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Abstract

Tumours derived from histiocytes/macrophages and from dendritic
cells are extremely rare. They mainly occur in lymphoid tissues,
where they account for less than 1% of tumours, but they can be
also found in extranodal sites. These neoplasms represent a heteroge-
neous group of diseases with a variable clinical behavior even within
the same tumour entity, ranging from localized and indolent forms to
systemic aggressive processes. Diagnosis is based on histological

and immunophenotypic features, but overlaps occur across diseases
with different biological nature and clinical course, thus correlation
with clinical and radiological features is sometimes necessary for
final diagnosis. The driver mutations identified during the last few
years contributed to a better understanding of the pathogenesis of
some of these tumours and in some of them turned out to be useful
for diagnosis and treatment.
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Introduction

The nomenclature of monocytes, macrophages and dendritic

cells (DC) has significantly evolved during the recent years and

the relationships between circulating precursors and related

mature tissue cells has been clarified; these include different

subsets of histiocytes (also known as tissue resident
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macrophages), macrophages (inflammatory activated macro-

phages) and dendritic cells. Moreover, relevant information has

been provided on the regulatory factors driving the differentia-

tion pathways of these heterogeneous cell populations as well as

their functions1 (Figure 1).

Neoplasms derived from histiocytes/macrophages (H/M) and

DCs are rare diseases compared to lymphoid tumours. The cell of

origin has been identified only for some of them. Discovery of

clonal somatic mutations has definitely established the neoplastic

nature of diseases long retained to represent inflammatory pro-

cesses, such as Langerhans cell histiocytosis and Erdheim

eChester disease. Similarly, classical RosaieDorfman disease

may represent a neoplastic rather than a reactive process.

The first classification of H/M and DC neoplasms was

provided by the Histiocyte Society in 1987. The classification has

been considerably revised with the definition of five distinct

groups of diseases on the basis of histological, phenotypical,

molecular, clinical and radiological features. Each of the five

groups further includes various sub-types of diseases2 (Table 1).

Correspondence of this classification with those proposed by the

WHO editions, respectively of the haematopoietic and lymphoid

tissues and skin tumours,3,4 is only partial.

In this review, we will report the main clinical, morphological

and phenotypical features of tumours derived from H/M and DC

and highlight recent data on their genomic landscape. At present,

diagnosis and classification of these neoplasms is supported by

morphology and immunohistochemistry. Table 2 includes the

most widely used markers and their specificities. During the last

years, distinct driver mutations have been identified and vali-

dated. Remarkably, some of them can not only support diagnosis,

but also open window of opportunity for therapeutic targeting.

BRAF V600E mutation can be detected with acceptable analytical

performances when compared with molecular techniques by

using the clone VE1,.5,6 However, since these mutations may

occur at a very low allelic frequency due to wild-type DNA

contamination from normal cells, highly sensitive techniques are

preferred.6,7
Histiocytic sarcoma

Histiocytic Sarcoma (HS) consists of tumours with the morpho-

logical and phenotypic characteristics of macrophages. HS occurs

at any age, most commonly in adults, with a moderate

predominance in males. Co-existing lymphoma, myelodysplasia,

leukaemias and mediastinal non-seminomatous germ cell tu-

mours might occur in these patients. By definition, neoplastic

proliferations with features of HS in patients with acute mono-

cytic leukaemia are defined as myeloid sarcoma.3,8

HS more often develops as a solitary mass at extranodal sites

(mostly soft tissue and skin, lymph nodes, gastrointestinal tract

and bones) and it is associated with systemic symptoms. Rarely it

presents as disseminated disease, a condition recognized as

“malignant histiocytosis”.3 HS is composed of variably shaped

large cells showing abundant eosinophilic or xanthomatous

cytoplasm and significant nuclear atypia and mitoses; intra-

sinusoidal growth may occur in lymph nodes and spleen and

erythrophagocytosis by tumour cells can be prominent

(Figure 2a). The association with reactive inflammatory cells,

including lymphocytes, neutrophils, eosinophils and plasma cells
� 2019 Published by Elsevier Ltd.
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Figure 1 The human mononuclear phagocytic and dendritic cells system. Histiocytes also known as tissue-resident macrophages derive from
embryonal yolk-sac or fetal liver cell precursors. They include Langerhans cells and microglia, Kupffer cells and histiocytes occurring in the
interstitium of various tissues. These are long living and self-renewing cells, but upon inflammation or cell damage they are replenished by bone
marrowederived precursors (dashed-line). Subsets of circulating monocytes exist, the CD14þ being more numerous than the CD16þ; upon
inflammation they typically migrate to tissues where differentiate into macrophages and monocyte-derived dendritic cells. Classical dendritic cells
and plasmacytoid dendritic cells derive from a distinct differentiation pathway. Both of them migrate from blood to different tissues in steady-state
conditions and this process markedly increases during inflammation (dotted-lines). Notably, PDC in steady states are rare in non-lymphoid tissues,
while classical DC are numerous.
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is common. Cases with mild atypia and low proliferation index

are acceptable as HS, but they should carefully be distinguished

from prominent macrophage reactions occurring in lymphomas,

infections, hemophagocytosis or developing after successful

treatments of malignant neoplasms.3,6,8

The diagnosis of HS is based on the positivity of H/M asso-

ciated markers CD163, CD11c, CD14, CD68 and lysozyme and

negativity for antigens recognizing various high-grade neoplasms

of haematological and non-haematological origin. Myeloid sar-

coma with monocytic differentiation may be undistinguishable

from HS, but it might be recognized by the expression of NMP1

mutated protein, that frequently occurs especially in myeloid

sarcoma with cutaneous involvement (Figure 2b). S100 protein is

positive in half of the cases of HS3,8 and may indicate a co-

occurring LC sarcoma component.2,6

BRAF mutations (V600E and other variants) and mutations of

RAS/RAF/MEK/ERK and RAS/MAPK pathways have been re-

ported. Activating mutations of the PI3K-AKT-MTOR pathway as

well as copy loss of the CDKN2A gene are also frequently

encountered. HS may show clonal relationship with an associated

lymphoma component; however, clonal immunoglobulin genes

rearrangements together with an aberrant somatic hypermutation
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signature were recently reported also in pure HSwithout history of

B-cell lymphoma.9

Systemic HS is aggressive and most patients die within 5 years

of diagnosis. Localized and surgically removable masses have a

better outcome.3,8 There is no systemic standard treatment rec-

ommended, but clinical responses to BRAF and MAP2K1 in-

hibitors have been reported. HS is frequently positive for

Programmed death ligand 1 (PD-L1) protein,6 but efficacy of anti-

PD1 checkpoint is unknown.
Langerhans cell tumours (Langerhans cell histiocytosis
and Langerhans cell sarcoma)

Neoplastic proliferations of Langerhans cells (LC) include LC

histiocytosis (LCH) and the extremely rare LC sarcoma (LCS).

LCH is a clonal disease composed of cells with phenotypical and

ultrastructural features of differentiated LC.4 The demonstration

of clonal somatic mutations of MAPK pathway genes confirmed

the neoplastic nature of LCH. Remarkably, these mutations have

been identified in CD34þ haematopoietic progenitors, CD14þ
monocytes and circulating CD1c þ classical DC2 dendritic cells,

the last probably representing the immediate precursors of LCH
� 2019 Published by Elsevier Ltd.
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Recent classifications of histiocytoses and neoplasms of
the macrophage-dendritic cell lineages

Histiocyte society2

L group

LCH, ICH, ECD, mixed LCH/ECD

C group (non-LCH of skin and mucosa)

Xanthogranuloma family (includes JXG)

Non-xanthogranuloma family (includes MRH)

M group

HS, LCS, IDCS, IC sarcoma

R group

RDD (classical and variants)

H group

HLH (primary and secondary)

WHO Classification of Tumours of

Haematopoietic and Lymphoid

Tissues3

WHO Classification of Skin

tumours4

HS LCH

LCH and LCS IDCH/IDCT

IDCT RDD

IDCS JXG

FDCS ECD

DJXG MRH

ECD

DJXG, Disseminated juvenile xanthogranuloma; ECD, Erdheim Chester disease;

FDCS, Follicular dendritic cell sarcoma; HLH: Hemophagocytic lymphohistiocy-

tosis; HS, histiocytic sarcoma; IC, indeterminate cell; ICH, IC histiocytosis;

IDCH/IDCT, Indeterminate dendritic cell histiocytosis/tumour; IDCS, Interdigi-

tating dendritic cell sarcoma; JXG, juvenile xanthogranuloma; LCH, Langerhans

cell histiocytosis; LCS, Langerhans cell sarcoma; MRH: multicentric reticulohis-

tiocytosis; RDD, RosaieDorfman disease.

Table 1
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cells.10 Interestingly, the differentiation stage of the precursors in

which somatic mutations arises may determine the clinical

outcome. High-risk disseminated LCH, multifocal low-risk or

single-lesion LCH may derive respectively from mutated hae-

matopoietic stem-cells, from more committed circulating cells or

from a differentiated tissue-located precursor.10

LCH mainly occurs in children and less frequently in adults

and has a broad spectrum of clinical manifestations, ranging from

a self-limiting single site lesion to systemic life-threatening dis-

ease.3 LCH can involve almost any organ system, with a partic-

ular affinity for bones, skin, lungs and the pituitary gland. High-

risk LCH occurring in children consists of multi-organ disease

including liver, spleen or bone marrow. LCH can be associated

with Hodgkin and non-Hodgkin lymphomas, myeloid leukaemia

and non-haematological malignant neoplasms and their clonal

relationship has been documented.6 A mixed-histiocytosis con-

sisting of a combination of ErdheimeChester diseases and LCH

has been reported, whit both components sharing the same

molecular lesion. Rarely LCH and RosaieDorfman disease have

been reported in the same patient.11

Independently from disease spread, LCH cells display similar

cytological features, represented by round-oval cells with grooved

or lobulated nuclei, fine chromatin, inconspicuous nucleoli and
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delicate nuclear membrane. Positivity for CD1a, CD207 and S100

protein is mandatory for the diagnosis (Figure 2c); Birbeck

granules are identified on electron microscopy.4 Tumour cells are

regularly admixed with variable numbers of eosinophils and,

especially in long-lasting lesions, macrophages, multinucleated

giant cells, xanthomatous and osteoclast-like cells. Remarkably, a

fraction of these cells express the LC markers (such as langerin/

CD207) and even the BRAFV600E protein (unpublished personal

observation), suggesting intratumoral divergent differentiation of

mutated precursors (Figure 2d).

Mild-to-moderate nuclear pleomorphism and scattered mito-

ses can be observed in typical LCH; LC sarcoma (LCS) lacks LC

traits due to pronounced atypia and pleomorphism, generally

shows many mitoses and it is consequently rarely diagnosed on

pure morphology. LC markers are more heterogeneous compared

to LCH. Rarely LCH and LCS coexist in the same lesion, indi-

cating tumour progression.6 Combination of severe atypia and

clinical aggressiveness is necessary to diagnose LCS.2

Small collections of LC indistinguishable from LCH may occur

in lymph nodes involved by Hodgkin and non-Hodgkin lym-

phomas, as well as in tumours from different sites (e.g.: skin,

thymus, thyroid, lung). In some of these cases their clonal nature

has been proven by demonstration of either MAPK-pathway gene

mutations or a molecular relationship with the associated

lymphoid neoplasias.6 In most cases, however, the reactive versus

neoplastic nature and the biological significance of these LC foci

cannot be established.12 Regardless of this, these LC foci are

generally limited to a single site/organ.

A similar condition might be represented by pulmonary LCH,

a multifocal disease involving lungs in young adult heavy

smokers; LCH nodules can be either clonal or non-clonal10 and

the lesions do not extend beyond the lungs and may even regress

upon smoking cessation; long standing disease however pro-

gresses into severe interstitial fibrosis and respiratory failure.

Abnormal LC recruitments potentially mimicking LCH occur

in the lymph node paracortex in dermatopathic lymphadenitis

and in the dermis in various dermatosis and cutaneous lym-

phomas.4 These LC reactions can be distinguished from LCH by

Cyclin D1 immunostain, that results positive only in LCH. LCH

tumour cells proliferation is driven by distinct and mutually

exclusive mutations resulting in extracellular signal-regulated

kinase (ERK) activation; about 50% of cases are variant fre-

quency in BRAFV600E and a fraction of the BRAF wild type cases

show mutations of MAP2K1, MAP3K1 or ARAF.10 A recent study

showed that the mutant allele fraction in LCH was not predict-

able by tumour cell content and had a significant impact on the

efficacy of target therapy. Highly sensitive techniques are there-

fore recommended in the clinical management of these patients.7

Clinical course largely depends on the extent of disease at

presentation; single-site LCH has �99% survival probability,

while high mortality occurs in children with "high-risk" multi-

system disease.10 Focal disease can progress to multisystem

involvement, mostly in infants. Moreover, treatment failure in

low-risk patients is associated with an increased risk of late

complications, including neurodegeneration. Recent data indi-

cate that the presence of BRAFV600E mutation in CD34þ pre-

cursors or in plasma cell-free DNA correlates with high-risk

disease, increased resistance to standard first-line treatment and

neurodegenerative LCH.10 Treatment with BRAF and/or MEK
� 2019 Published by Elsevier Ltd.
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Markers most commonly used in the diagnosis of tumours derived from histiocytes/macrophages (H/M) and dendritic
cells (DC)

Antigen Main reactivity in normal cells Diagnostic utility

CD1a LC

Dermal DC (subset)

IDC (subset)

Required for diagnosis of LCH/LCS and IDCT

Positivity excludes IDCS

CD11c H/M

Most DC (most epidermal LC are negative)

Sensitive marker for most H/M and DC

neoplasms

Exclude BPDCN diagnosis

CD14 H/M H/M-derived tumours (less frequent than in

monocytic leukaemias)

CD68 H/M

PDC

Diffuse granular cytoplasmic reactivity in most

H/M-derived tumours; variable in DC

neoplasms variable

Poor specificity (expressed by many non-

haematopoietic tumours, including

melanoma)

CD123 PDC

Activated macrophages; nodal sinus lining

cells high endothelial venule endothelium

High sensitivity and specificity for BPDCN

Can be expressed in LCH and in H/M-derived

tumours

CD163 H/M Best markers for H/M-derived tumours (high

sensitivity and specificity)

Langerin/CD207 LC

IDC (subset)

Defining LCH/LCS.

Exclude IDCS

BDCA2/CD303

TCL1

E2-2

PDC High specificity for BPDCN

Lysozyme H/M Often expressed in H/M-derived tumours, but

poor specificity

S100 protein LC, IDC, activated H/M Required for of LCH/LCS, IDCT, IDCS and RDD

diagnosis

Expressed in variable number of cells in

various H/M tumours

BPDCN, blastic PDC neoplasm; DC, Dendritic cells; H/M, histiocytes/macrophages.

IDC, Interdigitating dendritic cells; IDCT, indeterminate dendritic cell tumour; IDCS, interdigitating dendritic cell sarcoma; LC, Langerhans cells; LCH, Langerhans cell

histiocytosis; LCS, Langerhans cell sarcoma; PDC, plasmacytoid dendritic cells; RDD, RosaieDorfman disease.

Table 2
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inhibitors has shown variable degree of clinical response,

although its ability to definitely cure LCH is still not known.10

Indeterminate dendritic cell histiocytosis/tumour

Indeterminate dendritic cell histiocytosis/Indeterminate dendritic

cell tumour (IDCH/IDCT) is a rare histiocytosis whose relation-

ship with LCH has never been elucidated, despite the expression

of CD1a and S100 antigens has suggested that it may derive from

precursors of LC. Unlike LCH the disease most commonly occurs

in adults as single or multiple skin lesions, while only rarely it

involves extra-cutaneous sites, especially lymph nodes and

spleen. Similar to LCH the association with non-Hodgkin lym-

phomas and myeloid leukaemias also occurs in IDCH/IDCT.4,6

Skin lesions are predominantly dermal, tumour cells may

resemble LCH cells or show more heterogeneous cytological

features, even with a predominant spindle cell component.3,4

Eosinophilic infiltrate can be extremely variable. By definition,
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tumour cells do not show Birbeck granules on electron micro-

scopy and lack langerin/CD207 expression, while macrophage

markers (CD68, CD163, lysozyme) can be diffusely positive

(Figure 2e). BRAF and other MAPK-related mutations are sub-

stantially absent in IDCT,4 while ETV3-NCOA2 gene fusion has

been detected in 4 cases.13 Most cases have an indolent clinical

evolution, even with spontaneous regression.4

ErdheimeChester disease

ErdheimeChester disease (ECD) is a clonal systemic proliferation

of macrophages commonly having a foamy (xanthomatous)

component.3,4 ECD is rare but its recognition has increased over

the past decade.14 ECD occurs mostly in adult males aged 40e60,

but pediatric cases have been reported. Virtually any organ or

tissue can be involved and the majority of patients have multi-

organ disease at presentation.15 ECD more often involves long

bones (95% of cases), the cardiovascular system (aorta,
� 2019 Published by Elsevier Ltd.
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Figure 2 (a) A case of Histiocytic sarcoma showing large cells with abundant eosinophilic cytoplasm; erythrophagocytosis is also evident in rare
cells. Tumour cells show strong membrane expression of CD11c (inset). (b) A case of myeloid sarcoma showing morphological features indis-
tinguishable from HS; in the inset, immunostain for NMP1 reveals NMP1 protein expression in both the nucleus and the cytoplasm of tumour cells,
indicating that the NPM1 mutation; this finding excludes a diagnosis of HS. Nuclear reactivity in small lymphocytes represent normal internal
controls. (c) Langerhans cell histiocytosis composed of small-medium sized LC with irregularly shaped nucleus and moderate eosinophilic
cytoplasm; numerous eosinophils and lymphocytes are admixed with tumour cells. The inset shows strong reactivity for CD207 in LCH cells. (d)
Immunostain for VE1 (recognizing BRAFV600E) shows strong expression in LCH cells and in a multinucleated giant cell; lymphocytes are negative.
The inset shows VE1 reactivity in a multinucleated cells that stains also positive for LAT (linker for activation of T cells), a marker for osteoclasts
involved in RANKL-induced osteoclastogenesis. This finding indicates that LCH tumour cells or precursors may differentiate into specialized cells
of the mononuclear-phagocyte system (double immunostain for anti_VE1 (brown) and LAT (blue)). (e) Indeterminate cell histiocytosis showing
morphologic and phenotypic features similar to those of LCH, except for the negativity for CD207 (inset). (f) ErdheimeChester disease involving the
bone. The medullary spaces are occupied by dense fibrosis and nests of foamy histiocytes, the latter showing also features of Touton-like cells
(inset).
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pericardium, right atrio-ventricular groove (50%) and in 20

e30% of cases the retro-peritoneum (especially the perirenal

space), the CNS and the periorbital tissues.14,15

A pathognomonic feature of ECD is osteosclerosis of long

bones associated with pain affecting the distal lower limbs.

However, ECD diagnosis is often delayed for years, mostly due to

minimal or elusive clinical symptoms, the interpretation of which

requires high diagnostic skill and careful correlation with the

radiological and histological features 14,15. Consensus diagnostic

criteria for ECD include14 (1) xanthogranulomatous lesions
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containing CD68þ/CD1a-histiocytes, (2) symmetric skeletal up-

take of the long bones of the legs on Tc bone scintigraphy, F-

FDG-PET or MR imaging and (3) involvement of at least one

other organ typically affected by the diseases (e.g. xanthelasma,

perinephric infiltration, “coated aorta, ”pericardial infiltration).

ECD and LCH share a common mutational landscape resulting

in ERK activation in almost all the cases; for both LCH and ECD

the “inflammatory myeloid neoplasm” pathogenetic hypothesis

has been proposed,16 although precursors and cytokine

differentiation drivers are partially distinct, resulting in two
� 2019 Published by Elsevier Ltd.
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significantly different diseases.17 Patients with combined ECD

and LCH (mixed-histiocytosis) have been reported. ECD is diag-

nosed after or simultaneously with LCH, but never first.

BRAF(V600E) mutation was frequently found in both tumour cell

components, likely indicating common precursors with divergent

differentiation. In about 10% of patients with ECD and especially

those whit associated LCH, a myeloid neoplasm can occur,

before, simultaneously or after the diagnosis of ECD.18

On histology classical ECD lesions resemble juvenile xan-

thogranuloma, with admixture of foamy histiocytes, multinucle-

ated giant cells, Touton-like cells and a variable number of non-

foamy histiocytes, lymphocytes, plasma cells, neutrophils and

eosinophils. Fibrosis can be extensive and may largely replace the

tumour cell infiltrate (Figure 2f). In addition to CD68, tumour

cells express CD11c, CD163, CD14 and are negative for CD1a and

langerin/CD207. S100 protein has been detected in 10%e30% of

cases.5,15 In exceptional cases large S100þ macrophages show

emperipolesis and lesions resemble RosaieDorfman disease. IgG4

þ plasma cells can be numerous, but never above the cut-off

values for IgG4-related diseases.5

A recent study illustrated the wide morphological spectrum of

ECD lesions, highlighting the risk of relying on pure histology

alone for the diagnosis.5 Accordingly, efforts should be made to

obtain a set of tissue biopsies to warrant availability of repre-

sentative lesions; appropriate and sufficient material should be

considered for molecular testing.5,14 For example, this is helpful

in the differential diagnosis between poorly symptomatic ECD

lacking typical bone involvement and disseminated variants of

juvenile xanthogranuloma or RDD.2,5

Almost 95% of cases of ECD show one mutation of the MAPK

pathway, with BRAFV600E found in 65% of cases, followed by

MAP2K1, ARAF, MAP2K2, NRAS and KRAS. Mutations of PIK3CA

have also been reported in ECD, independently form BRAF sta-

tus.10 ECD showing ALK translocations more likely represent

cases of ALK þ histiocytosis (see below).

ECD is a chronic disease the clinical course of which depends

on the extent and distribution of the lesions. Cases of sponta-

neous regression have not been reported and disease progression

is inevitable in untreated patients.15 Systemic disease may follow

an aggressive and rapid clinical course, but even uncontrolled

slowly growing cases may result in deleterious effects on kidney

and the urinary tract, the cardio-vascular system, lungs and

cerebellum. CNS involvement is a major negative prognostic

factor in ECD; similar to LCH, CNS lesions consist both of

tumour-forming and neurodegenerative processes.14The prog-

nosis of ECD, originally reported as very poor (mean survival of

19.2 months), improved upon the introduction of interferon-alfa

treatment, with 68% 5-year overall survival rate. Targeted ther-

apies with inhibitors of BRAF andMEK have been used with good

results14,19,20 in almost all patients in terms of metabolic

response based on PET uptake, but recurrence is very frequent

(75%) after therapy interruption.10

RosaieDorfman disease (RDD)

RosaieDorfman disease (RDD), also known as Destombes disease

or sinus histiocytosis with massive lymphadenopathy is a rare

histiocytic disorder characterized by tissue infiltration by macro-

phages expressing S100 protein and showing emperipolesis, a
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phenomenon consisting of cytoplasmic engulfment of living cells.

In the updated Histiocyte Society classification of histiocytoses,

RDD includes different subtypes, classical RDD, extranodal RDD,

immune-disease-associated RDD, neoplasia-associated RDD and

familial RDD.2

The non-neoplastic nature of classical RDD was inferred by

data obtained with the HUMARA clonality assay. More recently,

however, molecular analysis identified clonal activating kinase

mutations involving KRAS, NRAS, MAPK1 and ARAF in a sig-

nificant number of cases, suggesting that RDD represents a

neoplastic process at least in some instances.11,21 In contrast to

LCH and ECD, BRAF mutations have been detected only very

rarely in RDD.22

Classical RDD usually presents in young individuals as massive

bilateral cervical lymphadenopathy, but other superficial or deep

nodal sites can be involved.11,23 In about 43% of cases at least one

extranodal lesion also occurs, while 23% of cases are characterized

by exclusive extranodal disease; 19% of patients show a systemic

involvement. RDD may affect a wide range of extranodal sites,

more often the nasal cavity and paranasal sinuses (11%),

ophthalmic tissues (11%), skin (10%) and bones (5e10%). Central

nervous system lesions occur in less than 5% of cases. Patients

often present with fever, hyper-gammaglobulinemia, elevated

erythrocyte sedimentation and haematological abnormalities,

especially normochromic-normocytic anemia and neutrophilia;

bonemarrow infiltration is rare.11 In 10%of the cases RDD coexists

with an autoimmune disease, such as systemic lupus erythema-

tous, idiopathic juvenile arthritis and autoimmune hemolytic ane-

mia. IgG4þ plasma cells can be elevated, even reaching the cut-off

values of IgG4-related diseases; however, the significance of this

finding remains unclear. Nevertheless, evaluation of the IgG4/IgG

ratio in all patients with RDD is recommended.2 RDD has been

reported in patients with myelodysplasia, after bone marrow

transplantation for acute leukaemia or rarely associated with LCH

or ECD.24

Histopathological features of lymph nodes involved by classical

RDD comprise a thick fibrotic capsule, dilated sinuses filled by

large macrophages and prominent plasma cell infiltrate in the

remaining parenchyma. The intra-sinusoidal macrophages show

single or multiple round nuclei with fine chromatin and often

prominent nucleoli. The abundant cytoplasm is pale, finely gran-

ular and eosinophilic; it contains variable numbers of undamaged

lymphocytes, neutrophils and plasma cells (Figure 3a). RDD

macrophages are typically positive for S100 (Figure 3b), in addition

to CD11c, CD14, CD68 and CD163. CD1a and CD207 are negative,

as well as HLADR.6 Plasma cells are polyclonal with a variable

fraction of IgG4 þ cells. Extranodal RDD shows a more heteroge-

neous morphology and the diagnosis may not be as straightfor-

ward as in lymph nodes; typical macrophages often occur in small

foci or as scattered cells, partially obscured by a dense polymorphic

inflammatory infiltrate and fibrosis; moreover, they may show a

partially foamy cytoplasm and emperipolesis can be negligible. In

these cases, S100 immunostain is very helpful to identify residual

RDD cells and emperipolesis. However, since the distinction of

extranodal RDD from ECD remains potentially difficult, a clinical

correlation is recommended.11

The inherited conditions predisposing to RDD include a

spectrum of diseases sharing mutations of the SLC29A3 gene

and include familial histiocytosis syndrome (Faisalabad
� 2019 Published by Elsevier Ltd.
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Figure 3 (a) Classical RosaieDorfman disease involving a lymph node: dilated sinuses filled by macrophages with abundant pale cytoplasm. The
inset shows emperipolesis. (b) Classical RosaieDorfman disease: strong positivity for S100 protein in the large macrophages. Note the numerous
intracytoplasmic lymphocytes (emperipolesis). (c) A focus of RDD-like cells in a case of lymphocyte predominant Hodgkin’s lymphoma. The
immunostain for S100 protein shows the variable morphology of the positive cells, ranging from irregularly shaped cells likely represented by
interdigitating dendritic cells (single arrow) and round large macrophage-like cells with evident emperipolesis (double arrow). (d) ALK þ histio-
cytosis resembling RDD with emperipolesis. A distinct feature of ALK þ histiocytosis is the irregularity of the nuclear contour (arrow), while
classical RDD cells nuclei are typically round. The inset shows positivity for ALK protein, with cell membrane and cytoplasmic expression. Note an
ALK þ multinucleated cells with Touton-like features.

MINI-SYMPOSIUM: LYMPHORETICULAR PATHOLOGY
histiocytosis), familial RosaieDorfman disease, H syndrome and

pigmented hypertrichosis with insulin-dependent diabetes

mellitus (PHID). These disorders have overlapping signs and

symptoms, but all are characterized by tissue accumulation of

histiocytes, with morphological and phenotypical features of

RDD especially in lymph nodes or skin lesions.25

Focal RDD-like lesions may occur in lymph nodes involved by

Hodgkin and non-Hodgkin lymphomas11,26 and in a significant

number (41%) of lymph nodes from patients with autoimmune

lymphoproliferative syndrome (ALPS) type I, caused by muta-

tions in the FAS gene TNFRSF.27 These lesions are an incidental

finding never associated with bulky RDD adenopathy or extra-

nodal disease. According to the consensus diagnostic recom-

mendations for RDD,11 these foci should involve less than 10%

of the whole node, although in a recently published series not all

cases met this criterion. Notably, these RDD-like cells are often

distributed at the periphery of tumour nodules26 or, as in ALPS

cases, at the periphery of reactive follicles and in the expanded

paracortex. In contrast to classical RDD, sinuses are not involved.

Moreover, the S100 macrophages lack CD163 expression.26 The

pathogenesis of these lesions in unknown. It has been suggested

that they may result from abnormal monocyte recruitment and

activation by cytokines occurring in lymphomas, or by the

dysregulated immune environment taking place in ALPS. On the

authors’ personal experience, these RDD-like foci may contain

S100þ cells with a morphological spectrum ranging from
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dendritic cells to large round S100þ macrophages with emper-

ipolesis, suggesting a derivation from activated interdigitating

dendritic cells (Figure 3c).

As discussed in the following paragraph, macrophages

occurring in ALK þ histiocytosis can display strong expression of

S100 and emperipolesis; this advises to include stain for ALK in

cases showing RDD features, especially occurring in very young

individuals with multifocal disease.

RDD has usually a favorable outcome, either with sponta-

neous remission or chronic but stable disease. In other cases,

remissions and reactivations may last for years. Death related to

the diseases or to complications, mostly represented by autoim-

munity, infections or amyloidosis, occurs in about 7% of pa-

tients.23 Multifocal and extranodal disease, particularly with

involvement of kidneys, liver or lower respiratory tract is char-

acterized by poor clinical outcome. The identification of clonal

mutations does not seem to influence the clinical behaviour,21

but might offer a therapeutic opportunity in patients with

aggressive RDD refractory to other standard treatments11

ALK-positive histiocytosis

ALK þ histiocytosis is a rare type of systemic histiocytic disorder,

showing distinctive clinical, morphological and molecular fea-

tures. Only 12 cases have been reported until now 28,29; in

addition, two cases occurring in adults and diagnosed as ECD

probably correspond to ALK þ histiocytosis, since both of them
� 2019 Published by Elsevier Ltd.
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exhibited the KIF5B-ALK translocation, typically found in ALK þ
histiocytosis.30 A third case harboring the same translocation

defined as “non-Langerhans cell histiocytosis”28 has been

reported in a 40 years-old male with systemic disease.

The typical clinical picture consists of a very young infant

showing hepato-splenomegaly and transfusion-dependent severe

cytopenia lasting over months. Despite the severe clinical pre-

sentation and systemic involvement by the histiocytic prolifera-

tion, often localized to the liver, spleen, bone marrow and

kidney, patients gradually recover, likely due to the support of

steroids and chemotherapy. Only one patient rapidly succumbed

of a systemic disease involving the CNS. More rarely ALK þ
histiocytosis occurs in adults, mostly as localized lesions. No

recurrences have been reported after surgical removal of local-

ized tumours and one involving the cavernous sinus completely

regressed after treatment with crizotinib.28

On histology the lesions are composed of large macrophages,

typically showing irregularly folded, clefted or lobulated nuclei,

with fine chromatin and small nucleoli; occasional cells are

multinucleated. The cytoplasm is abundant and eosinophilic,

sometimes with small vacuoles. Foamy cells and Touton-like cells

can also be found. Occasionally the macrophages engulf in their

cytoplasm cell debris and hemosiderin, or undamaged cells

featuring emperipolesis (Figure 3d). Lesional macrophages are

positive for CD68 and CD163; the ALK protein is expressed with a

cytoplasmic or cell membrane/cytoplasmic patterns (Figure 3d).

S100 protein has been detected in about 50% of cases, with

variable percentage of positive cells; diffuse S100 expression and

emperipolesis may coexist, thus resembling RDD.6,28 CD1a,

CD207 and BRAFV600E are regularly negative.

FISH using the break-apart probes to the ALK gene show split

signals in the vast majority of cases.28,29 In the study by Chang

et al.28 the ALK partner gene was investigated in 7 cases and in 5

of them (71.5%) it was represented by KIF5B, while TPM3-ALK

and COLIA2-ALK fusions were detected in one case each.

Notably, the KIF5B/ALK fusion is extremely rare in human

tumours and its prevalence in ALK þ histiocytosis indicates that

it represents a distinct tumour entity.

Interdigitating dendritic cell sarcoma

Interdigitating dendritic cell sarcoma (IDCS) is a rare disease

composed of atypical cells expressing S100 protein. This

phenotype characterizes the majority of normal interdigitating

dendritic cells (IDC) occurring in nodal paracortex, but others

also express CD1a and/or CD207 and likely represent recently

immigrated Langerhans cells.

IDCS usually occurs in adults, predominantly as a solitary

asymptomatic lymphadenopathy; less frequently skin, head and

neck and soft tissues are involved; rarely do patients have gener-

alized lymphadenopathy, splenomegaly or hepatomegaly. Asso-

ciation with lymphomas, especially low-grade B-cell lymphoma

and rarely with acute myeloid leukaemia has been reported.3

The neoplastic proliferation in lymph nodes has a paracortical

distribution and forms fascicles composed of spindle cells, or

sheets of oval or round large cells. Nuclear shape and degree of

atypia are variable, mitoses are generally not numerous; the

cytoplasm is abundant and slightly eosinophilic. Small lympho-

cytes are intermingled with the tumour cells. By definition, the
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neoplastic cells consistently express S100 protein and are nega-

tive for CD1a and CD207. Weak expression of CD68, lysozyme

and CD45 can be also found.3,6

IDCS diagnosis requires a high degree of morphological sus-

picious and the use of a wide panel of markers. In several cases

reported in the literature the initial pathological diagnosis was

incorrect. At any site, melanoma has to be first and foremost

considered in the differential diagnosis. Notably, SOX10 has been

reported in eleven cases of IDCS from three distinct series.31

Furthermore, one of these cases showed two somatic mutations

(TP534 and ARID26) also reported in malignant melanoma. The

significance of these findings remains unknown, but caution is

recommended to provide a definite diagnosis of IDCS if strong

S100 and SOX10 expression is found.6 IDCS morphologically can

be indistinguishable from follicular dendritic cell sarcoma

(FDCS), but the immunophenotype of the two diseases is

completely different. Moreover, IDCS does not show desmo-

somes on electron microscopy, typically found in FDCS.3,32

IDCS carry no specific molecular alterations. The clinical

course of IDCS is generally aggressive, with tumour-related death

within 5 years diagnosis in about 50% of cases. Stage is an

important prognostic factor, while histological features have not

been correlated with the clinical outcome.3

Follicular dendritic cell sarcoma

Follicular dendritic cells (FDC) represent non-haematopoietic

mesenchymal-derived dendritic cells playing a pivotal role in

the immune germinal centre B-cell reaction32; the neoplasm

derived from FDC is included in the list of H/M and DC tumours

in the WHO Classification of Tumours of Haematopoietic and

Lymphoid Tissues.3

Follicular dendritic cell sarcoma (FDCS) is rare, generally

occurs in adulthood and sex distribution is similar; extranodal

involvement is more common (60% of cases), especially in the

head and neck and the abdomen. Lymph nodes are affected in

about 40% of cases. The EBV-associated inflammatory

pseudotumour-like (IPT) variant of FDCS typically occurs in the

abdomen (spleen, liver and gastrointestinal tract) and is more

common in young-middle aged women.32

In about 10% of cases FDCS develops in the context of hyaline-

vascular subtype of Castleman disease, where atypical FDC occur

in the follicles, but can be observed also in the interfollicular area,

where they can progressively increase in number up to reach full-

blown FDCS features. Occurrence of FDCS in patients with lym-

phoma has been reported, but much less frequently than in

other DC-derived neoplasms. Unique albeit rare associations are

represented by paraneoplastic pemphigus, myasthenia gravis and

autoimmune multiorgan syndrome; autoimmunity may not

regress after surgical intervention and contribute to higher

morbidity and mortality.32

FDCS is characterized by a wide spectrum of cytological ap-

pearances and patterns of growth. Tumour cells can be spindled,

ovoid or frankly epithelioid, the cytoplasm is faintly eosinophilic

and poorly demarcated. Cells are arranged in fascicles, storiform

arrays, or diffuse sheets. Tumour nuclei show dispersed chro-

matin, delicate nuclear membrane and small but distinctive

eosinophilic nucleoli; nuclear moulding is frequently found in

FDCS (Figure 4a, b). Atypia is generally mild, but pronounced
� 2019 Published by Elsevier Ltd.
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Figure 4 (a) and (b) Examples of the morphological spectrum occurring in Follicular dendritic cell sarcoma; in (a) spindle-oval cells arranged in short
fascicles, in (b) epitheloid cells, including multinucleated cells associated with numerous lymphocytes. Nuclear moulding is evident in some cells
(arrows). (c) and (d) Blastic plasmacytoid dendritic cells: “blastic” cytologic features with mitoses (c) and a strong CD123 reactivity (d) are typically
found in this aggressive neoplasm.
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nuclear pleomorphism, large nucleoli, high mitotic rate and ne-

crosis can occur and can predict worse prognosis. Variable

numbers of small lymphocytes are regularly found in FDCS; in

the inflammatory-pseudotumour variant they are extremely

abundant and often associated with plasma cells.

Given its wide morphological spectrum, FDCS can mimic

many different neoplasms of mesenchymal and epithelial origin;

FDCS with pure intrafollicular growth resemble large B-cell

lymphomas, while inflammatory-pseudotumour-like FDCS is

barely identified as a neoplasm. Several immunohistochemical

markers are available to diagnose FDCS; due to phenotypic

variability and frequent antigen losses, a combination of them is

recommended. The complement receptors CD21, CD23, CD35

and the CXCR5 ligand CXCL13 are the most specific, whereas

clusterin and podoplanin show high sensitivity. Follicular den-

dritic cell secreting protein has been recently reported to repre-

sent an additional specific marker of FDCS.33 FDCS may

aberrantly express EMA, S100 protein, CD20, CD31, CD68 or

cytokeratins. A distinctive feature of the inflammatory pseudo-

tumour variant is the positivity of tumour cells for EBV; the

infection is likely responsible for a phenotype switch occurring in

some cases, resulting in the loss of FDC markers and positivity

for smooth muscle actin. This tumour has been defined Fibro-

blastic dendritic cells sarcoma.3

The small lymphocytes interspersed between tumours cells

are mainly of T-cell nature; non-clonal TdT-positive cells can be

observed in some cases and correlate with higher incidence of

paraneoplastic manifestations.

FDCS behaviour is variable; when it occurs as localized and

surgically removable disease the prognosis is excellent;
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unresectable tumours display multiple recurrences and may

disseminate, with fatal evolution reported in one fifth of cases.

Tumour diameter larger than 6 cm, young age (less than 40

years), high histological grade and abdominal location are

associated with dismal prognosis32; however, the intraabdominal

EBV þ inflammatory pseudotumour-like variant is typically

indolent, even when multiple local recurrences occur.3

The molecular landscape of FDCS is largely unknown.

Tumour cells strongly express EGFR, but gene amplification has

not been detected. Recurrent loss of functions of tumour sup-

pressor genes involved in negative NFkB regulation (NFKBIA,

CYLD) and cell cycle progression (CDNK2A, RB) have been

found. In addition, FDCS shows copy number gains of chromo-

some 9p24 mapping PD-L1 and PD-L2, as well as upregulation of

PD-L1 and PD-L2 mRNA and PD-L1 protein.34 The BRAFV600E

mutation has not been detected in FDCS.

Blastic plasmacytoid dendritic cell neoplasm

Blastic plasmacytoid dendritic cell neoplasm (BPDCN) represents

a rare and very aggressive haematological neoplasm derived

from clonal proliferation of plasmacytoid dendritic cell (PDC)

precursors; its histogenesis has been uncertain for a long time, as

indicated by the great variability in terminology.35 In the WHO

Classification of Tumours of Haematopoietic and Lymphoid

Tissues BPDCN is not included among the neoplasms derived

from histiocytes and dendritic cell, but is a distinct entity of

precursor myeloid neoplasms, coherent with its biological and

clinical features, closely related to acute myeloid leukaemia.35,36

BPDCN is more frequent in males (male/female: 3/1) and

mainly occurs in elderly individuals (median age: 67 years),
� 2019 Published by Elsevier Ltd.
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although young patients including children are also affected. The

clinical presentation in most of the cases (>90%) is dominated by

cutaneous lesions, which can be very heterogeneous in number,

size, color and distribution; at onset skin is the only involved site in

50% of cases, or it can be associated with lymphadenopathy

(40%), spleen (25%) or liver (16%) enlargement. Cytopenia and

thrombocytopenia often occur at diagnosis, but peripheral blood

and bone marrow involvement by BPDCN may be negligible and

demonstrable only by flow cytometry or immunohistochemistry.

However, they invariably increase with progression. In some

cases, leukaemia andmassive bonemarrow infiltration occur since

the beginning and in about 7% of the cases the disease is overtly

leukaemic without skin lesions.35 In 10� 20% of the cases BPDCN

occurs with or is followed by another myeloid neoplasms, more

often represented by chronic myelomonocytic leukaemia.35 A

clonal relationship between the two diseases has been proven.

BPDCN predominantly shows immature blastic cytological fea-

tures, mostly resembling acute myeloid or monocytic leukaemia,

or lymphoblastic leukaemia. Nuclei are irregular in shapewith fine

chromatin and small nucleoli. The cytoplasm is scant. Mitoses are

regularly found and Ki67 is expressed in more than 30% of cells as

mean percentage. Rarely tumour cells resemble immunoblasts, or

large centrocytes or even marginal-zone B cells (Figure 4c).

Diagnosis requires a combination of positive and negative an-

tigen expression, the former including at least three ormore among

CD4, CD56, CD123, TCL1, BDCA2/CD303 and MX1 (Figure 4d).35

Remarkably, CD4, CD56 and CD123 co-expression can occur also

in acute myeloid leukaemia especially with monocytic differenti-

ation. BDCA2/CD303 and E2-2 expression virtually excludes leu-

kaemias other than BPDCN, but their sensitivity is lower compared

to other markers. Markers identifying myeloblasts (CD13, myelo-

peroxidase, myeloid cell nuclear differentiation antigen/MNDA),

monoblasts (CD11c, CD14, lysozyme) and B and T lymphoblasts

(CD19, PAX5, CD3, LAT) virtually exclude BPDCN.35 Table 3 re-

ports the immunohistochemical setting of antigen expression in

BPDCN compared with normal PDC.

A clonal proliferation of mature PDC rarely occurs in patients

with chronic myelomonocytic leukaemia (CMML) and has been

termed mature PDC proliferation (MPDCP). It consists of large

mostly nodular aggregates of mature PDC, involving especially

lymph nodes, skin and bone marrow. The CMML and PDC share

identical molecular anomalies, indicating a clonal relationship.

This process is distinguishable from BPDCN since PDC are

almost fully mature, with a very low proliferation index and

express antigens as normal PDC, with some minor exceptions.35
Antigen expression in BPDCN and comparison with normal PD

Antigens expressed in normal PDC and in BPDCN

CD4, CD123, TCL1, BDCA2, E2-2, CD2AP, BCL11a, SpiB

Antigens expressed in normal PDC and negative or atypically positive * in

CD68*, CLA*, Granzyme B

Antigens negative in normal PDC and expressed in BPDCN

Consistent expression: CD56, BCL2

Frequent expression: CD7, CD33

Occasional expression: CD2, CD5, CD7, CD10, CD13, CD79a, CD117, MUM1

Table 3
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BPDCN tumour cells frequently have an abnormal karyotype

and recurrent somatic mutations, but none of them is distinctive

and many also occur in other myeloid and lymphoid neoplasia.4

The most common genetic anomalies involve chromosome 9

(loss of 9p21.3, affecting the CDKN2A gene), 12p (12p13, asso-

ciated with ETV6 mono- or bi-allelic deletions), 6q (6q23-qter)

and 13q (13q13-21).37 Recently, 8q24/MYC rearrangements have

been detected in different BPDCN series with variable percent-

ages; they are associated with strong expression of MYC protein,

immunoblastic tumour cell morphology and also the t (6; 8)

(p21; q24) translocation involving the SUPTH3 gene. Patients

withMYC anomaly are older, display more localized skin lesions,

are enriched of CD56-negative cases and have shorter survival.38

Mutations occurring in BPDCN mostly affect genes involved

in DNA methylation and chromatin remodeling. TET2 are the

most frequent (19%e80%), followed by ASXL1 (29%e44%),

NRAS (27%) and ATM (21%). TET2 mutations and ETV6 de-

letions represent an early oncogenic event that may play a role in

tumour pathogenesis. Interestingly, an overall different mutation

landscape has been found in children and adult BPDCN; more-

over, MYB gene translocations regularly occur in childhood tu-

mours, but only in about 50% of adult cases, suggesting

biological differences of BPDCN according to patient’s age, which

might also explain differences in survival.39

BPDCN is an aggressive neoplasm, whit rapid progression and

poor survival (median survival: 10.0e19.8 months).4 Age is an

independent prognostic factor and children have a more favorable

outcome compared to adults, regardless of clinical presentation.40

For patients achieving first complete remission, allogeneic hae-

matopoietic stem cell transplantation has been shown to improve

survival even at long-term. Nevertheless, due to the overall poor

results, continuous search for alternative therapies is ongoing,

addressing molecules or gene pathways abnormally expressed or

activated in BPDCN. Treatments with the immunotoxin combining

human recombinant anti-IL-3R alpha (CD123) and diphtheria toxin

obtained good clinical responses, with high percentage of patients

bridged to stem cell transplantation.41 Additional anti-CD123

molecules are under phase I and phase II trials (trials number:

NCT02730312, NCT03386513, NCT03203369, NCT02159495).

Gene expression analysis showed over-expression of the BCL2

gene in BPDCN.42,43 Accordingly, BCL2 protein is strongly positive

in almost all BPDCN cases.6 This represent a remarkable finding

and partial responses have been obtained in the first two patients

treated with the BCL2 selective inhibitor Venetoclax, but more

significant results have been achieved in previously treated and
C

BPDCN (dot instead of diffuse cytoplasm)

/IRF4, BCL6, S100, TdT
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C Follicular dendritic cell (FDC) sarcoma histopathology is extremely

variable and can mimic many other tumours. Diagnosis requires

expression of FDC markers (e.g.: CD21, CD23, CD35, CXCL13,

clusterin) and more than one must be applied due to frequent

antigen loss.

C Blastic plasmacytoid dendritic cell neoplasm is a rare haemato-

logical neoplasm composed by blasts resembling acute myeloid

or lymphoid leukaemia. Diagnosis is based on the expression of

at least three markers among CD4, CD56, CD123, TCL1, BDCA2/

CD303 and MX1.
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chemorefractory patients using Venetoclax together with other

drugs.44

A rationale for novel treatments have been provided by data

obtained using BPDCN tumour samples, cell lines and mouse

xenographs. Sapienza et al. demonstrated that NF-kB pathway is

activated in BPDCN and bortezomib efficiently inhibits BPDCN

cells lines growth42; effectiveness of bortezomib has been

confirmed by another study, showing that its activity is enhanced

by the association with other molecules (e.g.: idarubicin, dexa-

methasone, vorinostat, statins or 5-azacytidine).45 The combi-

nation of the hypomethylating agents decitabine and azacytidine

efficiently reduce tumour growth in BPDCN mouse xenographs,

in keeping with the observation that most BPDCN harbor mu-

tations undermining the integrity of the methylation program.42

Finally, the study by Ceribelli et al. showed that TCF4 (E2-2)

represents the master regulator not only of normal PDC differ-

entiation but also of the BPDCN oncogenic program.43 TCF4

transcriptional network in BPDCN cell lines was efficiently

down-regulated by BET inhibitors (BETi), which also delayed the

growth of BPDCN xenographs, suggesting that BETi might

represent a therapeutic strategy capable to simultaneously

silence multiple BPDCN driver-genes. A
Practice points

C Tumours derived from histiocytes/macrophages (H/M) and from

dendritic cells (DC) are rare and diagnosis requires appropriate

immunohistochemical markers and in some instances molecular

tests.

C Histiocytic sarcoma should be considered in all tumours showing

large atypical cells with abundant eosinophilic cytoplasm lacking

markers of more common high-grade lymphoid and non-lymphoid

neoplasms.

C Myeloid sarcoma and histiocytic sarcoma may show identical

morphological and phenotypical features

C Diagnosis of Langerhans cell histiocytosis is substantially based

on the expression of CD1a, Langerin/CD207 and S100 by tumour

cells. Identification of BRAFV600E mutation is useful to support

diagnosis in doubtful cases, but is especially recommended for

treatment decision

C Indeterminate dendritic cell histiocytosis/tumour differs from

Langerhans cell histiocytosis by lack of Langerin/CD207

expression

C ErdheimeChester disease diagnosis is based on the combination

of clinical, radiological and pathological features. The latter,

however, can be nonspecific and mutations analysis of most

commonly mutated genes (BRAF, MAP2K1, ARAF, MAP2K2, NRA-

Sand KRAS) can be useful to support the diagnosis

C RosaieDorfman disease represents a heterogeneous group of

disorders all characterized by tissue infiltration by S100þ large

macrophages showing emperipolesis. Some cases represent a

reactive process, others show clonal somatic mutations and are

likely of neoplastic nature.

C Histiocytoses occurring in very young individuals and character-

ized by foamy histiocytes or features of RosaieDorfman disease

should prompt to perform ALK immunohistochemistry to exclude

ALK þ histiocytosis.

DIAGNOSTIC HISTOPATHOLOGY xxx:xxx 11

Please cite this article as: Facchetti F et al., Updates in histiocytic and de
https://doi.org/10.1016/j.mpdhp.2019.04.001
REFERENCES
1 Haniffa M, Bigley V, Collin M. Human mononuclear phagocyte

system reunited. Semin cell dev biol 2015; 41: 59e69.
2 Emile JF, Abla O, Fraitag S, et al. Revised classification of his-

tiocytoses and neoplasms of the macrophage-dendritic cell line-
ages. Blood 2016; 127: 2672e81.

3 Pileri SA, Jaffe R, Facchetti F, Jones DM, Jaffe ES. In:
Swerdlow SH, Campo E, Lee Harris N, et al., eds. Histiocytic and
dendritic cell neoplasms. WHO classification of tumours of hae-
matopoietic and lymphoid tissues (revised 4th edition). Lyon:
IARC, 2017; 465e82.

4 Willemze R, Berti E, Facchetti F, Kempf W, Jaffe ES. In: Elder DE,
Massi D, Scolyer RA, Willemze R, eds. Tumour of haematopoietic
and lymphoid origin. WHO classification of skin tumours. Lyon:
IARC, 2018; 223e90.

5 Ozkaya N, Rosenblum MK, Durham BH, et al. The histopathology
of Erdheim-Chester disease: a comprehensive review of a
molecularly characterized cohort. Mod Pathol 2018; 31: 581e97.

6 Facchetti F, Pileri SA, Lorenzi L, et al. Histiocytic and dendritic cell
neoplasms: what have we learnt by studying 67 cases. Virchows
Arch 2017; 471: 467e89.

7 Melloul S, Helias-Rodzewicz Z, Cohen-Aubart F, et al. Highly

sensitive methods are required to detect mutations in histiocy-
toses. Haematologica 2019; 104: e97e9.

8 Pileri SA, Grogan TM, Harris NL, et al. Tumours of histiocytes and
accessory dendritic cells: an immunohistochemical approach to
classification from the International Lymphoma Study Group
based on 61 cases. Histopathology 2002; 41: 1e29.

9 Shanmugam V, Griffin GK, Jacobsen ED, Fletcher CDM, Sholl LM,
Hornick JL. Identification of diverse activating mutations of the
RAS-MAPK pathway in histiocytic sarcoma. Mod Pathol, 2019.
Epub ahead of print (PMID: 30626916).

10 Allen CE, Merad M, McClain KL. Langerhans-cell histiocytosis.

N Engl J Med 2018; 379: 856e68.
11 Abla O, Jacobsen E, Picarsic J, et al. Consensus recom-

mendations for the diagnosis and clinical management of
Rosai-Dorfman-Destombes disease. Blood 2018; 131:
2877e90.

12 Pina-Oviedo S, Medeiros LJ, Li S, et al. Langerhans cell histio-
cytosis associated with lymphoma: an incidental finding that is
not associated with BRAF or MAP2K1 mutations. Mod Pathol
2017; 30: 734e44.

13 Brown RA, Kwong BY, McCalmont TH, et al. ETV3-NCOA2 in
indeterminate cell histiocytosis: clonal translocation supports sui

generis. Blood 2015; 126: 2344e5.
� 2019 Published by Elsevier Ltd.

ndritic cell proliferations and neoplasms, Diagnostic Histopathology,

http://refhub.elsevier.com/S1756-2317(19)30035-0/sref1
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref1
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref1
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref2
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref2
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref2
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref2
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref3
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref3
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref3
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref3
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref3
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref3
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref4
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref4
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref4
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref4
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref4
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref5
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref5
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref5
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref5
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref6
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref6
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref6
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref6
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref7
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref7
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref7
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref7
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref8
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref8
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref8
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref8
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref8
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref9
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref9
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref9
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref9
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref10
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref10
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref10
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref11
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref11
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref11
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref11
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref11
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref11
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref12
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref12
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref12
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref12
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref12
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref13
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref13
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref13
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref13
https://doi.org/10.1016/j.mpdhp.2019.04.001


MINI-SYMPOSIUM: LYMPHORETICULAR PATHOLOGY
14 Diamond EL, Dagna L, Hyman DM, et al. Consensus guidelines for
the diagnosis and clinical management of Erdheim-Chester dis-
ease. Blood 2014; 124: 483e92.

15 Estrada-Veras JI, O’Brien KJ, Boyd LC, et al. The clinical spec-
trum of Erdheim-Chester disease: an observational cohort study.
Blood Adv 2017; 1: 357e66.

16 Berres ML, Lim KP, Peters T, et al. BRAF-V600E expression in
precursor versus differentiated dendritic cells defines clinically
distinct LCH risk groups. J Exp Med 2015; 212: 281.

17 Milne P, Bigley V, Bacon CM, et al. Hematopoietic origin of
Langerhans cell histiocytosis and Erdheim-Chester disease in

adults. Blood 2017; 130: 167e75.
18 Papo M, Diamond EL, Cohen-Aubart F, et al. High prevalence of

myeloid neoplasms in adults with non-Langerhans cell histiocy-
tosis. Blood 2017; 130: 1007e13.

19 Haroun F, Millado K, Tabbara I. Erdheim-chester disease:
comprehensive review of molecular profiling and therapeutic ad-
vances. Anticancer Res 2017; 37: 2777e83.

20 Haroche J, Cohen-Aubart F, Rollins BJ, et al. Histiocytoses: emerging
neoplasia behind inflammation. Lancet Oncol 2017; 18: e113e25.

21 Garces S, Medeiros LJ, Patel KP, et al. Mutually exclusive
recurrent KRAS and MAP2K1 mutations in Rosai-Dorfman dis-

ease. Mod Pathol 2017; 30: 1367e77.
22 Fatobene G, Haroche J, Helias-Rodzwicz Z, et al. BRAF V600E

mutation detected in a case of Rosai-Dorfman disease. Haema-
tologica 2018; 103: e377e9.

23 Foucar E, Rosai J, Dorfman R. Sinus histiocytosis with massive
lymphadenopathy (Rosai-Dorfman disease): review of the entity.
Semin Diagn Pathol 1990; 7: 19e73.

24 O’Malley DP, Duong A, Barry TS, et al. Co-occurrence of Lang-
erhans cell histiocytosis and Rosai-Dorfman disease: possible
relationship of two histiocytic disorders in rare cases. Mod Pathol
2010; 23: 1616e23.

25 Morgan NV, Morris MR, Cangul H, et al. Mutations in SLC29A3,
encoding an equilibrative nucleoside transporter ENT3, cause a
familial histiocytosis syndrome (Faisalabad histiocytosis) and fa-
milial Rosai-Dorfman disease. PLoS Genet 2010; 6: e1000833.

26 Garces S, Yin CC, Patel KP, et al. Focal Rosai-Dorfman disease
coexisting with lymphoma in the same anatomic site: a localized
histiocytic proliferation associated with MAPK/ERK pathway
activation. Mod Pathol 2019; 32: 16e26.

27 Maric I, Pittaluga S, Dale JK, et al. Histologic features of sinus
histiocytosis with massive lymphadenopathy in patients with
autoimmune lymphoproliferative syndrome. Am J Surg Pathol

2005; 29: 903e11.
28 Chang KTE, Tay AZE, Kuick CH, et al. ALK-positive histiocytosis:

an expanded clinicopathologic spectrum and frequent presence
of KIF5B-ALK fusion. Mod Pathol, 2018. Epub ahead of print
(PMID: 30573850).

29 Huang H, Gheorghe G, North PE, Suchi M. Expanding the
phenotype of ALK-positive histiocytosis: a report of 2 cases.
Pediatr Dev Pathol 2018; 21: 449e55.

30 Diamond EL, Durham BH, Haroche J, et al. Diverse and targetable
kinase alterations drive histiocytic neoplasms. Cancer Discov
2016; 6: 154e65.

31 Stowman AM, Mills SE, Wick MR. Spindle cell melanoma and
interdigitating dendritic cell sarcoma: do they represent the same
process? Am J Surg Pathol 2016; 40: 1270e9.
DIAGNOSTIC HISTOPATHOLOGY xxx:xxx 12

Please cite this article as: Facchetti F et al., Updates in histiocytic and de
https://doi.org/10.1016/j.mpdhp.2019.04.001
32 Facchetti F, Lorenzi L. Follicular dendritic cells and related sar-
coma. Semin Diagn Pathol 2016; 33: 159e66.

33 Lorenzi L, Doring C, Rausch T, et al. Identification of novel
follicular dendritic cell sarcoma markers, FDCSP and SRGN, by
whole transcriptome sequencing. Oncotarget 2017; 16:
16463e72.

34 Laginestra MA, Tripodo C, Agostinelli C, et al. Distinctive histo-
genesis and immunological microenvironment based on tran-
scriptional profiles of follicular dendritic cell sarcomas. Mol Canc
Res 2017; 15: 541e52.

35 Facchetti F, Cigognetti M, Fisogni S, Rossi G, Lonardi S, Vermi W.

Neoplasms derived from plasmacytoid dendritic cells. Mod Pathol
2016; 29: 98e111.

36 Facchetti F, Petrella T, Pileri SA. In: Swerdlow SH, Campo E, Lee
Harris N, et al., eds. Blastic plasmacytoid dendritic cell neoplasm.
WHO Classification of tumours of Haematopoietic and Lymphoid
Tissues (Revised 4th edition). Lyon: IARC, 2017; 173e7.

37 Tang Z, Li Y, Wang W, et al. Genomic aberrations involving
12p/ETV6 are highly prevalent in blastic plasmacytoid dendritic cell
neoplasms and might represent early clonal events. Leuk Res
2018; 73: 86e94.

38 Sakamoto K, Katayama R, Asaka R, et al. Recurrent 8q24 rear-

rangement in blastic plasmacytoid dendritic cell neoplasm: as-
sociation with immunoblastoid cytomorphology, MYC expression,
and drug response. Leukemia 2018; 32: 2590e603.

39 Suzuki K, Suzuki Y, Hama A, et al. Recurrent MYB rearrangement
in blastic plasmacytoid dendritic cell neoplasm. Leukemia 2017;
31: 1629e33.

40 Kim MJ, Nasr A, Kabir B, et al. Pediatric blastic plasmacytoid
dendritic cell neoplasm: a systematic literature review. J Pediatr
Hematol Oncol 2017; 39: 528e37.

41 Pemmaraju N. Results of pivotal phase 2 trial of SL-401 in patients
with blastic plasmacytoid dendritic cell neoplasm. 2018, https://

learningcenter.ehaweb.org/eha/2018/stockholm/214438/naveen.
pemmaraju.results.of.pivotal.phase.2.trial.of.sl-401.in.patients.
with.html?f¼ce_id¼1346*ot_id¼19045*media¼3.

42 Sapienza MR, Fuligni F, Agostinelli C, et al. Molecular profiling of
blastic plasmacytoid dendritic cell neoplasm reveals a unique
pattern and suggests selective sensitivity to NF-kB pathway in-
hibition. Leukemia 2014; 28: 1606e16.

43 Ceribelli M, Hou ZE, Kelly PN, et al. A druggable TCF4- and
BRD4-dependent transcriptional network sustains malignancy in
blastic plasmacytoid dendritic cell neoplasm. Cancer Cell 2016;
30: 764e78.

44 Agha ME, Monaghan SA, Swerdlow SH. More on blastic plasmacy-
toid dendritic-cell neoplasms. N Engl J Med 2019; 380: 696e7.

45 Philippe L, Ceroi A, Bole-Richard E, et al. Bortezomib as a new
therapeutic approach for blastic plasmacytoid dendritic cell
neoplasm. Haematologica 2017; 102: 1861e8.
n

Acknowledgements

The authors are grateful to Dr. Gabriela Gheorghe and Mariko Suchi

(Department of Pathology, Children’s Hospital of Wisconsin, US) for

providing slides of a case of ALK þ histiocytosis (Figure 3d). Fon-

dazione Golgi (to FF) and Fondazione Beretta (to SL) supported this

study.
� 2019 Published by Elsevier Ltd.

dritic cell proliferations and neoplasms, Diagnostic Histopathology,

studente2
Highlight

studente2
Highlight

http://refhub.elsevier.com/S1756-2317(19)30035-0/sref14
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref14
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref14
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref14
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref15
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref15
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref15
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref15
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref16
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref16
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref16
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref17
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref17
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref17
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref17
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref18
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref18
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref18
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref18
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref19
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref19
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref19
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref19
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref20
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref20
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref20
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref20
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref21
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref21
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref21
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref21
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref22
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref22
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref22
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref22
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref23
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref23
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref23
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref23
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref24
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref24
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref24
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref24
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref24
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref25
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref25
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref25
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref25
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref26
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref26
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref26
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref26
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref26
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref27
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref27
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref27
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref27
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref27
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref28
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref28
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref28
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref28
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref29
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref29
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref29
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref29
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref30
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref30
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref30
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref30
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref31
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref31
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref31
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref31
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref32
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref32
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref32
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref33
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref33
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref33
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref33
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref33
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref34
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref34
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref34
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref34
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref34
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref35
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref35
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref35
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref35
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref36
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref36
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref36
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref36
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref36
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref37
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref37
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref37
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref37
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref37
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref38
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref38
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref38
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref38
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref38
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref39
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref39
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref39
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref39
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref40
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref40
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref40
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref40
https://learningcenter.ehaweb.org/eha/2018/stockholm/214438/naveen.pemmaraju.results.of.pivotal.phase.2.trial.of.sl-401.in.patients.with.html?f=ce_id=1346&ast;ot_id=19045&ast;media=3
https://learningcenter.ehaweb.org/eha/2018/stockholm/214438/naveen.pemmaraju.results.of.pivotal.phase.2.trial.of.sl-401.in.patients.with.html?f=ce_id=1346&ast;ot_id=19045&ast;media=3
https://learningcenter.ehaweb.org/eha/2018/stockholm/214438/naveen.pemmaraju.results.of.pivotal.phase.2.trial.of.sl-401.in.patients.with.html?f=ce_id=1346&ast;ot_id=19045&ast;media=3
https://learningcenter.ehaweb.org/eha/2018/stockholm/214438/naveen.pemmaraju.results.of.pivotal.phase.2.trial.of.sl-401.in.patients.with.html?f=ce_id=1346&ast;ot_id=19045&ast;media=3
https://learningcenter.ehaweb.org/eha/2018/stockholm/214438/naveen.pemmaraju.results.of.pivotal.phase.2.trial.of.sl-401.in.patients.with.html?f=ce_id=1346&ast;ot_id=19045&ast;media=3
https://learningcenter.ehaweb.org/eha/2018/stockholm/214438/naveen.pemmaraju.results.of.pivotal.phase.2.trial.of.sl-401.in.patients.with.html?f=ce_id=1346&ast;ot_id=19045&ast;media=3
https://learningcenter.ehaweb.org/eha/2018/stockholm/214438/naveen.pemmaraju.results.of.pivotal.phase.2.trial.of.sl-401.in.patients.with.html?f=ce_id=1346&ast;ot_id=19045&ast;media=3
https://learningcenter.ehaweb.org/eha/2018/stockholm/214438/naveen.pemmaraju.results.of.pivotal.phase.2.trial.of.sl-401.in.patients.with.html?f=ce_id=1346&ast;ot_id=19045&ast;media=3
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref42
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref42
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref42
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref42
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref42
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref43
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref43
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref43
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref43
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref43
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref44
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref44
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref44
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref44
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref45
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref45
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref45
http://refhub.elsevier.com/S1756-2317(19)30035-0/sref45
https://doi.org/10.1016/j.mpdhp.2019.04.001

	Updates in histiocytic and dendritic cell proliferations and neoplasms
	Introduction
	Histiocytic sarcoma
	Langerhans cell tumours (Langerhans cell histiocytosis and Langerhans cell sarcoma)
	Indeterminate dendritic cell histiocytosis/tumour
	Erdheim–Chester disease
	Rosai–Dorfman disease (RDD)
	ALK-positive histiocytosis
	Interdigitating dendritic cell sarcoma
	Follicular dendritic cell sarcoma
	Blastic plasmacytoid dendritic cell neoplasm
	References
	Practice points
	Acknowledgements




