds to Langerhans cells in
Langerhans cell histiocytosis. Pediatr Blood Cancer 2005; 44:
251-4.

Steiner M, Matthes-Martin S, Attarbaschi A et al. Improved
outcome of treatment-resistant high-risk Langerhans cell
histiocytosis after allogeneic stem cell transplantation with
reduced-intensity conditioning. Bone Marrow Transplant 2005;
36:215-25.

Haupt R, Nanduri V, Calevo MG et al. Permanent consequences
in Langerhans cell histiocytosis patients: a pilot study from the
Histiocyte Society Late Effects Study Group. Pediatr Blood
Cancer 2004; 42: 438—-44.

Cervera A, Madero L, Garcia Penas JJ ef al. CNS sequelae in
Langerhans cell histiocytosis: progressive spinocerebellar
degeneration as a late manifestation of the disease. Pediatr
Hematol Oncol 1997; 14: 577-84.

Whitsett SF, Kneppers K, Coppes MJ, Egeler RM.
Neuropsychologic deficits in children with Langerhans

cell histiocytosis. Med Pediatr Oncol 1999; 33: 486-92.

Nanduri VR, Lillywhite L, Chapman C, Parry L, Pritchard ],
Vargha-Khadem F. Cognitive outcome of long-term survivors
of multisystem Langerhans cell histiocytosis: a single-
institution, cross-sectional study. J Clin Oncol 2003; 21: 2961-7.
Braier ], Ciocca M, Latella A, de Davila MG, Drajer M,
Imventarza O. Cholestasis, sclerosing cholangitis, and liver
transplantation in Langerhans cell histiocytosis. Med Pediatr
Omncol 2002; 38: 178—-82.

357



PHC15 12/06/2006 04:24PM Page 358

Chapter 15

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

358

Caputo R, Marzano AV, Passoni E, Fassati LR, Agnelli F.
Sclerosing cholangitis and liver transplantation in Langerhans
cell histiocytosis: a 14-year follow-up. Dermatology 2004; 209:
335-7.

Egeler RM, Neglia JP, Puccetti DM, Brennan CA, Nesbit ME.
Association of Langerhans cell histiocytosis with malignant
neoplasms. Cancer 1993; 71: 865-73.

Weitzman S, Jaffe R. Uncommon histiocytic disorders: the
non-Langerhans cell histiocytoses. Pediatr Blood Cancer 2005;
45:256-64.

Zelger BW, Sidoroff A, Orchard G, Cerio R. Non-Langerhans
cell histiocytoses. A new unifying concept. Am | Dermatopathol
1996; 18: 490-504.

Dehner LP. Juvenile xanthogranulomas in the first two decades
of life: a clinicopathologic study of 174 cases with cutaneous
and extracutaneous manifestations. Am | Surg Pathol 2003;
27:579-93.

Janssen D, Harms D. Juvenile xanthogranuloma in childhood
and adolescence: a clinicopathologic study of 129 patients
from the Kiel pediatric tumor registry. Am | Surg Pathol 2005;
29:21-8.

Nakatani T, Morimoto A, Kato R et al. Successful treatment
of congenital systemic juvenile xanthogranuloma with
Langerhans cell histiocytosis-based chemotherapy. | Pediatr
Hematol Oncol 2004; 26: 371-4.

Freyer DR, Kennedy R, Bostrom BC, Kohut G, Dehner LP.
Juvenile xanthogranuloma: forms of systemic disease and
their clinical implications. | Pediatr 1996; 129: 227-37.

Shin HT, Harris MB, Orlow S]J. Juvenile myelomonocytic
leukemia presenting with features of hemophagocytic
lymphohistiocytosis in association with neurofibromatosis
and juvenile xanthogranulomas. | Pediatr Hematol Oncol 2004;
26:591-5.

Royer P, Blondet C, Guihard J. [Xantholeukemia in infants
and Recklinghausen’s neurofibromatosis.] Sem Hop 1958;
34:1504-13/P.

Zvulunov A, Barak Y, Metzker A. Juvenile xanthogranuloma,
neurofibromatosis, and juvenile chronic myelogenous
leukemia. World statistical analysis. Arch Dermatol 1995;

131: 904-8.

Morier P, Merot Y, Paccaud D, Beck D, Frenk E. Juvenile
chronic granulocytic leukemia, juvenile xanthogranulomas,
and neurofibromatosis. Case report and review of the
literature. | Am Acad Dermatol 1990; 22: 962-5.

Veyssier-Belot C, Cacoub P, Caparros-Lefebvre D et al.
Erdheim—Chester disease. Clinical and radiologic chara-
cteristics of 59 cases. Medicine (Baltimore) 1996; 75: 157—69.
Opie KM, Kaye J, Vinciullo C. Erdheim-Chester disease.
Australas | Dermatol 2003; 44: 194-8.

Braiteh F, Boxrud C, Esmaeli B, Kurzrock R. Successful
treatment of Erdheim—Chester disease, a non-Langerhans
cell histiocytosis, with interferon-alpha. Blood 2005; Nov 1;
106(9): 2992—-4.

Henter JI, Elinder G, Ost A. Diagnostic guidelines for
hemophagocytic lymphohistiocytosis. The FHL Study Group
of the Histiocyte Society. Semin Oncol 1991; 18: 29-33.

Henter JI, Samuelsson-Horne A, Arico M et al. Treatment

of hemophagocytic lymphohistiocytosis with HLH-94

o

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

immunochemotherapy and bone marrow transplantation.
Blood 2002; 100: 2367-73.

Fadeel B, Orrenius S, Henter JI. Induction of apoptosis

and caspase activation in cells obtained from familial
haemophagocytic lymphohistiocytosis patients. Br | Haematol
1999; 106: 406-15.

Fadeel B, Henter JI, Orrenius S. [Apoptosis required for
maintenance of homeostasis: familial hemophagocytic
lymphohistiocytosis caused by too little cell death].
Lakartidningen 2000; 97: 1395-1400, 1402.

Perez N, Virelizier JL, Arenzana-Seisdedos F, Fischer A,
Griscelli C. Impaired natural killer activity in
lymphohistiocytosis syndrome. | Pediatr 1984; 104: 569-73.
Arico M, Nespoli L, Maccario R et al. Natural cytotoxicity
impairment in familial haemophagocytic lymphohistiocytosis.
Arch Dis Child 1988; 63: 292-6.

Henter JI, Elinder G, Soder O, Hansson M, Andersson B,
Andersson U. Hypercytokinemia in familial hemophagocytic
lymphohistiocytosis. Blood 1991; 78: 2918-22.

Fujiwara F, Hibi S, Imashuku S. Hypercytokinemia in
hemophagocytic syndrome. Am | Pediatr Hematol Oncol 1993;
15:92-8.

Osugi Y, Hara ], Tagawa S et al. Cytokine production
regulating Th1 and Th2 cytokines in hemophagocytic
lymphobhistiocytosis. Blood 1997; 89: 4100-3.

Stepp SE, Dufourcq-Lagelouse R, Le Deist F et al. Perforin
gene defects in familial hemophagocytic lymphohistiocytosis.
Science 1999; 286: 1957-9.

Feldmann J, Callebaut I, Raposo G et al. Munc13-4 is essential
for cytolytic granules fusion and is mutated in a form of
familial hemophagocytic lymphohistiocytosis (FHL3). Cell
2003; 115: 461-73.

zur Stadt U, Schmidt S, Kasper B ef al. Linkage of familial
hemophagocytic lymphohistiocytosis (FHL) type-4 to
chromosome 6924 and identification of mutations in syntaxin
11. Hum Mol Genet 2005; 14: 827-34.

Lowin B, Peitsch MC, Tschopp J. Perforin and granzymes:
crucial effector molecules in cytolytic T lymphocyte and
natural killer cell-mediated cytotoxicity. Curr Top Microbiol
Immunol 1995; 198: 1-24.

Katano H, Cohen JI. Perforin and lymphohistiocytic
proliferative disorders. Br | Haematol 2005; 128: 739-50.
Schneider EM, Lorenz I, Muller-Rosenberger M, Steinbach G,
Kron M, Janka-Schaub GE. Hemophagocytic lympho-
histiocytosis is associated with deficiencies of cellular cytolysis
but normal expression of transcripts relevant to killer-cell-
induced apoptosis. Blood 2002; 100: 2891-8.

Introne W, Boissy RE, Gahl WA. Clinical, molecular, and cell
biological aspects of Chediak-Higashi syndrome. Mol Genet
Metab 1999; 68: 283-303.

Sanal O, Ersoy F, Tezcan I et al. Griscelli disease:
genotype-phenotype correlation in an array of clinical
heterogeneity. | Clin Immunol 2002; 22: 237-43.

Arico M, Imashuku S, Clementi R et al. Hemophagocytic
lymphohistiocytosis due to germline mutations in SH2D1A,
the X-linked lymphoproliferative disease gene. Blood 2001;
97:1131-3.

Trapani JA, Davis J, Sutton VR, Smyth M]. Proapoptotic

o



PHC15 12/06/2006 04:24PM Page 359

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

functions of cytotoxic lymphocyte granule constituents in
vitro and in vivo. Curr Opin Immunol 2000; 12: 323-9.
Goransdotter Ericson K, Fadeel B, Nilsson-Ardnor S et al.
Spectrum of perforin gene mutations in familial
hemophagocytic lymphohistiocytosis. Am | Hum Genet 2001;
68:590-7.

Molleran Lee S, Villanueva ], Sumegi J et al. Characterisation of
diverse PRF1 mutations leading to decreased natural killer cell
activity in North American families with haemophagocytic
lymphohistiocytosis. | Med Genet 2004; 41: 137-44.

Ishii E, Ueda I, Shirakawa R et al. Genetic subtypes of familial
hemophagocytic lymphohistiocytosis: correlations with
clinical features and cytotoxic T lymphocyte/natural killer
cell functions. Blood 2005; 105: 3442-8.

Henter JI, Elinder G, Soder O, Ost A. Incidence in Sweden
and clinical features of familial hemophagocytic
lymphohistiocytosis. Acta Paediatr Scand 1991; 80: 428-35.
Ishii E, Ohga S, Tanimura M ef al. Clinical and epidemiologic
studies of familial hemophagocytic lymphohistiocytosis in
Japan. Japan LCH Study Group. Med Pediatr Oncol 1998; 30:
276-83.

Henter JI, Arico M, Elinder G, Imashuku S, Janka G.

Familial hemophagocytic lymphohistiocytosis. Primary
hemophagocytic lymphohistiocytosis. Hematol Oncol Clin
North Am 1998;12: 417-33.

Ishii E, Ohga S, Imashuku S ef al. Review of hemophagocytic
lymphohistiocytosis (HLH) in children with focus on Japanese
experiences. Crit Rev Oncol Hematol 2005; 53: 209-23.

Arico M, Danesino C, Pende D, Moretta L. Pathogenesis of
haemophagocytic lymphohistiocytosis. Br | Haematol 2001;
114:761-9.

Janka GE. Familial hemophagocytic lymphohistiocytosis.
Eur | Pediatr 1983; 140: 221-30.

Stark B, Hershko C, Rosen N, Cividalli G, Karsai H, Soffer D.
Familial hemophagocytic lymphohistiocytosis (FHLH) in
Israel. I. Description of 11 patients of Iranian-Iraqi origin and
review of the literature. Cancer 1984; 54: 2109-21.

Stephan JL, Donadieu J, Ledeist F, Blanche S, Griscelli C,
Fischer A. Treatment of familial hemophagocytic
lymphohistiocytosis with antithymocyte globulins, steroids,
and cyclosporin A. Blood 1993; 82: 2319-23.

Arico M, Janka G, Fischer A et al. Hemophagocytic
lymphohistiocytosis. Report of 122 children from the
International Registry. FHL Study Group of the Histiocyte
Society. Leukemia 1996; 10: 197-203.

Henter JI, Arico M, Egeler RM et al. HLH-94: a treatment
protocol for hemophagocytic lymphohistiocytosis. HLH
study Group of the Histiocyte Society. Med Pediatr Oncol 1997;
28:342-7.

Seidel MG, Kastner U, Minkov M, Gadner H. IVIG treatment
of adenovirus infection-associated macrophage activation
syndrome in a two-year-old boy: case report and review of
the literature. Pediatr Hematol Oncol 2003; 20: 445-51.

Fort DW, Buchanan GR. Treatment of infection-associated
hemophagocytic syndrome with immune globulin. | Pediatr
1994;124: 332.

Freeman B, Rathore MH, Salman E, Joyce MJ, Pitel P.
Intravenously administered immune globulin for the treatment

o

o

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

Histiocytic disorders

of infection-associated hemophagocytic syndrome. | Pediatr
1993;123:479-81.

Imashuku S, Kuriyama K, Sakai R ef al. Treatment

of Epstein-Barr virus-associated hemophagocytic
lymphohistiocytosis (EBV-HLH) in young adults: a report
from the HLH study center. Med Pediatr Oncol 2003; 41: 103-9.
Larroche C, Bruneel F, Andre MH et al. Intravenously
administered gamma-globulins in reactive hemaphagocytic
syndrome. Multicenter study to assess their importance, by the
immunoglobulins group of experts of CEDIT of the AP-HP.
Ann Med Interne (Paris) 2000; 151: 533-9.

Henter JI, Nennesmo I. Neuropathologic findings and
neurologic symptoms in twenty-three children with
hemophagocytic lymphohistiocytosis. | Pediatr 1997;130:
358-65.

Henter JI, Elinder G. Cerebromeningeal haemophagocytic
lymphohistiocytosis. Lancet 1992; 339: 104-7.

Haddad E, Sulis ML, Jabado N, Blanche S, Fischer A, Tardieu
M. Frequency and severity of central nervous system lesions in
hemophagocytic lymphohistiocytosis. Blood 1997; 89: 794-800.
Sung L, King SM, Carcao M, Trebo M, Weitzman SS. Adverse
outcomes in primary hemophagocytic lymphohistiocytosis.

] Pediatr Hematol Oncol 2002; 24: 550—4.

Henter ]I, Elinder G, Lubeck PO, Ost A. Myelodysplastic
syndrome following epipodophyllotoxin therapy in familial
hemophagocytic lymphohistiocytosis. Pediatr Hematol Oncol
1993;10: 163-8.

Foucar E, Rosai ], Dorfman R. Sinus histiocytosis with massive
lymphadenopathy (Rosai-Dorfman disease): review of the
entity. Semin Diagn Pathol 1990; 7: 19-73.

Rodriguez-Galindo C, Helton KJ, Sanchez ND, Rieman M, Jeng
M, Wang W. Extranodal Rosai-Dorfman disease in children.

] Pediatr Hematol Oncol 2004; 26: 19-24.

Z'Graggen W, Sturzenegger M, Mariani L, Keserue B, Kappeler
A, Vajtai I. Isolated Rosai-Dorfman disease of intracranial
meninges. Pathol Res Pract 2006; 202(3): 165-70.

Purav P, Ganapathy K, Mallikarjuna VS et al. Rosai-Dorfman
disease of the central nervous system. ] Clin Neurosci 2005; 12:
656-9.

Gies U, Gruia D, Lassmann H, Bergmann M. A case of rapidly
progressive Rosai-Dorfman disease restricted to the central
nervous system. Zentralbl Neurochir 2005; 66: 142—6.
Sundaram C, Uppin SG, Prasad BC et al. Isolated Rosai
Dorfman disease of the central nervous system presenting as
dural-based and intraparenchymal lesions. Clin Neuropathol
2005; 24: 112-17.

Pulsoni A, Anghel G, Falcucci P et al. Treatment of sinus
histiocytosis with massive lymphadenopathy (Rosai-Dorfman
disease): report of a case and literature review. Am | Hematol
2002; 69: 67-71.

Stine KC, Westfall C. Sinus histiocytosis with massive
lymphadenopathy (SHML) prednisone resistant but
dexamethasone sensitive. Pediatr Blood Cancer 2005; 44: 92—4.
Tasso M, Esquembre C, Blanco E, Moscardo C, Niveiro M,
Paya A. Sinus histiocytosis with massive lymphadenopathy
(Rosai-Dorfman disease) treated with 2-chloro-
deoxyadenosine. Pediatr Blood Cancer 2005; Nov 21;

[Epub ahead at pnnt].

359



