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          Introduction 

 The diseases studied in this chapter constitute a 
heterogeneous group of lesions that range from 
reactive conditions to highly aggressive neo-
plasms. These entities have been grouped into 
two main sections. The fi rst one deals with 
myeloproliferative neoplasms and includes 
mastocytosis as well, since even in cases of 
mastocytosis with clinical symptoms seemingly 
limited to the skin a potential systemic involve-
ment should be investigated. Also in the fi rst 
section, leukemia cutis and myeloid sarcoma 
have been put together due to the considerable 
overlap of these two entities. The second group 
includes conditions caused by proliferation of 
dendritic cells such as Langerhans cell histiocy-
tosis, Langerhans cell sarcoma, and indetermi-
nate dendritic cell tumor. Then, the chapter 
deals with  macrophage-related diseases  , includ-
ing juvenile xanthogranuloma and related dis-
eases,  hemophagocytic lymphohistiocytosis, 

multicentric reticulohistiocytosis, reticulohis-
tiocytoma, Rosai-Dorfman disease, cutaneous 
Kikuchi- Fujimoto disease, and cutaneous intra-
lymphatic histiocytosis. Multicentric reticulo-
histiocytosis and solitary reticulohistiocytoma, 
also known as solitary epithelioid histiocytoma, 
have been considered separately since despite 
their sharing many microscopical and immuno-
histochemical features they are distinct entities 
with striking clinical differences. Multicentric 
reticulohistiocytosis can involve extracutaneous 
locations and is frequently associated with a 
rheumatological disease, whereas solitary retic-
ulohistiocytoma seems to be tumoral in nature. 
Finally, the malignant histiocytic and dendritic 
cell sarcomas include histiocytic sarcoma, 
 follicular dendritic cell sarcoma, and interdigi-
tating dendritic cell sarcoma. During the elabo-
ration of this book, a revised classifi cation of 
histiocytoses and neoplasms of the macrophage-
dendritic cell lineages has been proposed (Blood 
2016;127:2672–81). The authors divide the 
 histiocytosis into fi ve groups: (1) Langerhans-
related histiocytosis, (2) cutaneous and 
muco-cutaneous histiocytosis, (3) malignant 
histiocytoses, (4) Rosai-Dorfman disease, and 
(5) haemophagocytic lymphohistiocytosis and 
macrophage activation syndrome. In addition, 
they include Erdheim–Chester disease among 
the group of Langerhans cell histiocytosis. This 
recent proposal of a new paradigm shows how 
dynamic this fi eld continues to be.  
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    Myeloproliferative Neoplasms 
and Leukemic Infi ltrates 

    Leukemia Cutis/Myeloid Sarcoma 

 Leukemia cutis (LC) is  defi ned   as skin infi ltration 
by lymphoid or myeloid malignant cells [ 1 ]. 
According to the World Health Organization 
(WHO), the term myeloid sarcoma (MS) is used 
when the infi ltrate consists of myeloid blasts, 
with or without maturation, and the lesion pres-
ents as a tumor mass effacing normal tissue 
architecture [ 2 ]. MS has also been designated as 
granulocytic sarcoma and chloroma. In this chap-
ter, we will focus on myeloid LC (MLC) and MS. 

 Regarding  lymphocytic leukemias  , the per-
centage of LC largely depends on the leukemia 
subtype. Skin involvement is frequent in T-cell 
prolymphocytic leukemia and adult T-cell leuke-
mia/lymphoma, often as the fi rst manifestation of 
the disease [ 3 ,  4 ]. In contrast, B-cell chronic lym-
phocytic leukemia, the most common form of 
leukemia in adults, seldom involves the skin, 
although LC may be the fi rst manifestation in 
rare instances [ 5 – 7 ]. 

 With regard to myeloid leukemias, skin infi l-
tration occurs in 2–20 % overall. Most cases cor-
respond to  acute myeloid leukemias (AMLs)  , 
especially those with monocytic differentiation 

(M4 and M5 subtypes of the FAB classifi cation), 
followed by chronic myelomonocytic leukemia 
(CMML) [ 8 – 10 ].  Myelodysplastic neoplasms 
(MDNs)   and  myeloproliferative neoplasms 
(MPNs)   rarely infi ltrate the skin and, when they 
do, it is often a refl ection of disease progression 
[ 11 ,  12 ]. MLC is more frequent in pediatric than 
adult leukemias and may also develop in associa-
tion with congenital leukemia [ 13 ]. 

 In regard to the underlying hematologic dis-
ease, three main onset forms of skin infi ltration 
have been described. MLC develops in patients 
with a known hematologic malignancy in about 
65 % of cases, in some of which it represents dis-
ease progression or relapse. In up to 28 % of cases 
MLC appears at the time the myeloid disorder is 
diagnosed and the cutaneous lesions may be the 
initial sign leading to the leukemia diagnosis. 
Finally, in about 7 % of patients MLC is found in 
the absence of any underlying hematologic malig-
nancy, the terms “aleukemic LC” and “aleukemic 
MS” having been used in these cases [ 1 ,  8 ,  14 ]. 

 Clinically, MLC usually presents as multiple, 
infi ltrated plaques and/or nodules of red-brown 
or violaceous  appearance  . Solitary lesions 
account for less than one-third of cases. 
Distribution of lesions varies among different 
reports, the regions more often involved being 
the scalp, trunk, and extremities (Fig.  11.1 ). 

  Fig. 11.1    ( a ) Violaceous, tumoral nodule surrounded by 
erythematous macules in the arm of a patient with acute 
myeloid leukemia. ( b ) Multiple brown,    infi ltrated mac-

ules in the trunk of a patient with leukemia cutis (Courtesy 
of Dr. JM Carrascosa, Dpt. of Dermatology, Hospital 
Germans Trias i Pujol, Badalona, Spain)       
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Leukemic gingival hyperplasia and oral lesions 
are particularly frequent in AML with monocytic 
differentiation [ 1 ,  8 ]. Unusual presentations 
include hyperpigmentation [ 15 ], fi ngertip hyper-
trophy [ 16 ], facial erythema [ 17 ], vasculitis [ 18 ], 
and drug-like eruption [ 19 ]. Nonleukemic cuta-
neous manifestations, referred to as “leukemids,” 
are frequent and may be due to drug reaction, 
opportunistic infection, or cytopenias [ 8 ].

   Morphologic evaluation of skin biopsies 
shows a dermal, nodular or diffuse, interstitial 
infi ltration of immature myeloid cells, often with 
perivascular and periadnexal accentuation. The 
infi ltrate density is very variable (Figs.  11.2  and 
 11.3 ). In some cases, an “Indian-fi le”-like pat-
tern between collagen bundles may be seen 
(Fig.  11.4 ). The subcutaneous fat is frequently 
infi ltrated. A Grenz zone is appreciated between 
the lesion and the typically uninvolved epider-
mis, although epidermal ulceration may be seen 
in some cases. Mitotic fi gures and apoptotic bod-
ies are frequent [ 1 ,  8 – 10 ]. The myeloid cell infi l-
trate composition depends largely on the 
leukemia subtype, there being a morphologic 
correlation between bone marrow and peripheral 
blood fi ndings. Thus, in FAB AML M1 and M2 
subtypes, myeloblasts and immature myeloid 
cells are the predominant cell components; in 
FAB M4 and M5 subtypes, the infi ltrate shows a 
monocytic morphology, with oval- or kidney- 
shaped blast cells; and in CMML, MDS, and 
MPN the infi ltrate is heterogeneous, with blast 
cells intermingled with mature granulocytes, 
eosinophils, and mast cells [ 1 ,  8 ]. Aleukemic 
forms of LC are associated with an aggressive 
 histology   including high mitotic indeces, 
 apoptotic bodies,  and   highly dense, diffuse pat-
terns of infi ltration (Fig.  11.5 ) [ 8 ].

      Vasculitis [ 18 ], abundant giant cells [ 20 ], 
granuloma annulare-like [ 8 ], and Sweet-like 
 patterns [ 21 ] are among the rare morphologic 
manifestations described in LC. 

    Immunohistochemistry 
 Even though several studies have found some 
bone marrow and skin discrepancies concerning 
myeloid neoplastic cells immunophenotypes, 
immunohistochemistry plays a pivotal role in the 

diagnosis of myeloid LC. The most sensitive 
 markers   are CD68, lysozyme, CD43, and CD33, 
which are expressed in nearly all LC instances. 
Myeloperoxidase, found in just half the cases, is 
less useful. CD34 and CD117, both immature 
myeloid cell markers, are immunoreactive in less 
than one-third of cases, in contrast to their com-
mon positivity in the bone marrow. Importantly, 
CD4, CD56, and C123 may be positive in some 
cases, raising the possibility of a  blastic plasma-
cytoid dendritic cell neoplasm (BPDCN).   Other 
immunohistochemical stains found in a variable 
proportion of cases include CD163, CD14, 
CD11c, CD45, and CD15. B-cell (CD20, PAX5, 
CD79) and T-cell (CD2, CD3, CD5) markers are 
negative [ 8 ,  10 ,  22 – 25 ].  

    Molecular Biology 
  Molecular biology techniques   play an important 
role in the diagnosis, differential diagnosis, and 
prognostic evaluation of MLC. Molecular or 
chromosomal alterations may be demonstrated in 
about 50 % of cases, and closely mirror those 
found in their leukemic counterpart [ 26 – 28 ]. An 
increased incidence of aneuploidy of chromo-
some 8 has been repeatedly reported [ 29 ,  30 ].  

    Differential Diagnosis 
  Differential diagnosis   of MLC includes B-cell 
lymphomas (especially diffuse large B-cell lym-
phoma), T-cell lymphomas (especially anaplastic 
large cell lymphoma and lymphomatoid papulo-
sis), Merkel cell carcinoma, metastatic carci-
noma, melanoma, and BPDCN. B-cell and T-cell 
malignancies express B-cell (CD20, CD79 and 
PAX5) or T-cell (CD2, CD3, and CD5) lineage- 
specifi c markers, frequently show clonal immu-
noglobulin or T-cell receptor genes, and are 
negative for myeloid markers. Merkel cell carci-
noma and metastatic carcinoma may be excluded 
with the aid of cytokeratin and S100-protein 
immunostains, respectively. 

 Distinction between BPDCN and MLC may 
be very diffi cult, as both diseases share morpho-
logical and immunohistochemical properties. 
Moreover, the presence of blastic plasmacytic 
cells has been described in MLC lesions. 
Differential diagnosis between these  entities   is 
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further  discussed  in the description of BPDCN 
[ 24 ,  25 ]. 

 Immunohistochemistry-based diagnostic 
algorithms have been proposed [ 1 ,  23 ].  

    Clues and Pitfalls 
•     Consider the diagnosis of MLC in any infi l-

trate of blast-appearing cells, even in patients 
with unknown hematologic malignancy. The 

  Fig. 11.2    Two examples 
of leukemia cutis. ( a – c ) A 
case showing mild 
 perivascular infi ltration   
( a , Hematoxilin-Eosin; 
40×) of blastic leukemic 
cells ( c , Hematoxilin-
eosin; 400×). ( b – d ) In this 
case the  infi ltration   is more 
dense, with perivascular 
nodules of neoplastic cells 
( b , Hematoxilin-eosin; 40× 
and 100×)       

  Fig. 11.3     Myeloid leukemia cutis   showing interstitial and perivascular infi ltration ( a , Hematoxilin-eosin; 40×). 
Neoplastic cells are positive for lysozyme ( b ; 40×) and CD68 ( c , 40×)       
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initial immunohistochemical panel should 
include CD68, lysozyme, or CD43.  

•   Expression of CD4, CD56, CD123, or other 
blastic plasmacytoid dendritic cell-associated 
markers may be seen in a variable proportion 
of MLC cases. Consider the differential diag-
nosis with BPDCN.  

•   MLC has been seen in patients with suspected 
diagnosis of Sweet syndrome, especially the 
histiocytoid variant described by Requena 
et al. Thus, when a diagnosis of histiocytoid 
Sweet syndrome is being considered, addi-

tional immunohistochemical and /or molecular 
studies should be performed in order to 
exclude MLC [ 21 ,  31 ].      

    Blastic Plasmacytoid Dendritic 
Cell Neoplasm 

 Blastic plasmacytoid dendritic cell neoplasm 
(BPDCN) is an aggressive hematological tumor 
produced by the clonal proliferation of immature 
 plasmacytoid dendritic cells (PDCs)      (professional 

  Fig. 11.4    Infi ltration by 
leukemic cells among 
collagen bundles with an 
“Indian-fi le”-like pattern 
[Hematoxilin-eosin ( a ) 
and CD68 immunostain 
( b ); 200×]       

  Fig. 11.5    Myeloid  sarcoma   showing a dense, diffuse infi ltrate of leukemic cells in the dermis without epidermal 
involvement ( a ) (Hematoxilin-eosin; 40×). The cells are positive for CD33 ( b ; 40×)  and   myeloperoxidase ( c ; 100×)       
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type-1 interferon-producing cells) [ 32 ].  The   uncer-
tainties about BPDCN histogenesis had for the last 
20 years are refl ected in the variety of terms used 
to defi ne this entity, including “agranular CD4+ 
natural killer (NK) cell leukemia” [ 33 ], “blastic 
NK cell leukemia/lymphoma” [ 34 ] and “CD4+ 
CD56+ hematodermic  neoplasm/tumor” [ 35 ]. 
BPDCN is classifi ed as an acute myeloid leukemia 
in the current 2008 World Health Organization 
(WHO) classifi cation of tumors of hematopoietic 
and lymphoid tissues [ 32 ]. 

 BPDCN shows a male/female ratio of 2–3:1. 
Most patients are older adults, with a mean age 
between 60 and 70 years, although BPDCN may 
occur at any age [ 36 ]. Patients usually show local-
ized or disseminated cutaneous manifestations, 
such as nodules, bruise-like lesions, or erythema-
tous plaques (Fig.  11.6 ). Lymphadenopathies,    
bone marrow, and peripheral blood involvement is 

common at diagnosis, and it invariably develops 
during disease’s progression (Fig.  11.7 ) [ 36 ,  37 ]. 
A relationship with myeloid and myelomonocytic 
leukemia has been reported in 10–20 % of cases 
[ 38 ,  39 ].

    Skin lesions typically show a monomorphic 
infi ltration of medium-sized blast cells with irreg-
ular nuclei, fi ne chromatin, one to three small 
nucleoli, and scanty cytoplasm devoid of granula-
tion. The infi ltration is diffuse and dense in nodu-
lar lesions and perivascular with scattered nodules 
in bruise-like and plaque lesions. The epidermis is 
uninvolved, with a Grenz zone, and the subcuta-
neous fat may be infi ltrated as the neoplasm pro-
gresses (Figs.  11.8  and  11.9 ).    Angioinvasion/

  Fig. 11.6     Erythematous 
macule   on the scalp with a 
nodular, hyperkeratotic 
area       

  Fig. 11.7    Bone marrow aspirate shows infi ltration by 
blast cells with fi ne chromatin and abundant, peripheral 
cytoplasm (May-Grünwald-Giemsa, 1000×)       

  Fig. 11.8    Panoramic view of a  nodular skin lesion  . Blast 
cells diffusely infi ltrate the dermis, without epidermal 
involvement (Hematoxilin-eosin, 20×)       
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angiodestruction and coagulative necrosis are 
absent. Mitotic activity is variable, but usually not 
prominent [ 36 – 38 ].

        Immunohistochemistry   
 Neoplastic cells coexpress CD4, CD56, CD45RA, 
CD43, and PDC-related antigens such as CD123, 
T-cell leukemia-1 (TCL1) [ 40 ], cutaneous lym-
phocyte-associated antigen (CLA) [ 41 ], inter-
feron α-dependent molecule MxA, blood dendritic 
cell antigen 2 (BDCA2/CD303) [ 42 ], Spi-B tran-
scription factor [ 43 ], CD2- associated protein 
(CD2AP) and BCL11A, among others [ 44 ]. 
However, up to 50 % of cases show an incomplete 
dendritic cell phenotype (Fig.  11.10 ) [ 36 ].

   BPDCN is negative for lineage-specifi c mark-
ers of B cells (CD20, CD79, and CD19), T cells 
(CD3 and CD5), myeloid and monocytic cells 
(myeloperoxidase, CD15, CD13, CD14, and lyso-
zyme), with the exception of CD33 and CD7. 
Interestingly, terminal deoxynucleotidyl transfer-
ase (TdT) is positive in up to one third of cases 
while the hematopoietic precursor cell markers 
CD34 and CD117 are consistently negative. 
Epstein–Barr virus-encoded small RNAs (EBERs) 
are negative [ 36 ,  39 ,  42 ,  44 ]. 

 Although this neoplasm defi nition was based 
on CD4 and CD56 positivity, negativity for CD4 
or CD56 has been reported in rare instances [ 36 ]. 
This negative result does not exclude the  diagnosis 
of BPDCN, if the remaining characteristics and 
phenotype are present. According to the WHO 
2008 criteria, cases that share some, but not all, 
immunophenotypic markers with PDCs  s  hould be 
better classifi ed as “acute leukemia of ambiguous 
lineage” [ 32 ].  

    Molecular Biology 
 T-cell and B-cell receptor genes are usually 
germline in most cases [ 6 ]. Karyotypic analysis 
and array- based   comparative genomic hybridiza-
tion have shown multiple genetic alterations in 
two-thirds of cases, mostly deletions on chromo-
somes 5q, 12p, 13q, 6q, 15q, 7p 9p, and 9q [ 45 ,  46 ]. 
Gene-expression profi ling studies have found 
canonical activation of NFkB pathway [ 47 ] and 

  Fig. 11.9    The blasts are medium-sized, with fi ne chro-
matin, small nucleoli, and moderate cytoplasm without 
granulation (Hematoxilin-eosin, 200×)       

  Fig. 11.10    The infi ltrate 
is positive for CD4 ( a ) and 
CD56 ( b ) (100×)       
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next-generation sequencing approaches have evi-
denced mutations in several genes including 
TET2, IKZF3, and ZEB2 [ 48 ,  49 ]. However, 
none of these genetic abnormalities are specifi c 
for BPDCN and may be detected in other hema-
tological malignancies.  

    Differential Diagnosis 
 The  differential diagnosis   of BPDCN is broad and 
includes T acute lymphoblastic leukemia/lym-
phoma (T-ALL), acute myeloid leukemia/myeloid 
sarcoma (AML/MS), cutaneous T/NK cell nasal-
type lymphoma and Langerhans cell histiocytosis. 
Careful clinical evaluation and extensive immuno-
phenotypic analysis is required, as immunopheno-
typic overlap with these neoplasms is frequent. 

 Expression of cytoplasmic CD3 and CD34 
and T-cell receptor clonal rearrangement are 
helpful features to differentiate T-ALL from 
BPDCN, while TdT is not useful in this setting. 
T/NK cell nasal-type lymphomas are CD56+ and 
may occasionally express CD4, but neoplastic 
cells are rather pleomorphic, angioinvasion and 
necrosis are frequent, cells express cytoplasmic 
CD3 and TIA-1 and, importantly, are EBER posi-
tive, which excludes BPDCN [ 50 ]. Langerhans 
cell histiocytosis may exhibit a blastic morphol-
ogy, expresses CD4 and CD56 and may be 
CD123-positive, but the correct diagnosis must 
be made with the aid of appropriate markers 
(S100, CD1a, and langerin) [ 51 ]. Differential 
diagnosis with AML/MS may be challenging, 
since cases with monocytic differentiation may 
show  positivity for CD4, CD56, and CD123. 
Moreover, some PDC-related  antigens may be 
expressed in AML/MS. Consequently, a broad 
panel of immunohistochemical markers is man-
datory to make an accurate diagnosis. Findings 
indicative of AML/MS are the presence of granu-
lated myeloid cells on close inspection,    positivity 
for myeloperoxidase or lysozyme, CD13, CD14, 
CD34, or CD117, and negativity for MxA, TCL1, 
and TdT. Immunohistochemistry for BDCA2 and 
CLA is not useful in this context [ 24 ,  25 ,  52 ].  

    Clues and Pitfalls 
•     Consider BPDCN in any monomorphic and 

diffuse blast cell infi ltration of the dermis, 
especially in elderly patients.  

•   CD4 and CD56 positivity strongly suggests 
BPDCN, but may be found in several other 
entities. In the presence of CD4+CD56+ infi l-
trates, a complete immunohistochemical panel 
must be performed, including antibodies for 
B-cell, T-cell, myelo-monocytic, and PDC-
related antigens.  

•   Negativity for CD4, CD56, or PDC-related 
antigens does not rule out the diagnosis of 
BPDCN if other features of this condition are 
present.  

•   Non-neoplastic aggregates of PDC may be seen 
in association with myeloid disorders [ 22 ].      

    Precursor Lymphoblastic 
Leukemia/Lymphoma 

 Lymphoblastic lymphoma (LBL) is the tumor 
form of lymphoblastic leukemia. Both LBL and 
lymphoblastic leukemia consist of precursor cells 
(lymphoblasts) that may show a B-cell or T-cell 
phenotype. The leukemic presentation form pre-
dominates among B-cell neoplasms, in which it 
accounts for 90 % of cases. In contrast, T-cell 
neoplasms present as lymphomas in 85–90 % of 
cases [ 53 ,  54 ]. 

  Bone marrow infi ltration   by over 25 % lym-
phoblasts is the criterion to be met for the diagno-
sis of leukemia.  B lymphoblastic lymphoma 
(B-LBL)   usually involves the skin, soft tissue, 
bone, and lymph nodes and may coexist with a 
certain degree of leukemic expression [ 55 – 57 ]. 
 T lymphoblastic lymphoma (T-LBL)   usually 
presents as a large mediastinal mass, enlarged 
lymph nodes, or involvement of organs such as 
the skin, tonsils, spleen, liver, testes, or central 
nervous system [ 58 ]. 

 Skin involvement takes place more often in 
LBL than in lymphoblastic leukemia, its fre-
quency being higher in B-LBL (15–20 %) than in 
T-LBL (<5 %). Lesions appear as reddish or pur-
ple subcutaneous nodules which usually are 
 solitary and involve the head and neck of chil-
dren in B-LBL, whereas in T-LBL they are often 
multiple and involve the chest wall, legs, and 
back of adolescent or young adults [ 59 ,  60 ]. A 
dermal lesion may be the fi rst manifestation of 
disease of the cellular infi ltrate in both B-LBL 
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and T-LBL, so that at times a biopsy is performed 
when pertinent clinical information and periph-
eral blood and bone marrow study results are still 
unavailable. 

 Histologically, there is a diffuse monotonous 
infi ltration of the dermis by intermediate-sized 
atypical lymphoid elements with scanty cyto-
plasms and round or convoluted nuclei showing 
fi nely particulated chromatin and visible nucle-
oli. Mitotic fi gures are common and areas with a 
“starry-sky” pattern are often seen. The epider-
mis is spared and it is uncommon for the neo-
plasm to  destroy   annexial  structures   (Figs.  11.11  
and  11.12 ).

       Immunohistochemistry 
 B-LBL is characterized by the expression of pre-
cursor cell markers (such as terminal deoxynu-
cleotidyl transferase, TdT), CD99 or, less often, 
CD34 [ 61 ] (Fig.  11.13 ).    B-cell marker expression 
is variable. Among the latter, the more useful are 
CD20, CD79a, and, particularly, PAX5. There 
may be positivity for CD10. In some cases, 
myeloid lineage cell markers such as CD13 or 
CD33 may be positive. Therefore, a too restricted 
immunohistochemical study may cause problems 
of diagnostic interpretation.

   T-LBL usually expresses TdT, CD99, and, 
less commonly, CD34. T-cell markers (CD1a, 
CD2, CD3, CD4, CD5, and CD8) are variably 
expressed [ 62 ] (Fig.  11.14 ).    Coexpression of 

  Fig. 11.11    Lymphoblastic leukemia. Dermal infi ltrate in 
a patient diagnosed with  T-cell lymphoblastic lymphoma  . 
Note the marked monotony of the cellular infi ltrate       

  Fig. 11.12    Lymphoblastic leukemia.  Focal starry-sky 
pattern         

  Fig. 11.13    Lymphoblastic leukemia.  TdT nuclear immu-
nostain   of tumor cells       

  Fig. 11.14    Lymphoblastic lymphoma. Cells strongly 
positive for  CD3   in lymphoblastic T-cell lymphoma       
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CD4 and CD8 is frequent and CD10 is positive in 
a high number of cases. Similarly to B-LBL, 
there may be expression of CD13 or CD33.

       Molecular Biology 
 IGH DJ rearrangement is present in most B-ALL 
cases. TCR rearrangement may coexist with IGH 
DJ rearrangement in up to 70 % of B-ALL cases. 
TCR may be clonal in T-LBL, but up to 20 % of 
cases may show IgH clonality. Therefore, the 
utility of IGH DJ and TCR rearrangement studies 
to confi rm B-cell or T-cell lineage is limited. 

 Some B-LBL cases are associated with 
characteristic cytogenetic alterations ( BCR-ABL1  
translocation,  MLL  rearrangement, etc) that iden-
tify specifi c clinicopathological entities [ 53 ].  

     Differential Diagnosis   
 LBL diagnosis should pose no problems if appro-
priate clinical information is available and a 
complete immunohistochemical study is per-
formed. Major diffi culties may arise when clini-
cal information is incomplete or the disease starts 
as a skin lesion. In these settings monotony and 
immaturity of the cell infi ltrate and patient age 
are of great help in suggesting the correct diagno-
sis. When in doubt, immunohistochemistry may 
confi rm the diagnosis by showing combined pos-
itivity for precursor cell markers (TdT and 
CD99), CD10, and B-cell markers (in B-LBL) or 
T-cell markers (in T-LBL). Obviously, the hema-
tologist should be contacted so that a comprehen-
sive study of the patient is carried out [ 63 ]. 

 The cell infi ltrate monotony could induce con-
fusion with skin involvement by blastoid mantle 
cell lymphoma. However, the problem is solved 
by knowledge of relevant clinical features in con-
junction with a complete immunohistochemical 
study including cyclin D1 or SOX11 [ 64 – 66 ]. 
Combined positivity for T-cell markers and 
CD10 may suggest angioimmunoblastic lym-
phoma with cutaneous involvement. Again, clini-
cal information and immunohistochemical study 
of TdT and other markers greatly help. 

 Expression of CD34 and myeloid lineage 
markers may be reminiscent of myeloid sarcoma 
in some cases, but a more extensive immunophe-
notypic study may solve the problem. 

 Blastic plasmacytoid dendritic cell neoplasm 
(BPDCN), although mostly seen in old patients, 
may present at any age and usually causes dermal 
lesions, which are histopathologically similar to 
T-LBL. The CD3−, CD4+, CD123+, and CD56+ 
immunophenotype is very characteristic of this 
entity. Nonetheless, it should be kept in mind that 
up to a third of BPDCN cases may express 
TdT. Usually, T-LBL will be positive for other 
T-cell antigens such as CD2, CD3, CD5, and 
CD7.  A   complete hematologic study is necessary 
to establish the diagnosis in some cases [ 67 ]. 

 Nonhematologic small round-cell tumors such 
as Ewing’s sarcoma, neuroblastoma, malignant 
rhabdoid tumors, and Merkel cell carcinoma may 
present with skin lesions. These tumors should be 
ruled out with the aid of appropriate immunohis-
tochemical panels when there is negativity for 
lymphoblastic lymphoma markers [ 68 ]. It should 
be noted that positivity for TdT and PAX5 has 
been observed in nearly 80 % of cases of Merkel 
cell carcinoma [ 69 ,  70 ].  

    Clues and Pitfalls 
•     The immunohistochemical study should 

include TdT and CD99 when confronted with 
a diffi cult-to-classify dermal lymphoprolifera-
tive lesion, particularly in children, adoles-
cents, or young adults.  

•   Expression of myeloid lineage markers such 
as CD13 or CD33 does not exclude LBL.  

•   Angioimmunoblastic lymphoma may coex-
press T-cell markers and CD10, but is negative 
for precursor cell markers (TdT).  

•   BPDCN should be ruled out when a dermal 
lesion is positive for CD4 and CD56, even in 
the presence of TdT immunoreactivity.      

    Mastocytosis 

 Mastocytosis comprises a heterogeneous group 
of diseases  characterized   by proliferation and 
accumulation of clonal mast cells in one or more 
organs. The World Health Organization (WHO) 
variants of mastocytosis are shown  in   Table  11.1 . 
Skin is the organ most commonly involved 
in mastocytosis, and three main clinical- 
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pathological subtypes are recognized: (1) urti-
caria pigmentosa (UP)/maculopapular cutaneous 
mastocytosis (MPCM), (2) diffuse cutaneous 
mastocytosis (DCM), and (3) mastocytoma of 
skin (nodular mastocytosis) [ 71 ]. Cutaneous 
infi ltration in mast cell leukemia and mast cell 
sarcoma is extremely rare.

   UP is the  most   common variant of cutaneous 
mastocytosis (CM), accounting for 70–90 % of 
patients, and up to 75 % onset in the fi rst years of 
life. Adult-onset UP is in most cases indicative of 
systemic mastocytosis (SM), and appropriate 
investigation of bone marrow and serum tryptase 
should  be   performed (Fig.  11.15 ) [ 72 – 74 ]. 
 Telangiectasia macularis eruptiva perstans (TMEP)      
 is   considered a rare form of MPCM. DCM (1–3 % 
of patients) and mastocytoma of skin (10–30 % of 
patients) are almost exclusive of childhood [ 75 ].

   Lesions of CM vary in the different clinical- 
pathological subtypes. The Darier’s sign is useful 
in clinical diagnosis. UP/MPCM generally pres-
ents with an eruption of multiple hyperpigmented 
macules or, less frequently, papules. The trunk is 
the most common localization of lesions, fol-
lowed by the extremities. The rare TMEP variant 
is characterized by slightly pigmented macules 
with telangiectasia.       In  DCM  , skin is diffusely 
thickened and erythematous and blistering is 
common. Mastocytoma presents as solitary nodu-
lar lesions of the trunk, head, or wrists (Fig.  11.16 ).

   The histopathological fi ndings of CM are 
characterized by cutaneous infi ltration of mast 
cells, predominantly in the upper third of the der-
mis; the number of mast cells varies in the clini-
cal subtypes (Fig.  11.17 ). In the usual UP/MPCM 
lesions, fusiform mast cells are found mostly 
around blood vessels, with some eosinophils and 
superfi cial edema. Nodular aggregates of mast 
cells are rarely found. Basal hyperpigmentation 

   Table 11.1    World Health Organization classifi cation of 
mastocytosis a    

 Skin lesions 

 Cutaneous  mastocytosis (CM)   
   Urticaria pigmentosa (UP)/

maculopapular CM (MPCM) 
   Diffuse CM 
   Mastocytoma of skin 

 + 
 − 
 − 

 Indolent systemic mastocytosis (SM) 
   Smoldering SM 
   Isolated bone marrow mastocytosis 

 + 
 + 
 −/+ 

 Systemic mastocytosis with associated 
clonal hematological non-mast cell 
lineage disease (SM-AHNMD) 

 – 

 Aggressive systemic  mastocytosis 
(ASM)   
   Lymphadenopathic mastocytosis with 

eosinophilia 

 −/+ 

 Mast cell leukemia (MCL) 
   Aleukemic MCL 

 – 

 Mast cell sarcoma (MCS)  – 

 Extracutaneous mastocytoma  – 

   a Horny HP, Metcalfe DD, Bennett JM, Bain 
BJ. Mastocytosis. In: Swerdlow SH, Campo E, Harris NL, 
Jaffe ES, Pileri SA, Stein H et al. eds. WHO Classifi cation 
of Tumours of Haematopoietic and Lymphoid Tissues. 
4th ed. Lyon France: IARC Press; 2008:54–63  

  Fig. 11.15     Bone marrow 
infi ltration   by mast cells in 
a case of systemic 
mastocytosis ( a , 
Hematoxilin-eosin, 200×). 
CD117 inmunostain 
highlight the mast cells 
(inset). Bone marrow 
aspirate shows elongated 
mast cells ( b , May-
Grünwald-Giemsa, 1000×)       
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of the epidermis is a diagnostic clue.    The rare 
 TMEP   is characterized by dilated vessels and a 
slight increase in perivascular mast cells that can 
be undetectable without appropriate immunohis-
tochemical stains. In DCM, a band-like or dermal 
diffuse, sheet-like infi ltrate of round mast cells is 
found (Fig.  11.18a, b ). Subepidermal edema with 
vesiculobullous changes is frequent in infants. 
Mastocytoma of the skin is characterized by 
dense aggregates of round mast cells that infi l-
trate diffusely the papillary and reticular dermis, 
sometimes extending to subcutaneous tissues 
(Fig.  11.18c, d ).    The overlying epidermis is often 
elevated but uninfi ltrated [ 76 ,  77 ].

       Immunohistochemistry 
 Mast  cells   are positive for CD45, CD68, CD33, 
CD43, HLA-DR, CD117 (CKIT), and Tryptase. 
Of these, Tryptase is the most lineage-specifi c 
marker. Both CD117 and tryptase are commonly 
used to highlight mast cells in tissue samples. 
Aberrant expression of CD2 and/or CD25 in 
cutaneous mast cells may be indicative of SM 

  Fig. 11.16    Presence of multiple hyperpigmented mac-
ules on the back of a child with cutaneous mastocytosis 
(Courtesy of Dr. JM Carrascosa, Dpt. Of Dermatology, 
Hospital Germans Trias I Pujol, Badalona, Spain)       

  Fig. 11.17    A case of 
 cutaneous   mastocytosis 
with weak infi ltration. 
Panoramic view shows a 
dermal superfi cial 
infi ltration of mast cells 
( a , Hematoxilin-eosin; 
40×). High power 
examination shows the 
interstitial and perivascular 
distribution of the infi ltrate 
( c , Hematoxilin- eosin; 
200×). Tryptase stain 
highlights the mast cell 
infi ltrate ( b ; 40×,  d ; 200×)       
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with secondary cutaneous involvement [ 78 – 80 ]. 
Recently, CD30 expression has been demon-
strated in SM, including indolent and aggressive 
forms, and could be a potential target-based ther-
apy [ 81 ,  82 ]. One case of CD30 positive CM has 
been reported, although it probably represented a 
secondary skin infi ltration by SM [ 83 ].  

    Molecular Biology 
 Activating  point   mutations in KIT gene (espe-
cially D816V) are present in almost all patients 
with SM (Fig.  11.19 ). Early reports suggested 
that KIT mutations were not present in CM cases, 
but recent data show activating point mutations in 
67–83 % of CM both in infants and adults. 
Interestingly, alternative mutations (other than 
D816V) are frequently found in CM [ 84 – 86 ].

        Differential Diagnosis   
 The histopathological and clinical features of 
CM, including Darier’s sign, are characteristic 
enough as to provide the correct diagnosis in 
almost all patients. Lesions with subtle infi ltra-
tion by mast cells could be missed without 
 suitable clinical information and special stains 
that highlight mast cells.  

    Clues and Pitfalls 
•     CD117 and/or tryptase positivity must be nec-

essary to highlight mast cells in CM with 
scarce infi ltration. CD117 is also positive in 
hematopoietic progenitor cells and tryptase in 
basophils, which eventually can lead to a 
misdiagnosis.  

•   Diagnosis of CM requires appropriate investi-

  Fig. 11.18    Two 
representative cases  of 
  cutaneous mastocytosis. 
( a ,  b ) Superfi cial, 
band-like infi ltrate of mast 
cells in the dermis, without 
epidermal involvement ( a , 
Hematoxilin-eosin, 40×;  b , 
CD117, 40×). ( c ,  d ) Dense 
infi ltration of papillary and 
reticular dermis by mast 
cells ( c , Hematoxilin-
eosin, 40×), positive for 
CD117 ( d , Hematoxilin- 
eosin, 40×)       

 

11 Immunohistology of Leukemia Cutis and Histiocytic Tumors



274

gation in order to exclude SM, especially in 
adult-onset instances or in cases with CD25 
expression.       

    Histiocytic and Dendritic 
Cell Disorders 

    Langerhans Cell Histiocytosis/
Langerhans Cell Sarcoma 

 Langerhans cell histiocytosis (LCH) is a rare dis-
ease more commonly seen in children, although 
it may present at any age. For more than 50 years 
it has been much debated whether LCH is an 
infl ammatory, infectious, immunologic, or neo-
plastic condition. Recently, demonstration of 

clonality and  BRAF  mutations in LCH has lent 
support to the neoplastic character of this pecu-
liar disorder [ 87 ]. 

 LCH localized form with involvement of only 
one site (classic eosinophilic granuloma) shows 
very few symptoms and a strong trend towards 
spontaneous resolution [ 88 ,  89 ]. An osteolytic 
lesion with spread to the adjacent soft tissue is 
more commonly observed, but lymph nodes, 
lung, or skin may be alternatively involved. 
Multifocal forms combine simultaneous lesions 
in several of these locations. Skull and mandible 
involvement is quite common. Skull lesions may 
be associated with diabetes insipidus (Hand- 
Schülller- Christian). The more severe dissemi-
nated form (Abt-Letterer-Siwe) is seen in 
children, who add liver and spleen involvement 
to skin and bone lesions [ 88 ,  89 ]. 

 Independently of clinical presentation and 
aggressiveness, LCH diagnosis is based on the 
identifi cation of characteristic  Langerhans cells 
(LCs)  . LCs show a peculiar elongated folded 
nucleus with little atypia, fi nely particulated 
chromatin, a discrete nucleolus, and variable pro-
liferative activity. Cytoplasms are eosinophilic 
and moderately abundant. LCH lesions show an 
infl ammatory/granulomatous appearance and 
consist of numerous LCs intermingled with 
eosinophils, histiocytes, multinucleated cells, 
neutrophils, and lymphocytes (Fig.  11.20 ). LCs 
relative density diminishes as the lesions mature 
and LCs are replaced by foamy histiocytes and 
fi brous tissue. The fi rst structural evidence lead-
ing to the grouping of the various LCH forms 
was the observation of Birbeck granules. 
Subsequently, immunohistochemical techniques 
have greatly facilitated the study of these condi-
tions [ 87 ,  88 ].

    Langerhans cell sarcoma (LCS) is   the obvi-
ously malignant counterpart of LCH.  LCS   usu-
ally presents in adults in a multiorganic fashion, 
with common infi ltration of the skin and neigh-
boring tissues. Histologically, LCS shows 
marked atypia, pleomorphism, and a high mitotic 
index, with no features suggestive of LC differ-
entiation. Consequently, LCS diagnosis is mostly 
based on immunohistochemical fi ndings and/or 
ultrastructural demonstration of Birbeck gran-
ules [ 89 ,  90 ]. 

  Fig. 11.19    Identifi cation of V560G mutation in the c-Kit 
gene by PCR       

 

M.T.F. Figueras et al.



275

    Immunohistochemistry 
 LCH diagnosis requires evidence of CD1a and 
langerin (CD207) expression in LCs (Figs.  11.21  
and  11.22 ) [ 88 ,  91 ]. Although S-100 protein is 
usually positive, its diagnostic usefulness is not 
as robust as that of CD1a and  langerin    owing to 
its low specifi city [ 92 ]. In contrast, CD1a and 
langerin are highly specifi c for LCH and very 
useful for the differential diagnosis with other 
histiocytosis [ 93 ]. Additionally, CD68, CD4,  and   
vimentin are often immunoreactive in LCH, 
although as happens with S-100 protein their low 
specifi city makes their use unpractical.

    There is a good correlation between the pres-
ence of  BRAF  mutations and immunoreactivity 
with specifi c antibodies against mutant BRAF- 
V600E protein. Although not all cases with the 
mutant protein are immunohistochemically posi-

tive, discrepancies are few [ 94 ,  95 ]. Even so, we 
believe that the diagnostic usefulness of anti- 
BRAF antibodies is limited, since a positive 
immunoreaction is obtained in just 60 % of LCH 
cases. That notwithstanding, the screening use of 
this antibody for detection of potentially mutated 
cases susceptible of treatment with specifi c 
inhibitors is very promising. 

 LCS usually expresses LC markers. 
   Nevertheless, expression is focal and irregular in 
some cases, in which  ultrastructural   evidence of 
Birbeck granules may be extremely helpful 
(Fig.  11.23 ) [ 96 ].

        Molecular Biology   
 In the last few years proof has accrued on the exis-
tence of a constitutive activation of the RAS- 

  Fig. 11.20    Langerhans cell histiocytosis. Dermal infi l-
trate of granulomatous appearance containing numerous 
Langerhans cells and eosinophils       

  Fig. 11.21    Langerhans 
cell histiocytosis. CD1a 
cytoplasmic 
immunostaining of 
Langerhans cells (courtesy 
of Dr. L. Requena, Dept of 
Dermatology, Fundación 
Jiménez Díaz, Madrid, 
Spain)       

  Fig. 11.22    Langerhans cell histiocytosis.  Langerin 
(CD207)   is the most specifi c immunohistochemical 
marker of Langerhans cell histiocytosis (courtesy of Dr. 
L. Requena, Dept of Dermatology, Fundación Jiménez 
Díaz, Madrid, Spain)       
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RAF- MAPK-ERK pathway in LCH. In about 
60 % of LCH cases, activation of extracellular 
signal-regulated kinase (ERK) is caused by BRAF 
exon 15 V600D mutation. A similar biologic 
effect is achieved by somatic MAP2K1 mutations 
in approximately 27 % of LCH cases. Interestingly, 
both mechanisms are mutually exclusive. In rare 
LCH cases other mutations, such as those of 
ARAF, may induce ERK activation in the absence 
of BRAF mutations. These alterations, which 
ultimately result in ERK activation, take place in 
both unifocal and multifocal LCH cases, and even 
in congenital instances of the disease [ 97 – 101 ]. 

 Probably, molecular determination of the 
aforesaid alterations will play a more important 
role in the selection of specifi c therapeutic targets 
than as diagnostic tools. In this context, the 
results recently obtained with specifi c inhibitors 
are highly promising. Most likely, the design of 
powerful specifi c inhibitors will soon provide 
effi cient therapeutic weapons for the manage-
ment of LCH [ 102 ,  103 ].  

     Differential Diagnosis   
 Generally speaking, LCH differential diagnosis 
includes infl ammatory conditions totally or par-
tially constituted by histiocytes (non-Langerhans 
cell histiocytosis). 

 The latter include juvenile xantogranuloma, a 
morphologically different lesion with foamy 
 histiocytes and Touton giant cells. Lack of posi-
tivity for CD1a and langerin provides the diagno-
sis in doubtful cases [ 104 ]. 

 Rosai-Dorfman disease occasionally involves 
the skin and may mimic LCH. The presence of 
foamy histiocytes with emperipolesis and, again, 
CD1a and langerin negative immunostaing are 
key features in support of this condition. 

 Erdheim-Chester disease is a systemic disease 
that at times involves the skin. Collections of 
enlarged histiocytes with clear cytoplasm are 
characteristic. Immunohistochemical studies 
including langerin and CD1a are diagnostically 
very helpful. 

 Usually, the differential diagnosis with den-
dritic cell tumors is not problematic, since their 
high tumor cell density and negativity for LC 
markers lead to their identifi cation. Indeterminate 
dendritic cell tumor, a rare tumor of dendritic cells, 
may express CD1a and S-100 protein. Nevertheless, 
their negative langerin immunostaining and lack 
of Birbeck granules point to the correct diag-
nosis [ 105 ]. 

 Mast cell proliferations, histiocytic sarcoma,    
myelomonocytic leukemia, and anaplastic large 
cell lymphoma may give rise to cutaneous lesions 
that occasionally cause diagnostic problems. 

  Fig. 11.23    Langerhans 
cell histiocytosis.  Birbeck 
granules   are the 
ultrastructural hallmark of 
Langerhans cells. They can 
appear in the typical 
tennis- racquet shape 
( a ) or as trilaminate 
structures ( b )       
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Clinical data and a complete immunophenotypic 
study are essential for the diagnosis.  

    Clues and Pitfalls 
•     When confronted with an infl ammatory/his-

tiocytic lesion, CD1a and langerin expression 
should be investigated to rule out LCH. Other 
less-specifi c markers, such as S-100 protein 
and CD4, must be cautiously evaluated, since 
other histiocytic conditions may create diag-
nostic confusion.  

•   Indeterminate dendritic cell tumor may give 
rise to differential diagnosis problems, since it 
may be positive for S-100 protein and CD1a. 
Absence of langerin and Birbeck granules are 
helpful diagnostic clues.  

•   Immunoreactivity for BRAF may be use-
ful for selecting treatments with specifi c 
inhibitors.  

•   LCS may show partial expression of LCH 
markers. In these cases, electron microscopic 
study may solve the issue.      

    Indeterminate Dendritic Cell Tumor 

 Indeterminate dendritic cell tumor, also known as 
indeterminate cell histiocytosis (ICT), is an 
uncommon entity of unclear histogenesis. Its ill- 
defi ned morphologic features are intermediate 
between those of Langerhans cell hitiocytosis 
and other histiocytic conditions [ 106 ]. Clinically, 
ICT is  characterized   by solitary or multiple der-
mal papulonodular lesions involving the trunk, 
neck, face, and limbs. These lesions are usually 
asymptomatic and show a benign behavior. 
Spontaneous regression, at least partial, is a com-
mon outcome [ 107 ,  108 ]. 

 There are ICT cases with extracutaneous osse-
ous or corneal involvement and systemic symp-
toms, but they are exceptional [ 109 ,  110 ]. It is 
quite intriguing that this rare disease is occasion-
ally associated with malignant hematologic con-
ditions such as follicular lymphoma, acute 
myeloid leukemia, and lymphoblastic lymphoma 
[ 105 ,  106 ,  111 ,  112 ]. 

 Histologically, ICT shows a dense dermal infi l-
trate that may reach the subcutis and rarely exhib-

its epidermotropism. The infi ltrate consists of a 
mixture of lymphocytes, eosinophils, and large-
sized cells with wide cytoplasms and oval folded 
or indented nuclei showing fi ne chromatin, incon-
spicuous nuclei, and delicate membranes 
(Fig.  11.24 ). Multinucleated giant cells may be 
seen as well. Cell atypia is generally absent and 
mitoses are either very scanty or not present.

      Immunohistochemistry 
 ICT has a distinctive  immunohistochemical pro-
fi le  . Similarly to what happens in LCH, dendritic 
cells are positive for S-100 protein and CD1a in 
ICT, but the latter lacks Birbeck granules and, 
consequently, shows negativity for langerin 
(CD207) (Figs.  11.25  and  11.26 ). It should be 
kept in mind, however, that positive immunos-
tainings for S-100 protein and CD1a are irregu-
larly distributed in some ICT cases [ 105 ,  110 ].

    CD45 and histiocytic markers (CD68 and 
CD4) may be positive. CD30 and other B or T 
lymphoid markers are negative, as are follicular 
dendritic cell markers such  as   CD21, CD23, 
and CD35.  

    Molecular Biology 
 No much knowledge is  available   of the molecu-
lar changes related to this condition. Occasional 
cases associated with neoplastic hematologic 
disease have shown a clonal relationship 

  Fig. 11.24    Indeterminate dendritic cell tumor. 
Infl ammatory appearance, with histiocyte-like cells, poly-
morphonuclear leukocytes and eosinophils (Courtesy of 
Dr. C. Barranco, Hospital del Mar, Barcelona, Spain)       
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between ICT and the accompanying lymphoid 
neoplasm. Specifi cally, t(14:18) has been identi-
fi ed in both ICT lesions and associated follicular 
lymphoma cells. Possibly, divergent differentia-
tion from a common cell precursor is the under-
lying mechanism in some of these instances. 
Clonality has not been detected in ICT cases 
unrelated to hematologic neoplasms [ 105 ,  112 ]. 
Understanding of ICT molecular mechanisms is 
in need of much study and there is no proof that 
it shares the molecular alterations recently 
described in LCH.  

    Differential Diagnosis 
 ICT  differential diagnosis   includes genuinely 
histiocytic conditions and LCH. The combina-
tion of positive immunoreactivity for CD1a and 
S-100 protein and negative immunostaining for 
langerin is characteristic of this entity [ 106 ]. 

 Juvenile xanthogranuloma and reticulohistio-
cytoma may partially mimic ICT, but their nega-
tivity for both S-100 protein and CD1a is very 
helpful. Other genuinely histiocytic conditions, 
such as Rosai-Dorfman disease, show distinctive 
morphologic features that allow their distinction, 
although recourse to immunohistochemistry 
greatly helps to clarify doubtful cases. 

 Dendritic cell tumors may express S-100 protein, 
but their densely cellular appearance and lack of 
CD1a expression are very useful diagnostic clues. 

 LCH may be morphologically very similar to 
ICT and then poses signifi cant differential diag-
nostic problems. In this setting immunohisto-
chemistry for CD1 and langerin is essential, 
langerin negativity being very suspicious for 
ICT. Electron  microscopic   demonstration of lack 
of Birbeck granules is also recommended to con-
fi rm de diagnosis of ICT.  

    Clues and Pitfalls 
•     When confronted with a lesion suspicious for 

LCH, langerin expression should be investi-
gated. Langerin negativity is very suggestive 
of ICT.  

•   When ICT is associated with a malignant 
hematologic condition, there may be a clonal 
relationship between both. Investigation of 
clonality is advised in these circumstances.      

    Xanthogranuloma and Related 
Disorders 

 Juvenile xanthogranuloma (JXG) is a non- 
Langerhans dendritic cell histiocytic disorder 
that usually appears in the fi rst two decades of 
life [ 113 ]. Most JXGs are solitary dermal nodules 
measuring from a few millimeters to 1–2 cm, 
although giant forms (often 4–5 cm in diameter) 
have also been described [ 114 ]. A high propor-
tion of cases occur on the face or trunk and are 

  Fig. 11.25    Indeterminate dendritic cell tumor. Positive 
CD1a immunostaining of dendritic cells (Courtesy of Dr. 
C. Barranco, Hospital del Mar, Barcelona, Spain)       

  Fig. 11.26    Indeterminate dendritic cell tumor. There is 
no ultrastructural evidence of Birbeck granules (Courtesy 
of Dr. J Lloreta, Hospital del Mar, Barcelona, Spain)       
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skin colored, yellowish, or erythematous. Less 
frequently, patients present with multiple lesions, 
exhibit a lichenoid appearance [ 115 ] or show 
involvement of deep-seated cutaneous locations 
[ 116 ]. Visceral or systemic involvement is rare 
but, when present, it may be the cause of death, 
especially in neonates [ 113 ]. Nevertheless, the 
clinical course of most JXGs is self-limited. 

 Microscopically, JXG consists of an intrader-
mal proliferation of spindle cells, mononuclear 

histiocytes, and multinucleated giant cells, some 
of them Touton type.  Touton cells   are character-
ized by multiple nuclei in a ring disposition 
around an area of dense pink cytoplasm, which is 
surrounded by a  rim   of foamy cytoplasm 
(Fig.  11.27 ). Touton cells are less frequent in 
JXG in extracutaneous locations [ 113 ]. The epi-
dermis is usually separated from the proliferation 
by a thin band, but periadnexal involvement is 
 quite   common (Fig.  11.28a, b ). Lymphocytes and 
eosinophils can also be present within the histio-
cytic infi ltrate. Nonlipidized [ 117 ] and mitoti-
cally active cases can simulate malignant 
mesenchymal neoplasms [ 118 ].

    The association of JXG and neurofi bromatosis 
types 1 and 2 ( NF1 and NF2  ) [ 119 ,  120 ] is well 
recognized and may form a triad with juvenile 
chronic myelogenous leukemia (JCML) [ 121 , 
 122 ]. The combination of JXG and Langerhans 
cell histiocytosis (LCH) in the same patient has 
been interpreted as an argument in favor of their 
common histogenesis [ 123 ]. 

 JXG is one of the conditions in a group of 
related disorders including cephalic histiocytosis, 
spindle cell xanthogranuloma, disseminated 
juvenile xanthogranuloma, progressive nodular his-
tiocytosis (PNH), generalized eruptive histiocytosis, 
xanthoma disseminatum, and  Erdheim- Chester 
disease (ECD)   (Fig.  11.29 ).    Among these disor-
ders, some are more frequent in adults [ 124 – 126 ], 
some are multifocal and/or show extracutaneous 

  Fig. 11.27    Juvenile xanthogranuloma consisting of an 
intradermal proliferation of  histiocytes  , most of them 
multinucleated. Foamy cytoplasms, a result of xan-
thomization, tend to occupy the periphery, whereas nuclei 
are centrally located forming a ring       

  Fig. 11.28    Juvenile 
xanthogranuloma separated 
from the epidermis by a 
thin layer of  dermal 
collagen   but extending 
downward surrounding a 
follicle. The histiocytes are 
positive for both CD68 ( a ) 
and factor XIIIa ( b )       
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involvement and some have important impact on 
the quality of life, causing serious illness or even 
death.

   The diagnosis of JXG-related disorders can be 
challenging. First, because cutaneous lesions are 
often microscopically and immunophenotypically 
indistinguishable from solitary JXG. Second, 
because of the rarity of most of these entities, 
which makes diffi cult to achieve a general agree-
ment on their classifi cation and the establishment 
of clear-cut diagnostic criteria. 

 Patients with PNH are adults that develop 
multiple xanthomatous papules and peduncu-
lated or deep-seated nodules. The lesions, which 
measure 1-3 cm in diameter, may be disfi guring. 
Some patients also present systemic symptoms 
and visceral involvement [ 124 ,  125 ]. 

 Worse still is ECD, characterized by the 
involvement of internal organs, especially 
bone and lung. Symmetrical osteosclerosis of 
long bones is a frequent manifestation. Heart, 
 retroperitoneum, and periaortic spaces are other 
common sites in this condition, as is the central 
nervous system, whose involvement may cause 
diabetes insipidus [ 126 ]. ECD patients often 
complain of systemic symptoms such as fever, 
weakness, and weight loss. ECD cutaneous 
lesions tend to be periocular [ 124 ]. The clinical 

course varies considerably and depends  to   a great 
extent on the extension of the disease, some cases 
being paucisymptomatic, whereas others are rap-
idly fatal [ 126 ]. 

     Immunohistochemistry   
 All JXGs are positive for usual histiocytic mark-
ers [ 113 ,  128 ] such as CD68 (KP1 and PG-M1) 
(Fig.  11.28a ), CD31 [ 129 ], CD163 [ 130 ] and fas-
cin [ 128 ], often with a coarse granular pattern. 
JXG also immunostains for factor XIIIa (a 
marker of dermal dendrocytes) (Fig.  11.28b ), 
LCA, CD4, CD14, HLA-DR, and vimentin [ 113 , 
 128 ]. Although most cases are negative for S100 
protein, there are some reports of positivity [ 131 ] 
mainly in the fi rst months of life [ 132 ], with loss 
of expression in parallel with maturation [ 133 ]. 
All JXG cases are negative for langerin, CD1a, 
CD3, CD21, CD34, and CD35 [ 128 ].  

     Molecular Biology   
 The cellular origin and causes of proliferation in 
JXG and related entities are not well known. 
Nevertheless, molecular biology studies are pro-
viding the basis to better understand the complex 
mechanisms underlying JXG pathogenesis. The 
roles of proinfl ammatory cytokines and several 
oncogenic pathways have been invoked in this 
regard. A clonal T-cell receptor gamma (TCR-γ) 
rearrangement was demonstrated in the cells of a 
JXG associated with acute lymphoblastic leuke-
mia, with both conditions presenting an identical 
bi-allelic rearrangement [ 134 ]. Clonal mutations 
have also been demonstrated in Erdheim-Chester 
disease [ 135 ], which similarly to Langerhans cell 
histiocytosis (LCH) also shows a high prevalence 
of  BRAF(V600E)  mutations (>50 % of patients) 
[ 136 – 139 ]. The latter phenomenon has never 
been reported in JXG [ 143 ]. 

 The demonstration of  BRAF (V600E)  muta-
tion has provided new insights on the pathogen-
esis of these diseases. It has been hypothesized 
that mutated  BRAF  might trigger a process of 
oncogene-induced senescence, with cell-cycle 
arrest and induction of pro-infl ammatory molecules 
that would be responsible for the infl ammatory 
local  and   systemic infi ltrates [ 139 ].  

  Fig. 11.29    Patient with  Erdheim-Chester disease   under 
study for neurological symptoms. Until the dermatologi-
cal examination, these inconspicuous cutaneous papules 
had been clinically missed (Courtesy of Dr. I. Bielsa, 
Dept. of Dermatology, Hospital Germans Trias i Pujol, 
Badalona, Spain)       
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    Differential Diagnosis 
 With the exception of  BRAF -mutated  ECD   cases, 
there are no reliable microscopic or immunohis-
tochemical clues to differentiate a JXG cutane-
ous lesion from one associated with some other 
JXG-related disorder (Fig.  11.30 ) [ 136 – 139 ]. 
Consequently, the differential diagnosis among 
the various entities in this group should be based 
on their clinical features. CD4 and LCA expres-
sion in JXG may be used to distinguish it from 
dermatofi broma when the latter is heavily 
lipidized or the former is not [ 128 ]. JXG distinc-
tion from reticulohistiocytoma is usually based 
on histopathological criteria, but frequent factor 
XIIIa expression in the former and usual lack 
thereof in the latter help to its distinction. Some 
nonspecifi c tissue infl ammatory reactions may 
also simulate JXG [ 140 ].

   Solitary JXG may also mimic Spitz nevus 
[ 141 ] and occasional positivity of JXG cells for 
S100 protein may further complicate their telling 
apart. Immunohistochemical expression of his-
tiocytic markers and the absence of melanocytic 
markers such as Melan A or Sox 10 may be very 
helpful.  

    Clues and Pitfalls 
•     Expression of CD31 (usually considered a vas-

cular marker) in histiocytic disorders [ 129 ] 
may be the cause of JXG misdiagnosis, 
 especially in multiple, disseminated, or giant 
lesions [ 142 ].  

•   Xanthogranulomas developed at irradiation 
sites may be clinically misinterpreted as tumor 
relapse, or even as angiosarcoma, due to their 
CD31 positivity [ 143 ,  144 ].      

  Fig. 11.30    Microscopical appearance of a cutaneous 
lesion from an Erdheim-Chester disease patient. The dis-
crete histiocytic proliferation ( a ), with mild xanthomization 

( b ), and the inmmunohistochemical profi le, with expression 
of CD68 ( c ) and factor XIIIa ( d ), do not differ signifi cantly 
from a typical juvenile xanthogranuloma       
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    Hemophagocytic 
Lymphohistiocytosis 

 Hemophagocytic lymphohistiocytosis (HLH) is a 
rare life-threatening disorder of the immune reg-
ulatory system that may arise in any age group in 
relation to many different conditions. HLH is 
considered to be a hyperinfl ammatory syndrome 
more than a single disease [ 145 – 148 ]. 

 HLH may occur in two forms: primary or 
familiar and secondary or sporadic.  Primary 
HLH   usually develops in infancy, although 
reports in adults and adolescents are becoming 
increasingly frequent [ 149 ]. Primary HLH is 
associated with gene defects in the familial 
hemophagocytic lymphohistiocytosis (FHL) 
locus, which codifi es molecules involved in 
perforin- dependent cytotoxicity. Some congeni-
tal immunodefi ciency syndromes with multisys-
temic disorders (frequently associated with 
albinism) present an increased incidence of HLH, 
which can be the fi rst manifestation of the disease 
[ 148 ,  150 ]. In  secondary HLH   the usual trigger-
ing factor is an infection that is usually viral 
[ 146 ], herpes viruses and particularly EBV being 
the most frequent causes [ 145 ]. Rheumatologic 
diseases, immunodefi ciency syndromes, and 
neoplasms, mainly T-cell lymphomas, are other 
conditions commonly related to secondary 
HLH. The term macrophage-activation syndrome 
(MAS) is used for a hemophagocytic syndrome 
associated with an infl ammatory or autoimmune 
disease [ 145 ,  151 ]. Some patients with secondary 
HLH present mild genetic defects resulting in 
limited expression of the same proteins involved 
in primary cases [ 145 ]. 

 In HLH pathogenesis a disproportionate cyto-
kine production is responsible for excessive acti-
vation of macrophages [ 152 ,  153 ]. An infection 
is often the initiating factor and activation of toll- 
like receptors may contribute to the development 
of the condition [ 146 ,  148 ]. A defect of perforin- 
dependent cytotoxic function reduces the activity 
of natural killer and cytotoxic lymphocytes, 
which normally eliminate the infected antigen- 
presenting cells. As a result, uncontrolled expan-
sion of cytotoxic T- cells and activated 

macrophages replaces physiological homeostatic 
mechanisms [ 146 ,  148 ]. 

 The most frequent presenting  symptoms   are 
prolonged fever, lymphadenopathies, hepato-
splenomegaly, and seizures or confusion. At the 
time of presentation, 80 % of patients present 
cytopenias that later on may evolve to pancyto-
penia. Hypertriglyceridemia, high serum ferritin 
levels, and coagulopathy are also common. Many 
patients develop hepatitis, renal failure, respira-
tory failure, encephalitis, and hypotension. Skin 
rashes occur in 25 % of patients and range from 
erythroderma with edema to  purpuric   or pete-
quial rash [ 145 – 148 ]. Cases presenting multisys-
tem failure, neurological deterioration, and 
superinfection secondary to cytopenia are usually 
fatal [ 145 ]. 

 The  diagnosis   of HLH relies more on clinical 
and laboratory fi ndings than on the histopatho-
logical study. Hemophagocytosis, the hallmark of 
the disease, is not a requisite symptom to make 
the diagnosis, and may well be absent in the early 
stages of the disease [ 145 ]. Microscopically, 
hemophagocytosis consists of the presence of 
macrophages containing phagosized erythrocytes, 
leukocytes, megakaryocytes and platelets or their 
cellular debris (Fig.  11.31a ). Bone marrow, 
spleen, lymph node, and liver are the best sites to 
look for images of hemophagocytosis [ 145 – 148 ].

   Cutaneous hemophagocytosis in the context 
of HLH is extremely rare, but erythrophagocyto-
sis, a form of hemophagocytosis, has been 
reported in the skin of one  MAS   patient 
(Fig.  11.32 ) and in two patients with rheumato-
logical diseases that could be considered incom-
plete forms of MAS [ 154 ].

      Immunohistochemistry 
 Macrophages in hemophagocytosis express 
CD68 (KP1 and PG-M1) (Fig.  11.33 ) and CD163. 
The soluble form of the latter is also  a   useful 
marker for the diagnosis of MAS [ 155 ]. A signifi -
cantly high population of CD8-positive T lym-
phocytes in the infi ltrate, accompanied by a 
decrease in the number of CD5-expressing cells, 
is both a frequent fi nding and a useful diagnostic 
clue in Epstein-Barr virus-associated HLH [ 156 ]. 
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In addition, macrophages and activated T cells 
express high levels of cytokines (Fig.  11.34 ). 
When a virus is the triggering factor, immunohis-
tochemical staining may contribute to its identifi -
cation [ 157 ]. In the case of EBV, a type II 
latency-gene expression pattern has been demon-
strated [ 158 ].

         Molecular Biology   
 Many HLH cases contain clonal B-cell or T-cell 
populations, especially in cases related to EBV 
[ 159 ], but the demonstration of clonality does 
not carry a worse prognosis. Conversely, an 
abnormal karyotype would point towards a sys-
temic EBV-driven T-cell lymphoproliferative 

disorder with clinical and histopathological 
overlap with EBV-related HLH and a high mor-
tality rate [ 160 ].  

     Differential Diagnosis   
 Residual lesions of leucocytoclastic vasculitis may 
present perivascular hemophagocytosis [ 161 ,  162 ]. 
This fi nding, in the adequate clinical context, may 
raise the possibility of HLH. Although its presence 
makes further investigations advisable, the diagno-
sis of HLH should be based on the established 
criteria [ 163 ]. Hemophagocytosis should be distin-
guished from emperipolesis, in which intracyto-
plasmic cells are intact (Fig.  11.31b ).  

  Fig. 11.31    ( a ) 
Hemophagocytosis with 
engulfed infl ammatory 
cells in the cytoplasm of a 
macrophage showing 
different grades of 
degeneration should be 
distinguished from ( b ) 
emperipolesis, which is 
characterized by the 
presence of intact 
infl ammatory cells in the 
cytoplasm of a 
macrophage, sometimes 
surrounded by a retraction 
halo       

  Fig. 11.32     Cutaneous erythrophagocytosis   in a case of 
macrophage activation syndrome (courtesy of Prof. Dr. 
H. Kerl, Medical University of Graz, Graz, Austria)       

  Fig. 11.33    Diffuse  CD68 expression   in macrophages 
from a case of cutaneous erythrophagocytosis in a case of 
macrophage activation syndrome (courtesy of Prof. Dr. 
H. Kerl, Medical University of Graz, Graz, Austria)       
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    Clues and Pitfalls 
•     If HLH is suspected, performance of immuno-

histochemical or in situ hybridization tests for 
detection of viruses (mainly members of the 
herpes virus family such as EBV and CMV) 
may help to unveil the triggering factor.  

•   The common phenomenon of phagocytosis of 
cellular debris in macrophages at areas of infl am-
mation may be misinterpreted as hemophagocy-
tosis. A background of long-standing 
infl ammation with residual acute infl ammatory 
infi ltrates, necrosis, or fi brosis is an uncommon 
feature in HLH and favors infl ammatory resolu-
tion with macrophagic infi ltration.      

    Multicentric Reticulohistiocytosis 

 Multicentric reticulohistiocytosis (MRH) is a 
rare form of idiopathic non-Langerhans cell his-
tiocytosis that manifests itself in the skin as 
 papulonodular mucocutaneous lesions [ 164 ]. 
Destructive polyarthritis is present in almost half 
the cases, in which it causes a severe form of joint 
destruction known as arthritis mutilans. These 
cutaneous and rheumatological manifestations 
may coexist, appear in isolation, or follow one 
after the other [ 164 ,  165 ]. The  dermatological 
features   may range from tiny papules to nodules 
that may coalesce forming clusters or furrowing 
and coarsening the skin [ 164 – 167 ]. Skin lesions 
grow slowly, are often asymptomatic, show a 

skin-colored, translucent, reddish or yellowish 
surface and rarely ulcerate [ 164 ,  165 ]. Any skin 
site and occasionally the external mucosa may be 
affected, the hands and face being the most com-
mon locations [ 164 ,  165 ]. Clustering of papulo-
nodules overlying the periungual areas may 
result in the characteristic “coral-bead” appear-
ance [ 166 ]. Diffuse facial infi ltration is less com-
mon, but it was the cause of a leonine facies in 
one case [ 167 ]. Patients may complain of malaise 
and systemic symptoms and rare instances of 
pulmonary, myocardic, and liver histiocytic infi l-
tration have been reported [ 168 ,  169 ]. In other 
patients lung involvement consists of nonspecifi c 
fi brosis only [ 170 ]. Some lesions may be induced 
by ultraviolet light [ 171 ] and photodistribution is 
sometimes present [ 172 ]. The  pathogenesis   of 
MRH is not known but there are many evidences 
in favor of an immunological basis. Elevated 
cytokine serum levels seem to play a role in bone 
destruction [ 173 ]. In addition, TNF-alpha 
increase in both serum and lesional epidermis 
[ 174 ,  175 ] might trigger monocyte chemoattrac-
tant protein-1 (MCP-1) overexpression [ 176 ] 
leading to histiocyte attraction. Furthermore, 
MRH histiocytes show osteoclast-like character-
istics that contribute to bone destruction [ 177 ]. 
Near a quarter of MFH cases are associated with 
neoplasia, but the two diseases do not necessarily 
follow a parallel course [ 178 ]. Autoimmune dis-
eases have also been reported in association with 
MRH [ 179 ]. Spontaneous resolution occurs after 
an average of 8 years, but the diagnosis must be 
quickly established and aggressive therapy 
promptly initiated to prevent irreversible articu-
lar damage [ 180 ]. 

 Microscopically, skin lesions are nodular and 
dermal-based but may spread to the subcutane-
ous tissue. The infi ltrate is made up of large his-
tiocytes, many of them multinucleated, with 
abundant pale or eosinophilic ground-glass cyto-
plasm and occasional fi brosis and xanthomiza-
tion (Fig.  11.35 ) [ 181 ,  182 ]. T lymphocytes and 
neutrophils may also be present. An abundant 
accompanying population of dermal dendrocytes 
is identifi ed in some cases. Additionally, an iden-
tical histological appearance is present in 
polyarthritis- related synovial membranes and in 
rarely involved internal organs [ 168 ,  169 ].

  Fig. 11.34    Strong interferon γ expression in macro-
phages from a case of macrophage activation syndrome 
(courtesy of Prof. Dr. H. Kerl, Medical University of 
Graz, Graz, Austria)       
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      Immunohistochemistry 
 Immunohistohemically, cells express CD68 (KP1 
and PGM1) (Fig.  11.36 ), CD163 and other histio-
cytic markers, as well as vimentin.  Rare   cases are 
S100-protein positive [ 183 ] or show light Factor 
XIIIa expression [ 184 ]. More often, positivity for 
these markers is due to a population of Langerhans 
cells and dermal dendrocytes, respectively. CD10 
has been found to be positive in one case [ 185 ] 
and p53 in two cases associated with urological 
neoplasms [ 186 ]. MRH is consistently negative 
for both CD1a and CD34.

       Molecular Biology 
 MRH is a non-neoplastic histiocytic proliferation 
caused by immunological dysregulation that may 
heal spontaneously. Cytogenetic alterations or 
clonality have never been described in the infi l-
trate [ 173 – 179 ].  

    Differential Diagnosis 
 At the initial stages,  MRH   shows clinical resem-
blance to rheumatic diseases such as rheumatoid 
arthritis [ 187 ], fi broblastic rheumatism [ 188 ] or 
dermatomyositis [ 189 ,  190 ]. MRH intense and 

rapid articular damage, much more aggressive 
than in other rheumatological diseases, is a clue 
to the diagnosis. Nevertheless, an etiopathogenic 
pathway common to other rheumatological 
 diseases cannot be excluded [ 179 ]. Cytological 
study of the synovial fl uid is a quick and easy 
method [ 191 ] for obtaining the correct diagnosis, 
thus avoiding treatment delays. Nevertheless,  in   
some cases a biopsy of the cutaneous or synovial 
lesions will be necessary.  

    Clues and Pitfalls 
•     MRH is a multisystemic disorder in which the 

presence of extracutaneous symptoms is the 
best clue to recognize the disease, since cuta-
neous lesions may be rather inconspicuous.  

•   A biopsy of an extracutaneous location dem-
onstrating a histiocytic infi ltrate that shares 
the immunophenotype and microscopical 
appearance of the cutaneous infi ltrate is a 
highly specifi c method to confi rm the 
diagnosis.  

•   S100-protein positive MRH cases could be 
unawarely misdiagnosed as LCH but their 
CD1a negativity allows to rule out LCH.      

    Solitary  Reticulohistiocytoma   
(Solitary Epithelioid Histiocytoma) 

 Solitary lesions with a microscopic and immuno-
histochemical appearance similar to MRH lesions 

  Fig. 11.35    Large  multinucleated histiocytes   with eosino-
philic cytoplasm are scattered in the dermis in a case of 
multicentric reticulohistiocytosis       

  Fig. 11.36    Multicentric reticulohistiocytosis with  CD68 
KP1 positive   cells       
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have been denominated solitary reticulohistiocy-
toma (SRH) [ 181 ,  182 ,  192 ] or solitary epitheli-
oid histiocytoma [ 182 ]. In spite of these 
immunophenotypical similarities, there are many 
differences that have led to the conclusion that 
they are distinct entities. Whereas SRH occurs 
more frequent in young adults with a slight pre-
dominance in males, MRH is more common in 
middle-aged females. In addition, SRH does not 
usually involve the face or digits, which are the 
most typical locations of MRH [ 181 ,  182 ]. 

 Ganglion-like histiocytes with fi nely granular 
and eosinophilic cytoplasm are the hallmark of 
SRH and MRH, but whereas in SRH they are the 
main component of the infi ltrate, in MRH there is 
more fi brosis and xanthomization (Fig.  11.37 ). 
Besides, some cases of SRH with granular cell 
change have been described [ 192 ,  193 ].

      Immunohistochemistry 
 The immunohistochemical profi le of SRH does 
not differ from that of MRH. The large epitheli-
oid histiocytes are positive for vimentin and  his-
tiocytic   markers such as CD68 KP1 and PGM1 
(Fig.  11.38 ) and CD163. Factor XIIIa and S-100 
protein (Fig.  11.39 ) may  be   focally expressed, 
but widespread expression of these markers mili-
tates against the diagnosis of SRH. Expression of 
CD45 is also variable, whereas CD1a, CD3, 
CD20, CD30, and CD34 are consistently negative. 

T lymphocytes and neutrophils may be abundant 
[ 181 ,  182 ,  193 ,  194 ].

         Molecular Biology   
 Clonal rearrangement of the anaplastic lymphoma 
kinase ( ALK ) gene resulting in VCL-ALK and 
SQSTM1-ALK gene fusions has been reported in 
a case of SRH [ 195 ]. This fi nding has been inter-
preted as an additional argument in favor of con-
sidering this lesion as a neoplastic process.  

    Differential Diagnosis 
 Juvenile xanthogranuloma (JXG) and Rosai- 
Dorfman disease (RDD) may cause problems in 

  Fig. 11.37    Solitary reticulohistiocytoma with large mul-
tinucleated cells exhibiting ganglion-like features, in a 
background of lymphocytes, mononucleated histiocytes 
and dense collagen       

  Fig. 11.38     CD68 PGM1   immunoreactivity decorates 
both the large histiocytes typical of solitary reticulohistio-
cytoma and the mononucleated cells       

  Fig. 11.39    Large  histiocytes   in solitary reticulohistiocy-
toma may show some positivity for S100 protein       
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SRH differential diagnosis. Nevertheless, the 
associated infl ammatory infi ltrate, microscopical 
characteristics of histiocytes and their immuno-
phenotype provide defi nite clues for their distinc-
tion. Unlike what happens in SRH, JXG 
frequently contains  eosinophils   but neutrophils 
are rare. JXG may show histiocytes with large 
cytoplasms, but they tend to show xanthomiza-
tion and factor XIIIa positivity. As for RDD, the 
infi ltrate usually contains many plasma cells and 
large histiocytes, but they show emperipolesis 
and strong positivity for S100 protein. The latter, 
if present in SRH, is only focal. 

 SRH may also resemble melanoma and Spitz 
tumor. The presence of focal positivity for S100 
protein and microphthalmia transcription factor 
(MITF) in some SRH instances [ 196 ] makes 
these two markers inadequate for this differential 
diagnosis, that should rely on a panel of antibod-
ies including histiocytic markers such as CD68 
and melanocytic markers such as Melan A. 

 SRH cases, especially those with a polypoid 
silhouette and granular cytoplasm, may simulate 
granular cell tumors. Their  distinction   from prim-
itive polypoid granular-cell tumor is particularly 
diffi cult [ 193 ,  194 ].  

    Clues and Pitfalls 
•     When considering the diagnosis of SRH, pay 

attention to the associated infl ammatory infi l-
trate. Consider the possibility of JXG if eosin-
ophils are predominant or RDD whenever the 
plasma cell infi ltrate in abundant. Look at the 
cytoplasm of large histiocytes, whose xan-
thomization points to JXG, whereas the 
 presence of intact infl ammatory cells 
(emperipolesis) makes RDD the fi rst option.  

•   SRH may present focal and/or weak S100 
 protein positivity, a fi nding potentially leading 
to the wrong diagnosis of RDD or melano-
cytic lesion.  

•   Since SRH may focally express S100 protein 
and MITF, Use of a panel of histiocytic and 
melanocytic markers (other than those men-
tioned) is advisable when confronted with any 
supposed melanocytic lesion showing pre-
dominance of large cells with eosinophilic 
cytoplasm.      

    Rosai-Dorfman Disease 

 Rosai-Dorfman disease (RDD) is a non- neoplastic 
proliferative histiocytic disorder of unknown eti-
ology. RDD was originally described in lymph 
nodes with the name of sinus histiocytosis with 
massive lymphadenopathy [ 197 ] due to the large- 
sized adenopathies shown by these patients, par-
ticularly in the cervical and submandibular 
regions. For many years extranodal involvement 
has been considered a rare event [ 198 ], but quite 
probably its real incidence has been underesti-
mated due to unawareness. The number of 
 extranodal cases, most of them cutaneous, has 
increased notably as diagnostic accuracy has 
improved, to the point that extranodal cases out-
numbered nodal forms in a recent series [ 199 ]. 

 Cutaneous RDD may occur in any age group, 
but whereas nodal cases are more common in 
young males of African origin, cutaneous RDD 
tends to appear in middle-aged white women 
[ 198 ,  200 ]. There are reports of RDD cases asso-
ciated with lymphoproliferative disorders and 
histiocytosis [ 201 ,  203 ], viral infections (Epstein- 
Barr virus, human herpes virus 6, parvovirus 
B19, and polyomavirus) [ 204 ,  205 ] and Crohn’s 
disease [ 206 ]. 

 The relationship between RDD with IgG4- 
related disease (IgG4-RD) is not well established. 
Both entities share microscopical features and 
many cases of RDD show increased numbers of 
IgG4-positive cells (>40 % IgG4/IgG-positive 
cells after averaging three high-power fi elds) 
[ 207 – 209 ]. Nevertheless, it is not clear whether 
IgG4 antibodies have a truly signifi cant role in 
the pathogenesis of these diseases. Conversely, 
the T helper cells present in the infi ltrate seem to 
be better candidates as key agents of tissue dam-
age [ 207 ,  209 ]. 

 Clinically, RDD cutaneous lesions often are 
papules or nodules with orange or erythematous 
discoloration that may involve any location but 
seem to be more common on the upper part of the 
body [ 200 ,  210 ]. 

 The microscopic appearance of nodal and 
extranodal RDD is quite similar [ 200 ] and con-
sists of a nonclonal proliferation of large histio-
cytes with abundant pale cytoplasm. Typically, 
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the cytoplasms of many histiocytes contain intact 
 lymphocytes   or neutrophils, a phenomenon 
known as emperipolesis (Fig.  11.40 ) [ 211 ]. Small 
granular pink cytoplasmic inclusions and nuclear 
viral-like  changes   can also be observed 
(Fig.  11.41 ) [ 206 ]. An infl ammatory background 
of mature lymphocytes, plasma cells, and occa-
sional eosinophils accompanies the histiocytic 
proliferation, often forming aggregates that pro-
vide RDD extranodal  lesions   an appearance rem-
iniscent of a lymph node with sinus histiocytosis 
(Fig.  11.42a ). A variable degree of stromal fi bro-

sis with a storiform or lobulated pattern is often 
present [ 210 ].

     The clinical course of RDD is unpredictable. 
Although the evolution in most cases is indolent 
and self-limited, fatal cases do exist [ 212 ]. 
Patients with severe and widespread forms, 
refractory to the usual therapeutic approaches, 
may require potent treatments [ 213 ]. 

    Immunohistochemistry 
 Immunohistochemically, the proliferating histio-
cytes typically show intense S100-protein 
expression (Figs.  11.42b  and  11.43 ). CD68 (KP1 
and PGM1), (Figs.  11.42c  and  11.44 ), CD163 
and vimentin are also positive, although their 
intensity is more variable [ 200 ]. Some mesen-
chymal markers associated with  the   epithelial 
mesenchymal transition, such as β-catenin, 
N-cadherin, fi bronectin, and Slig, have also been 
found to be positive [ 214 ]. Coexpression of his-
tiocytic and mesenchymal markers in proliferat-
ing cells has led to speculate whether RDD 
might be considered a histiocytic mesenchymal 
transition disorder [ 214 ]. In one case, expression 
of p53, p16, and PTEN was also found [ 214 ], 
whereas CD1is consistently negative [ 200 ,  214 ].

    The histiocytic proliferation is usually accom-
panied by a prominent lymphoplasmacytic 
infi ltrate containing a mixed population of CD20-
positive B lymphocytes and CD3-positive T 
lymphocytes.  

    Molecular Pathology 
 Genomic analysis have failed to demonstrate any 
signifi cant mutation in the serum or the tissues 
involved [ 137 ,  214 ].  

    Differential Diagnosis 
 Lymphoproliferative disorders,    histiocytosis, and 
autoimmune diseases (including IgG4-RD) con-
stitute the main differential diagnosis. Actually, 
RDD may coexist, follow or precede various 
lymphoma types [ 201 ,  202 ]. A complete immu-
nohistochemical profi ling of the infi ltrates allows 
to tell them apart. 

 S100 protein expression in RDD giant cells 
permits ruling out JXG, whereas RDD negativity 

  Fig. 11.40    The presence of large histiocytes with intact 
lymphocytes and neutrophils, a phenomenon known as 
 emperipolesis  , is a typical feature of Rosai Dorfman 
disease       

  Fig. 11.41    Small  eosinophilic inclusions   in the cyto-
plasm of histiocytes from Rosai-Dorfman disease, simu-
lating a viral infection       
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  Fig. 11.42    ( a ) Nodular aggregate of histiocytes sur-
rounding aggregates of lymphocytes containing germinal 
centers. The whole image of the infi ltrate in this case of 
Rosai-Dorfman disease is reminiscent of a lymph node 
with massive sinus histiocytosis. Nevertheless, the infi l-

trate is located in the subcutaneous tissue, far from any 
lymph node. ( b ) Intense positivity for S100 in the histio-
cytic proliferation ( c ) Moderate  CD68 PGM1   expression 
in the histiocytic proliferation       

  Fig. 11.43    Immunostaining for S100 highlights the phe-
nomenon of emperipolesis, typical of Rosai-Dorfman dis-
ease, which appears in the form of nonstained cytoplasmic 
dots       

  Fig. 11.44    Rosai-Dorfman disease with CD68 (PGM1)-
positive histiocytic infi ltrate among sweat glands       
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for CD1a and langerin contributes to the distinc-
tion from Langerhans cell histiocytosis (LCH). 
Nevertheless, there are exceptional reports of the 
coexistence of both histiocytosis [ 202 ]. 

 Autoimmune disorders such as lupus 
 erythematosus may produce dense infl ammatory 
infi ltrates, usually with lymphocytic predomi-
nance, but they rarely contain a prominent histio-
cytic infi ltrate. IgG4-RD may exhibit an 
infl ammatory infi ltrate similar to RDD, but lacks 
the characteristic S100 protein-positive histio-
cytes with emperipolesis. Only the nodal and der-
mal infi ltrates of H syndrome may display a 
microscopic and immunophenotypic appearance 
identical to RDD [ 20 – 22 ]. H syndrome is an 
autosomal recessive disorder with marked 
 clinical variability. Patients with H syndrome 
often show low height, phalangeal fl exion con-
tractures, hearing loss, and hyperpigmented 
 hypertrichotic cutaneous plaques [ 215 – 217 ]. 
Other systemic manifestations are    hepatospleno-
megaly, heart anomalies, hypogonadism, and 
hyperglycemia. 

  H syndrome   is caused by the  SLC29A3  gene 
mutation, which results in alterations of hENT3, 
a member of the human equilibrative nucleoside 
transporter family [ 216 ]. The same mutation has 
been described in Faisalabad histiocytosis, also 
known as familial RDD, but has never been iden-
tifi ed in sporadic cases of RDD [ 214 ].  

    Clues and Pitfalls 
•     The presence of emperipolesis with well- 

preserved granulocytes and some lympho-
cytes in the cytoplasm of proliferating 
histiocytes may be diffi cult to recognize using 
hematoxylin-eosin stainings, but it can be 
highlighted using S100 protein immunostain-
ing, that shows nonstained dots corresponding 
to the internalized cells (Fig.  11.43 ).  

•   Conversely, the infl ammatory cells internal-
ized in the cytoplasm of histiocytes may be 
underlined with the aid of CD20, CD3, or 
myeloperoxidase antibodies.  

•   The deeply eosinophilic inclusions present in 
the cytoplasm of some histiocytes (Fig.  11.41 ) 

may be misinterpreted as viral infections. 
Immunostaining with antibodies specifi c for 
CMV and other herpes viruses may help to 
rule out this possibility.      

    Cutaneous Kikuchi-Fujimoto Disease 

  Kikuchi-Fujimoto Disease (KFD),   fi rst 
described in 1972 and also known as histiocytic 
necrotizing lymphadenitis, is a rare lymphohis-
tiocytic disorder of unknown pathogenesis 
[ 218 ]. It affects predominantly young adults, 
especially females of Asian descent. Patients 
often present with cervical lymphadenopathy, 
fever, and leukopenia, usually with spontaneous 
resolution in 1–4 months [ 219 ]. Several viruses, 
including HHV6, HHV8, Epstein-Barr virus, 
HTLV-1, and cytomegalovirus, have been 
incriminated in the pathogenesis of KFD, but 
the results of different studies have been contra-
dictory [ 220 ]. 

 Cutaneous involvement occurs in 4–14 % of 
KFD patients [ 219 ,  221 ,  222 ]. Cutaneous lesions 
are nonspecifi c, most frequently in the form of rash 
or erythematous macules or papules, although atyp-
ical presentations have also been described [ 223 ]. 

 Histologically, there are superfi cial and deep 
perivascular infi ltrates of lymphocytes and his-
tiocytes with lichenoid reaction, basal vacuolar 
change, and necrotic keratinocytes. Extension to 
the subcutis is common. Non-neutrophilic kary-
orrhectic debris, often phagocytosed by histio-
cytic cells, are frequent. Scattered plasma cells 
and eosinophils must be seen, but neutrophils are 
not present [ 223 ,  224 ]. KFD diagnostic criteria 
have been proposed on the basis of these micro-
scopic fi ndings [ 224 ]. 

 Lymph nodes may show three histopathologi-
cal images, probably representing different 
stages of disease progression [ 225 ]. In the most 
frequent necrotizing type, there is karyorrhectic 
necrosis in the paracortex with hystiocytes, plas-
macytoid dendritic cells, and T lymphocytes, 
while neutrophils are absent (Figs.  11.45 ,  11.46 , 
 11.47 , and  11.48 ).
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         Immunohistochemistry 
 The infi ltrate is composed of a mixture of hysti-
ocityc cells (CD68+, CD4+,CD163+, myeloper-
oxidase+), plasmacytoid dendritic cells (CD68+, 
CD4+, CD123+, BDCA2+), and T lymphocytes 
(CD3+, with CD8+ cells outnumbering CD4+ 
cells) [ 224 ,  226 ,  227 ].  

    Molecular Biology 
 The molecular mechanisms that underlie KFD are 
largely unknown. A study based on gene- 
expression profi ling (GEP) found upregulation of 
apoptosis-associated genes and downregulation 
of apoptosis-inhibitory genes compared to non-

specifi c lymphadenitis [ 228 ]. Another GEP- based 
study found upregulation of interferon-induced 
genes both in lymph node and peripheral blood 
mononuclear cells of KFD [ 229 ]. A t(2:16) has 
been reported in a single case [ 230 ].  

    Differential Diagnosis 
 KFD must be differentiated from systemic lupus 
erythematosus (SLE), since both conditions may 
present with fever, lymphadenopathy, and cutane-
ous lesions. From a pathological point of view, in 
both KFD and SLE there is interface dermatitis 
 with   basal vacuolar change and apoptotic kerati-
nocytes. The presence of abundant plasma cells 

  Fig. 11.45    Lymph node with Kikuchi-Fujimoto,    disease 
showing parafollicular expansion with karyorrhectic 
necrosis ( upper-right  corner) and a reactive germinal cen-
ter (Hematoxilin-eosin; 100×)       

  Fig. 11.46    Kikuchi-Fujimoto disease.    Panoramic view 
of a Karyorrhectic necrotic focus (Hematoxilin-eosin; 
200×)       

  Fig. 11.47    Kikuchi-Fujimoto disease. High-power view 
showing karyorrhectic debris admixed with histiocytes, 
plasmacytoid dendritic cells and T lymphocytes,    without 
neutrophils (Hematoxilin-eosin; 400×)       

  Fig. 11.48    Kikuchi-Fujimoto disease.    Macrophages 
with phagosized karyorrhectic debris can be seen 
(Hematoxilin-eosin; 400×)       
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and granular deposition of IgG, IgM, and IgA at 
the dermoepidermal junction favors SLE, whereas 
the observation of non-neutrophilic karyorrhectic 
debris favors KFD. Clinicopathological correla-
tion, ANA screening, and long-term follow-up is 
encouraged to exclude SLE [ 222 – 224 ]. 

 In some cases, differential diagnosis may also 
include panniculitis-like T-cell lymphoma (PTL), 
pityriasis lichenoides et varioliformis acuta 
(PLEVA) or erythema multiforme [ 224 ].  

    Clues and Pitfalls 
•     Always consider KFD in a cutaneous lympho-

histiocytic infi ltrate with interface damage, 
basal vacuolar change, and non-neutrophilic 
karyorrhectic debris.  

•   Clinical evaluation, ANA screening, and fol-
low- up are mandatory in order to exclude SLE.      

    Cutaneous Intralymphatic 
Histiocytosis 

 Cutaneous intralymphatic histiocytosis (ILH) is a 
rare benign  disorder   characterized by dilated 
lymphatic vessels containing aggregates of 
mononuclear histiocytes (Fig.  11.49 ) [ 231 ,  232 ]. 
In most cases only the reticular dermis is 
involved. The infl ammatory response in the adja-
cent dermis is usually scarce. Occasionally, gran-
ulomatous [ 233 ] or dense lymphocytic infi ltrates 
forming follicles, abundant plasma cells or 
intense edema may be present [ 232 ]. ILH was 
initially described in relation to rheumatoid 
arthritis [ 234 ] and this seems to be the most com-
mon association, but ILH may also overly surgi-
cal scars [ 231 ] or orthopedic metal implants 
[ 235 ] or may be associated with neoplasia (breast 
cancer [ 231 ], Merkel cell carcinoma [ 231 ] and 
colon carcinoma) [ 236 ]. Cases of primary ILH, 
without any recognizable association, may also 
occur [ 232 ]. A single ILH case of the oral mucosa 
in a patient with multiple dental gold crowns 
simulating a lymphangioma circumscriptum has 
also been described [ 237 ].

   Clinically, non-tender, poorly demarcated, 
erythematous lesions form patches, plaques, or 
nodules, sometimes with pseudovesicles or 

livedo reticularis-like features. These lesions are 
usually located in the extremities and tend to 
overlie the infl amed joints in patients with rheu-
matoid arthritis. Lesions associated with joint 
prosthesis are also close to the articulation [ 231 ]. 

 IJH is a benign reactive condition, but its 
exact pathogenesis is unknown. For some authors 
this could be considered the early stage of intra-
vascular reactive angioendotheliomatosis [ 231 , 
 238 ] or the consequence of local lymphatic dam-
age or obstruction [ 231 ]. A recent hypothesis 
links ILH to the concept of the immunocompro-
mised district [ 239 ], according to which a lesion 
develops at a cutaneous site that has been 
immune-marked by a previous clinical event. 
The local immune response would make this area 
especially susceptible to subsequent episodes of 
opportunistic infections, tumors, and immune 
disorders [ 240 ]. 

    Immunohistochemistry 
 The  immunohistochemical profi le   of ILH refl ects, 
on the one hand, the histiocytic nature of the 
intravascular cells, which are positive for CD68 
KP1 and PGM1 (Fig.  11.50 ), CD163 and CD31 
and show variable positivity for myeloperoxi-
dase, CD31, and podoplanin [ 231 ,  232 ]. On the 
other hand, vascular structures express markers 
 characteristic   of lymphatic endothelial cells such 
as podoplanin (Fig.  11.51 ), CD31, CD34, D2-40, 
Lyve-1, and Prox-1 [ 231 ,  232 ].

  Fig. 11.49    Lymphatic vessel containing compact aggre-
gate of  histiocytes   (courtesy of Dr. L. Requena, Dept. of 
Dermatology, Fundación Jiménez Díaz, Madrid, Spain)       
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        Differential Diagnosis 
 The sole presence of dilated lymphatic vessels 
containing histiocytes in a focal area cannot be 
considered bona fi de ILH, since it may be 
observed in many common dermatoses [ 241 ]. 
For instance, this fi nding may be present in con-
tact dermatitis (Fig.  11.52 ), cheilitis granuloma-
tosa, or RDD [ 241 ].

   Two cases of necrotic genital lesions with 
intravascular histiocytosis ( IVH        ) have been 
reported, but the changes involved blood vessels 
in which lymphatic markers were shown to be 
negative. One of these cases involved the scrotum 

of a young man with associated tonsillitis [ 242 ] 
and the other the vulva of an elderly woman [ 243 ] 
with lupus anticoagulant and elevated 
 anticardiolipin antibodies. In both instances, the 
phenomenon was probably secondary to throm-
bogenic diathesis associated with a hypercoagu-
lability state. 

 Reactive endotheliomatosis [ 244 ] and intra-
vascular lymphomas [ 245 ] may also simulate 
IVH but in the fi rst case the intravascular prolif-
eration consist of endothelial cells and in the sec-
ond case of lymphocytes, usually B-cells. Benign 
atypical intravascular CD30+ T-cell prolifera-
tion, a mimicker of intravascular lymphoma 
[ 246 ], may also be included in this differential 
diagnosis. An immunohistochemical study may 
easily demonstrate the absence of histiocytic 
markers in the intravascular cells of these lesions 
and the expression of the endothelial or lymphoid 
markers characteristic of each of them.  

    Clues and Pitfalls 
•     Not all intravascular accumulations of histio-

cytoid cells correspond to cutaneous 
ILH. Clinicopathological correlation may pro-
vide some clues to the nature of the lesion. A 
location overlying an orthopedic metal 
implant favors ILH.  

•   Conversely, the presence of large cells within 
hemangioma vessels is more probably a 

  Fig. 11.50     Histiocytes   present in the lumen of lymphatic 
vessels showing intense expression of CD68 PGM1 (cour-
tesy of Dr. L. Requena, Dept. of Dermatology, Fundación 
Jiménez Díaz, Madrid, Spain)       

  Fig. 11.51    Vessels walls in intralymphatic histiocytosis 
are typically positive for podoplanin. This antibody is also 
expressed in the cytoplasm of some histiocytic cells (cour-
tesy of Dr. L. Requena, Dept. of Dermatology, Fundación 
Jiménez Díaz, Madrid, Spain)       

  Fig. 11.52     Accumulation   of histiocytes inside a lym-
phatic vessel at the base of an area of contact dermatitis 
(courtesy of Dr. L. Requena, Dept. of Dermatology, 
Fundación Jiménez Díaz, Madrid, Spain)       
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benign intravascular CD30-positive prolifera-
tion or an intravascular lymphoma [ 247 ].  

•   The coexistence of intravascular histiocytosis 
and intravascular reactive angioendothelio-
matosis has been reported. To confi rm this 
rare association it is necessary to characterize 
endothelial cells with immunohistochemical 
markers other than CD31. The latter’s 
 positivity in histiocytic cells does not allow 
discrimination between the two differentia-
tion lineages [ 248 ].  

•   In contrast to intralymphatic histiocytosis, the 
incidental accumulation of histiocytes inside a 
lymphatic vessel in the setting of infl amma-
tory dermatosis is limited to one or very few 
vessels and shows the presence of an infl am-
matory infi ltrate in the adjacent dermis.      

    Histiocytic Sarcoma 

 Histiocytic sarcoma (HS) is an aggressive and 
extremely rare neoplasm that may present at any 
age, although cases tend to cluster in two groups 
(0–29 and 50–69 years) [ 249 ,  250 ]. Lymph node 
involvement is frequent but extranodal involve-
ment (gastrointestinal tract, spleen, soft tissue, or 
skin) is even more common. Tumor cells show 
morphologic and immunophenotypic features 
 characteristic   of histiocytes. In the skin, HS pres-
ents as either solitary or multiple tumors of the 
trunk and limbs. In cases suspicious for HS, it is 
mandatory to rule out other aggressive neoplasms 
with the aid of a broad immunohistochemical 
panel [ 249 ,  251 ,  252 ]. In fact, the diagnosis of 
HS requires exclusion of other conditions that are 
much more common [ 249 ]. 

 Histologically, HS shows a diffuse, noncohe-
sive growth of large round or oval cells that 
focally may adopt a sarcomatoid appearance. 
Cytoplasms usually are wide and eosinophilic 
and tend to be vacuolated. Images of hemophago-
cytosis may be present. Tumor cell nuclei are 
round or oval, often large, atypical and eccentric, 
with vesicular chromatin and variably sized 
nucleoli. Binucleation or multinucleation is com-
mon and high mitotic activity is frequently  seen 
  (Fig.  11.53 ) [ 51 ,  249 ,  253 ].

      Immunohistochemistry 
 It is mandatory that neoplastic cells express some 
histiocytic markers in conjunction with their neg-
ativity for other tumor markers. The histiocytic 
markers more commonly used are CD163, CD68 
(KP1 and PG-M1), and lysozyme. CD163 
(Fig.  11.54 ), which shows plasma membrane and 
cytoplasmic positivity, is considered more spe-
cifi c than CD68 [ 254 – 256 ]. Granular cytoplas-
mic  expression   of CD68 is very reproducible, but 
may be found in melanoma, carcinoma, lym-
phoma, and dendritic cell tumor as well.

   The  immunohistochemical study   should dem-
onstrate negativity for Langerhans cells (CD1a 
and langerin), follicular dendritic cells (CD21 
and CD35), myeloid cells (CD33, CD13, and 
myeloperoxidase), melanoma (HMB-45 and 

  Fig. 11.53    Histiocytic sarcoma.  Multinucleated neoplas-
tic cells   with abundant cytoplasm and nuclear atypia       

  Fig. 11.54    Histiocytic sarcoma. Granular    cytoplasmic 
immunoreactivity for CD68 in neoplastic cells       
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Melan A) and epithelial cell (cytokeratins and 
EMA). Specifi c markers for B-cell and T-cell 
lymphomas should be negative. CD30 immuno-
reactivity has to be equally negative. In contrast, 
S-100 protein, CD15, and CD1a may show some 
positivity, while CD4, CD45, CD45RO, and 
HLA-DR are commonly positive (Fig.  11.55 ) 
[ 51 ,  249 ,  250 ].

        Molecular Biology   
  IgH  or  TCR  rearrangements have been detected 
in some HS cases. These fi ndings have been 
interpreted as transdifferentiation phenomena 
taking place in a previous or simultaneous 
B-cell or T-cell lymphoma. Indeed, several HS 
instances associated with previous or syn-
chronic B-cell or T-cell lymphoblastic lym-
phoma or low grade B-cell lymphoma have 
been reported. Interestingly, in these cases HS 
and lymphoma share a clonality feature such as 
a  IgH, IGK  or  TCR  rearrangement, or a t(14:18) 
or t(11:14) translocation. This genetic connec-
tion with a well-characterized lymphoprolifera-
tive disease does not preclude the diagnosis of 
HS [ 257 – 263 ]. 

 Recently, BRAF(V600E) mutations have been 
reported in over 60 % of HS cases [ 5 ]. 
Nevertheless, it should be kept in mind that these 
mutations have also been described in Langerhans 
cell tumors and dendritic cell sarcomas. 
Additional studies are necessary to evaluate the 
diagnostic role of these alterations and their 

potential to serve as predictors of  therapeutic   
response to specifi c inhibitors [ 264 ].  

    Differential Diagnosis 
 HS  differential diagnosis   should be carried out 
with aggressive hematologic conditions such as 
diffuse large B-cell lymphoma, peripheral T-cell 
lymphoma, and anaplastic large cell lymphoma. 
Therefore, the immunohistochemical assessment 
should include B-cell and T-cell markers, CD30, 
and ALK-1 [ 249 ,  250 ,  265 ]. 

 Equally important is to rule out poorly differen-
tiated carcinoma and melanoma. In this regard, it 
should be remembered that CD68 expression may 
be present in both melanoma and carcinoma and, 
on the other hand, keratin expression may be absent 
in poorly differentiated carcinoma. In some cases, 
a generous sampling of the lesion is suffi cient to 
identify with certainty focal histologic features 
characteristic of carcinoma [ 51 ,  249 ,  250 ,  253 ]. 

 Langerhans cell histiocytosis has to be ruled 
out by demonstrating negativity for CD1a and, 
particularly, for langerin. Follicular dendritic cell 
sarcoma is easier to rule out, since follicular den-
dritic cell markers are negative in HS. In contrast, 
interdigitating dendritic cell sarcoma poses more 
differential diagnostic diffi culties due to the fact 
that, as HS, it may be positive for both S-100 pro-
tein and CD68 [ 51 ,  249 ,  250 ,  253 ].  

    Clues and Pitfalls 
•     Positivity for histiocytic markers such as 

CD68 is not suffi cient to establish the diagno-
sis of HS. It is mandatory to rule out the diag-
nosis of other aggressive neoplasms such as 
lymphoma, carcinoma, and melanoma.  

•   Although they are not diagnostically useful, 
CD15 and S100 protein may be focally posi-
tive in HS.  

•   Detection of  IgH  or  TCR  rearrangements does 
not preclude the diagnosis of HS. Nonetheless, 
the presence of an aggressive lymphoma 
should always be ruled out by using the appro-
priate immunohistochemical panel.  

•   In HS cases associated with lymphoma, the 
demonstration of shared clonality with the aid 
of molecular techniques is of interest.  

•   HS may show BRAF(V600E) mutations.      

  Fig. 11.55    Histiocytic sarcoma. Tumor cells are weakly 
positive for CD4. Follicular dendritic cell sarcoma and 
interdigitating dendritic cell sarcoma       
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    Follicular Dendritic Cell Sarcoma and 
Interdigitating Dendritic Cell Sarcoma 

    Introduction 
 Follicular dendritic cells (FDCs), whose origin is 
mesenchymal, are found in normal lymph node 
germinal centers, where they play an important 
role in the development of the immune response. 
Normal  interdigitating dendritic cells (IDCs)   are 
antigen-processing cells located in the paracorti-
cal T-cell zone of lymph nodes. Unlike FDCs, 
and similarly to Langerhans cells and histiocytes, 
IDCs arise from bone marrow precursor cells. 
Therefore, FDCs and IDCs are characterized by 
different immunophenotypes [ 266 – 268 ]. 

 Follicular dendritic cell sarcoma (FDCS)is a 
rare tumor resulting from the transformation of 
FDCs. FDCS usually presents in adults as slowly 
growing tumor lesions involving cervical or 
abdominal lymph nodes, although extranodal 
sites such as the oral cavity, gastrointestinal tract, 
skin, mediastinum, liver, and spleen have also 
been described. Castleman disease may precede 
o coincide with FDCS. Paraneoplastic associa-
tions of FDCS with myasthenia gravis and pem-
phigus have been observed [ 269 – 273 ]. 

 Histologically, FDCS shows moderately atyp-
ical cells that form fascicles, diffuse sheets, stori-
form arrays, or ill-defi ned nodules. Tumor cells 
reveal oval or elongated nuclei, vesicular or 
fi nely dispersed chromatin, and thin nuclear 
membranes (Fig.  11.56 ). Binucleated or multi-
nucleated cells may be seen. Signifi cant cyto-
logic atypia, a high mitotic index, and necrosis 
are occasionally identifi ed as well. Some cases 
show lymphoid infi ltrates arranged in perivascu-
lar nests [ 269 ,  272 ,  274 ].

    Interdigitating dendritic cell sarcoma (IDCS)   
is even rarer than FDCS. IDCS is usually seen in 
adults but may also arise in children. Commonly, 
it is a solitary lesion confi ned to lymph nodes, 
although disseminated cases have been described. 
Extranodal locations of IDCS include the skin, 
kidney, breast, lung, urinary bladder, and genita-
lia. Some IDCS instances associated with lym-
phoma have been reported [ 106 ,  274 ]. 

 Histologically, IDCS may be very similar in 
appearance to FDCS. IDCS form fascicles and 
may exhibit a storiform pattern. Tumor cells 

show fusiform or ovoid indented nuclei, slightly 
eosinophilic abundant cytoplasm, and ill-defi ned 
cell borders. Multinucleated cells may be present 
and associated lymphoid infi ltrates are com-
monly observed. Images of emperipolesis may 
also be present [ 106 ,  274 ].  

    Immunohistochemistry 
 FDCS usually shows immunopositivity for .   sev-
eral FDC markers (CD21, CD23, CD35, KIM4p, 
and CNA.42) (Figs.  11.57  and  11.58 ). Clusterin.    
is positive, often strongly so, whereas plasma 
membrane positivity for D2-40 is also very help-
ful. Additionally, positive immunoreactivity for 
CD4, CD20, CD45, CD68, EMA, S-100 protein, 
epithelial membrane antigen, fascin, and vimen-
tin has been described in FDCS. In contrast, 
CD1a, langerin, CD3, CD34, CD79a, and 
HMB45 are negative [ 269 ,  272 ,  275 – 277 ].

    As for IDCS, it is negative for FDC markers 
(CD21, CD23, and CD35), while S-100 protein, 
vimentin, and fascin are positive. With few 
exceptions CD1a and langerin are negative in 
IDCS. On the other hand, there is positivity for 
markers such as CD4, CD45, CD68, CD11c, 
CD14, and epithelial membrane antigen. The 
associated lymphoid infi ltrate is mostly com-
posed of T cells [ 106 ,  275 ,  277 ].  

     Molecular Biology   
 There is no IGH or TCR rearrangement in FDCS. 
Some IDCS cases associated with lymphoma 
have shown cytogenetic alterations characteristic 

  Fig. 11.56    Follicular dendritic cell sarcoma. Atypical 
spindle cell proliferation with some nuclear 
pseudoinclusions       
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of the latter [ 106 ,  269 ,  278 – 280 ]. Recently,  BRAF  
V600E mutations have been detected by direct 
Sanger sequencing in fi ve of 27 FDCS instances. 
In contrast, this mutation was absent in an IDCS 
case included in the study [ 281 ]. Assessment of 
the diagnostic and therapeutic usefulness of these 
 fi ndings   needs further study.  

    Differential Diagnosis 
 Morphologically, FDCS and IDCS may be very 
similar. Therefore, their distinction requires accu-
rate immunophenotyping. Specifi cally, it is 
important to evaluate the expression of FDC 
markers (CD21, CD23, and CD35), as well as that 
of clusterin and D2-40 [ 282 ]. As already men-

tioned, clusterin usually is very strongly positive 
in FDCS [ 264 ,  269 ,  276 ,  277 ]. Although clusterin 
may be weakly positive in IDCS, its negativity for 
D2-40 and the FDC marker profi le allows its dis-
tinction from FDCS [ 264 ,  269 ,  276 ,  277 ]. 

 Langerhans cell histiocytosis (LCH)    usually 
shows a more heterogeneous histologic appear-
ance, with accompanying infl ammatory infi l-
trates and a distinctive immunohistochemical 
profi le. Although IDCS may express CD1a and 
S-100 protein, it is negative for langerin. 

 Immunohistochemical fi ndings in histiocytic 
sarcoma (HS) may be similar to those of IDCS 
(positivity for S-100 protein and CD68 and negativ-
ity for FDC markers and langerin) [ 106 ,  269 ,  276 ].  

    Clues and Pitfalls 
•     FDCS shows characteristically strong positiv-

ity for clusterin and plasma membrane immu-
noreactivity for D2-40.  

•   Langerin immunostaining allows the distinc-
tion between LCH and IDCS.  

•   The T-cell immunophenotype is predominant 
in IDCS the lymphocytes of.  

•   Positivity for FDC markers distinguishes FDCS 
from IDCS, LCH, and histiocytic conditions.          
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