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Abstract. Mastocytoses are character-
ized by clonal proliferation of mast cells in
various tissues. In childhood, cutaneous
mastocytosis (CM) occurs almost exclu-
sively. It is confined to the skin, and has a
good prognosis. The most common form is
the maculopapular cutaneous mastocytosis
(MPCM), formerly called urticaria pigmen-
tosa. A distinction is made between a mono-
morphic variant of MPCM with multiple
small, roundish maculopapular skin lesions
and the —more common — polymorphic vari-
ant with larger lesions of variable size. One
quarter of CM diagnosed in childhood are
mastocytomas, which often occur solitary or
at multiple sites. The diffuse variant of CM
(DCM), which affects 5% of children with CM,
should be distinguished from these forms.
Systemic mastocytoses (SM) with mast cell
infiltrates in the bone marrow or other ex-
tracutaneous tissues, such as the gastroin-
testinal tract, occur predominantly in adults.
The diagnosis of CM is usually made clinical-
ly: Manifestation in infancy, typical morphol-
ogy and distribution, pathognomonic Darier
sign. Basal serum tryptase is determined if
DCM or systemic mastocytosis are to be di-
agnosed. Children with mastocytosis should
be managed in a specialized outpatient
clinic. For affected families, detailed infor-
mation about the clinical picture including
prognosis assessment is essential. Mast cell
mediated symptoms are controlled by oral
non-sedating antihistamines if needed.

Introduction

Mastocytoses are a heterogeneous
group of diseases that are characterized by
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an accumulation of clonal mast cells in tis-
sue. A distinction is made between cutane-
ous mastocytoses, which exclusively affect
the skin, and systemic forms in which the
bone marrow and/or other extracutaneous
tissue are additionally affected (see classifi-
cation, Table 1). In childhood, mastocytoses
are almost exclusively cutaneous (cutaneous
mastocytosis (CM)) [1, 3]. The most frequent
form is maculopapular cutaneous mastocy-
tosis (MPCM), formerly called “urticaria pig-
mentosa” (~ 70% of childhood CM) [1, 4].
This form manifests with yellow-brownish
or red-brown papules and macules; their
number can vary between < 10 and > 100.
A distinction is made here between a mono-
morphic variant with multiple small, round
maculopapular skin lesions (Figure 1) [1]
and the — more common — polymorphic
variant with slightly larger lesions of differ-
ent configuration (Figure 2a, b). The poly-
morphic variant usually manifests in the first
few weeks or half year of life, whereas the
monomorphic variant, which most often af-
fects the truncal area, only appears at tod-
dler or even school age.

A quarter of the CM diagnosed in child-
hood are mastocytomas, which often ap-
pear solitary or in different places (Figure
3a, b). Usually the yellow-brownish papules
or plaques with a leather-like structure are
noticeable in the first months of life; occa-
sionally, blistering and consecutive erosion
are most prominent (Figures 3c, 4, 5) [1, 4].

The diffuse variant of CM (DCM), which
affects 5% of children with CM, must be dis-




Table 1.
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Classification of mastocytoses (WHO classification, update 2016 and 2021 [42, 43]) and clinical signs/characteristics.

Cutaneous mastocytoses
(cm)

Maculopapular
cutaneous masto-
cytosis (MPCM)
(formerly: urticaria
pigmentosa)

e Monomorphic variant: Multiple round
macules or papules, low degree of infiltration.
Size: several millimeters to <1 cm.
Localization: trunk, arms.

Figure 1

e Polymorphic variant: Heterogeneous shape,

limitation, and size; sometimes elevated.

Size: several millimeters to several centimeters.

Localization: disseminated on the trunk, neck,
buttocks, groin, extremities; palmar and
plantar skin typically not involved.

Figures 2a, 2b, 9, 10

Mastocytomas

e 1to 3individual, slightly elevated, sharply
demarcated, red-yellow-brown papules or
plaques.

Size: a few millimeters to centimeters; no
preferred location.
Figure 3a, 3b, 3c, 3d

Diffuse cutaneous
mastocytosis (DCM)

e Large to generalized orange-peel-like, doughy,
edematous yellow-brown-reddish skin lesions
e Systemic involvement possible. Figure 6

e Darier’s sign:
pathognomonic for all forms (Figures
4,5,7,8)
* Serum tryptase:
— In monomorphic MPCM
sometimes increased
— In polymorphic MPCM and
mastozytomas usually not
increased.
— In DCM usually highly increased.
e Histology: multifocal or diffuse mast
cell infiltration of the skin.

Systemic mastocytoses Indolent mastocytosis | e - Mast cell infiltration without organ
(SM) (ISM) dysfunction, not associated with hematologic
neoplasms
“Smoldering SM” ¢ High degree of infiltration in bone marrow
(SSM1) (> 30%), organomegaly

e Serum tryptase > 200 ng/mL

SM with associated

e SM with clonal hematologic disease

hematological

neoplasm (SM-AHM)

Aggressive SM (ASM) |  Mast cell infiltration with organ dysfunction,
without mast cell leukemia

Mast cell leucemia o Diffuse infiltration of atypical mast cells in the

(McCL) bone marrow: 2 20% in bone marrow smear,

> 10% in the peripheral blood

Diagnostic criteria of SM (1 major and
1 minor criterion or at least 3 minor
criterion):

Major criteria:

e Multifocal, dense MC infiltrations in
bone marrow (> 15 adjacent MC)
and/or other extracutaneous organs

Minor criteria:

e >25% atypical spindle-shaped MC in
bone marrow or extracutaneous
organs

e KIT 816 point mutation in bone
marrow or extracutaneous organs

e Mast cells in bone marrow,
peripheral blood, or other
extracutaneous organs express CD25
and/or CD2 and/or CD 30

e Basal serum tryptase > 20 ng/mL

Mast cell sarcoma

¢ Solid tumor made up of atypical mast cells
e Extremely rare

tinguished from these forms [1]. It manifests
early, in the first few months of life, some-
times even congenitally. The characteristic
features are leather-like, thickened skin or
edematous “orange-peel” skin; erythema
or flushing frequently occur, and sometimes
there is pronounced (often hemorrhagic)
blistering (Figure 6).

Systemic mastocytoses most frequently
occur in adults. Here, mast cell infiltrates are
found in the bone marrow or other extra-
cutaneous tissue, e.g., the gastrointestinal
tract. The skin is also frequently affected.
In view of the sometimes existing associa-
tion with hematological neoplasms, regular
check-ups including ultrasound of the abdo-
men, colonoscopy, and bone marrow aspira-
tion are necessary. In the case of systemic

mastocytoses, depending on the organs
involved, extracutaneous symptoms occur
more frequently and there is a higher risk of
anaphylactic reactions [5, 6].

This article presents the cutaneous
forms of mastocytosis in childhood and ado-
lescence.

Etiology

Mastocytoses result from the clonal pro-
liferation of mast cells in various tissues. This
excessive mast cell proliferation is mainly
caused by a genetic aberration, with adults
and children having been shown to differ in
terms of mutations in the KIT gene [3]
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Figure 1.

Monomorphic MPCM. Manifestation at ap-
proximately 6 — 10 years of age.

In pediatric cutaneous mastocytosis,
mast cell accumulations are only found on
the skin, and the KIT mutation plays a sub-
ordinate role with regard to further clinical
management.

The KIT D816V point mutation is of par-
ticular relevance; it is detectable in ~ 90%
of adults with systemic mastocytosis, as
compared to 35% of patients with pediatric
mastocytosis. In childhood mastocytosis, KIT
mutations are found more frequently in oth-
er loci (exons 8, 9, 11); in up to 25%, no KIT
mutations (KIT wild-type) are detectable at
all[1, 7, 8, 9]. In contrast to adults with mas-
tocytosis, the determination of the periph-
eral ¢c-KIT mutation does not contribute to
diagnosis and is therefore not necessary [7].

Diagnosis

Exact epidemiological information on
mastocytosis is lacking; in any case, it is a
very rare disease [10]. Adults with masto-
cytosis usually suffer from a systemic form.
Cutaneous mastocytosis is frequently di-
agnosed before the second birthday, often
even in the first 6 months of life [8, 11].
Thereafter, the incidence decreases until

school age and rises again from age > 15
years [12].

Diagnosis of pediatric CM is usually
made clinically based on age as well as typi-
cal morphology and distribution of the skin
lesions (Table 1) (Figures 2a, 2b, 5, 7, 8, 9,
10) and most often positive (pathognomon-
ic) Darier’s sign (Figures 4, 7, 8). This means
that mechanical irritation of the lesions,
e.g., with a wooden spatula, leads to swell-
ing and erythema within a few minutes. In
young infants as well as when pronounced
skin involvement or suspicion of DCM is
present (Figure 6), Darier’s sign should be
checked with caution, since a flush and even
hypotension can be induced due to massive
mast cell activation [1, 13]. Dermographic
urticaria is sometimes present in monomor-
phic MPCM (Figure 1) and most often pres-
ent in DCM (Figure 6).

In unclear cases — especially if the clinical
findings are inconclusive — a biopsy of the le-
sional skin can be performed to confirm the
diagnosis. Hematoxylin-eosin staining can
detect mast cell accumulations histologi-
cally. In most cases, however, no histological
confirmation is necessary because the clini-
cal picture is clear.

The suspicion of systemic involvement
or DCM can be confirmed by determina-
tion of the basal mast cell tryptase. Values
above the 95™ percentile (11.4 ng/mL) are
considered to be elevated. If serum tryptase
is > 20 ng/mL in adults, further diagnostic
workup should be considered. Normal rang-
es for younger children have not been well
evaluated. In infants, toddlers, and school-
children without further warning symptoms
(e.g., hepatomegaly, failure to thrive), usu-
ally no systemic mastocytosis is present,
even if the serum tryptase level is increased.
Therefore, in these cases, bone marrow as-
piration, which is the standard diagnostic
procedure in adults, is very rarely required
in children.

Symptoms

Symptoms in childhood CM are most of-
ten due to the effect of mast cell mediators
(histamine, eicosanoids, cytokines, vasoac-
tive substances, etc.) after degranulation.
However, most children with CM present to
a doctor for the first time because of their
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A Figure 2a > Figure 2b

Figure 2a.  Polymorphic MPCM, baby (2a) and toddler
(2b).

©Universitats AllergieCentrm (UAC) Dresden.

Figure 3a.

Figure 3c.

Figure 3. Solitay masto-
cytoma in an approximate-
ly 9-year-old child; c: with
erosion; d: in healing. Figure 3b. Figure 3d.

©Universiféts;AIlel;gleCen ©Universitats AllergieCentrum (UAC) Dresden.
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Figure 4. Darier’s sign with blistering. Figure 5. Typical finding on neck region; blistering.

itats AllergieCentrum (UAC) Dresden.

Figure 6. Diffuse cutaneous mastocytosis. (With per-
mission of Prof. Peter Hoger, Hamburg).

skin lesions and at this point do not show
any other symptoms.

In infants with MPCM who are affected
as early as their first few months of life, at-
tacks of flushing are sometimes observed,
especially when heavily infiltrated lesions or
pronounced skin involvement is present; in
rare cases, even changes in consciousness
due to arterial hypotension occur [4].

In solitary mastocytomas or polymorphic
CM with plaques or nodular skin lesions,

blistering occasionally occurs in the first few
months until the first few years of life, es-
pecially when there is mechanical irritation
(Figures 4, 5). This is usually harmless and
heals without scarring.

DCM, in which larger skin areas are in-
volved and a higher degree of infiltration is
seen, presents with pronounced urticarial
dermographism of the thickened skin, par-
ticularly in infants and toddlers (Figure 6).
Blistering often occurs after slight irritation,
and pronounced hemorrhagic bullous exac-
erbation also occurs. Serum tryptase is regu-
larly, and significantly, increased in DCM, in
contrast to the other cutaneous forms of
the disease. Nevertheless, involvement of
the bone marrow or extracutaneous tissue
is not present in most cases. However, hepa-
tomegaly should be excluded clinically and/
or sonographically, as it is considered a pre-
dictor of systemic involvement.

The largest review of childhood mastocy-
toses analyzed 1,747 case reports over a pe-
riod of 54 years [8]. Méni et al. [8] show that
the most common symptom was pruritus —
48% of cases (not stratified according to the
different variants). Blistering was reported
in a third of the children, flushing in 25%,
gastrointestinal symptoms (abdominal pain,
diarrhea, nausea) in 20%, and anaphylaxis in
5%. In other cohorts, similar, but sometimes
also lower, symptom rates were observed
[13, 18]. In particular, the occurrence of
anaphylactic reactions in pediatric CM var-
ies between 0 and 9% in the literature [13,
19]. Isolated respiratory symptoms such as
rhinorrhea or bronchoconstriction mediated
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Figure 7.
tive.

Several mastocytomas. Darier’s sign posi-

Figure 8.

Polymorphic MPCM, toddler, Darier’s sign posi-
tive (left shoulder).

by mast cell mediators are rarely described
in children with CM [16].

In general, the following risk factors for
mast cell activation and anaphylaxis in pedi-
atric CM can be identified: increased serum
tryptase; presence of diffuse CM; excessive-
ly widespread skin lesions [13, 20, 21]. For
the other forms, especially for uncomplicat-
ed polymorphic MPCM of moderate sever-
ity, the risk of anaphylaxis does not seem to
be significantly increased compared to the
general population (review by Brockow et
al. 2021) [13]. In adults with mastocytosis,
on the other hand, the risk of anaphylaxis is

highly increased (incidence ~ 50%) [5, 22].
Interestingly, also the triggers of anaphylaxis
in childhood CM differ significantly from
those in adults with mastocytosis: in two
thirds of cases, no trigger can be identified
(idiopathic anaphylaxis) [21]. Food-allergic
reactions play a role in 10 — 20% of cases,
whereas drugs only play a role in < 10%, and
insect bites do not seem to be any major
trigger of anaphylactic reactions (main trig-
ger in adults with mastocytosis) [5, 6, 21].

Treatment/management

Treatment should aim to control the
mast cell-mediated symptoms, which is why
histamine receptor antagonists are a central
component of treatment [23]. Non-sedating
antihistamines should primarily be used in
this context. If symptoms persist, the admin-
istration of non-sedating H, antihistamines
can be increased to 4 times the daily dose,
analogous to the treatment of chronic spon-
taneous urticaria [24].

If the symptoms still persist, the addi-
tional administration of H, antihistamines
and leukotriene antagonists, such as monte-
lukast, can be considered.

In a controlled clinical study using the H,
blocker rupatadine in mastocytosis, symptom
control and an improvement in quality of life
were demonstrated in adults [26]. A con-
trolled short-term administration of sedating
antihistamines is only justified when sleep
problems are most prominent [27]. In the
case of gastrointestinal symptoms, H, block-
ers or proton pump inhibitors (previously also
cromoglicic acid) are also used [25, 28].

For recurrent pruritus in solitary masto-
cytomas, the local application of a potent
topical corticosteroid can be helpful; this
can reduce the symptoms and improve the
cosmetic issues [23, 25].

Topical calcineurin inhibitors such as
pimecrolimus or tacrolimus can also re-
duce the activity of mechanically irritable
and thus impairing mastocytomas [29, 30].
In individual cases, if Darier’s sign can be
triggered easily and irritability is present in
everyday situations, it makes sense to cover
the lesion with a plaster bandage or protec-
tive clothing. Surgical excision should only
be discussed in very rare situations, such as
severely irritable solitary mastocytomas in
an unfavorable location or induction of ana-
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Figure 9. Polymorphic MPCM, typical pattern.

Figure 10.

Polymorphic MPCM, typical pattern and lo-
calization with possible mechanical irritation.

phylaxis by singular, heavily infiltrated mas-
tocytomas.

Since the pruritus is triggered by in-
creased IL-31 levels [31] and nemolizumab,
a specific IL-31 antibody, is currently being
developed, its therapeutic use in severe
forms of CM would be conceivable if this
drug becomes available in the future [32].

Even if phototherapy with UVAL light,
narrowband UVB, or PUVA therapy can im-
prove the skin condition, it should only be
used in individual cases due to the potential

carcinogenic risk in the mostly self-limiting
course of CM in childhood [33].

The most important measure in the ther-
apeutic management of children with mas-
tocytosis is detailed information about the
clinical picture, the harmlessness of the skin
symptoms and the favorable prognosis that
can be assumed in most cases. The first con-
sultation should take place shortly after the
diagnosis has been made. Otherwise, there
will be a relatively high risk that families
receive worrying misinformation from the
internet or from medical staff who are not
familiar with childhood mastocytosis. This is
one of the reasons why it is recommended
that patients consult a specialist early. Re-
ceiving a document that confirms the diag-
nosis and names contact persons for queries
is also relieving. The prophylactic prescrip-
tion of oral non-sedating antihistamines,
such as cetirizine, in children who have not
yet shown any symptoms as on-demand
medication can also be seen in this con-
text. If urticaria, flushing, or blistering were
already observed, an oral antihistamine
should always be used and instructions on
how to deal with symptoms should be given.
In cases of pronounced mediator-associated
symptoms and severe impairment, a rectal
or oral corticosteroid can also be used ad-
ditionally for a short time. In individual cases
of severe CM, omalizumab has also been re-
ported to have a positive effect in children
[34]. If risk factors for anaphylactic reactions
have been identified, the family must be
provided with an emergency kit including an
adrenaline auto-injector [35]. In these cases,
anaphylaxis training is also indicated.

Vaccinations and mastocytosis

In the literature, a slightly higher risk of
undesirable side effects after the first vac-
cination for children with mastocytosis is
discussed. For booster vaccinations, no re-
currence risk is described, and the reactions
were mild, with symptoms attributable to
mast cell degranulation. In individual cases,
e.g., those with pronounced skin involve-
ment, bullous or flush reactions or with DCM,
2-hour clinical monitoring after the first vac-
cination should be considered. In general,
children with mastocytosis should receive
the regular vaccinations as recommended by
the national vaccine advisory commission.
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Childhood mastocytosis is often only diag-
nosed after the start of the vaccinations.
The patients of our pediatric dermatological
mastocytosis clinic did not retrospectively
report clinical reactions to vaccinations.
For adults and adolescents with mastocyto-
sis, expert recommendations on risk stratifi-
cation and monitoring period for COVID-19
vaccinations have recently been published.
The authors did not formulate a contraindi-
cation due to mastocytosis. The recommen-
dations have not been evaluated so far [39].

Prognosis

Prognosis of childhood mastocytosis
is generally good. If CM manifests in early
childhood, spontaneous remission usually
occurs in adolescence at the latest. To as-
sume a prepubertal remission as regular, is
too short-sighted in many cases [15]. The
rate is ~ 70%. In most cases of polymorphic
MPCM, clinical signs are no longer present
in adulthood. The course over the years is
characterized by a flattening of the initially
elevated skin lesions (Figure 3d). Only pro-
nounced forms have a prolonged course or
reach only incomplete remission. Particular-
ly, monomorphic MPCM that manifests late,
from school age onwards, can develop into
systemic forms, which is why monitoring of
serum tryptase and, if necessary, staging can
be helpful here [40, 41].

In diffuse CM, serum tryptase levels
are usually elevated, although there is no
bone marrow involvement or other sys-
temic form. Nevertheless, the prognosis is
favorable in those cases too, with extensive
healing of the skin lesions and a decrease
in serum tryptase by adolescence. Only a
small proportion of DCM, especially familial
forms due to c-kit germline mutations, de-
velop into systemic forms of mastocytosis.
A persistently high tryptase value, but also
hepatomegaly or splenomegaly, can be an
indicator for this [4].

The prognosis of (solitary) mastocyto-
mas is excellent, even if a positive Darier’s
sign (Figures 7, 8) can often be detected for
several years and local blistering often oc-
curs initially (Figures 3c, 4, 5). Remission is
achieved by adulthood, and there is no tran-
sition to systemic mastocytosis [12].

In view of the above-mentioned in most
cases benign prognosis of pediatric masto-

cytoses, it is recommended that the affected
children and adolescents consult a special-
ist. The families can be supported by of-
fering regular, for example annual, visits. It
can be discussed how to deal with mast cell
mediator-associated symptoms, and individ-
ual risk factors can be identified at an early
stage. Overall, in most cases it is possible to
prevent serious disease-related impairment
of the quality of life.

Funding

None.

Conflict of interest

The authors state that there is no conflict
of interest.

References

[1]  Schaffer JV. Pediatric mastocytosis: Recognition
and management. Am J Clin Dermatol. 2021; 22:
205-220. CrossRef PubMed

[2]  Hussain SH. Pediatric mastocytosis. Curr Opin
Pediatr. 2020; 32: 531-538. CrossRef PubMed

[3] Hartmann K, Escribano L, Grattan C, Brockow K,
Carter MC, Alvarez-Twose I, Matito A, Broesby-
Olsen S, Siebenhaar F, Lange M, Niedoszytko M,
Castells M, Oude Elberink JNG, Bonadonna P,
Zanotti R, Hornick JL, Torrelo A, Grabbe J, Raben-
horst A, Nedoszytko B, Butterfield JH, Gotlib J,
Reiter A, Radia D, Hermine O, Sotlar K, George Tl,
Kristensen TK, Kluin-Nelemans HC, Yavuz S, Hég-
glund H, Sperr WR, Schwartz LB, Triggiani M,
Maurer M, Nilsson G, Horny HP, Arock M, Orfao A,
Metcalfe DD, Akin C, Valent P. Cutaneous mani-
festations in patients with mastocytosis: Consen-
sus report of the European Competence Network
on Mastocytosis; the American Academy of Al-
lergy, Asthma & Immunology; and the European
Academy of Allergology and Clinical Immunology.
J Allergy Clin Immunol. 2016; 137: 35-45. Cross-
Ref PubMed

[4]  Klaiber N, Kumar S, Irani AM. Mastocytosis in
children. Curr Allergy Asthma Rep. 2017; 17: 80.
CrossRef PubMed

[S]  Wagner N, Staubach P. Mastocytosis — pathogen-
esis, clinical manifestation and treatment. J Dtsch
Dermatol Ges. 2018; 16: 42-57. PubMed

[6] Matito A, Azadia JM, Torrelo A, Alvarez-Twose |.
Cutaneous mastocytosis in adults and children:
New classification and prognostic factors. Immu-
nol Allergy Clin North Am. 2018; 38: 351-363.
CrossRef PubMed

[71  Ertugrul A, Bostanci I, Ozturk Kaymak A, Gurkan
A, Ozmen S. Pediatric cutaneous mastocytosis
and c-KIT mutation screening. Allergy Asthma
Proc. 2019; 40: 123-128. CrossRef PubMed




Cutaneous mastocytosis in childhood

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

Meni C, Georgin-Lavialle S, Le Saché de Peufeilhoux
L, Jais JP, Hadj-Rabia S, Bruneau J, Fraitag S,
Hanssens K, Dubreuil B, Hermine O, Bodemer C.
Paediatric mastocytosis: long-term follow-up of 53
patients with whole sequencing of KIT. A prospec-
tive study. Br J Dermatol. 2018; 179: 925-932.
CrossRef PubMed

Arase N, Wataya-Kaneda M, Murota H, Nakagawa
Y, Yamaoka T, Itoi-Ochi S, Hirayasu K, Arase H,
Fujimoto M, Katayama I. Genotype and pheno-
type analysis of patients with pediatric cutaneous
mastocytosis, especially wild-type KIT patients. J
Dermatol. 2020; 47: 426-429. CrossRef PubMed
Hartmann K, Henz BM. Mastocytosis: recent ad-
vances in defining the disease. Br J Dermatol.
2001; 144: 682-695. CrossRef PubMed

Lange M, Hartmann K, Carter MC, Siebenhaar F,
Alvarez-Twose |, Torrado I, Brockow K, Renke J,
Irga-Jaworska N, Plata-Nazar K, tugowska-Umer
H, Czarny J, Belloni Fortina A, Caroppo F, Nowicki
RJ, Nedoszytko B, Niedoszytko M, Valent P. Mo-
lecular background, clinical features and man-
agement of pediatric mastocytosis: Status 2021.
Int J Mol Sci. 2021; 22: 2586. CrossRef PubMed
Siebenhaar F, Weller K, Blume-Peytavi U, Maurer
M. [Childhood-onset mastocytosis]. Hautarzt.
2012; 63: 104-109. CrossRef PubMed

Brockow K, Plata-Nazar K, Lange M, Nedoszytko
B, Niedoszytko M, Valent P. Mediator-related
symptoms and anaphylaxis in children with mas-
tocytosis. Int J Mol Sci. 2021; 22: 2684. CrossRef
PubMed

Ben-Amitai D, Metzker A, Cohen HA. Pediatric cu-
taneous mastocytosis: a review of 180 patients.
Isr Med Assoc J. 2005; 7: 320-322. PubMed
Heinze A, Kuemmet TJ, Chiu YE, Galbraith SS. Longi-
tudinal study of pediatric urticaria pigmentosa.
Pediatr Dermatol. 2017; 34: 144-149. CrossRef
PubMed

Barnes M, Van L, DelLong L, Lawley LP. Severity of
cutaneous findings predict the presence of sys-
temic symptoms in pediatric maculopapular cu-
taneous mastocytosis. Pediatr Dermatol. 2014;
31:271-275. CrossRef PubMed

Yazal Erdem A, Ozyériik D, Emir S, Cakmakgi S,
Glle¢ Ceylan G, Toyran M, Civelek E, Dibek
Misirlioglu E. Clinical and demographic character-
istics of cutaneous mastocytosis in childhood:
Single-center experience. J Pediatr Hematol On-
col. 2021; Epub ahead of print. CrossRef PubMed
Gurnee EA, Johansen ML, Phung TL, Guo EL, Fong
A, Tollefson M, Nguyen H, Brandling-Bennett H,
Moriarty N, Paller AS, Huynh TN, Lawley LP. Pedi-
atric maculopapular cutaneous mastocytosis:
Retrospective review of signs, symptoms, and as-
sociated conditions. Pediatr Dermatol. 2021; 38:
159-163. CrossRef PubMed

Czarny J, Lange M, tugowska-Umer H, Nowicki RJ.
Cutaneous mastocytosis treatment: strategies,
limitations and perspectives. Postepy Dermatol
Alergol. 2018; 35: 541-545. CrossRef PubMed

Alvarez-Twose |, Vafié-Galvdn S, Sdnchez-Mufioz
L, Morgado JM, Matito A, Torrelo A, Jaén P, Schwartz
LB, Orfao A, Escribano L. Increased serum base-
line tryptase levels and extensive skin involve-
ment are predictors for the severity of mast cell
activation episodes in children with mastocytosis.
Allergy. 2012; 67: 813-821. CrossRef PubMed

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

Brockow K, Jofer C, Behrendt H, Ring J. Anaphy-
laxis in patients with mastocytosis: a study on his-
tory, clinical features and risk factors in 120 pa-
tients. Allergy. 2008; 63: 226-232. CrossRef
PubMed

Gorska A, Niedoszytko M, Lange M, Chetmiriska
M, Nedoszytko B, Wasqg B, Stomiriski JM, Gruchata-
Niedoszytko M, Nowicki R, Jassem E. Risk factors
for anaphylaxis in patients with mastocytosis. Pol
Arch Med Wewn. 2015; 125: 46-53. CrossRef
PubMed

Siebenhaar F, Akin C, Bindslev-Jensen C, Maurer
M, Broesby-Olsen S. Treatment strategies in mas-
tocytosis. Immunol Allergy Clin North Am. 2014;
34:433-447. CrossRef PubMed

Zuberbier T, Aberer W, Asero R, Bindslev-Jensen C,
Brzoza Z, Canonica GW, Church MK, Ensina LF,
Giménez-Arnau A, Godse K, Gongalo M, Grattan
C, Hebert J, Hide M, Kaplan A, Kapp A, Abdul Latiff
AH, Mathelier-Fusade P, Metz M, Saini SS, et al;
Dermatology Section of the European Academy of
Allergy and Clinical Immunology; Golbal Allergy
and Asthma European Network; European Der-
matology Forum; World Allergy Organization.
Methods report on the development of the 2013
revision and update of the EAACI/GA2 LEN/EDF/
WAO guideline for the definition, classification,
diagnosis, and management of urticaria. Allergy.
2014; 69: el-e29. CrossRef PubMed

Arock M, Akin C, Hermine O, Valent P. Current
treatment options in patients with mastocytosis:
status in 2015 and future perspectives. Eur J Hae-
matol. 2015; 94: 474-490. CrossRef PubMed

Siebenhaar F, Fértsch A, Krause K, Weller K, Metz
M, Magerl M, Martus P, Church MK, Maurer M.
Rupatadine improves quality of life in mastocyto-
sis: a randomized, double-blind, placebo-con-
trolled trial. Allergy. 2013; 68: 949-952. CrossRef
PubMed

Broesby-Olsen S, Dybedal I, Giilen T, Kristensen
TK, Mgller MB, Ackermann L, Sddf M, Karlsson
MA, Agertoft L, Brixen K, Hermann P, Stylianou E,
Mortz CG, Torfing T, Havelund T, Sander B, Berg-
strom A, Bendix M, Garvey LH, Bjerrum OW, Valent
P, Bindslev-Jensen C, Nilsson G, Vestergaard H,
Hdgglund H. Multidisciplinary management of
mastocytosis: Nordic Expert Group Consensus.
Acta Derm Venereol. 2016; 96: 602-612. CrossRef
PubMed

Zanelli M, Pizzi M, Sanguedolce F, Zizzo M, Palicelli
A, Soriano A, Bisagni A, Martino G, Caprera C,
Moretti M, Masia F, De Marco L, Froio E, Foroni
M, Bernardelli G, Alvarez de Celis MI, Giunta A,
Merli E, Ascani S. Gastrointestinal Manifestations
in Systemic Mastocytosis: The Need of a Multidisci-
plinary Approach. Cancers (Basel). 2021; 13: 3316.
CrossRef PubMed

Mashiah J, Harel A, Bodemer C, Hadj-Rabia S,
Goldberg I, Sprecher E, Kutz A. Topical pimecroli-
mus for paediatric cutaneous mastocytosis. Clin
Exp Dermatol. 2018; 43: 559-565. CrossRef
PubMed

Sukesh MS, Dandale A, Dhurat R, Sarkate A,
Ghate S. Case Report: Solitary mastocytoma treat-
ed successfully with topical tacrolimus. F1000 Res.
2014; 3: 181. CrossRef PubMed

Wolff K, Komar M, Petzelbauer P. Clinical and his-
topathological aspects of cutaneous mastocyto-



Nemat and Abraham

10

[32]

[33]

(34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

sis. Leuk Res. 2001; 25: 519-528. CrossRef
PubMed

Xuemin X, Lihang L, Changhua Z, Xiaofang Y,
Yongshan N, Zhipeng L, Chong J, Yue H. Efficacy
and safety of nemolizumab for adult atopic der-
matitis treatment: A meta-analysis of random-
ized clinical trials. J Investig Allergol Clin Immu-
nol. 2021: 20: Epub ahead of print. PubMed
Brazzelli V, Grassi S, Merante S, Grasso V, Cicco-
cioppo R, Bossi G, Borroni G. Narrow-band UVB
phototherapy and psoralen-ultraviolet A photo-
chemotherapy in the treatment of cutaneous
mastocytosis: a study in 20 patients. Photoder-
matol Photoimmunol Photomed. 2016; 32: 238-
246. CrossRef PubMed

Hughes JDM, Olynyc T, Chapdelaine H, Segal L,
Miedzybrodzki B, Ben-Shoshan M. Effective man-
agement of severe cutaneous mastocytosis in
young children with omalizumab (Xolair® ). Clin
Exp Dermatol. 2018; 43: 573-576. CrossRef
PubMed

Ertugrul A, Baskaya N, Cetin S, Bostanci I. Ana-
phylaxis and epinephrine autoinjector use in pe-
diatric patients with cutaneous mastocytosis. Pe-
diatr Dermatol. 2021; 38: 1080-1085. CrossRef
PubMed

Parente R, Pucino V, Magliacane D, Petraroli A,
Loffredo S, Marone G, Triggiani M. Evaluation of
vaccination safety in children with mastocytosis.
Pediatr Allergy Immunol. 2017; 28: 93-95. Cross-
Ref PubMed

Demain JG, Carter MC. Urticaria pigmentosa in a
child: Special considerations for vaccines, dietary
concerns, and other management. J Allergy Clin
Immunol Pract. 2021; 9: 1761-1762. CrossRef
PubMed

Johansen ML, Lawley LP. Assessing vaccination
reactions in pediatric patients with maculopapu-
lar cutaneous mastocytosis. Pediatr Dermatol.
2021; 38: 502-503. CrossRef PubMed

Bonadonna P, Brockow K, Niedoszytko M, Elberink
HO, Akin C, Nedoszytko B, Butterfield JH, Alvarez-
Twose |, Sotlar K, Schwaab J, Jawhar M, Castells
M, Sperr WR, Hermine O, Gotlib J, Zanotti R, Reiter
A, Broesby-Olsen S, Bindslev-Jensen C, Schwartz
LB, et al. COVID-19 vaccination in mastocytosis:
Recommendations of the European Competence
Network on Mastocytosis (ECNM) and American
Initiative in Mast Cell Diseases (AIM). J Allergy
Clin Immunol Pract. 2021; 9: 2139-2144. CrossRef
PubMed

Carter MC, Clayton ST, Komarow HD, Brittain EH,
Scott LM, Cantave D, Gaskins DM, Maric I, Metcalfe
DD. Assessment of clinical findings, tryptase lev-
els, and bone marrow histopathology in the man-
agement of pediatric mastocytosis. J Allergy Clin
Immunol. 2015; 136: 1673-1679.e3. CrossRef
PubMed

Lange M, Nedoszytko B, Gorska A, Zawrocki A,
Sobjanek M, Kozlowski D. Mastocytosis in chil-
dren and adults: clinical disease heterogeneity.
Arch Med Sci. 2012; 8: 533-541. CrossRef PubMed
Valent P, Akin C, Metcalfe DD. Mastocytosis: 2016
updated WHO classification and novel emerging
treatment concepts. Blood. 2017; 129: 1420-
1427.

Valent P, Akin C, Hartmann K, Alvarez-Twose |,
Brockow K, Hermine O, Niedoszytko M, Schwaab
J, Lyons JJ, Carter MC, Elberink HO, Butterfield JH,

George TI, Greiner G, Ustun C, Bonadonna P,
Sotlar K, Nilsson G, Jawhar M, Siebenhaar F,
Broesby-Olsen S, Yavuz S, Zanotti R, Lange M,
Nedoszytko B, Hoermann G, Castells M, Radia DH,
Mufioz-Gonzalez JI, Sperr WR, Triggiani M, Kluin-
Nelemans HC, Galli SJ, Schwartz LB, Reiter A,
Orfao A, Gotlib J, Arock M, Horny HP, Metcalfe
DD. Updated diagnostic criteria and classification
of mast cell disorders: A consensus proposal. He-
masphere. 2021; 5: e646.



