
93© Springer Nature Switzerland AG 2020
C. Akin (ed.), Mastocytosis, https://doi.org/10.1007/978-3-030-27820-5_6

Chapter 6
Pediatric Mastocytosis

Iván Alvarez-Twose and Melody C. Carter

Abbreviations

BM Bone marrow
CM Cutaneous mastocytosis
DCM Diffuse cutaneous mastocytosis
ISM Indolent systemic mastocytosis
MC Mast cell
MIS Mastocytosis in the skin
MPCM Maculopapular cutaneous mastocytosis
NIH National Institutes of Health
PB Peripheral blood
qPCR quantitative polymerase chain reaction
REMA Spanish Network on Mastocytosis
SM Systemic mastocytosis
UP Urticaria pigmentosa
WHO World Health Organization

I. Alvarez-Twose 
Instituto de Estudios de Mastocitosis de Castilla-La Mancha (CLMast),  
Hospital Virgen del Valle, Toledo, Spain 

The Spanish Network on Mastocytosis (REMA), Toledo and Salamanca, Spain 

M. C. Carter (*) 
Mast Cell Biology Section, Laboratory of Allergic Diseases, National Institute of Allergy  
and Infectious Diseases, National Institutes of Health, Bethesda, MD, USA
e-mail: mcarter@niaid.nih.gov

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-27820-5_6&domain=pdf
https://doi.org/10.1007/978-3-030-27820-5_6
mailto:mcarter@niaid.nih.gov


94

 Spectrum of Disease in Pediatrics

All categories of mastocytosis share clinical features caused by the overproduction 
of mast cell (MC)-dependent mediators. The skin is often the first visible sign of the 
disease, but the gastrointestinal tract, lymph nodes, liver, spleen, BM, and skeletal 
system all express manifestations of MC burden. In children, the skin is the most 
common organ involved and may be the only manifestation of the disease. 
Interestingly, patients with mastocytosis do not suffer from recurrent bacterial, 
fungal, or viral infections, even though MCs release mediators such as histamine 
that inhibit immune responses in  vitro. In 2007, a proposed addition to the 
nomenclature was introduced to clarify the pre-diagnostic state before a more 
definite diagnosis is made prior to a BM biopsy known as mastocytosis of the skin 
(MIS) [1]. The typical exanthema is considered the major criterion, and one of the 
two minor criteria based on abnormal MCs in clusters (>15) or >20 cells scattered 
per high power field (HPF) and/or detection of a KIT mutation at codon 816 is 
needed for the diagnosis. Thus, the term “cutaneous mastocytosis” (CM) is reserved 

Fig. 6.1 Maculopapular 
cutaneous mastocytosis 
(MPCM), monomorphic- 
characteristic small 
red-brown, mainly 
uniform-sized lesions

Fig. 6.2 Maculopapular 
cutaneous mastocytosis 
(MPCM), polymorphic- 
larger, varied-sized lesions 
that are asymmetric with 
hyperpigmentation
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for cutaneous disease only and subdivided into maculopapular CM (MPCM) or urti-
caria pigmentosa (UP), diffuse cutaneous mastocytosis (DCM), and mastocytoma.

The most common skin manifestation in children (Fig. 6.1 and 6.2) is MPCM or 
UP, but the size and number are more variable in children with CM and more uni-
form in adults [2]. UP lesions are seen in almost all children with indolent systemic 
mastocytosis (ISM). A few studies have documented a regression of the skin lesions 
with a decrease in serum tryptase and severity of the disease in adults [2, 3]. The 
typical appearance of UP are yellow-tan to reddish-brown macules or slightly raised 
papules scattered mainly on the trunk and legs with generally less involvement of 
the sun-exposed areas. The palms, soles, face, and scalp are generally spared, espe-
cially in adults. Dermatologic symptoms include pruritus, flushing, and blistering, 
with the latter symptom almost uniquely seen in children. Darier’s sign is the local 
whealing of a lesion induced by friction and, when present, can be diagnostic but 
may not be consistently elicited.

Diffuse cutaneous mastocytosis and mastocytoma have an onset almost exclu-
sively in childhood. Although DCM may persist into adulthood, mastocytomas usu-
ally regress spontaneously. DCM is characterized by thickened skin and may exhibit 
a peau d’orange appearance with a reddish-brown discoloration without character-
istic lesions (Fig. 6.3) but may also have scattered nodules similar in appearance to 
mastocytomas. The skin may be dermatographic, and the formation of hemorrhagic 

Fig. 6.3 Diffuse cutaneous mastocytosis (DCM) – typical skin manifestations with erythematous 
thickened skin and “peau d’orange” texture. Dermographism is characteristic
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blisters is common. Solitary mastocytomas are red-brown or yellow- orange nod-
ules, which, when traumatized, may cause systemic symptoms such as flushing and 
hypotension (Fig. 6.4). The onset is generally before the age of 6 months, and it is 
unusual to develop subsequent skin lesions more than 2 months after the presenta-
tion of the initial lesion [4]. UP and DCM are associated with pruritus of varied 
intensity, which may be exacerbated by changes in climatic temperature; skin fric-
tion; and ingestion of hot beverages, spicy foods, alcohol, or certain drugs. Bullous 
formation is a characteristic limited to pediatric-onset cutaneous disease and usually 
is associated with lesional skin. Bullae may erupt spontaneously or in association 
with infection and immunization. This feature is mostly limited to the first few years 
of life and may need to be distinguished from other bullous diseases of childhood.

Systemic mastocytosis (SM) can occur in both adults and children and is diag-
nosed on the basis of BM histopathology outlined by the WHO consensus panel [5]. 
ISM, the most common variant of systemic disease, is diagnosed when criteria for 
mastocytosis are met, and there is no evidence of an associated clonal hematologic 
disorder or severe liver disease, hypersplenism, or significant lymphadenopathy. 
Isolated BM mastocytosis is a sub-variant of ISM with a low BM burden of MCs, a 
lower tryptase value, and the absence of skin lesions. The skin lesions in systemic 
disease may present with the typical monomorphic pattern seen in adults is also 
seen in pediatrics (Fig. 6.5) or the polymorphic pattern seen in children with cuta-
neous disease (Fig. 6.6). Several clinical conditions should heighten suspicion of 
this variant such as idiopathic anaphylaxis, venom anaphylaxis, unexplained osteo-
porosis, or chronic diarrhea [6–9]. This variant of systemic disease has not been 
reported in children. There are case reports in the literature of children with mast 
cell leukemia [10, 11] and other associated hematologic diseases [12–15]; however, 
these are rare associations. The majority of children with ISM have a good progno-
sis as shown in a study of long-term follow-up of children with mastocytosis [3, 11, 
16].

Fig. 6.4 Mastocytoma – 
the lesion usually presents 
as a reddish brown or dark 
pink nodule and is 
typically seen as a single 
lesion. The consensus 
group for mastocytosis 
notes that a maximum of 
three lesions can be present 
with this diagnosis [20]
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Fig. 6.5 MPCM, 
monomorphic pattern in a 
child with indolent 
systemic mastocytosis. 
Skin lesions are red-brown 
in color with mainly small 
uniform-sized lesions

Fig. 6.6 MPCM, 
polymorphic pattern in a 
child with indolent 
systemic mastocytosis. 
Skin lesions vary in size 
with a red-brown vascular 
appearance
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 Disease Onset

Mastocytosis in children usually presents as a cutaneous rash together with variable 
type and degree of symptoms secondary to the effect of a wide variety of proinflam-
matory mediators released from activated MCs [17, 18]; more rarely, anaphylaxis in 
the absence of skin lesions may be the clinical presentation of the disease in a small 
subset of pediatric patients. The vast majority of children who show skin lesions of 
mastocytosis are assumed to have CM [1] even though BM studies to rule out SM 
are not routinely performed at the pediatric age. In children with signs or symptoms 
suggesting systemic involvement such as megalies or cytopenias and in those who 
have persistently increased serum tryptase levels >20 μg/L, SM should be suspected 
[1, 3]. 

Although pediatric mastocytosis can arise at any age, the onset usually occurs 
during the first 6 months of life, and in some patients, the disease is already present 
at birth [16, 19–21]. Importantly, the age of disease onset has been suggested to 
show prognostic impact in terms of persistence of the disease into adulthood; thus, 
children who have a late onset of the disease appear to have lower probability of 
spontaneous remission of mastocytosis than those with onset at early ages [22–24].

Classically, the WHO has recognized three main subtypes of CM (or MIS): (1) 
maculo-papular cutaneous mastocytosis (MPCM), formerly known as urticaria 
pigmentosa (UP), (2) diffuse cutaneous mastocytosis (DCM), and (3) mastocytoma 
of the skin [5, 25]. Despite the unquestionable value of the WHO classification of 
CM as a tool for the distinction among the most prevalent clinical forms of cutaneous 
involvement by mastocytosis, this classification shows several pitfalls that mainly 
include terminological and conceptual issues. Some of these limitations have already 
been addressed by an international task force involving experts from the European 
Union (EU) and the United States (USA) [20], while others remain to be solved.

The most recent version of the WHO classification of mastocytosis, which 
was updated in 2016 [5], still accepts the term “urticaria pigmentosa” as a syn-
onym of MPCM. The classical term “urticaria pigmentosa” was coined in 1878 
by the English dermatologist Alfred Sangster and described as “an anomalous 
mottled rash accompanied by pruritus, factitious urticaria, and pigmentation” 
[26]; 9 years later, the German dermatologist Paul Gerson Unna documented for 
the first time the presence of MCs in skin biopsies of UP lesions [27]. Given the 
fact that skin lesions of mastocytosis fail to show the typical transient course of 
urticaria and, in many cases, mastocytosis skin lesions do not contain the 
melanic pigment that would define the term “pigmentosa” of UP, the interna-
tional task force of experts have recently suggested to use the more descriptive 
term “maculopapular cutaneous mastocytosis” to refer to this subtype of CM 
[20].

MPCM is characterized by brownish to reddish oval or round macules and 
papules with variable sizes, distribution, and density, although, in some children, 
plaques and/or nodules can also be observed or even be the predominant skin 
lesions; in fact, an early proposal of classification of CM in 2002 already included 
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nodular and plaque-type presentations of CM as independent entities separated 
from MPCM [28]. It should be noted that the macroscopic appearance of skin 
lesions can vary during the course of the disease in children, usually from nodules 
or plaques at disease onset to macules and papules after several years [20]. The 
heterogeneity of MPCM has also been emphasized in the recent classification 
proposed by the EU/US consensus group, where MPCM is divided into two 
categories: (1) monomorphic MPCM, characterized by the presence of skin 
lesions that show a similar shape and size, usually round and small, which, 
although is the clinical presentation typically associated with adult-onset 
mastocytosis (with cutaneous involvement), can be also found in a subset of 
pediatric mastocytosis; and (2) polymorphic MPCM, which is almost exclusively 
seen in children and consists of the coexistence of skin lesions displaying different 
sizes and shapes where large, nodule, or plaque-mimicking lesions frequently pre-
dominate [20].

DCM is a rare subtype of CM mostly seen in newborns and infants, defined by 
a generalized erythema and thickening of almost the entire skin without 
identifiable individual skin lesions, which shows a typical appearance of orange’s 
peel (“peau d’orange” in French) or elephant skin (“pachyderma”) [20, 25]. As 
per definition, DCM shows a very extensive cutaneous involvement by 
mastocytosis (typically >90% of the whole-body surface area). According to the 
etymology of the term “diffuse” (i.e., spread over a wide area), patients with 
extensive MPCM can be misdiagnosed as DCM; hence, the 2015 US/European 
consensus classification of CM tackles this issue accurately and highlights that 
the lack of hyperpigmented individualized lesions is a condition sine qua non for 
the diagnosis of DCM [20]. Moreover, some authors prefer the term “erythroder-
mic mastocytosis” over DCM to prevent misinterpretations of the adjective dif-
fuse of DCM [29, 30].

Mastocytoma usually presents as a brownish to yellowish, large and solitary 
nodular-like skin lesion; in other patients, mastocytoma lesions are smaller and less 
elevated, resembling a solitary form of MPCM. Moreover, both the US/European 
task force as well as the 2016 WHO classification of mastocytosis still recognize 
under the denomination of mastocytoma the presence of up to three skin lesions, 
provided that they show the nodular appearance typically associated with mastocy-
toma [20]; accordingly, it has been also recommended to change the classical term 
“solitary mastocytoma” to “cutaneous mastocytoma” [20].

 Clinical Symptoms

Clinical manifestations of pediatric mastocytosis mostly include a wide variety of 
symptoms secondary to the effect of different proinflammatory mediators released 
from MCs upon their activation; exceptionally, signs and symptoms of end-organ 
damage due to tissue infiltration by MCs can also occur in cases with advanced 
mastocytosis, although these are rarely seen in children.
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Regarding MC mediator release symptoms, itching, redness, and swelling of 
lesional skin are common features of CM in children. Urtication together with an 
erythematous halo can be reproduced by firmly rubbing the skin lesions in what is 
known as the Darier’s sign, which is considered as pathognomonic of mastocytosis 
[31]. Frequently, local MC activation of lesional skin results in the development of 
blisters, particularly during the first months following the onset of the disease. 
Severe and extensive spontaneous blistering is associated with extensive cutaneous 
involvement including MPCM cases with >90% of body surface area affected and 
patients with DCM, where the disease commonly presents itself with generalized 
blistering [2, 16, 19, 32]; this translates into the need for making a differential 
diagnosis in these latter cases with other bullous skin diseases of infancy such as 
bullous pemphigoid, epidermolysis bullosa, or staphylococcal scalded skin 
syndrome, among other entities. In a few cases of DCM, the content of blisters 
becomes hemorrhagic, which can be accompanied by some degree of anemization 
[20]. Of note, extensive blistering has been regarded by some authors as a predictor 
of massive MC activation and severe complications in pediatric mastocytosis [2, 
32]. In fact, markedly increased levels of both total and mature serum tryptase as 
well as high tryptase levels in blister fluid have been documented in children with 
extensive blistering in association with other MC-activation symptoms who 
required hospitalization and emergency therapy [19]; moreover, the rare fatal out-
comes of pediatric mastocytosis reported in the literature are practically restricted 
to children with DCM who developed severe systemic MC activation symptoms 
preceded by extensive blistering [11, 33]. Other cutaneous manifestations of pedi-
atric CM are dermographism, urticarial rash, and exaggerated local reactions to 
insect sting/bite.

Flushing is also a relatively common finding in pediatric mastocytosis, which 
consists of a sudden warmth and reddening of the face and the upper chest caused 
by increased cutaneous blood flow as a result of the vasodilatory effect of certain 
MC mediators (e.g., histamine) on the thin and superficial dermal capillaries of 
these areas of the skin; thus, despite flushing is still largely considered as a cutaneous 
manifestation of mastocytosis, it should be actually recognized as an early primary 
vascular event which might precede the development of more severe symptoms 
including hypotensive collapse in some cases [32].

Other MC mediator release symptoms that can be observed in children with mas-
tocytosis include gastrointestinal complaints (i.e., abdominal cramping, nausea/
vomiting, and diarrhea) and, less frequently, dyspnea, fatigue, headache, or 
neuropsychiatric symptoms such as irritability and attention deficit/hyperactivity- 
like syndromes.

Overall, anaphylaxis or anaphylactoid reactions are rarely seen in pediatric mas-
tocytosis. In a study by Brockow et al., 4 out of 46 children with mastocytosis (9%) 
had suffered from anaphylaxis [34]; similarly, the Spanish Network on Mastocytosis 
(REMA) has reported an incidence of severe MC mediator release symptoms requir-
ing emergency therapy and hospitalization among children with mastocytosis of 
11% (12/111 patients) [19]. Of note, in both studies, the severity of MC mediator-
related symptoms was closely related to the extent of cutaneous involvement and 
also with the levels of serum tryptase.
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Common elicitors of symptoms in pediatric mastocytosis include the friction of 
lesional skin, heat and hot water, fever, irritability, and teething [19]. Vaccines are 
also a relevant trigger for MC activation in children with mastocytosis, particularly 
among those with DCM [19, 35, 36]; for this reason, an appropriate premedication 
of vaccines has been recommended by some authors in such cases. Similarly, 
although the risk of MC mediator release symptoms during anesthesia is relatively 
low in children with mastocytosis (i.e., 4% in a series reported by the Spanish group 
including 42 patients undergoing different anesthetic procedures), such risk is 
clearly increased compared to that found in the general population; thus, it seems 
also reasonable to adopt preventative measures in this setting, as well as in other 
procedures associated with increased risk for MC activation such as the administra-
tion of iodinated contrast media [37]. Regarding anaphylaxis, idiopathic cause con-
stitutes the most frequent trigger in pediatric mastocytosis; in turn, in contrast to 
adult-onset mastocytosis, insect-induced anaphylaxis appears to be exceptional in 
children [19, 34, 38].

 Other Associated Diseases (Allergy)

Although it might be hypothesized that mastocytosis could confer an increased risk 
for other MC-mediated diseases and conditions, different studies have shown 
controversial results. Despite an early study by Caplan in 1963 suggesting that the 
prevalence of atopy could be doubled among patients with mastocytosis as com-
pared to the general population (44% vs. 20%) [4], further studies have failed to 
demonstrate an association between mastocytosis and atopy. In 1990, a Swiss study 
showed no significant differences in the overall prevalence of atopic diseases (i.e., 
allergic rhinitis, bronchial asthma, and atopic dermatitis) between a series of 33 
patients with mastocytosis and a control group of 52 blood donors (21% vs. 16%) 
[39]. More recently, a prospective analysis of 67 patients diagnosed with mastocy-
tosis at the National Institutes of Health (NIH) showed a history of atopic diseases 
including atopic dermatitis, allergic rhinoconjunctivitis, allergic asthma, and food 
allergy in 31% of the cases [2]. Moreover, in this study, the density (but not the 
extent) of skin lesions seemed to inversely correlate with the coexistence of atopy in 
adults (but not in children) [2]. A further study by Brockow et al. in 74 adults and 
46 children with mastocytosis revealed the presence of atopic eczema, allergic rhi-
noconjunctivitis, or allergic asthma in 28% and 11%, respectively [34]. Similarly, a 
study carried out by the REMA in 210 patients with mastocytosis including 163 
adults and 47 children revealed that the prevalence of allergy as defined by clinical 
symptoms in association with specific IgE was 23.9% and 17%, respectively [38]. 
Altogether, these observations support that the prevalence of atopy or allergy in 
patients with mastocytosis does not significantly differ from that found in the 
general population and that the rate of allergen sensitization might be lower in 
children than in adults; nevertheless, there are no prospective studies so far that 
compare the prevalence of allergic diseases in children with mastocytosis versus 
non-mastocytosis individuals.
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 Overview of the Differences from Adult Disease

Mastocytosis constitutes a paradigmatic example of a complex and heterogeneous 
disease, which shows highly variable presentations in terms of age at onset, clinical 
manifestations, biological features, and outcomes.

Despite the fact that the vast majority of children with mastocytosis are not rou-
tinely studied in depth, principally as regard to BM examination, clear differences 
between pediatric-onset mastocytosis and cases arising in the adulthood have been 
largely established. First, the clinical spectrum of cutaneous involvement in children 
is broader than that in adults; thus, although MPCM is the most common subtype of 
cutaneous disease at any age, mastocytoma of the skin and, less frequently, DCM 
can be also found in children, whereas these latter clinical forms are rarely seen in 
adult patients [20]. In addition, MPCM appears to be more heterogeneous among 
children, in whom both the monomorphic and polymorphic variants of MPCM can 
occur; by contrast, adult-onset mastocytosis is typically characterized by skin 
lesions, consistent with the monomorphic variant of MPCM [20]. On the other 
hand, mastocytosis without skin involvement is relatively frequent among adults, 
particularly in patients suffering from anaphylaxis with a cardiovascular profile 
(e.g., hypotension, dizziness, loss of consciousness) in the absence of cutaneo- 
mucosal symptoms [40], but it is extremely uncommon in children.

Second, it is widely accepted that mastocytosis is a clonal systemic disease in 
nature when it arises in the adulthood but mostly restricted to the skin at the pediatric 
age. However, the assumption that children with serum tryptase levels below 
20 μg/L are more likely to have CM [1] seems arbitrary and is not based on prospec-
tive studies. Taking into account the limitations mentioned above about the lack of 
complete BM studies in most children, the concept of “pure” CM in children is, at 
least, questionable, provided that dermal MCs derive from a precursor cell origi-
nated in the BM [41]. In the largest cohort of children with mastocytosis who under-
went a BM study published so far, more than one-third of patients (19 out of 53) 
were shown to have SM [3]; however, it should be noted that these 53 children had 
been selected from a total of 105 patients for the BM analysis on the basis of severe 
MC mediator release symptoms and/or organomegalies. Interestingly, this study 
revealed that the presence of organomegalies was the most robust predictor of sys-
temic involvement in children with mastocytosis, as all the patients with organo-
megalies who were studied but none of those without them had systemic disease [3]. 
Another fact to consider regarding systemic involvement in mastocytosis is a poten-
tially higher prevalence of the so-called “well-differentiated SM” (WDSM) in chil-
dren than in adults. This biologically unique variant of SM is characterized by a 
clonal expansion of MCs in the BM that typically displays an apparently normal 
morphology together with the lack of CD25 (and CD2) immunophenotypic expres-
sion in the absence of the D816V KIT mutation [42, 43], which means that three out 
of the four minor diagnostic criteria for SM according to the WHO are actually 
missing in a substantial subset of patients with WDSM; furthermore, these charac-
teristics make the diagnosis of WDSM particularly challenging, since, frequently, 
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only those patients with a significant BM MC infiltration would meet criteria for 
SM according to the WHO, whereas most of the remaining cases would be misdiag-
nosed as CM. The skin lesions in WDSM have been noted to present with two pat-
terns. One pattern is more typical of DCM with diffusely thickened skin (Figs. 6.7 
and 6.8) and the other with a pattern similar to that of MCPM with distinct red-
brown macules and papules (Fig. 6.9). To overcome the diagnostic limitations, spe-
cific minor criteria for the diagnosis of WDSM have been recently proposed, which 
include several biological features together with the onset of mastocytosis skin 
lesions during childhood [43] (Table  6.1). Because this latter clinical finding 
accounts for more than 90% of adult patients with WDSM [43], it could be hypoth-
esized at least almost an equal prevalence of such SM variant in children and adults. 
Moreover, considering the fact that WDSM is typically associated with subtypes of 
CM rarely seen in adults, such as DCM or polymorphic MPCM [20], it would be 
expected even a higher frequency of WDSM cases in children vs. adults; in any 
case, future investigations are warranted in order to establish the true prevalence of 
WDSM among the pediatric population.

Other differential feature of pediatric versus adult-onset mastocytosis is the 
higher frequency of mutations involving exons other than 17 of the KIT gene in 
children. In a study by the French group published in 2010, where the entire KIT 
sequence was analyzed in skin biopsies from 50 children with mastocytosis, a 
mutation of codon 816 (exon 17) was found in 42% of cases, whereas mutations 
outside exon 17 were detected in 44% [44]; these findings contrast with an overall 

Fig. 6.7 DCM variant of 
WDSM: The skin is 
thickened with exaggerated 
skin folds particularly in 
the axilla
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frequency of detection of the D816V KIT mutation in >90% of adult patients, 
provided that highly sensitive molecular assays are applied [45, 46]. Moreover, 
the results in terms of frequency of mutations involving the extracellular 
membrane and transmembrane domains (exons 8–10) of KIT reported in this 
study together with the well-known close association of this type of KIT muta-
tions with WDSM [43, 47] also support the fact that pediatric WDSM is probably 
underestimated.

Fig. 6.8 DCM variant of 
WDSM: The skin is 
thickened with exaggerated 
skin folds and a lack of 
hyperpigmented skin 
lesions

Fig. 6.9 The MPCM 
variant of WDSM-skin 
lesions is usually small 
(<0.5 cm) reddish-brown 
with both macules and 
papules. The trunk and 
neck are the main areas of 
involvement with relative 
sparing of the extremities

I. Alvarez-Twose and M. C. Carter



105

Regarding MC mediator release symptoms, there are clinical manifestations 
typically seen in children that never occur in adults such as blistering and others that 
are much more common in adults than in children such as anaphylaxis. Also, the 
different triggers that can potentially activate MCs appear to play different roles 
depending on the age of the patients. Thus, whereas insect sting/bite is by far the 
most common elicitor of anaphylaxis in adult patients with SM [40], such trigger 
has virtually no clinical relevance in pediatric mastocytosis. By contrast, triggering 
factors such as fever, teething, and vaccines seem to be almost exclusively restricted 
to children with mastocytosis.

In terms of outcome, adult-onset mastocytosis is widely considered a chronic 
and incurable disease. Although the life expectancy of the vast majority of adults 
with indolent SM (ISM) does not differ from that of the general population [48], a 
small fraction of patients may evolve with time to advanced forms of the disease, 
including aggressive SM (ASM), SM with an associated hematological neoplasm 
(SM-AHN), or MC leukemia (MCL). The most important prognostic factors 
associated with an increased risk of disease progression in adult patients diagnosed 
with ISM are the presence of high levels of β2-microglobulin at diagnosis and the 
demonstration of multilineal involvement of hematopoiesis by the D816V KIT 
mutation [49]. It has been recently suggested that the crucial event that finally deter-
mines progression to advanced mastocytosis is the acquisition of genetic mutations 
in genes commonly involved in the pathogenesis of other hematological neoplasms, 
such as SRSF2, ASXL1, or RUNX1 [50, 51]. By contrast, the natural history of 
pediatric mastocytosis is toward spontaneous regression in most cases, generally 
before puberty, with only a minority of children remaining with persistent disease 

Table 6.1 Diagnostic criteriaa of SM and WDSM according to the WHO [16, 17] and the REMA 
[38], respectively

Type of SM Major criterion Minor criteria

Conventional 
(CD25+) SM

Multifocal compact 
aggregates of >15 MCs 
in BM sections

Aberrant CD25 (and/or CD2) expression on BM MCs
Abnormal MC morphology in >25% of BM MCs
Mutation at codon 816 of the KIT gene
Serum tryptase >20 μg/L

WDSMb Multifocal compact 
aggregates of >15 MCs 
in BM sections and/or 
smears

Aberrant expression of CD30 and/or overexpression of 
cytoplasmic proteases on BM MCs
Clusters of at least two MCs outside BM particles in 
BM smears
Any mutation in the KIT gene or clonal HUMARA test
In adult females, childhood-onset or familial 
aggregation

SM systemic mastocytosis, WDSM well-differentiated systemic mastocytosis, WHO World Health 
Organization, REMA Spanish Network on Mastocytosis, MC mast cell, BM bone marrow, 
HUMARA human androgen receptor assay
aIn both cases, diagnosis is established if one major criterion and at least one minor criterion, or 
three or more minor criteria in the absence of the major criterion are fulfilled
bDiagnostic criteria for WDSM should be applied only in those cases in which BM MCs show an 
apparently normal morphology in the absence of strong expression of CD25 and CD2
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in the adulthood, either as conventional SM or as WDSM. Although no definitive 
factors predicting the persistence of pediatric-onset mastocytosis in adult age have 
been identified so far, it has been suggested that the aberrant expression of CD25 on 
cutaneous MCs could be highly predictive of SM in adults [52]. Thus, if such 
hypothesis was extrapolated to children, then it might be speculated that the expres-
sion of this immunophenotypic marker in skin biopsies from children with masto-
cytosis could be of relevance in the persistence of the disease into the adulthood as 
a classical CD25+ SM. Regarding WDSM, the only factor that has been suggested 
to play a role in the persistence of mastocytosis after puberty is the gender, since 
more than 85% of patients diagnosed with WDSM at adult age who had a previous 
history of pediatric mastocytosis reported in the literature are women [42, 43, 
53–55].

 Diagnostic Evaluation

Mastocytosis is diagnosed on the basis of history, clinical manifestations, histopa-
thology, and laboratory evaluation and classified based on the WHO criteria for 
mastocytosis [5]. A history of daily and episodic symptoms should be obtained 
along with possible triggers, alleviating and exacerbating factors. A thorough 
physical exam should include details of the skin lesions, lymph node examination, 
and careful abdominal exam to assess possible organomegaly.

Maculopapular cutaneous mastocytosis (MPCM) is usually seen in two pat-
terns, namely polymorphic and monomorphic [20], and has been shown to be 
associated with prognosis. Patients with a polymorphic pattern tend to have an 
earlier onset of disease and resolution of skin manifestations over time, whereas 
the monomorphic pattern, similar to adult presentation, is associated with a more 
prolonged course and systemic disease [3]. MPCM lesions have MCs in increased 
numbers in the dermal papillae beneath macules and papules, particularly near 
blood vessels in the upper dermis [56]. A band-like infiltrate of MCs is distrib-
uted in the papillary dermis or appears as nodular infiltrates from the papillary 
dermis to subcutaneous tissues. Typically, there is a 15- to 20-fold increase in 
MCs  beneath those lesions, but in some patients, only a twofold to fourfold 
increase in MCs is found (Fig. 6.10). Thus, it is important to correlate the gross 
skin examination with skin  MC numbers and to avoid the diagnosis of UP 
exclusively on the basis of small increases in dermal  MCs. MCs  may also be 
found in increased numbers in the normal-appearing skin between lesions of UP 
[56]. The differences in the histologic pattern in cutaneous disease are generally 
based on the density of the MC  infiltrate. In patients with DCM, the skin is 
typically thickened and described as “peau d’ orange” and diffuse red-brown 
color. These lesions are more prone to blistering with hemorrhagic crusts with 
minor friction. There have been two subtypes described, one with plaque-like 
lesions interspersed with normal-appearing skin and a diffuse thickening or 
pachydermic pattern [57]. The former has a better prognosis for complete resolu-
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tion. MCs are observed around blood vessels and throughout the dermis. These 
band-like infiltrates may be indistinguishable from some lesions of MPCM or 
from biopsies obtained from mastocytomas. Mastocytomas typically present as a 
single lesion that is raised with a reddish-brown color, flesh colored, or yellowish 
color. It is quite sensitive to friction and can be associated with total body flush-
ing. Darier’s sign has been used as a diagnostic expression of CM. A wheal and 
flare response to rubbing or scratching the lesions with a blunt object is charac-
teristic of MC infiltration. Since mastocytomas have an abundance of MCs and 
can cause a significant release of mediators, this diagnostic test should be avoided 
in these patients.

Laboratory assays that are helpful in the management are complete blood count 
and differential, liver function tests, vitamin D level, baseline serum tryptase, and 
IgE if there is a suspected allergic disease. Most laboratory tests are in the normal 
range with the exception of eosinophilia, lymphocytosis, and thrombocytosis that 
have not been shown to be of clinical significance and resolved without intervention. 
If there is a strong suspicion for systemic disease with organomegaly, elevated 
serum tryptase (>20 ng/ml), and/or severe mast cell mediator symptoms, a peripheral 
blood allele-specific assay for the KIT D816V mutation is helpful to guide decision 
for a BM study. The assay is specific for the D816V and may be negative in patients 
with other mutations in KIT or those patients with a low allelic burden [58]. An 
abdominal ultrasound is helpful when organomegaly is suspected.

CM is confirmed by a lesional skin biopsy demonstrating characteristic skin his-
topathology. Blind skin biopsies are not recommended, since other skin conditions 
including eczema and recurrent episodes of anaphylaxis may be associated with a 
twofold to fourfold increase in dermal mast cells [56, 59]. In addition, MCs may 
also be increased at skin sites involved in scleroderma [60], chronic urticaria [61], 
and prolonged antigenic contact [62]. CM must also be distinguished from other 
diseases with similar cutaneous characteristics as those of mastocytosis and are 
included in Table 6.2.

Fig. 6.10 Histopathology 
of DCM (40×), shown here 
stained with tryptase 
antibody demonstrating 
band-like infiltrates of 
MCs that extend into the 
papillary dermis
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Currently, the standard for the diagnosis of SM is by performing a BM biopsy 
and aspirating with demonstration of the major criterion, consisting of multifocal 
dense MC aggregates, and one minor criterion or if three minor criteria are present 
(Table 6.1). The most useful stain for MCs is tryptase using a monoclonal antibody. 
In trephine core BM biopsies, decalcification interferes with subsequent attempts to 
visualize MC granules with metachromatic stains, thereby making tryptase the stain 
of choice. In addition, immunohistochemistry and/or flow cytometry  to identify 
CD25+ MCs is useful since this parameter has been shown to correlate with the 
presence of activating mutations in KIT [63].

Other tissue specimens such as lymph nodes, spleen, liver, and gastrointestinal 
mucosa delineate the extent of MC  involvement but are not typically sampled. 
Gastrointestinal biopsies are obtained only if a gastrointestinal workup is indicated, 
and lymph nodes are biopsied only if lymphoma is considered. When biopsies have 
been obtained of involved tissue such as the GI tract, the histopathologic pattern of 
MC aggregates or sheets is similar to that seen in the BM and is often CD25 positive 
[64–66].

In patients suspected of having mastocytosis, the diagnosis of a carcinoid tumor 
or pheochromocytoma should be ruled out. Importantly, patients with mastocytosis 
do not excrete increased amounts of 5-HIAA.  Patients with carcinoid tumor or 
pheochromocytoma do not have histologic evidence of significant MC proliferation 
and should have normal serum tryptase levels [67].

Table 6.2 Differential diagnosis

Dermatologic 
presentation Most likely Consider Always rule out

No skin lesions Idiopathic flushing Identifiable causes of 
anaphylaxis
Idiopathic 
anaphylaxis

Diffuse or 
localized 
hyperpigmented 
macules

Café au lait spots Post-inflammatory 
hyperpigmentation

Scabies

Neurofibromatosis Atopic dermatitis Secondary syphilis
Albright syndrome Chronic urticaria Addison’s

Lentigo
Bullous lesions Staphylococcus infection Bullous disease of 

childhood
Incontinentia 
pigmenti

Drug eruption of infancy Linear IgA dermatosis Bullous impetigo
Incontinentia pigmenti
Bullous pemphigoid

Solitary or 
multiple nodules

Congenital nevus Leukemia
Juvenile xanthogranuloma Lymphoma
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 Follow-Up and Management

Patients can typically be followed by their primary care providers if the above 
assays are obtained on an annual basis or in association with an acute illness or 
severe mediator symptoms. Patients should receive routine vaccines since the inci-
dence of unexpected adverse reactions is low [68]. Children with mastocytosis, 
unlike adults, have not been reported to have an increased risk of anaphylaxis in 
association with venomous insect stings. Annual serum tryptase values along with 
peripheral blood allele-specific qPCR in children with suspected or confirmed 
systemic disease is helpful to determine if a more aggressive workup is needed. 
Patients with organomegaly should have a repeat ultrasound every 1–2 years until 
resolution or with acute enlargement.

A referral to a specialist, allergist/immunologist or hematologist, familiar with 
MC diseases is warranted for the following:

• The diagnosis is questionable and needs tissue confirmation.
• Symptoms are not sufficiently controlled with an anti-mediator therapy.
• There is a suspicion for systemic disease.
• A persistently elevated or increasing baseline serum tryptase.
• A peripheral blood assay that is positive for the KIT D816V mutation.
• Other signs and symptoms of a myeloproliferative disease.

Therapy for mastocytosis is based on the amelioration of symptoms and 
applies to patients with CM and SM. Cytoreductive therapy for MCs is typically 
reserved for more aggressive variants such as smoldering SM (SSM) or aggressive 
SM (ASM). These variants are rarely seen in the pediatric population. Therefore, 
cytoreductive agents are discussed in detail in other chapters. The most prominent 
complaints are cutaneous and gastrointestinal problems. Cutaneous symptoms 
such as flushing, blistering, and pruritus are proportional to the skin MC burden, 
with more frequent and severe symptoms in patients with DCM and mastocytoma 
than in patients with MPCM. In a previous study, it was noted that these cutaneous 
symptoms could be present through the adolescent period, although less severe 
[3]. Gastrointestinal symptoms were also distinguished by variants noting that 
patients with ISM had more problems such as diarrhea and reflux, but patients in 
all variants complained of abdominal cramping. Of note, during an acute flushing 
and/or blistering event, many patients complained of associated abdominal 
cramping and diarrhea. Headaches were due to non-mastocytosis-related 
complaints such as migraines and possibly mastocytosis-related events such as 
vasodilatation. The therapy is based on the underlying etiology. Musculoskeletal 
complaints were mainly unrelated to the diagnosis of mastocytosis or unknown 
etiology, and thus, the approach was again based on the etiology. Therapeutic 
options are summarized in Table 6.3.
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 Prognosis and Disease Resolution

Children generally have a favorable prognosis and a measurable resolution, espe-
cially when the onset of disease is prior to the age of 2 years. Patients with the onset 
of disease after the age of 5 years tend to have a more persistent pattern, but there is 
not much information in the literature regarding the progression to a more severe 

Table 6.3 Therapy

Preventive Symptomatic-chronic Acute

Cutaneous
Flushing Emollients H1 antihistamines Oral H1 antihistamines
Pruritus Cromolyn-based 

creama

Surgical 
excision-mastocytoma

Topical corticosteroids

Bullae Topical calcineurin 
inhibitorsb

Second infection Oral and/or topical 
antibiotics

Oral and/or topical 
antibiotics

Gastrointestinal
Cramping Oral cromolyn Oral cromolyn
Diarrhea Fluids, rarely 

antidiarrheal
Fluids, rarely 
antidiarrheal

Constipation Diet, bulk fiber 
agents

Bulk fiber agents

Reflux H2 antihistamines Proton pump inhibitors
Vomiting Anticholinergics, 

antiemetics
Anticholinergics, 
antiemetics

Systemic
Generalized hives Avoidance of 

known triggers
H1 and H2 
antihistamines

Epinephrine, IV fluid 
support,

Generalized bullae Cromolyn-based cream Corticosteroids and 
antihistaminesAnaphylaxis

Other
Headache Avoid triggers such 

as heat
Etiology-specific targeted 
therapy

Tylenol or NSAIDs if no 
prior adverse reactions

Musculoskeletal pain Appropriate 
conditioning for 
sports

Tylenol or NSAIDs if no 
prior adverse reactions

Neuropsychiatric Vitamin D 
supplements for 
deficiency

Appropriate referral for 
DX and TX

Emergent referral

CV-hypotension, 
reflex tachycardia

Adequate sleep 
and relaxation 
techniques

Mild, associated with 
flushing, supine position, 
and cool compresses

Treatment based on 
etiology, if associated 
with anaphylaxis, see 
above

aProduct compounded by pharmacy
bNo control studies to support usage, only case reports. CV-cardiovascular, DX-diagnosis, 
TX-therapy
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variant. Resolution tends to occur in late adolescence [1, 3, 16] without reoccur-
rence of disease. Patients diagnosed with cutaneous disease in adolescence are 
more likely to have SM; however, children can be diagnosed with systemic disease 
as early as infancy. These patients mainly expressed the KIT D816V mutation, and 
the prognosis is dependent on the degree of involvement, but patients are reported 
to have a normal life expectancy. Further, in a long-term follow-up study of children 
with systemic disease, the overall clinical outcome reflected an improvement of 
cutaneous manifestations, organomegaly, and serum tryptase values [3].

In summary, children with CM and SM have a good prognosis. Patients with 
cutaneous disease only can have complete resolution of the disease, with minimum 
or no symptoms in most patients . Those with systemic disease will have a chronic 
pattern with varying degrees of resolution based on the initial presentation. This 
allows for a conservative approach to management without a need for cytoreductive 
therapy.
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