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KEY POINTS

e Mastocytosis is a rare disease, characterized by excessive production of mast cells that
accumulate in the skin, bone marrow, and other visceral organs.

e The prevalence of mastocytosis is estimated to be 1 in 60,000 in the United States; chil-
dren tend to have benign forms of mastocytosis, whereas adults may develop aggressive
disease.

e The most common mutation is in the C-kit gene, which causes increased proliferation of
mast cells; other causes exist but are less frequent.

e Clinical presentation of mastocytosis is variable, often based on the type of mastocytosis,
but in all types of mastocytosis there seems to be an increase in the risk of anaphylaxis;
patients may present with skin lesions, flushing, diarrhea, lymphadenopathy, hepatosple-
nomegaly, osteoporosis, and recurrent anaphylaxis.

e For systemic mastocytosis (SM), the preferred method of diagnosing is via bone marrow
biopsy.

INTRODUCTION

Mastocytosis is a rare disease, characterized by excessive production of mast cells
that accumulate in the skin, bone marrow, and other visceral organs.” In a majority
of cases, the disorder is due to a nonhereditary somatic mutation in the KIT gene,
which leads to heightened proliferation and activation of morphologically and clinically
abnormal mast cells.? Mast cell activation results in release of mediators by degranu-
lation, and synthesis of lipids and proteins.® These mediators are responsible for the
clinical manifestations, which include pruritus, flushing, diarrhea, headaches, and
life-threatening anaphylaxis.® The World Health Organization (WHO) has classified
mastocytosis into 7 categories. Broadly, it can be divided into cutaneous masto-
cytosis (CM) and SM. CM is relatively benign and affects the skin whereas SM involves
an extracutaneous organ and has aggressive potential.* The most common form of
CM is urticarial pigmentosa.® SM is subclassified into indolent SM (ISM), associated
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clonal hematologic non-mast cell lineage disease (AHNMD), aggressive SM (ASM),
and mast cell leukemia (MCL) (Table 1).

EPIDEMIOLOGY

The prevalence of mastocytosis is estimated to be 1 in 60,000 in the United States.
The disease occurs in both children and adults. Children tend to have benign forms
of mastocytosis, whereas adults may develop aggressive disease. The true number
of cases of mastocytosis is unknown.' Its prevalence is estimated to be 1 in 60,000
and incidence 0.5 to 1 per 100,000 per year in the United States.® Mastocytosis is a
disease of both children and adults, with equal male and female prevalence.” A major-
ity of patients are children and are typically affected by CM forms, which carry an
excellent prognosis. In many children, symptoms regress spontaneously by puberty.®
Adults are much more likely to have urticarial pigmentosa and ISM. In adults, the onset
of mastocytosis is generally at age 20 to 50 and is diagnosed between 40 and 60 years
of age.>” The disease is congenital in approximately 15% to 25% of cases and, in
these patients, usually occurs before the age of 2.%79 In a majority of cases, the dis-
ease is spontaneous.®

MAST CELL BIOLOGY

Mast cells act as effector cells in allergic and hypersensitivity disorders and are acti-
vated through IgE and non-IgE mechanisms. Once activated, they release proinflam-
matory and vasoactive mediators. Mast cells arise from pluripotent cells in the bone
marrow, acquire cytoplasmic granules, and mature in specialized tissues.”*” They
act as sentinels of the innate and adaptive immune system and are abundant in endo-
thelial and mucosal surfaces.?% %! Mast cells have a central role in immunomodula-
tion and act as effector cells in allergic and hypersensitivity disorders.'? Activation and
degranulation of mast cells occur through IgE and non-IgE receptor cross-linking.”'°

Table 1
World health organization classification of mastocytosis

c™M

Urticaria pigmentosa or maculopapular CM
DCM
e Mastocytoma of skin

SM e [SM
o Isolated bone marrow mastocytosis
o Smoldering SM
¢ SM-AHNMD
o SM with acute myeloid leukemia
o SM with myelodysplastic syndrome
o SM with myeloproliferative disorder
o SM with chronic myelomonocytic leukemia
o SM with hypereosinophilic syndrome
o ASM
o Lymphopathic SM with eosinophilia
e MCL
o Classic
o Aleukemic MCL

MCS
Extracutaneous mastocytoma

Data from Valent P, Akin C, Wolfgang S, et al. Mastocytosis: pathology, genetics and current op-
tions for therapy. Leuk Lymphoma 2005;46:35-48.
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Non-IgE-mediated activation includes hymenoptera stings, foods, drugs, alcohol,
physical and emotional stimuli, heat, cold, exercise, ionizing radiation, complement,
hormones, and cytokines.”'® Pharmacologic agents, such as nonsteroidal anti-
inflammatory drugs (NSAIDs), opioids, and muscle relaxants, cause mast cell medi-
ator release, most notable in skin mast cells.'® When activated, granules within
mast cells release histamine, serotonin, heparin, phospholipases, and proteases (ie,
tryptase and chymase), prostaglandins, thromboxanes, cytokines, tumor necrosis
factor, and growth factors.”-1%-'2 Tryptases and chymases account for the bulk of pro-
tein release from mast cell secretory granules.'® Tryptase is produced almost exclu-
sively by mast cells and, therefore, is used as a biological marker of disease.™

PATHOPHYSIOLOGY

The most common mutation is in the C-kit gene, which causes increased proliferation
of mast cells. Other causes exist but are less frequent (Table 2).

CLINICAL MANIFESTATIONS

Clinical presentation of mastocytosis is variable, often based on the type of mastocy-
tosis, but in all types of mastocytosis there seems to be an increase the risk of anaphy-
laxis. Patients may present with skin lesions, flushing, diarrhea, lymphadenopathy,
hepatosplenomegaly, osteoporosis, and recurrent anaphylaxis.’® Lung and kidney
involvement is rare.® The most common symptom is pruritus.

Symptoms often vary based on the type of mastocytosis. The clinical manifestations
of the disease may be variable, ranging from asymptomatic disease to systemic
involvement.>® This depends the extent of mast cell penetration in tissues.® CM is
due to limited aggregation of mast cells in skin tissues.'® For CM, common symptoms
are itching, swelling, and blistering of the affected skin, particularly when it is rubbed or
scratched, and is sometimes associated with abdominal cramping or anaphylaxis.

SM symptoms may be chronic or episodic.® In progressive stages of the disease,
mast cell end-organ damage causes weight loss and pathologic fractures and ascites
may occur.®'* The most common trigger of symptoms in SM is stress.'?> Most patients
present with classic skin findings and may be diagnosed with urticarial pigmentosa.
The absence of skin findings in SM is rare and is correlated with aggressive disease
(Table 3).5

Table 2

Causes of mastocytosis and pathophysiologic effect

Etiology Effect

C-kit gene mutation “Activating” mutation —increased

productivity — increase in mast cells
numbers and activation (SM)

Other mutations: FIP1L1/PDGFRA, JAK2V617F, SM forms: SM-AHNMD, ASM, and MCL
RAS, TET2 and IgE receptor genes

CD2 cell surface antigen expression CD2-CD58 interaction — infiltration of mast
cell in tissue —release of mediators—organ
damage — disease sequelae

Failure of mast cell apoptosis Increase number of mast cells—release of
mediators —organ damage — disease
sequelae

3,7,9,10,15-17

Data from Refs.
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Table 3

Organ System

Clinical manifestations of mastocystosis

Symptoms/Findings

Constitutional

Fatigue, lethargy, weight loss, chills, weakness, sweats, fever

Skin

Flushing, pruritus, urticaria, hives, angioedema

Neurologic/
psychological

Headaches, trouble concentrating, dizziness, depression, anxiety, sleep
disturbances

Respiratory

Anaphylaxis, shortness of breath, wheezing, nasal congestion, nasal
pruritus

Cardiovascular

Hypotension, palpitations, tachycardia, syncopal episodes, light-
headedness, pericardial effusions

Gl

Diarrhea, nausea, vomiting, abdominal pain, bloating, heartburn, peptic
ulcers, gastritis, hepatosplenomegaly, hypersplenism

Musculoskeletal

Myalgias, arthralgias, osteoporosis, pathologic fractures

Reproductive

Uterine cramping

Hematopoietic

Lymphadenopathy, bleeding disorders, cytopenia, recurrent infections

Data from Refs 3,5-7,10,12-14,17-22

DIAGNOSIS
Overview of Diagnostic Tests

The following tests may be useful as part of a mastocytosis diagnostic evaluation.

Bone marrow biopsy
Bone marrow biopsy is performed to make a diagnosis of systemic mastocystosis, as
discussed later.

Skin biopsy
A skin biopsy is crucial to confirm a diagnosis of CM.®

Total tryptase level

Tryptase is a marker of mast cell degranulation released in parallel with histamine
and is typically elevated in those with SM.2%2% Patients with CM often have normal
levels of total tryptase. In children with CM, however, elevated serum baseline tryp-
tase may predict an increased risk of anaphylaxis. One study found that children
with tryptase levels greater than 6 ng/mL are more likely to require daily treatment
to manage symptoms and prevent severe episodes, and those with levels greater
than 15.5 ng/mL were at risk for hospitalization.?® The total tryptase level in serum
or plasma seems to be a more discriminating biomarker than urinary methylhist-
amine for a diagnosis of SM.?® As discussed previously, total tryptase values are
recommended by the WHO as a minor criterion for use in the diagnostic evaluation
of SM.

Complete blood cell count with differential

In SM, complete blood cell counts may reveal anemia, thrombocytopenia, thrombocy-
tosis, leukocytosis, and eosinophilia as well as abnormal forms, because advanced
forms of SM can be associated with other hematologic malignancies.®

Blood smear
A blood smear can be done to evaluate for possible associated hematologic
malignancies.
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Plasma or urinary histamine level

Although not routinely ordered, patients with mastocytosis often have elevated
24-hour urine histamine levels. Compared with total tryptase level, urine or plasma his-
tamine seems a less specific biomarker for the diagnosis of SM.?®

Serum chemistry panel
Serum chemistry panel with SM is used to monitor for liver involvement and electrolyte
imbalances.

Regular bone densitometry
Regular bone densitometry for patients with SM is used to screen for and monitor
osteopenia or osteoporosis.

Abdominal ultrasound
Abdominal ultrasound can be useful to evaluate for organomegaly with SM.°

Diagnosis of Systemic Mastocytosis

For SM, the preferred method of diagnosing is via bone marrow biopsy. The WHO has
established the following criteria for diagnosing SM.®27

Major criterion
Multifocal dense infiltrates of mast cells (>15 in aggregate) in tryptase-stained biopsy
sections of the bone marrow or of another extracutaneous organ.

Minor criterion

1. In biopsy of bone marrow or other extracutaneous organ(s), more than 25% of the
mast cells show abnormal morphology (ie, are atypical mast cell type | or are spin-
dle shaped) in multifocal lesions in histologic examination.

2. A point mutation at codon 816 in the KIT receptor gene may be detected in bone
marrow, blood, or other internal organ.

3. KIT-positive mast cells in bone marrow, blood, or other internal organs are found to
express CD2 and/or CD25.

4. Serum total tryptase level persistently is greater than 20 ng/mL. (Note: this criterion
cannot be used if a patient has an AHNMD disorder.)

***The presence of 1 major and 1 minor criteria or 3 minor criteria constitute a diag-
nosis of SM.

Diagnosis of the different mastocytosis categories

Indolent systemic mastocytosis A majority of adult patients with SM are in the ISM
category.?® These patients fit the criteria for SM and may have an enlarged liver or
spleen. The gastrointestinal (Gl) tract also may be affected. Mediator-related symp-
toms are common, but the grade of bone marrow infiltration is low, usually less than
5%.2% In most patients, the serum tryptase concentration exceeds 20 ng/mL, but a
normal level of tryptase does not rule out either mastocytosis or another mast cell acti-
vation disorder.?®

Systemic mastocytosis with associated clonal hematologic non-mast cell lineage
disease Patients with SM with AHNMD fit the WHO criteria for SM AND myelo-
dysplastic syndrome, myeloproliferative syndrome, acute myeloid leukemia, or non-
Hodgkin lymphoma.?® These patients often do not have urticaria pigmentosa-like
skin lesions.
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Agressive systemic mastocytosis In the rare disorder, ASM, patients fit the criteria for
SM, and their bone marrow biopsy reveals abnormal blood cell formation that does not
fit the diagnostic criteria for myelodysplastic syndrome, myeloproliferative syndrome,
acute myeloid leukemia, or non-Hodgkin lymphoma.?® The prognosis and clinical
course of patients with ASM is variable, with some patients experiencing a rapidly
declining course over 1 to 2 years, whereas others follow a slower course with several
years of survival.?®

Mast cell leukemia MCL is rare and those with this diagnosis fit the criteria for SM and
the presence of greater than or equal to 20% atypical mast cells in the marrow
or greater than or equal to 10% in the blood; however, an aleukemic variant is
frequently encountered in which the number of circulating mast cells is less than
10%.%° The shape of mast cells and their nuclei have malignant features. Patients
with MCL have an overall poor prognosis. Progression to multiple organ failure with
weight loss, bone pain, and organomegaly develops over weeks to months, with death
usually occurring within 12 to 24 months of diagnosis.?®*°

Diagnosis of Cutaneous Mastocytosis

Approximately two-thirds of cases of CM occur in children. CM is diagnosed by the
presence of typical skin lesions that demonstrate the Darier sign and a positive skin
biopsy demonstrating characteristic clusters of mast cells. A Darier sign is demon-
strated when the skin lesion of CM becomes raised and erythematous and itches
when it is rubbed briskly. Patients with CM do not fulfill diagnostic criteria for SM
(as discussed previously) and show no evidence of organ involvement other than
the skin.?43" Rarely, CM can present with acute mast cell activation events, including
anaphylaxis.
There are 3 types of cutaneous mastocytosis.

1. Urticaria pigmentosa, also known as maculopapular CM, is the most common form
of mastocytosis in adults and children, representing 70% to 90% of cases.®

2. Diffuse CM (DCM) is rare but can present with more severe symptoms. DCM ac-
counts for 1% to 3% of the cases of CM and can involve the whole skin with the
central region and scalp most affected. DCM can appear at birth (congenital and
neonatal) or in early infancy. Blistering and bullae may be the presenting symptoms
and the blisters can be hemorrhagic.®

3. Solitary mastocytoma (mastocytoma of skin) is the second most common form of
childhood-onset CM, accounting for approximately 10% to 15% of cases. It often
develops before 1 year of age, with most cases presenting within the first 3 months
of life; adult involvement is rare.®?

Other Mastocytosis Diagnostic Categories

Mast cell sarcoma

Mast cell sarcoma (MCS) is a unifocal mast cell tumor with no evidence or criteria for
SM and no other skin lesions. There is a destructive growth pattern and high-grade
cytology.®® Systemic involvement is not found among patients at diagnosis of MCS,
but generalization with extension to various organs and hematopoietic tissues may
occur and even lead to MCL.°

Extracutaneous mastocytoma

Extracutaneous mastocytoma is a unifocal mast cell tumor with no evidence or criteria
for SM and no other skin lesions. There is a nondestructive growth pattern and low-
grade cytology.®
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MASTOCYTOSIS TREATMENT
Trigger Avoidance

Patients with SM should be counseled that various exposures and situations can
trigger symptoms and should avoid exposures that trigger or aggravate their symp-
toms to the extent possible. These exposures may include heat, humidity, cold,
emotional stress, strenuous exercise, alcohol, spicy food, infections, vaccinations,
anesthesia, surgery, medications, and endoscopic procedures and lack of sleep. In-
sect stings can precipitate symptoms in patients with mastocytosis, even when there
is no IgE-mediated venom allergy detectable by skin or blood testing. In infants and
children, symptoms can be induced or aggravated by mood (anger or irritability), fever,
skin abrasion, or rubbing, and teething can induce symptoms.?® There are various
medications that may cause mast cell activation in patients with both CM and SM.
Therefore, if possible, the following medications should be avoided: opioids, vanco-
mycin, aspirin and other NSAIDS, radiocontrast agents, thiamine, quinine, and
succinylcholine.34-3¢

Anaphylaxis Treatment

The incidence of anaphylaxis is much higher in those with mastocytosis.'®37 All
patients and caretakers should be taught how to recognize and treat anaphylaxis
and carry an epinephrine autoinjector. Hymenoptera stings, in particular, are
prone to cause anaphylaxis in patients with mastocytosis.®® All patients with reac-
tions to hymenoptera stings should be evaluated with skin tests or in vitro tests for
venom-specific IgE, and those testing positive should be offered venom immuno-
therapy to reduce the risk of anaphylaxis on subsequent stings. Venom immuno-
therapy is effective to treat IgE-mediated hymenoptera anaphylaxis in patients
with mastocytosis. Its use is recommended despite a high risk of adverse reac-
tions during the build-up phase because it provides protection from anaphylaxis
in approximately three-quarters of the patients.*® The risk:benefit ratio for immu-
notherapy with hymenoptera venom favors immunotherapy, because patients
with mastocytosis can suffer severe anaphylaxis in response to an hymenoptera
sting, including fatalities even with epinephrine treatment.®® Pretreatment with
omalizumab may reduce the risk of systemic reactions to venom immunotherapy
for those with mastocytosis, but it is not currently approved for this use in the
United States.*°

Mastocytosis patients with recurrent anaphylaxis should be treated with maximized
doses of antimediator agents (maximal doses of H{-antihistamines and H,-antihista-
mines and antileukotriene drugs). In patients unresponsive to antimediator therapy,
low-dose maintenance glucocorticoids or cytoreductive measures (interferon [IFN]
alpha, cladribine, omalizumab, or tyrosine kinase inhibitor, depending on c-kit muta-
tional status) can be considered.*’

SYMPTOM-SPECIFIC TREATMENT

There is no curative therapy for mastocytosis. Therefore, treatment is intended to
reduce the following symptoms and improve quality of life.*?
See Table 4 for a list of treatments of cutaneous symptoms.

Treatment of Gastrointestinal Symptoms

Oral cromolyn can help treat Gl symptoms, such as diarrhea and abdominal pain,
nausea, and vomiting.*®
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Table 4

Treatment of cutaneous symptoms

Medication Indicated for

Topical steroids or intralesion steroid Topical or intralesional steroids can be used
injections for cutaneous lesions that involve a limited

body area. Systemic corticosteroids can be
used with severe skin disease.

Psoralen-UV-A photochemotherapy Cutaneous lesions

H,-antihistamines Pruritus, flushing

Leukotriene receptor antagonists Flushing, and itching in patients
(montelukast and zafirlukast) unresponsive to Hy-antihistamines

Oral cromolyn (FDA approved for Pruritus, whealing, and flushing

mastocytosis)

Aspirin (up to 650 mg twice daily) Helps with flushing, if the patient is known
to tolerate NSAIDs

Data from Refs.*>~4°

Hs-antihistamines (cimetidine, ranitidine, and famotidine) and proton pump inhibi-
tors may be used to treat abdominal discomfort and gastroesophageal reflux
disease.’

Leukotriene receptor antagonists (montelukast and zafirlukast) may help abdominal
cramping.*®

Anticholinergics and menthol can be used to relieve intestinal cramping.

Systemic steroids can be used to help treat malabsorption that can occur with SM.

Treatment of Musculoskeletal Symptoms: Bone Pain, Osteoporosis, and Fractures

Oral cromolyn may help relieve bone pain.

Vitamin D (and calcium) can be supplemented to reduce risk for osteoporosis and
fractures.?®

Spine x-ray and densitometric examinations are recommended to screen for oste-
oporosis/fractures.

Treatment of Depression

Antidepressants: selective serotonin reuptake inhibitors and tricyclic antidepressants
can be used to treat depression in mastocytosis.
Tyrosine kinase therapy may improve depressive symptoms in patients with SM.*”

Treatment of Lung symptoms

B2-Agonists can relieve bronchoconstriction that can occur from increased histamine
levels.

Inhaled or systemic corticosteroids can treat airway inflammation and associated
bronchoconstriction.

Treatment of Ascites

Systemic steroids may be useful in mastocytosis associated ascites.® Overall, how-
ever, systemic therapy with corticosteroids is often disappointing because the pri-
mary mode of action of corticosteroids is redistribution rather than death of mast
cells.
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Associated Cognitive Disorders

H;-antihistamines and H,-antihistamines are considered first-line treatments.®
Oral cromolyn is considered second-line treatment of mastocytosis-related cogni-
tive dysfunction.

DIAGNOSIS-SPECIFIC TREATMENT
Treatment of Cutaneous Mastocytosis

There are no therapies that change the natural course of CM and none of the currently
available therapeutic measures induces permanent involution of cutaneous or visceral
lesions. A few patients with CM may experience a regression of cutaneous lesions
without treatment, which can correspond to either improvement or possible progres-
sion to systemic disease. Therapy is conservative and aimed at symptom relief
because the prognosis for most patients with CM is excellent. The management of
CM includes lifestyle modifications, such as the use of lukewarm water for bathing,
air conditioning for hot weather, and avoidance of triggers for mast cell degranulation.
Patients should be advised to avoid agents that precipitate mediator release, such as
NSAIDs, alcohol, and opiates.

Symptomatic therapy for CM involves agents that inhibit the release of mediators or
antagonize H; and H, receptors, such as antihistamines. Skin-targeted therapies
aimed at resolution of the lesions of CM are psoralen-UV-A photochemotherapy
and topical corticosteroid therapy either by occlusion or intralesional injection for a
few lesions.** Risks of skin cancer increases, however, with repeated psoralen-UV-
A photochemotherapy, if more than 200 treatments are required.*® Hy-antihistamines
and Hp-antihistamines can be used to decrease pruritus, flushing, and Gl symptoms.
Nifedipine, a calcium channel blocker, may inhibit cold-induced urtication and flushing
in patients with CM but is not Food and Drug Administration (FDA) approved for treat-
ment of mastocytosis.*® Treatment selection is made on the basis of clinical manifes-
tations, onset of disease, probability of spontaneous involution, and severity of CM
and SM symptoms.** Future novel therapy for CM includes immune modulators,
such as imatinib. One successful case report from 2008 described successful treat-
ment of disease symptoms and progression with imatinib.>°

Treatment of Systemic Mastocytosis

SM has no known cure and tends to be progressive.“? The treatment algorithm for SM
is complex, and the condition is primarily managed by a hematologist. Patients with
advanced forms should be referred to centers with expertise in SM. The mainstay of
treatment of most categories of mastocytosis is Hy-antihistamines and H,-antihista-
mines with the addition of corticosteroids for more severe symptoms. Commonly
used Hi-antihistamines include oral cetirizine, fexofenadine, hydroxyzine, or doxepin
and commonly used H, blockers include ranitidine, cimetidine, and famotidine.**
Other commonly used treatments for SM include corticosteroids, leukotriene inhibi-
tors, cromolyn, and IFN. Pharmacotherapies may be needed for patients with any sub-
type of SM, although symptoms arising from mediator release are most prominent in
patients with ISM and ASM.

Although most patients have the indolent variant of SM, in which intensive therapy is
not needed, others can suffer from serious disease with aggressive behavior requiring
mast cell eradication with cytostatic growth-inhibitory drugs.>' Among these, IFN alfa
and cladribine have shown considerable improvement in symptoms, but none of the
treated patients achieved a complete remission.>’ Moreover, both drugs are bone
marrow suppressive and cause serious side effects.®’
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Tyrosine kinase inhibitors may be appropriate for some patients with SM. Effective
suppression of activated c-kit can result in killing of KIT-mutated mast cells and
improvement in SM symptoms.'®°? Tyrosine kinase inhibitors, however, vary in their
ability to act on wild-type or mutated molecules. Imatinib is a tyrosine kinase inhibitor
approved by the FDA for use in patients with ASM with organ dysfunction due to pro-
gressive infiltration of various organs by mast cells without D816V c-kit mutation or un-
known c-kit mutation status.>® Unfortunately, most patients with SM are not
candidates for imatinib (Gleevec) therapy because they have the D816V KIT mutation,
which confers resistance to imatinib.>* Other tyrosine kinase inhibitors that have been
administered to patients with SM include masitinib, and dasatinib. Masitinib is a prom-
ising treatment of indolent forms of SM,%® but clinical trials with dasatinib have not
yielded significant improvements.%:57

Allogeneic hematopoietic cell transplantation has been performed in a few patients
with advanced forms of SM but it is not appropriate for indolent or cutaneous forms of
mastocytosis.>® Other possible treatments for SM include calcineurin inhibitors, such
as pimecrolimus.®®

Treatment of Indolent Systemic Mastocytosis

Treatment of ISM is intended to prevent mast cell mediator release and is mainly
symptomatic.®¢° ISM progresses slowly or not at all and most patients have normal
life expectancy. Therefore, therapies to reduce mast cell numbers, which are associ-
ated with significant adverse effects, are generally not indicated or recommended.
Treatment usually includes mediator-targeting drugs, including antihistamines, but
does not usually require cytoreductive agents, except for considering IFN-2b for se-
vere osteoporosis.®°

SYSTEMIC MASTOCYTOSIS WITH ASSOCIATED CLONAL HEMATOLOGIC NON-MAST
CELL LINEAGE DISEASE

Treatment of patients with SM-AHNMD depends on the associated hematologic con-
dition. Generally, the approach is to treat AHNMD as if SM were not present and to
treat the mastocytosis as if the AHNMD were not present. Successful treatment of
the hematologic disorder has not been shown to change or improve their SM. The
prognosis of patients with SM-AHNMD is that of the hematologic disorder present.

Treatment of Agressive Systemic Mastocytosis

ASM is a clonal mast cell disease characterized by progressive growth of neoplastic
cells in diverse organs but most frequently affected are the bone marrow, skeletal sys-
tem, liver, spleen, and the Gl tract. Respective clinical findings (so called C-findings)
include cytopenias, osteolysis (or osteoporosis) with pathologic fractures, hepatosple-
nomegaly with impaired liver function and ascites, and malabsorption. During the past
decade, several treatment strategies for ASM have been proposed. One promising
approach may be combination treatment with IFN alpha and glucocorticoids.®":6?

The most commonly administered therapies are IFN alpha-2b, cladribine, glucocor-
ticoids, tyrosine kinase inhibitors, and hydroxyurea. Cladribine is often reserved for
patients who do not respond to IFN alpha. Prophylaxis to prevent Pneumocystis jiro-
veci pneumonia is suggested for at least 3 months after therapy is complete and until
the CD4 count is greater than 200/uL. Orally administered glucocorticoids are helpful
for patients with ASM and severe malabsorption or ascites and can be given as a
2-week to 3-week taper, although some patients may require low-dose maintenance
therapy.
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In patients with ASM, IFN alfa (with or without corticosteroids) can control dermato-
logic, hematological, Gl, skeletal, and mediator-release symptoms but may be poorly
tolerated. Cladribine has broad therapeutic activity, particularly when rapid debulking
is indicated; the main toxicity is myelosuppression. Imatinib has a therapeutic role in
the presence of an imatinib-sensitive KIT mutation or in patients with unmutated
KITD816.28 Imatinib is approved by the FDA for ASM in patients who do not have a
D816V KIT mutation or those with unknown mutational status. Splenectomy may be
indicated for hypersplenism in association with severe anemia and
thrombocytopenia.®®

Hydroxyurea has also been administered to patients with ASM and SM-AHNMD,
mainly for the treatment of associated myeloproliferative disorders, although there
are few published data on efficacy.

Hydroxyurea has few side effects compared with other chemotherapeutic agents,
although hematologic toxicity and Gl side effects may be problematic at higher doses.
Patients should use contraception because hydroxyurea is a teratogen.

Mast Cell Leukemia

There is no approved standard therapy for MCL. There are few options are available
for treatment and, because of the rarity of the disease, few clinical trials address the
question.?® Patients with MCL are often treated with polychemotherapy, similarly to
those with acute leukemia. Administered agents have included cladribine, tyrosine ki-
nase inhibitors, and polychemotherapy. Bone marrow transplantation may be consid-
ered, although sustained remission has not been reported.?° Patients with MCL are
particularly prone to Gl bleeding due to heparin release from the high number of
mast cells present and possibly associated coagulopathies,®* and chronic proton
pump inhibitor therapy should be considered for Gl prophylaxis. Therapy usually fails
and the median survival time is less than 6 months.

Mast Cell Sarcoma

MCS is an extremely rare and aggressive subtype of mastocytosis with poor prog-
nosis. MCS is an aggressive tumor that exhibits an always fatal evolution despite
various classic polychemotherapies with or without radiotherapy. The median survival
is only 12 months, and no good treatment is available.?®

Extracutaneous Mastocytoma

Treatment is surgical for extracuteneous mastocytomas, although they are extremely
uncommon and prognosis is unknown due to its rarity.®®

REFERENCES
1. Horny HP, Sotlar K, Valent P. Mastocytosis: state of the art. Pathobiology 2007;74:
121-32.
2. Metcalfe D. Mast cells and mastocytosis. Blood 2008;112(4):946-56.

3. Gulen T, Hagglund H, Dahlen B, et al. Mascytosis: the puzzling clinical spectrum
and challenging diagnostic aspects of an enigmatic disease. J Intern Med 2015;
279(3):211-28.

4. Valent P, Akin C, Wolfgang S, et al. Mastocytosis: pathology, genetics and current
options for therapy. Leuk Lymphoma 2005;46(1):35-48.

5. Castells M, Metcalfe D, Escribano L. Guidelines for the diagnosis and treatment
of cutaneous mastocytosis in children. Am J Clin Dermatol 2011;12(4):259-70.

515


http://refhub.elsevier.com/S0095-4543(16)30019-7/sref1
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref1
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref2
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref3
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref3
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref3
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref4
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref4
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref5
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref5

516

Abid et al

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

. Magliacane D, Parente R, Triggiani M. Current concepts on diagnosis and treat-

ment of mastocytosis. Transl Med UniSa 2014,8(8):65-74.

. Maluf LC, Barros JA, Macho Filho CD. Mastocytosis. An Bras Dermatol 2009;

84(3):213-25.

. Valent P. Mastocytosis: a paradigmatic example of a rare disease with complex

biology and pathology. Am J Cancer Res 2013;3:159-72.

. Pardanani A. Systemic mastocytosis in adults: 2015 update on diagnosis, risk

stratification, and management. Am J Hematol 2015;90(3):250-62.

Metcalfe DD. Regulation of normal and neoplastic human mast cell development
in mastocytosis. Trans Am Clin Climatol Assoc 2005;116:185-204.

Abraham SN, St John AL. Mast cell-orchestrated immunity to pathogens. Nat Rev
Immunol 2010;10:440-52.

Theoharides TC, Valent P, Akin C. Mast cells, mastocytosis, and related disor-
ders. N Engl J Med 2015;373:163-72.

Brockow K, Jofer C, Behrendt H, et al. Anaphylaxis in patients with mastocysto-
sis: a study on history, clinical feature and risk factors in 120 patients. Allergy
2008;63:226-32.

Bonadonna P, Lombardo C, Zanotti R. Mastocytosis and allergic disease.
J Investig Allergol Clin Immunol 2014;24(5):288-97.

Kitamura Y, Go S. Decreased production of mast cells in S1/S1¢ mice. Blood
1979;53:492-7.

Akin C, Metcalfe DD. The biology of Kit in disease and the application of pharma-
cogenetics. J Allergy Clin Immunol 2004;114:13-9.

McNeill O, Katelaris CH. Mastocytosis-where are we now? World Allergy Organi-
zation; 2011.

Greenhawt M, Akin C. Mastocytosis and allergy. Curr Opin Allergy Clin Immunol
2007;7(5):387-92.

Bot I, Biessen EA. Mast cells in atherosclerosis. Thromb Haemost 2011;106(5):
820-6.

Rossini M, Zanotti R, Bonadonna P, et al. Bone mineral density, bone turnover
markers and fractures in patients with indolent systemic mastocytosis. Bone
2011;49(4):880.

Stein JA, Kamino H, Walters RF, et al. Mastocytosis with urticaria pigmentosa and
osteoporosis. Dermatol Online J 2008;14(10):2.

Lawrence JB, Friedman BS, Travis WD, et al. Hematologic manisfestations of sys-
temic mast cell disease: a prospective study of laboratory and morphologic fea-
tures and their relation to prognosis. Am J Med 1991;91:612.

Valent P. Diagnostic evaluation and classification of mastocytosis. Immunol Al-
lergy Clin North Am 2006;26(3):515-34.

Patnaik MM, Rindos M, Kouides PA, et al. Systemic mastocytosis: a concise clin-
ical and laboratory review. Arch Pathol Lab Med 2007;131(5):784-91.

Barnes M, Van L, Delong L, et al. Severity of cutaneous findings predict the pres-
ence of systemic symptoms in pediatric maculopapular cutaneous mastocytosis.
Pediatr Dermatol 2014;31(3):271-5.

Schwartz LB. Diagnostic value of tryptase in anaphylaxis and mastocytosis. Im-
munol Allergy Clin North Am 2006;26(3):451-63.

Sanchez-Mufoz L, Alvarez-Twose |, Garcia-Montero AC, et al. Evaluation of the
WHO criteria for the classification of patients with mastocytosis. Mod Pathol
2011;24(9):1157-68.

Pardanani A. Systemic mastocytosis in adults: 2012 Update on diagnosis, risk
stratification, and management. Am J Hematol 2012;87(4):401-11.


http://refhub.elsevier.com/S0095-4543(16)30019-7/sref6
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref6
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref7
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref7
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref8
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref8
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref9
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref9
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref10
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref10
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref11
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref11
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref12
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref12
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref13
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref13
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref13
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref14
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref14
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref15
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref15
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref15
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref16
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref16
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref17
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref17
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref18
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref18
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref19
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref19
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref20
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref20
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref20
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref21
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref21
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref22
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref22
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref22
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref23
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref23
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref24
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref24
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref25
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref25
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref25
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref26
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref26
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref27
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref27
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref27
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref28
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref28

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Mastocytosis

Georgin-Lavialle S, Lhermitte L, Dubreuil P, et al. Mast cell leukemia. Blood 2013;
121(8):1285-95.

Valent P, Sperr WR, Schwartz LB, et al. Diagnosis and classification of mast cell
proliferative disorders: delineation from immunologic diseases and non-mast cell
hematopoietic neoplasms. J Allergy Clin Immunol 2004;114(1):3.

Johnson M, Verstovsek S, Jorgensen J, et al. Utility of the World Heath Organiza-
tion classification criteria for the diagnosis of systemic mastocytosis in bone
marrow. Mod Pathol 2009;22(1):50-7.

Semenov Y. Persistent solitary lesion in an 8-month-old boy. Contemp Pediatr
2013.

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.

Deverriere G, Carré D, Nae |, et al. Bullous mastocytosis in infancy: a rare presen-
tation. Arch Pediatr 2012;19(7):722-5.

Guyer AC, Saff RR, Conroy M, et al. Comprehensive allergy evaluation is useful in
the subsequent care of patients with drug hypersensitivity reactions during anes-
thesia. J Allergy Clin Immunol Pract 2015;3(1):94-100.

Hepner DL, Castells MC. Anaphylaxis during the perioperative period. Anesth
Analg 2003;97(5):1381-95.

Akin C, Fumo G, Yavuz AS, et al. A novel form of mastocytosis associated with a
transmembrane c-kit mutation and response to imatinib. Blood 2004;103(8):3222.
Ruéff F, Placzek M, Przybilla B. Mastocytosis and Hymenoptera venom allergy.
Curr Opin Allergy Clin Immunol 2006;6(4):284.

Gonzélez de Olano D, Alvarez-Twose |, Esteban-Lépez MI, et al. Safety and
effectiveness of immunotherapy in patients with indolent systemic mastocytosis
presenting with Hymenoptera venom anaphylaxis. J Allergy Clin Immunol 2008;
121(2):5619.

Kontou-Fili K, Filis Cl. Prolonged high-dose omalizumab is required to control re-
actions to venom immunotherapy in mastocytosis. Allergy 2009;64(9):1384.
Jagdis A, Vadas P. Omalizumab effectively prevents recurrent refractory anaphy-
laxis in a patient with monoclonal mast cell activation syndrome. Ann Allergy
Asthma Immunol 2014;113(1):115-6.

Hennessy B, Giles F, Cortes J, et al. Management of patients with systemic mas-
tocytosis: review of M. D. Anderson Cancer Center experience. Am J Hematol
2004;77(3):209.

Worobec AS. Treatment of systemic mast cell disorders. Hematol Oncol Clin
North Am 2000;14(3):659.

Wolff K. Treatment of cutaneous mastocytosis. Int Arch Allergy Immunol 2002;
127(2):156-9.

Horan RF, Sheffer AL, Austen KF. Cromolyn sodium in the management of sys-
temic mastocytosis. J Allergy Clin Immunol 1990;85(5):852.

Tolar J, Tope WD, Neglia JP. Leukotriene-receptor inhibition for the treatment of
systemic mastocytosis. N Engl J Med 2004;350(7):735.

Moura DS, Sultan S, Georgin-Lavialle S, et al. Depression in patients with masto-
cytosis: prevalence, features and effects of masitinib therapy. PLoS One 2011;
6(10):e26375.

Kinsler VA, Hawk JL, Atherton DJ. Diffuse cutaneous mastocytosis treated with
psoralen photochemotherapy: case report and review of the literature. Br J Der-
matol 2005;152(1):179-80.

517


http://refhub.elsevier.com/S0095-4543(16)30019-7/sref29
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref29
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref30
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref30
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref30
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref31
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref31
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref31
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref32
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref32
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref33
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref33
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref33
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref34
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref34
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref35
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref35
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref35
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref36
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref36
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref37
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref37
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref38
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref38
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref39
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref39
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref39
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref39
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref40
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref40
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref41
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref41
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref41
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref42
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref42
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref42
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref43
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref43
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref44
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref44
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref45
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref45
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref46
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref46
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref47
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref47
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref47
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref48
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref48
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref48

518

Abid et al

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Fairley JA, Pentland AP, Voorhees JJ. Urticaria pigmentosa responsive to nifedi-
pine. J Am Acad Dermatol 1984;11(4 Pt 2):740-3.

Hoffmann KM, Moser A, Lohse P, et al. Successful treatment of progressive cuta-
neous mastocytosis with imatinib in a 2-year-old boy carrying a somatic KIT mu-
tation. Blood 2008;112(5):1655-7.

Kluin-Nelemans HC, Ferenc V, van Doormaal JJ, et al. Lenalidomide therapy in
systemic mastocytosis. Leuk Res 2009;33(3):e19-22.

Longley BJ, Ma Y, Carter E, et al. New approaches to therapy for mastocytosis. A
case for treatment with kit kinase inhibitors. Hematol Oncol Clin North Am 2000;
14(3):689.

Bains SN, Hsieh FH. Current approaches to the diagnosis and treatment of
systemic mastocytosis. Ann Allergy Asthma Immunol 2010;104(1):1-10 [quiz:
10-2, 41].

Vega-Ruiz A, Cortes JE, Sever M, et al. Phase Il study of imatinib mesylate as
therapy for patients with systemic mastocytosis. Leuk Res 2009;33(11):1481.
Paul C, Sans B, Suarez F, et al. Masitinib for the treatment of systemic and
cutaneous mastocytosis with handicap: a phase 2a study. Am J Hematol 2010;
85(12):921.

Aichberger KJ, Sperr WR, Gleixner KV, et al. Treatment responses to cladribine
and dasatinib in rapidly progressing aggressive mastocytosis. Eur J Clin Invest
2008;38(11):869.

Verstovsek S, Tefferi A, Cortes J, et al. Phase Il study of dasatinib in Philadelphia
chromosome-negative acute and chronic myeloid diseases, including systemic
mastocytosis. Clin Cancer Res 2008;14(12):3906.

Ustun C, Reiter A, Scott BL, et al. Hematopoietic stem-cell transplantation for
advanced systemic mastocytosis. J Clin Oncol 2014;32(29):3264-74.

Ma Z, Jiao Z. Mast cells as targets of pimecrolimus. Curr Pharm Des 2011;17(34):
3823-9.

Pardanani A. How | treat patients with indolent and smoldering mastocytosis (rare
conditions but difficult to manage). Blood 2013;121:3085-94.

Valent P, Akin C, Sperr WR, et al. Aggressive systemic mastocytosis and related
mast cell disorders: current treatment options and proposed response criteria.
Leuk Res 2003;27(7):635-41.

Valent P, Sperr W, Akin C. How | treat patients with advanced systemic mastocy-
tosis. Blood 2010;116(26):5812-7.

Friedman B, Darling G, Norton J, et al. Splenectomy in the management of sys-
temic mast cell disease. Surgery 1990;107:94.

Carvalhosa AB, Aouba A, Damaj G, et al. A French national survey on clotting dis-
orders in mastocytosis. Medicine (Baltimore) 2015;94(40):e1414.

Castells MC. Extracutaneous mastocytoma. J Allergy Clin Immunol 2006;117(6):
1513.


http://refhub.elsevier.com/S0095-4543(16)30019-7/sref49
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref49
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref50
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref50
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref50
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref51
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref51
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref52
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref52
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref52
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref53
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref53
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref53
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref54
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref54
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref55
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref55
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref55
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref56
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref56
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref56
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref57
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref57
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref57
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref58
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref58
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref59
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref59
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref60
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref60
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref61
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref61
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref61
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref62
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref62
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref63
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref63
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref64
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref64
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref65
http://refhub.elsevier.com/S0095-4543(16)30019-7/sref65

	Mastocytosis
	Key points
	Introduction
	Epidemiology
	Mast cell biology
	Pathophysiology
	Clinical manifestations
	Diagnosis
	Overview of Diagnostic Tests
	Bone marrow biopsy
	Skin biopsy
	Total tryptase level
	Complete blood cell count with differential
	Blood smear
	Plasma or urinary histamine level
	Serum chemistry panel
	Regular bone densitometry
	Abdominal ultrasound

	Diagnosis of Systemic Mastocytosis
	Major criterion
	Minor criterion
	Diagnosis of the different mastocytosis categories
	Indolent systemic mastocytosis
	Systemic mastocytosis with associated clonal hematologic non–mast cell lineage disease
	Agressive systemic mastocytosis
	Mast cell leukemia


	Diagnosis of Cutaneous Mastocytosis
	Other Mastocytosis Diagnostic Categories
	Mast cell sarcoma
	Extracutaneous mastocytoma


	Mastocytosis treatment
	Trigger Avoidance
	Anaphylaxis Treatment

	Symptom-specific treatment
	Treatment of Gastrointestinal Symptoms
	Treatment of Musculoskeletal Symptoms: Bone Pain, Osteoporosis, and Fractures
	Treatment of Depression
	Treatment of Lung symptoms
	Treatment of Ascites
	Associated Cognitive Disorders

	Diagnosis-specific treatment
	Treatment of Cutaneous Mastocytosis
	Treatment of Systemic Mastocytosis
	Treatment of Indolent Systemic Mastocytosis

	Systemic mastocytosis with associated clonal hematologic non–mast cell lineage disease
	Treatment of Agressive Systemic Mastocytosis
	Mast Cell Leukemia
	Mast Cell Sarcoma
	Extracutaneous Mastocytoma

	References


