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KEY POINTS

¢ Histopathologic findings of mastocytosis have distinguishing features at different anatomic
locations, but at all sites mast cell infiltrates may be subtle and easily overlooked.

Useful immunohistochemical markers of mast cell lineage include KIT and tryptase; aber-
rant expression of CD25 is a marker of neoplasia in mast cell infiltrates.

e Gastrointestinal involvement by mastocytosis is increasingly recognized; endoscopic

gastrointestinal biopsies can be used to establish a diagnosis of systemic mastocytosis
in some patients with cutaneous mastocytosis and gastrointestinal symptoms.

e Mast cell sarcoma is an extremely rare clinically and pathologically distinct aggressive
variant of mast cell disease.

ANCILLARY MARKERS IN SURGICAL PATHOLOGY FOR THE EVALUATION OF
MASTOCYTOSIS

Nonneoplastic mast cells are round in shape, and contain a central nucleus and var-
iable amounts of cytoplasm, which contains hundreds of membrane-bound modified
lysosomes.! These lysosomes contain a variety of pharmacologically active sub-
stances, such as histamine, leukotrienes B4, C4, and D, and prostaglandin D2, which
are released in response to various stimuli. Mast cells also produce heparin and
enzymes such as neutral proteases.? The wide range of substances produced by
mast cells reflects the broad functions of these cells and their participation in diverse
inflammatory disorders. Mast cells may also be increased in number in some neo-
plasms, such as neurofibroma and spindle cell lipoma. Mastocytosis includes a
distinct group of clonal mast cell disorders that may be limited to the skin or may
involve other sites.? Confirmation of mast cell lineage, and confirmation that a mast
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cell infiltrate is neoplastic, is afforded by the use of certain histochemical and, more
reliably, immunohistochemical stains.

Mast cell granules, which are difficult to appreciate on a routine hematoxylin and
eosin stain but may appear lightly basophilic, stain metachromatically with toluidine
blue and Giemsa stains, and orange-red with chloroacetate esterase.® Because these
histochemical stains require the presence of mast cell granules, they may underesti-
mate the number of mast cells in comparison with immunohistochemical staining
for KIT or mast cell tryptase, as neoplastic mast cells often contain greatly reduced
numbers of cytoplasmic granules.* Consequently, these histochemical markers
have largely been replaced by immunohistochemical markers in surgical pathology
practice (Table 1).

KIT

KIT (also known as CD117), a type lll receptor tyrosine kinase that plays a crucial role
in mast cell development, is a highly sensitive marker of mast cells. In contrast to mast
cell tryptase, expression is localized to the cell membrane rather than the cytoplasm.
In addition to its role in mast cell development, KIT also functions in the development
of melanocytes, germ cells, hematopoietic stem cells, and the interstitial cells of Cajal
within the gastrointestinal (GI) tract.® KIT is therefore expressed in some malignant
melanomas, seminoma, some acute myeloid leukemias, and gastrointestinal stromal
tumors (the latter reflecting differentiation toward the interstitial cell of Cajal lineage).
However, although the overall specificity of KIT for mast cells is low, in the appropriate
clinical context KIT is invaluable for the identification of mast cells, as relatively few
normal cell types show expression of this marker.

Adult-onset mastocytosis is associated with somatic point mutations in exon 17 of
KIT (codon 816) in most cases, which result in ligand-independent activation and auto-
phosphorylation of KIT.® KIT mutations can be detected in peripheral blood, bone
marrow aspirates, or tissue samples, which can help support a diagnosis of mastocy-
tosis; the presence of codon 816 mutations in KIT is one of the minor criteria for the
diagnosis of systemic mastocytosis.” The most common mutation, D816V (substitu-
tion of valine for aspartate), is detected in neoplastic mast cells of more than 95%
of adult patients with systemic mastocytosis, and in approximately one-third of pedi-
atric patients with cutaneous mastocytosis.®'° Because this particular mutation re-
sults in a conformational change in the kinase domain of KIT that renders it resistant
to the effects of imatinib, a tyrosine kinase inhibitor effective in the treatment of chronic

Table 1
Useful immunohistochemical markers in the evaluation of mastocytosis

Antibody Comments

KIT Confirms mast cell lineage; highly sensitive for mast cells, but not entirely
specific (melanocytes, interstitial cells of Cajal, hematopoietic stem cells also
express KIT); stains both normal and neoplastic mast cells

Mast cell Confirms mast cell lineage; highly specific for mast cells; may be less sensitive
tryptase than KIT for neoplastic mast cells in the gastrointestinal tract; stains both
normal and neoplastic mast cells

CD25 Stains only neoplastic mast cells; confirms neoplastic nature of mast cell
infiltrate; also stains some T lymphocytes

CD30 Stains a subset of neoplastic mast cells; may be a marker of aggressive disease in
bone marrow involved by mastocytosis; does not appear to be associated with
aggressive disease in the gastrointestinal tract
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myeloid leukemia and gastrointestinal stromal tumor, imatinib therapy is not effective
treatment for most patients with mastocytosis.'"'? Less commonly, alternate acti-
vating point mutations are detected, such as D816Y, D816H, and D816F. Of note, a
large subset of pediatric patients with urticaria pigmentosa (UP) has KIT mutations
in the extracellular domain (exons 8 or 9), at approximately the same rate as exon
17 mutations.®

Mast Cell Tryptase

Tryptase is a cytoplasmic serine protease that is expressed almost exclusively by
mast cells.”® In contrast to other mast cell proteases, cytoplasmic tryptase expression
appears to be present at all stages of mast cell maturation.™ Its superiority for the
detection of mast cells over histochemical markers was established along with the
observation that aggressive forms of mastocytosis, in which the neoplastic mast cells
often have minimal cytoplasm, show less tryptase expression than mast cells of cuta-
neous mastocytosis.* Similarly, it has been observed that in comparison with KIT,
mast cell tryptase shows more variable levels of expression in the neoplastic cells
of Gl mastocytosis.'®

CD25

CD25 is a low-affinity receptor for interleukin-2, which is normally expressed on a sub-
set of T lymphocytes. Aberrant expression of CD25 is a consistent finding of
neoplastic mast cells; CD25 is not expressed in normal mast cells.'®'® Expression
of CD25 on mast cells therefore helps confirm that a mast cell infiltrate represents a
neoplastic process rather than a reactive hyperplasia.?° Prior studies have established
the utility of CD25 in the evaluation of mast cell infiltrates at different anatomic sites,
including bone marrow, skin, and Gl tract.'® 92" Coexpression of KIT on mast cells,
more abundant cytoplasm in mast cells, and stronger CD25 staining on T lymphocytes
all help distinguish between mast cells and T cells on a CD25 immunostain.?’

CcD2

Aberrant expression of CD2 is common in neoplastic mast cells.?>?® CD2, also known
as LFA-2, is usually expressed in T cells and a subset of natural killer cells. However,
not all cases of systemic mastocytosis show expression of CD2, and within individual
cases expression may be highly variable. CD2 therefore has lower sensitivity than
CD25 for the detection of neoplastic mast cells, and also has lower specificity, as
CD2 stains nearly all T lymphocytes.?° Although coexpression of CD2 is considered
a minor diagnostic criterion for the diagnosis of systemic mastocytosis, its low sensi-
tivity limits its clinical utility. Despite the role of CD2 expression in systemic mastocy-
tosis being unknown, it has been hypothesized that because mast cells also express
CD58 (LFA-3), a natural ligand of CD2, CD2-CD58 interactions may be involved in the
accumulation of mast cells in patients with systemic mastocytosis.>® Of note, mast
cells may also express other less specific hematopoietic markers used in surgical pa-
thology, such as CD45 and CD68, and other less specific diagnostic markers may be
detected by flow cytometry (eg, CD9 and CD33)."6:2®

CD30

CD30 is a member of the tumor necrosis factor receptor superfamily whose expres-
sion is normally limited to a subset of activated lymphocytes. Expression of CD30 in
neoplastic mast cells in bone marrow biopsies has been found to be significantly asso-
ciated with advanced disease.?* By contrast, in the Gl tract, the finding of CD30
expression does not seem to predict aggressive disease.’® Among other neoplasms,
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CD30 is also expressed by tumor cells of Hodgkin lymphoma, anaplastic large cell
lymphoma, and embryonal carcinoma.

CUTANEOUS MASTOCYTOSIS
Urticaria Pigmentosa

UP is the most common form of cutaneous mastocytosis (Table 2). UP typically pre-
sents as a generalized eruption of red-brown macules or sometimes papules, predom-
inantly involving the trunk, and occasionally the extremities and head and neck
region.?>2% |t is named for the tendency for lesions to urticate when stroked (Darier
sign) and the reactive basal hyperpigmentation of the epidermis. Most patients are
younger than 4 years old at presentation, and in children with UP the clinical course
is usually self-limited with resolution of disease by puberty.?” However, when UP
arises in adults, disease tends to be persistent and often reflects the presence of
underlying systemic mastocytosis.?®2°

In normal skin, small numbers of dermal interstitial mast cells are observed, most
prominent around blood vessels and skin adnexa.®?*" Histologically, UP in children
is characterized by sheets of mast cells within the papillary dermis, often with exten-
sion into the reticular dermis, sometimes with a perivascular and periadnexal distribu-
tion (Fig. 1).%2 The mast cells typically have a predominantly round morphology, with a
subset of cells showing elongated cytoplasmic processes (spindle shaped). In adults
with cutaneous mastocytosis, the density of mast cells is usually less than that seen in
pediatric UP, and multiple biopsies may be needed to make a definitive diagnosis of
mastocytosis; However, even in children the number of mast cells may be highly
variable between patients, and in some cases consist of only sparse perivascular
mast cells. Basal hyperpigmentation is a typical finding in UP, and scattered eosino-
phils may be present, particularly in adults; both of these features may be helpful clues
to the diagnosis when the infiltrate is sparse (see Fig. 1). In children, subepidermal
vesiculobullous changes may arise as a result of persistent superficial edema. The
bullae may contain mast cells, eosinophils, and neutrophils, with an underlying typical
dermal mast cell infiltrate.33

Normal skin is reported to contain up to 15 mast cells per high-power field, although
the range is in fact variable. A wide range of inflammatory dermatoses are

Table 2
Subtypes of cutaneous mastocytosis
Type Clinical Features Histologic Features
Urticaria Most common in children; onset  Aggregates and sheets of mast cells
pigmentosa in adulthood is associated with within dermis; often perivascular
systemic disease in nearly all or periadnexal in distribution;
patients; most common form cytology ranges from round to
of cutaneous disease spindled cells; may be more subtle
in adults
Telangiectasia Rare variant; occurs in adults; Subtle increase in mast cells around
macularis highly associated with slightly dilated superficial blood
eruptiva perstans systemic disease vessels
Solitary Rare variant; virtually always in Sheets of round to ovoid mast cells
mastocytoma infants; predilection for trunk within the dermis, occasionally
extending into subcutis
Diffuse cutaneous  Rare variant; virtually always in Sheets of mature-appearing mast
mastocytosis childhood; peau d'orange cells or limited lichenoid infiltrate
appearance of mast cells in papillary dermis
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Fig. 1. Cutaneous mastocytosis. Urticaria pigmentosa is characterized by aggregates or
sheets of mast cells within the dermis, sometimes showing a predominantly perivascular
distribution (A) (H&E, original magnification x100). The mast cells are typically round
with moderate amounts of eosinophilic, vaguely granular cytoplasm; admixed eosinophils
may be present, particularly in adults (B) (H&E, original magnification x400). Note the char-
acteristic hyperpigmentation of the basal layer of the epidermis.

accompanied by mast cell hyperplasia; therefore, mast cell density must be inter-
preted carefully in the context of the clinical presentation and other histologic findings.
Given that some lesions, particularly those of telangiectasia macularis eruptiva per-
stans (TMEP), may be subtle, comparison with nonlesional skin in a given biopsy
may be helpful." As in other locations, mast cells express mast cell tryptase and
KIT, both of which are invaluable in confirming a diagnosis of cutaneous mastocytosis.
Expression of CD25 by mast cells in UP appears to be associated with systemic mas-
tocytosis in adult patients.3*

Telangiectasia Macularis Eruptiva Perstans

TMERP is a rare variant of UP that occurs in adults and is highly associated with sys-
temic disease.>*°8 Clinically the skin lesions are lightly pigmented, telangiectatic
and erythematous macules, usually few in number, which typically arise on the trunk
and proximal extremities, and more rarely on the face. Histologically there is a subtle
increase in mast cells, usually distributed around slightly dilated superficial dermal
blood vessels.! The mast cells are predominantly spindle shaped, and an eosinophilic
infiltrate is usually absent.

327



328

Doyle & Hornick

Solitary Mastocytoma of Skin

Cutaneous mastocytoma presents as a solitary skin lesion, virtually always in infants,
over a wide anatomic distribution, with a predilection for the trunk and wrists.*%*
Lesions may measure up to 3 cm, and usually involute spontaneously. Histologically,
mastocytoma is composed of sheets of round to ovoid mast cells with abundant palely
eosinophilic cytoplasm within the dermis, occasionally extending into underlying
subcutis.” Without correlation with clinical findings, small examples of solitary masto-
cytoma cannot be distinguished on histologic grounds from UP. In contrast to mast
cell sarcoma, the lesional cells lack atypia and their mast cell lineage is usually easily
recognizable. Localized necrobiosis and stromal fibrosis may be present.*?43

Diffuse Cutaneous Mastocytosis

This clinical variant of cutaneous mastocytosis is uncommon and, similar to solitary
mastocytoma, virtually always occurs in childhood.*# Clinically the skin is diffusely thick-
ened, erythematous or yellow-brown in color, and may have a peau d’orange appear-
ance. Blistering, bullae, and nodule formation may occur.*>~*° Histologically the skin
findings may resemble mastocytoma, containing sheets of mature-appearing mast
cells, or may consist of a more limited lichenoid infiltrate of mast cells in the papillary
dermis. Fibrosis is occasionally present.

MASTOCYTOSIS INVOLVING THE GASTROINTESTINAL TRACT

Involvement of the Gl tract by mastocytosis is increasingly recognized, because of
increasing awareness among pathologists and physicians involved in the care of pa-
tients with mastocytosis as well as the availability of sensitive and specific immunohis-
tochemical markers to detect neoplastic mast cells. Key features of mastocytosis
involving the Gl tract are shown in Box 1.

Gl symptoms are common in patients with mastocytosis, including patients without
direct involvement of the Gl tract, and include abdominal pain, nausea, and diarrhea.
These symptoms are thought to be due to the release of mast cell mediators such as
histamine and leukotrienes, and in patients with involvement of the Gl tract may also
be due to direct infiltration of the mucosa by mast cells, resulting in malabsorption or
enhanced local effects of mediator release. The frequency of Gl symptoms in patients
with systemic mastocytosis is estimated at 70%,°° diminishing in patients with UP
(without known Gl involvement) to 25%.2° However, the true frequency of Gl tract

Box 1
Key features: mastocytosis involving the gastrointestinal tract

e May be first presentation of systemic disease
e Colon and terminal ileum most commonly involved
e Endoscopically may be associated with mucosal erythema, granularity, or nodularity

e Lamina propria infiltrates of ovoid or spindle-shaped mast cells; superficial distribution
underneath surface epithelium in colon is common

e Eosinophilic infiltrates may mask the mast cell infiltrate or lead to an erroneous diagnosis of
eosinophilic gastroenteritis

e Disease is often focal; therefore multiple, systematic random biopsies are indicated

e Gastrointestinal involvement does not correlate with aggressive disease
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involvement in patients with cutaneous mastocytosis or mastocytosis at other sites is
not known, as many patients do not undergo endoscopic biopsy unless they have
long-standing, persistent, or changing symptoms.

Detection of Gl tract involvement by endoscopic biopsy is a useful method of con-
firming systemic disease in patients with Gl symptoms; in a series of 24 patients with
Gl tract and liver mastocytosis, the first diagnosis of systemic disease was made
based on Gl/liver biopsy findings in 67% of patients.'®> However, interestingly 2 pa-
tients in this study were asymptomatic, and disease was only detected during colono-
scopic screening for colorectal cancer. The median interval from the time of diagnosis
of skin disease to the time of documented Gl involvement in that study was 10 years.
Endoscopic abnormalities are seen in approximately 60% of patients with Gl masto-
cytosis, and include mucosal erythema/congestion, granularity, or nodularity.>'° GI
mucosal involvement in the absence of malabsorption and weight loss does not
appear to correlate with aggressive disease.’®

Clinical and pathologic descriptions of mastocytosis in Gl biopsies include case re-
ports and small series,?’-°1:52.54-58 a5 well as 2 recent large series of 23 and 24 patients
with Gl tract and liver mastocytosis.'®°® When the Gl tract is involved by mastocyto-
sis, the most commonly involved sites are colon and ileum, followed by duodenum.
The stomach is less often involved; only one-third of gastric biopsies from patients
with other sites of Gl tract involvement show involvement by mastocytosis.'®> Masto-
cytosis typically does not involve the esophagus.

The diagnosis of mastocytosis in mucosal biopsies can be difficult for several
reasons; involvement can be very focal and subtle, making recognition of the infiltrate
challenging. Histologically, mucosal biopsies involved by mastocytosis show lamina
propria infiltrates of ovoid to spindle-shaped mast cells in aggregates or sheets.
The mast cell aggregates usually show a predominantly superficial distribution in
the lamina propria, with greatest density directly under the surface epithelium, espe-
cially in the colon (Fig. 2). Occasionally, aggregates are scattered randomly
throughout the lamina propria. The mast cell infiltrate may extend into the muscularis
mucosae. Mast cell morphology is variable, ranging from rounded cells with moderate
amounts of palely eosinophilic cytoplasm to, more commonly, ovoid or spindled cells
with more limited cytoplasm. As at other sites, mast cell density is highly variable, and
in itself is not a useful diagnostic feature. Mast cell count is variable in normal biopsies
and may be increased in other inflammatory disorders such as parasitic infection’®2";
it is the presence of discrete aggregates or confluent sheets of mast cells, along with
coexpression of CD25, that allow for a diagnosis of mastocytosis (see Fig. 2). Of
importance is that involvement of the Gl tract can be very focal in a given biopsy, con-
sisting of a single discrete aggregate of mast cells. Heterogeneous, patchy involve-
ment within biopsies taken from the same region can also be seen, with some
biopsy fragments showing no or minimal involvement, and other fragments showing
obvious sheets or aggregates of mast cells.’® This feature emphasizes the need for
multiple, systematic random biopsies at the time of endoscopy.

Prominent eosinophilic infiltrates frequently accompany Gl involvement by masto-
cytosis, and may mask the mast cell infiltrate or lead to an erroneous diagnosis of
eosinophilic gastroenteritis. Eosinophilic infiltrates appear to be more common in
colonic biopsies than in upper Gl tract biopsies involved by mastocytosis.'® Other his-
tologic findings that may be seen include architectural distortion in colonic biopsies,
villous blunting in small intestinal biopsies, chronic duodenitis, and chronic inactive
gastritis. In the colon, these findings may mimic inflammatory bowel disease.*®

Neoplastic mast cells are highlighted by diffuse membranous staining for both KIT
and CD25 (see Fig. 2). By contrast, expression of mast cell tryptase may be variable
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Fig. 2. Gastrointestinal mastocytosis. Mastocytosis involving the colon is typically character-
ized by aggregates of spindle-shaped mast cells with limited cytoplasm, localized underneath
the surface epithelium (A) (H&E, original magnification x400). The mast cells are positive for
tryptase (B) (original magnification x400) and KIT (C) (original magnification x400), and show
aberrant membranous expression of CD25 (D) (original magnification x400), confirming their
neoplastic nature.

and may show positive staining in only a subset of mast cells.'® In contrast to prior
studies that have shown an association between CD30 expression and advanced
disease in the bone marrow,?* at least in the Gl tract, the finding of reactivity for
CD830 does not seem to predict aggressive disease: CD30 expression on Gl mast cells
has been reported in a subset of patients with an indolent clinical course, and was pre-
sent in only 1 of 2 cases with aggressive features in a recent study, although the num-
ber of cases examined was small."®

In general, the histologic differential diagnosis of mastocytosis in the Gl tract is
limited; perhaps the most difficult differential diagnosis is with normal colonic mucosa
for those cases whereby the mast cell infiltrate is focal and subtle, followed by
eosinophil-rich disorders such as primary eosinophilic gastroenteritis, parasitic dis-
ease, and chronic inflammatory bowel disease.

MASTOCYTOSIS INVOLVING THE LIVER

In most cases, liver involvement by mastocytosis is associated with aggressive dis-
ease. Patients with mastocytosis involving the liver may present with hepatomegaly,
ascites, and other signs of portal hypertension such as bleeding varices.'>%" Liver
biopsies involved by mastocytosis typically show mast cell infiltrates in both a portal
and sinusoidal distribution.®®¢" The sinusoidal component may be subtle, but can be
highlighted by KIT or tryptase immunostaining (Fig. 3). The mast cells usually have
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of portal infiltrates (A) (H&E, original magnification x 100) of spindle-shaped mast cells with
admixed eosinophils (B) (H&E, original magnification x400). The mast cell infiltrate typically
also involves sinusoidal spaces, which may be subtle and more readily appreciated with the
aid of KIT immunohistochemical staining (C) (original magnification x400).
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spindle cell morphology. Admixed eosinophils are common and may mask the mast
cell infiltrate. Periportal fibrosis may be present, but development of cirrhosis is rare.

MASTOCYTOSIS INVOLVING THE SPLEEN AND LYMPH NODES

The prevalence of splenic involvement by mastocytosis is uncertain, as splenectomy
is rarely performed in patients with mastocytosis, except in the past in some patients
whose aggressive disease included hypersplenism. Mastocytosis in the spleen may
present as focal mast cell infiltrates in parafollicular areas, aggregates within follicles,
or diffuse infiltration of the red pulp.®’%? Similar to mastocytosis at other sites, an
admixed eosinophilic infiltrate and fibrosis are common findings.

Involvement of lymph nodes by mastocytosis is rare, but can present as generalized
lymphadenopathy. The paracortical region is most often involved (Fig. 4), either focally
or diffusely, but any compartment can be infiltrated by mast cells. In addition to the
presence of mast cells, which may be ovoid, round, or spindled in morphology, addi-
tional findings that may be seen include reactive follicular hyperplasia, eosinophilic
infiltrates, fibrosis, and a plasma cell infiltrate (see Fig. 4).6-°° In a subset of patients
with nodal infiltrates of mast cells who present with lymphadenopathy and peripheral
eosinophilia, PDGFRA rearrangements are detected; these patients are classified in
the category of “myeloid neoplasm with eosinophilia and rearrangement of PDGFRA”
(rather than systemic mastocytosis).>”

-
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Fig. 4. Mastocytosis involving a retroperitoneal lymph node: the mast cell infiltrate shows a
predominantly paracortical distribution (A) (H&E, original magnification x100). KIT immu-
nostaining highlights mast cells, and demonstrates sparing of follicles in this case (B) (orig-
inal magnification x100). The mast cells are variably ovoid to spindle-shaped; commonly
associated features include a prominent eosinophilic infiltrate (C) (H&E, original magnifica-
tion x400) and fibrosis (D) (H&E, original magnification x200).
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MAST CELL SARCOMA

Mast cell sarcoma is characterized by cytologically malignant mast cells presenting as
a destructive mass. Mast cell sarcoma may arise de novo (ie, in a patient with no his-
tory of mastocytosis) or, much more rarely, as a secondary (transformation) event in
patients with cutaneous mastocytosis (see later discussion). Mast cell sarcoma is
exceedingly rare in humans. Only 14 human cases of mast cell sarcoma have been
reported to date in the English-language literature, either as single case reports or
small series. Unlike cutaneous mastocytosis, which typically presents in infancy,
mast cell sarcoma can arise at any age, with a reported range of 4 to 77 years.
Mast cell sarcoma can also occur at a wide range of anatomic sites; tumors have
been reported in oral/laryngeal mucosa,®*° gastrointestinal tract,%%¢” cranial bones
and meninges,®® extracranial skeleton,®®’° somatic soft tissue,’® uterus,”’ and
skin.>> 7273 Key features of mast cell sarcoma are listed in Box 2.

Histologically, mast cell sarcoma is composed of sheets of medium-sized to large
pleomorphic epithelioid cells, usually with an infiltrative growth pattern. Tumor cells
have abundant cytoplasm and well-defined cell borders. Nuclei often have prominent
nuclear membrane irregularities and may be bilobed (Fig. 5). Bizarre multinucleated
tumor giant cells are frequently present. Characteristically an eosinophilic infiltrate is
present, and may be a helpful clue to the diagnosis. Similar to systemic mastocytosis,
tumor cells are positive for KIT, CD25, and mast cell tryptase, but expression of
histiocytic or myeloid lineage markers (CD68, CD4, CD43, lysozyme) has also been re-
ported, which can lead to diagnostic confusion.®® The cells of mast cell sarcoma do
not closely resemble either normal tissue mast cells or the spindled mast cells typical
of systemic mastocytosis, but show some similarity to the cytologically defined “atyp-
ical type Il mast cells” or “promastocytes” reported in some cases of aggressive
systemic mastocytosis, although the degree of nuclear atypia and pleomorphism
are much more striking.” To date, the D816V mutation of the KIT kinase domain char-
acteristic of systemic mastocytosis has not been detected in any case of mast cell sar-
coma. However, 2 cases have shown other KIT mutations: a deletion mutation in exon
8 (D419del), similar to a common mutation in pediatric UP,%® and an alternative exon
17 mutation (N822K).%® Because the D816V mutation confers resistance to imatinib,
the absence of this mutation in mast cell sarcoma has allowed treatment with imatinib
to produce at least a temporary clinical response in a subset of patients.55""

The histologic differential diagnoses of mast cell sarcoma include poorly differenti-
ated carcinoma, melanoma, anaplastic large cell ymphoma (ALCL), Langerhans cell
histiocytosis (or the exceptionally rare Langerhans cell sarcoma), and other myeloid
or histiocytic neoplasms. Poorly differentiated carcinoma can usually be readily

Box 2
Key features: mast cell sarcoma

e Extremely rare malignant neoplasm composed of mast cells presenting as an isolated
destructive mass

e Sheets of medium-sized to large pleomorphic epithelioid cells

e Tumor cells have abundant cytoplasm and well-defined cell borders

e Multinucleated tumor giant cells and eosinophilic infiltrates often present

e May mimic poorly differentiated carcinoma, melanoma, or anaplastic large cell lymphoma

e Lack D816V KIT mutations and may respond to imatinib in some cases
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(lower right) of the lip in a patient with a long-standing history of urticaria pigmentosa (A)
(H&E, original magnification x400). The tumor cells in mast cell sarcoma show strong stain-
ing for KIT (B) (original magnification x40). Conventional cutaneous mastocytosis is seen
in the adjacent dermis and is composed of numerous uniform, round mast cells (C) (H&E,
original magnification x400), highlighted by a KIT immunostain (D) (original magnification
x400). By contrast, the tumor cells of the mast cell sarcoma do not resemble normal mast
cells and instead show marked cytologic atypia, nuclear pleomorphism, and frequent multi-
nucleated cells (E) (H&E, original magnification x400). Mast cell lineage is supported
by expression of KIT (F) (original magnification x400), as well as tryptase and chymase
(not shown).

distinguished from mast cell sarcoma by demonstrating keratin expression; similarly,
melanoma typically expresses S100 protein, and often HMB-45 or MART-1. Similar to
mast cell sarcoma, a dense infiltrate of eosinophils is usually present in Langerhans
cell histiocytosis. However, Langerhans cell histiocytosis is composed of tumor cells
with characteristic longitudinal nuclear grooves, which are not seen in mast cell
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sarcoma, as well as abundant pink cytoplasm and indistinct cell borders. Langerhans
cell sarcoma shows considerable cytologic pleomorphism and features that may
overlap with mast cell sarcoma. Tumor cells of Langerhans cell histiocytosis and
Langerhans cell sarcoma express S100 protein, CD1a, and langerin. ALCL is
composed of large epithelioid cells, often with bilobed or multilobed nuclei, similar
to mast cell sarcoma. Eosinophilic infiltrates are uncommon in ALCL. ALCL consis-
tently expresses CD30, as well as CD3, CD5, EMA, or cytotoxic granule markers in
most cases. ALK expression is present in around half of ALCL cases. Detection of a
clonal T-cell receptor gene rearrangement by polymerase chain reaction studies
may be helpful in some cases. Variable KIT expression may occasionally be seen in
T-cell ymphomas, but the uniformly strong expression seen in mast cell sarcoma is
not a feature of lymphomas.

Two cases of mast cell sarcoma arising in association with long-standing cutaneous
mastocytosis have been described. One occurred in a patient who had a history of in-
fantile cutaneous mastocytosis 17 years before presenting with a mass on the lip (see
Fig. 5). A residual lesion of UP was identified adjacent to the mast cell sarcoma.®®
Similarly, the development of mast cell sarcoma has been described in an adult patient
with persistent localized cutaneous mastocytosis.”?> These 2 cases appear to repre-
sent malignant transformation of a previously indolent form of mastocytosis, implying
that at least some cases of mast cell sarcoma may be biologically closely related to
pediatric cutaneous mastocytosis.

SUMMARY

The histopathologic findings of mastocytosis have distinguishing features at different
anatomic locations, but mast cell infilirates may be subtle, because of either their
sparse nature (eg, in some cases of cutaneous mastocytosis) or focality of involve-
ment (eg, in gastrointestinal mucosa). Advances in immunohistochemical detection
of mast cell lineage, along with the identification of aberrant CD25 expression as a
marker of neoplasia in mast cell infiltrates, have been extremely useful in the evalua-
tion of mast cell disorders, and broader application of these markers in surgical
pathology practice will likely improve the recognition of mastocytosis. Finally, endo-
scopic Gl biopsies are emerging as a useful method of detecting systemic disease
in some patients with cutaneous mastocytosis and Gl symptoms.

REFERENCES

1. Mihm MC, Clark WH, Reed RJ, et al. Mast cell infiltrates of the skin and the mas-
tocytosis syndrome. Hum Pathol 1973;4(2):231-9.

2. Longley J, Duffy TP, Kohn S. The mast cell and mast cell disease. J Am Acad
Dermatol 1995;32(4):545-61.

3. Markey AC, Churchill LJ, MacDonald DM. Human cutaneous mast cells—a
study of fixative and staining reactions in normal skin. Br J Dermatol 1989;
120(5):625-31.

4. Horny HP, Sillaber C, Menke D, et al. Diagnostic value of immunostaining for
tryptase in patients with mastocytosis. Am J Surg Pathol 1998;22(9):1132-40.

5. Maeda H, Yamagata A, Nishikawa S, et al. Requirement of c-kit for development
of intestinal pacemaker system. Development 1992;116(2):369-75.

6. Garcia-Montero AC, Jara-Acevedo M, Teodosio C, et al. KIT mutation in mast
cells and other bone marrow hematopoietic cell lineages in systemic mast cell
disorders: a prospective study of the Spanish network on mastocytosis
(REMA) in a series of 113 patients. Blood 2006;108(7):2366-72.

335


http://refhub.elsevier.com/S0889-8561(14)00011-3/sref1
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref1
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref2
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref2
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref3
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref3
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref3
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref4
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref4
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref5
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref5
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref6
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref6
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref6
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref6

336

Doyle & Hornick

7.

8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Swerdlow SH, Campo E, Harris NL, et al. WHO classification of tumors of hae-
matopoietic and lymphoid tissues. Lyon (France): IARC; 2008.

Longley BJ Jr, Metcalfe DD, Tharp M, et al. Activating and dominant inactivating
c-KIT catalytic domain mutations in distinct clinical forms of human mastocyto-
sis. Proc Natl Acad Sci U S A 1999;96(4):1609-14.

. Longley BJ, Tyrrell L, Lu SZ, et al. Somatic c-KIT activating mutation in urticaria

pigmentosa and aggressive mastocytosis: establishment of clonality in a human
mast cell neoplasm. Nat Genet 1996;12(3):312-4.

Bodemer C, Hermine O, Palmerini F, et al. Pediatric mastocytosis is a clonal dis-
ease associated with D816V and other activating c-KIT mutations. J Invest Der-
matol 2010;130(3):804-15.

Ma'Y, Zeng S, Metcalfe DD, et al. The ¢c-KIT mutation causing human mastocy-
tosis is resistant to STI571 and other KIT kinase inhibitors; kinases with enzy-
matic site mutations show different inhibitor sensitivity profiles than wild-type
kinases and those with regulatory-type mutations. Blood 2002;99(5):1741-4.
Zermati Y, De Sepulveda P, Feger F, et al. Effect of tyrosine kinase inhibitor
STI571 on the kinase activity of wild-type and various mutated c-kit receptors
found in mast cell neoplasms. Oncogene 2003;22(5):660-4.

Castells MC, Irani AM, Schwartz LB. Evaluation of human peripheral blood leu-
kocytes for mast cell tryptase. J Immunol 1987;138(7):2184-9.

Valent P. Mast cell differentiation antigens: expression in normal and malignant
cells and use for diagnostic purposes. Eur J Clin Invest 1995;25(10):715-20.
Doyle LA, Sepehr GJ, Hamilton MJ, et al. A clinicopathologic study of 24 cases
of systemic mastocytosis involving the gastrointestinal tract and assessment of
mucosal mast cell density in irritable bowel syndrome and asymptomatic pa-
tients. Am J Surg Pathol 2014, in press.

Escribano L, Orfao A, Villarrubia J, et al. Immunophenotypic characterization of
human bone marrow mast cells. A flow cytometric study of normal and patholog-
ical bone marrow samples. Anal Cell Pathol 1998;16(3):151-9.

Krauth MT, MajlesiY, Florian S, et al. Cell surface membrane antigen phenotype of
human gastrointestinal mast cells. Int Arch Allergy Immunol 2005;138(2):111-20.
Krokowski M, Sotlar K, Krauth MT, et al. Delineation of patterns of bone marrow
mast cell infiltration in systemic mastocytosis: value of CD25, correlation with
subvariants of the disease, and separation from mast cell hyperplasia. Am J
Clin Pathol 2005;124(4):560-8.

Sotlar K, Horny HP, Simonitsch |, et al. CD25 indicates the neoplastic phenotype
of mast cells: a novel immunohistochemical marker for the diagnosis of systemic
mastocytosis (SM) in routinely processed bone marrow biopsy specimens. Am J
Surg Pathol 2004;28(10):1319-25.

Morgado JM, Sanchez-Munoz L, Teodosio CG, et al. Immunophenotyping in
systemic mastocytosis diagnosis: ‘CD25 positive’ alone is more informative
than the ‘CD25 and/or CD2' WHO criterion. Mod Pathol 2012;25(4):516-21.
Hahn HP, Hornick JL. Immunoreactivity for CD25 in gastrointestinal mucosal
mast cells is specific for systemic mastocytosis. Am J Surg Pathol 2007;
31(11):1669-76.

Escribano L, Orfao A, Villarrubia J, et al. Expression of lymphoid-associated an-
tigens in mast cells: report of a case of systemic mast cell disease. Br J Haema-
tol 1995;91(4):941-3.

Jordan JH, Walchshofer S, Jurecka W, et al. Immunohistochemical properties of
bone marrow mast cells in systemic mastocytosis: evidence for expression of
CD2, CD117/Kit, and bcl-x(L). Hum Pathol 2001;32(5):545-52.


http://refhub.elsevier.com/S0889-8561(14)00011-3/sref7
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref7
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref8
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref8
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref8
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref9
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref9
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref9
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref10
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref10
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref10
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref11
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref11
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref11
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref11
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref12
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref12
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref12
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref13
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref13
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref14
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref14
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref75
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref75
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref75
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref75
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref15
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref15
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref15
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref16
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref16
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref17
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref17
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref17
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref17
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref18
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref18
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref18
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref18
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref19
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref19
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref19
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref20
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref20
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref20
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref21
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref21
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref21
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref22
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref22
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref22

24.
25.
26.
27.
28.
29.
30.
31.
32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Extramedullary Mastocytosis

Sotlar K, Cerny-Reiterer S, Petat-Dutter K, et al. Aberrant expression of CD30 in
neoplastic mast cells in high-grade mastocytosis. Mod Pathol 2011;24(4):585-95.
Fine J. Mastocytosis. Int J Dermatol 1980;19(3):117-23.

Allison MA, Schmidt CP. Urticaria pigmentosa. Int J Dermatol 1997;36(5):321-5.
Azana JM, Torrelo A, Mediero IG, et al. Urticaria pigmentosa: a review of 67 pe-
diatric cases. Pediatr Dermatol 1994;11(2):102-6.

Berezowska S, Flaig MJ, Rueff F, et al. Adult-onset mastocytosis in the skin is
highly suggestive of systemic mastocytosis. Mod Pathol 2013;27(1):19-29.
Topar G, Staudacher C, Geisen F, et al. Urticaria pigmentosa: a clinical, hematopa-
thologic, and serologic study of 30 adults. Am J Clin Pathol 1998;109(3):279-85.
Olafsson JH, Roupe G, Enerback L. Dermal mast cells in mastocytosis: fixation,
distribution and quantitation. Acta Derm Venereol 1986;66(1):16-22.

Leder LD. Intraepidermal mast cells and their origin. Am J Dermatopathol 1981;
3(3):247-50.

Wolff K, Komar M, Petzelbauer P. Clinical and histopathological aspects of cuta-
neous mastocytosis. Leuk Res 2001;25(7):519-28.

Orkin M, Good RA, Clawson CC, et al. Bullous mastocytosis. Arch Dermatol
1970;101(5):547-64.

Hollmann TJ, Brenn T, Hornick JL. CD25 expression on cutaneous mast cells
from adult patients presenting with urticaria pigmentosa is predictive of sys-
temic mastocytosis. Am J Surg Pathol 2008;32(1):139-45.

Parks A, Camisa C. Reddish-brown macules with telangiectasia and pruritus.
Urticaria pigmentosa-telangiectasia macularis eruptiva perstans (TMEP) variant,
with systemic mastocytosis. Arch Dermatol 1988;124(3):429-30, 432-433.
Sarkany RP, Monk BE, Handfield-Jones SE. Telangiectasia macularis eruptiva
perstans: a case report and review of the literature. Clin Exp Dermatol 1998;
23(1):38-9.

Gibbs NF, Friedlander SF, Harpster EF. Telangiectasia macularis eruptiva per-
stans. Pediatr Dermatol 2000;17(3):194-7.

Lee HW, Jeong YI, Choi JC, et al. Two cases of telangiectasia macularis eruptiva
perstans demonstrated by immunohistochemistry for c-kit (CD 117). J Dermatol
2005;32(10):817-20.

Kiszewski AE, Alvarez-Mendoza A, Rios-Barrera VA, et al. Mastocytosis in chil-
dren: clinicopathological study based on 35 cases. Histol Histopathol 2007;
22(5):535-9.

Caplan RM. The natural course of urticaria pigmentosa. Analysis and follow-up
of 112 cases. Arch Dermatol 1963;87:146-57.

Lee HP, Yoon DH, Kim CW, et al. Solitary mastocytoma on the palm. Pediatr Der-
matol 1998;15(5):386-7.

Kamysz JJ, Fretzin DF. Necrobiosis in solitary mastocytoma: coincidence or
pathogenesis? J Cutan Pathol 1994;21(2):179-82.

Wood C, Sina B, Webster CG, et al. Fibrous mastocytoma in a patient with
generalized cutaneous mastocytosis. J Cutan Pathol 1992;19(2):128-33.
Willemze R, Ruiter DJ, Scheffer E, et al. Diffuse cutaneous mastocytosis with
multiple cutaneous mastocytomas. Report of a case with clinical, histopatholog-
ical and ultrastructural aspects. Br J Dermatol 1980;102(5):601-7.

Wawrzycki B, Pietrzak A, Chodorowska G, et al. Diffuse cutaneous bullous mas-
tocytosis in a newborn. Dermatol Ther 2013;26(2):176-9.

Golitz LE, Weston WL, Lane AT. Bullous mastocytosis: diffuse cutaneous masto-
cytosis with extensive blisters mimicking scalded skin syndrome or erythema
multiforme. Pediatr Dermatol 1984;1(4):288-94.

337


http://refhub.elsevier.com/S0889-8561(14)00011-3/sref23
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref23
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref24
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref25
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref26
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref26
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref27
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref27
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref28
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref28
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref29
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref29
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref30
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref30
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref31
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref31
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref32
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref32
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref33
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref33
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref33
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref34
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref34
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref34
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref35
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref35
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref35
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref36
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref36
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref37
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref37
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref37
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref38
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref38
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref38
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref39
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref39
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref40
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref40
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref41
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref41
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref42
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref42
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref43
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref43
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref43
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref44
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref44
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref45
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref45
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref45

338

Doyle & Hornick

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Oku T, Hashizume H, Yokote R, et al. The familial occurrence of bullous mastocy-
tosis (diffuse cutaneous mastocytosis). Arch Dermatol 1990;126(11):1478-84.
Oranje AP, Soekanto W, Sukardi A, et al. Diffuse cutaneous mastocytosis
mimicking staphylococcal scalded-skin syndrome: report of three cases. Pediatr
Dermatol 1991;8(2):147-51.

Bankova LG, Walter JE, lyengar SR, et al. Generalized bullous eruption after
routine vaccination in a child with diffuse cutaneous mastocytosis. J Allergy
Clin Immunol Pract 2013;1(1):94-6.

Jensen RT. Gastrointestinal abnormalities and involvement in systemic mastocy-
tosis. Hematol Oncol Clin North Am 2000;14(3):579-623.

Kirsch R, Geboes K, Shepherd NA, et al. Systemic mastocytosis involving the
gastrointestinal tract: clinicopathologic and molecular study of five cases.
Mod Pathol 2008;21(12):1508-16.

Lee JK, Whittaker SJ, Enns RA, et al. Gastrointestinal manifestations of systemic
mastocytosis. World J Gastroenterol 2008;14(45):7005-8.

Scolapio JS, Wolfe J 3rd, Malavet P, et al. Endoscopic findings in systemic mas-
tocytosis. Gastrointest Endosc 1996;44(5):608-10.

Ammann RW, Vetter D, Deyhle P, et al. Gastrointestinal involvement in systemic
mastocytosis. Gut 1976;17(2):107-12.

Arguedas MR, Ferrante D. Systemic mastocytosis and giant gastroduodenal
ulcer. Gastrointest Endosc 2001;54(4):530-3.

Bedeir A, Jukic DM, Wang L, et al. Systemic mastocytosis mimicking inflamma-
tory bowel disease: a case report and discussion of gastrointestinal pathology in
systemic mastocytosis. Am J Surg Pathol 2006;30(11):1478-82.

Behdad A, Owens SR. Systemic mastocytosis involving the gastrointestinal
tract: case report and review. Arch Pathol Lab Med 2013;137(9):1220-3.
Tebbe B, Stavropoulos PG, Krasagakis K, et al. Cutaneous mastocytosis in
adults. Evaluation of 14 patients with respect to systemic disease manifesta-
tions. Dermatology 1998;197(2):101-8.

Sokol H, Georgin-Lavialle S, Canioni D, et al. Gastrointestinal manifestations in
mastocytosis: a study of 83 patients. J Allergy Clin Immunol 2013;132(4):866-73.
Horny HP, Kaiserling E, Campbell M, et al. Liver findings in generalized masto-
cytosis. A clinicopathologic study. Cancer 1989;63(3):532-8.

Metcalfe DD. The liver, spleen, and lymph nodes in mastocytosis. J Invest Der-
matol 1991;96(Suppl 3):455-6S [discussion: 46S, 60S-65S].

Horny HP, Ruck MT, Kaiserling E. Spleen findings in generalized mastocytosis. A
clinicopathologic study. Cancer 1992;70(2):459-68.

Horny HP, Kaiserling E, Parwaresch MR, et al. Lymph node findings in general-
ized mastocytosis. Histopathology 1992;21(5):439-46.

Horny HP, Parwaresch MR, Kaiserling E, et al. Mast cell sarcoma of the larynx.
J Clin Pathol 1986;39(6):596-602.

Ryan RJ, Akin C, Castells M, et al. Mast cell sarcoma: a rare and potentially
under-recognized diagnostic entity with specific therapeutic implications. Mod
Pathol 2013;26(4):533-43.

Bugalia A, Abraham A, Balasubramanian P, et al. Mast cell sarcoma of the small
intestine: a case report. J Clin Pathol 2011;64(11):1035-7.

Kojima M, Nakamura S, Itoh H, et al. Mast cell sarcoma with tissue eosinophilia
arising in the ascending colon. Mod Pathol 1999;12(7):739-43.

Kim YS, Wu H, Pawlowska AB, et al. Pediatric mast cell sarcoma of temporal
bone with novel L799F (2395 C>T) KIT mutation, mimicking histiocytic neoplasm.
Am J Surg Pathol 2013;37(3):453-8.


http://refhub.elsevier.com/S0889-8561(14)00011-3/sref46
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref46
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref47
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref47
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref47
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref48
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref48
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref48
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref49
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref49
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref50
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref50
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref50
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref51
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref51
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref52
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref52
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref53
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref53
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref54
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref54
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref55
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref55
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref55
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref56
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref56
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref57
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref57
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref57
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref58
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref58
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref59
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref59
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref60
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref60
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref61
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref61
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref62
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref62
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref63
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref63
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref64
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref64
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref64
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref65
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref65
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref66
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref66
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref67
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref67
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref67

69.

70.

71.

72.

73.

74.

Extramedullary Mastocytosis

Brcic L, Vuletic LB, Stepan J, et al. Mast-cell sarcoma of the tibia. J Clin Pathol
2007;60(4):424-5.

Georgin-Lavialle S, Aguilar C, Guieze R, et al. Mast cell sarcoma: a rare and
aggressive entity—report of two cases and review of the literature. J Clin Oncol
2013;31(6):e90-7.

Ma HB, Xu X, Liu WP, et al. Successful treatment of mast cell sarcoma of the
uterus with imatinib. Int J Hematol 2011;94(5):491-4.

Auquit-Auckbur |, Lazar C, Deneuve S, et al. Malignant transformation of mas-
tocytoma developed on skin mastocytosis into cutaneous mast cell sarcoma.
Am J Surg Pathol 2012;36(5):779-82.

Bautista-Quach MA, Booth CL, Kheradpour A, et al. Mast cell sarcoma in an in-
fant: a case report and review of the literature. J Pediatr Hematol Oncol 2013;
35(4):315-20.

Sperr WR, Escribano L, Jordan JH, et al. Morphologic properties of neoplastic
mast cells: delineation of stages of maturation and implication for cytological
grading of mastocytosis. Leuk Res 2001;25(7):529-36.

339


http://refhub.elsevier.com/S0889-8561(14)00011-3/sref68
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref68
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref69
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref69
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref69
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref70
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref70
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref71
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref71
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref71
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref72
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref72
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref72
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref73
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref73
http://refhub.elsevier.com/S0889-8561(14)00011-3/sref73

	Pathology of Extramedullary Mastocytosis
	Key points
	Ancillary markers in surgical pathology for the evaluation of mastocytosis
	KIT
	Mast Cell Tryptase
	CD25
	CD2
	CD30

	Cutaneous mastocytosis
	Urticaria Pigmentosa
	Telangiectasia Macularis Eruptiva Perstans
	Solitary Mastocytoma of Skin
	Diffuse Cutaneous Mastocytosis

	Mastocytosis involving the gastrointestinal tract
	Mastocytosis involving the liver
	Mastocytosis involving the spleen and lymph nodes
	Mast cell sarcoma
	Summary
	References


