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Adv-SM: advanced SM

ASM: aggressive systemic mastocytosis
CM: cutaneous mastocytosis

DCM: diffuse cutaneous mastocytosis
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MC: mast cell

PT: prothrombin time

SM: systemic mastocytosis

SM-AHN: SM with associated hematologic neoplasm
TKI: tyrosine kinase inhibitor

VAF: variant allele frequency

WT: wild type



Mastocytosis encompasses heterogeneous disorders characterized by abnormal mast cell (MC)
accumulation in various organs.(1) Cutaneous mastocytosis (CM) is limited to the skin, whereas systemic
mastocytosis (SM) involves extra-cutaneous organs and is classified into non-advanced and advanced SM
(Adv-SM). Adv-SM includes aggressive SM (ASM), defined by organ dysfunction (C-finding), MC leukemia,
and SM with associated hematologic neoplasm (SM-AHN).(2) While non-Adv-SM is associated with a
favorable prognosis, Adv-SM carries a poor prognosis, and its underlying pathophysiology remains
incompletely understood. A KIT D816V mutation, causing constitutive KIT activation, is found in over 85%
of adult cases.(1) In Adv-SM, additional somatic mutations are commonly observed, primarily in epigenetic
and splicing regulators associated with clonal hematopoiesis and myeloid malignancies.(3) Early pediatric
Adv-SM (EP-Adv-SM) is extremely rare, as children typically present with CM. Here, we report a case of EP-
Adv-SM harboring both a somatic KIT D816V mutation and a novel germline EZH2 G181R variant. Through
functional studies in MC lines and transcriptomic analysis of adult patient samples, we demonstrate that
EZH2 loss of function selectively cooperates with KIT D816V to confer a proliferative advantage, supporting

a double-hit model of disease pathogenesis in EP-Adv-SM.

A full-term male infant presented at birth with generalized infiltrated erythematous skin and
episodes of bullae formation (Figure 1). Skin biopsy revealed MC infiltration. By one month of age, he
developed recurrent diarrhea, failure to thrive, and hepatosplenomegaly. Baseline serum tryptase was 193
ng/mL, with a normal TPSABT genotype (af/BB). Bone marrow biopsy revealed 25% MC infiltration with
aberrant CD25 and CD30 co-expression (Supplemental Figure 1). The KIT D816V mutation was detected
with a variant allele frequency (VAF) of 40%, consistent with early embryonic acquisition. According to the
WHO criteria, malabsorption with weight loss (manifesting as failure to thrive), constituted a C-finding,
establishing the diagnosis of ASM. (4,5) Marked monocytosis (8x10°/L), despite the absence of additional
JAK2, KRAS, NRAS, PTPNT11 or c¢-CBL mutations and the lack of bone marrow dysplasia, prompted
consideration of SM-AHN with a juvenile myelomonocytic leukemia (JMML)-like component. Whole-exome
sequencing identified a heterozygous germline missense mutation in EZH2 (c.541G>C, p.G181R), located in
the SANT domain (histone-binding region) and inherited from his asymptomatic mother. No other
pathogenic mutations were detected (Figure 2A). Initial treatment with three cycles of cytarabine and 6-
mercaptopurine showed no significant response in either MC infiltration or monocytosis. Midostaurin (10
mg/kg) was initiated at 6 months, leading to a partial therapeutic response, with normalized growth,
resolution of diarrheal episodes, normalization of monocyte count, and good tolerability. Specifically, the

patient achieved incomplete remission per Valent criteria (2007), a major response per Mayo Clinic criteria



(2010), and clinical improvement per IWG-MRT-ECNM consensus criteria.(6) While still receiving
midostaurin, the patient died at the age of 5 from an accidental cause unrelated to the disease. The case
report protocol was approved by the local institutional review board (CPPRB, Groupe Hospitalier de Paris
Necker, France; reference 03-01-05; approved 2003-07-07; amended 2021-02). Written informed consent

was obtained from the patient’'s parents.

A systematic literature review identified 12 additional cases of EP-Adv-SM (Table 1 and supplemental Table
1). Overall, EP-Adv-SM showed a marked male predominance (sex ratio 3.33), a diffuse cutaneous
presentation mimicking diffuse cutaneous mastocytosis (DCM) (n=12/13 patients), consistent
hepatosplenomegaly, and elevated baseline serum tryptase (median (range): 190 ng/mL (64-306)). The most
common C-findings were cytopenias (69%), hypersplenism (62%), and hepatomegaly with liver dysfunction
(38%). A diagnosis of AHN was not considered, despite the presence of leukocytosis, often including
neutrophilia, in 40% of patients. Six patients (46%) received tyrosine kinase inhibitors (TKI). Imatinib given
to a KIT D816V—positive patient provoked disease flares and severe cutaneous toxicity, prompting a switch
to dasatinib, which unexpectedly achieved partial disease control.(7) In contrast, another patient received
dasatinib in combination with cladribine and vincristine without improvement, and died at 10 weeks due to
the aggressiveness of MC infiltration and multiple infections.(8) Among three patients treated with
midostaurin, two of them showed clinical improvement and tryptase reduction, though
hepatosplenomegaly persisted.(9-11) In addition, one KIT D816V* patient treated with sirolimus, resulting
in clinical improvement.(12) Overall mortality rate was 62% (median (range) survival: 91 days (2-335)) but
with targeted therapies it decreased to 29% (2/7). Among the patients who underwent KIT sequencing
(n=9/13), all harbored either the D816V mutation or a functionally equivalent variant. Whole-exome
sequencing was performed in three additional patients identified in the literature review. Germline
mutations in two other tumor suppressor genes were identified: GL/3 (a major repressor of Hedgehog
signaling) and SETDZ2 (involved in gene regulation and histone modification via H3K36 trimethylation,

H3K36me3), each found in one patient.

To investigate whether these pathways are involved in adult ASM, we analyzed EZH2 and SETD2
MRNA expression, along with their downstream targets in lesional skin biopsies from masteeytosislesions
of adult ASM (n=3) and indolent SM (ISM, n=11) patients. EZH2 expression was 33% lower in ASM than in
ISM (p=.018), with six of its 27 target genes significantly upregulated in ASM (Figure 2B). SETDZ2 expression

was also lower in ASM, although not significantly, while ERG expression was significantly increased



(p=.0088). These findings indicate that EZH2 deficiency is not restricted to cases harboring EZH2 mutations
but extends more broadly across ASM. To directly assess the oncogenic potential of EZH2 G181R and its
interaction with KIT D816V, we performed lentiviral transduction of EZH2 WT or EZH2 G181R in ROSA MC
lines expressing either KIT WT or KIT D816V.(13) In ROSA KIT D816V cells, EZH2 G181R conferred a
significant proliferative advantage compared with both the Mock and EZH2 WT conditions (Figure 2C). To
further evaluate the impact of EZH2 loss of function, we treated both cell lines with increasing
concentrations of the EZH2 inhibitor tazemetostat (EPZ-6438). A dose-dependent increase in proliferation
was observed exclusively in ROSA KIT D816V cells, with no significant effect in KIT WT cells (Figure 2D).
Western blot analysis confirmed effective EZH2 inhibition, as evidenced by reduced H3K27me3 levels

(Figure 2E).

EP-Adv-SM is a rare, severe SM variant that overlaps clinically with pediatric DCM and adult Adv-
SM, presenting with diffuse cutaneous MC infiltration, hepatosplenomegaly, C-findings, and life-threatening
symptoms. A key hallmark of EP-Adv-SM is its early onset, congenital in most cases, and the consistent
presence of KIT D816V mutations, which are found in only ~40% of pediatric mastocytosis cases overall.(14)
Any case of diffuse CM presentation associated with hepatosplenomegaly, C-findings (including failure to
thrive in children), and a KIT D816V mutation should raise strong suspicion for EP-Adv-SM.(15) We propose
two hypotheses to explain the pathogenesis of EP-Adv-SM (supplemental Figure 2). The first hypothesis
suggests that the occurrence of KIT D816V mutations early during embryonic development, supported by
reports of in utero disease onset in several cases and by the high VAF observed in our patient, may account
for the aggressiveness of the disease. The second hypothesis posits a double-hit model: Adv-SM develops
when a somatic KIT D816V mutation arises in the context of reduced EZH2 function or other cooperating
abnormalities. This is supported by observations that, in adult patients, KIT D816V alone is insufficient to
initiate disease. Only a subset of adult Adv-SM patients harbors somatic EZH2 mutations (~5%), without
clustering in canonical hotspot domains, in contrast to B-cell lymphomas.(16) In the present study, we
extend these observations by showing that even in the absence of EZH2 mutations, primary MCs from adult
patients with aggressive disease exhibit reduced EZH2 expression together with upregulation of EZH2 target
genes, consistent with a loss-of-function phenotype. Similar epigenetic dysregulation has been reported
for other chromatin modifiers such as SETD2, whose expression is reduced in approximately 50% of adult
ASM. (17) We also previously reported Hedgehog pathway activation in primary MCs from adults with Adv-
SM in the absence of GLI3 mutations.(12) These observations are consistent with the double-hit model. A

key mechanistic insight from our functional studies is the context dependency of EZH2 loss of function.



Specifically, oncogenic cooperation between KIT D816V and EZH2 was demonstrated by the enhanced
proliferation observed exclusively in KIT D816V cells expressing EZH2 G181R, whereas EZH2 overexpression
or EZH2 G181R expression was toxic in ROSA KIT WT cells. Furthermore, pharmacological inhibition of EZH2
with tazemetostat (EPZ-6438) induced a dose-dependent increase in proliferation exclusively in KIT D816V
cells. Together, these findings support a model in which epigenetic deregulation, whether genetic or
functional, synergizes with constitutive KIT activation to drive disease aggressiveness in Adv-SM.

The emergence of an AHN may depend on the underlying germline event and can phenocopy the
somatic co-mutation patterns seen in adult Adv-SM. For example, monocytosis in adult SM often fulfills
diagnostic criteria for chronic myelomonocytic leukemia. In our patient, a JMML component was considered
despite the absence of classically associated mutations (NRAS, KRAS, PTPN11 or c-CBL) due to marked
monocytosis. Interestingly, although monocytes do not typically express KIT, their counts often decline with
avapritinib, a selective KIT D816V inhibitor. A paracrine mechanism of monocyte proliferation, likely
mediated by MC—derived cytokines such as TNF-o, has recently been suggested.(18) The germline EZH2
mutations detected in the reported patient may have increased the monocytic lineage responsiveness to
MC—derived cytokines, leading to marked monocytosis despite the absence of JMML-defining mutations.
Unfortunately, plasma cytokine levels were not measured in this patient, which would have been of

particular interest to better understand the mechanisms underlying the monocytosis.

Together, our findings support a model in which a germline mutation in a tumor suppressor and/or
epigenetic regulator (e.g., GLI3, EZH2, SETD2) predisposes to EP-Adv-SM that emerges after acquisition of
a somatic KIT D816V mutation in hematopoietic cells. Recognizing this pattern supports early blood testing
for KIT D816V and targeted germline evaluation in infants with diffuse cutaneous disease and systemic

involvement.
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Table 1. Clinical and laboratory characteristics of patients from the literature review and from our

case report.

Global cohort Our case
n=13
Sex
Female, n (%) 3 (23%)
Male, n (%) 10 (77%) Male
Sex ratio (M/F)) 3,33
Familial mastocytosis n=0 (0%)
Age at onset
- Median age of diagnosis (range) 0 month [0-3] At birth
- In utero 4 (31%)
- Atbirth 7 (54%)
- After Tmonth of age 2 (15%)
Symptoms related to MC infiltration, n (%) 13 (100%)
Cutaneous manifestations
- Type of cutaneous presentation
o Diffuse infiltrate 12 (92%) Diffuse infiltrate
o  Maculopapular lesions 1 (8%)
Organomegaly
- Hepatomegaly 13 (100%) Hepatomegaly
- Splenomegaly 13 (100%) Splenomegaly
- Lymphadenopathy 5 (38%)
Gastrointestinal manifestations
- Failure to thrive 4 (31%) Failure to thrive
- Diarrhea with blood and mucus 1 (8%)
Hepatic manifestations
- Signs of portal hypertension 3 (23%)
- Ascites 3 (23%)
Pulmonary manifestations
- Pulmonary hypertension 3 (23%)
Cardiac manifestations
- Cardiomegaly 1 (8%)
Symptoms related to MC activation, n (%) 12 (92%)
Cutaneous manifestations
- Positive Darier’s sign (reported) 4 (31%) Positive Darier’s sign
- Blistering lesions 11 (85%) Blistering lesions
Gastrointestinal manifestations
- Nausea/vomiting 3 (23%) Nausea/vomiting
- Diarrhea w/o blood and mucus 6 (46%) Diarrhea
Pulmonary manifestations
- Dyspnea 4 (31%)
- Bronchial Hyperreactivity 1 (8%)
Allergic reaction
- Anaphylaxis 1 (8%)
- Food allergy 2 (15%)
Cytopenias, n (%) 9 (69%)
- Thrombopenia 8 (62%)
o  Median (range) 104 x10°/L (24 -133)
- Anemia 6 (46%) Anemia, 10.3g/dL
o  Median (range) 9.5¢/dL (6 -10,5)
- Leukopenia 0 (0%)
Other Complete Blood Count abnormalities
- Leukocytosis 5 (38 %) Leukocytosis, 52 x10°%/L
o  Median (range) 26.2 x10%L (20 - 92)
- Monocytosis 1 (20%) Monocytosis, 8 x10%/L
- Neutrophilia 3 (60%)
- Not specified 1 (20%)
- Thrombocytosis 0 (0%) No, 202 x10%/L
Hepatic abnormalities, n (%)
- Moderate cytolysis (3-5xULN) 4 (31%)
- Prolonged prothrombin time (PT) 2 (15%)




- Albumin (NR: 35-49 g/L)

3 (23%)

34.5

- Alkaline phosphatase (NR : 104 — 518 902
Ul/L)
Basal serum tryptase
Median (range) 190ng/mL (64-306) 193ng/mL

C-findings
- Cytopenias due to bone marrow

13 (100%)

dysfunction 9 (69%)
- Hepatomegaly with functional impairment | 5 (38%)
- Skeletal involvement 0 (0%)
- Malabsorption with weight loss 6 (46%) Malabsorption with weight loss
- Splenomegaly with hypersplenism 8 (62%)
Molecular sequencing of the KIT gene, n (%) 9 (69%)
- Codon 816 mutation
o D81ev 8 (62%) KIT D816V (VAF=40%)
o D816Y 1 (8%)
- Other KIT mutation 0 (0%)
- WTKIT 0 (0%)
Non-systemic treatments, n (%) 11 (85%)
- Long-term corticosteroid therapy 7 (54%)
- Short-term corticosteroids (<1month) 1 (8%)
- Histamine antagonist 11 (85%) H1 and H2 antagonists,
- Sodium cromoglycate 7 (54%)
- Antileukotriene 2 (15%)
Systemic treatments, n (%) 8 (62%)
- Chemotherapy 3 (23%)
o  Hydroxyurea 1 (8%)
o  Vincristine, cladribine 1 (8%)
o  Cytarabine, 6-mercaptopurine 1 (8%) Cytarabine, 6 mercaptopurine,
corticosteroids (3 cycles)
- TKI 6 (46%)
o Imatinib (dosage not specified) 1 (8%)
o  Dasatinib (dosage not specified) 2 (15%)
o  Midostaurin (dosage range: 4.8-10 4 (31%) Midostaurin (10mg/kg)
mg/kg)
- mTOR inhibitor
o  Sirolimus (target trough: 8 ng/mL) 1(8%)
- Interferon o 1 (8%)

Descriptive statistics, including the mean (range) for continuous variables and the frequency (proportions)
for categorical variables, were used to summarize the baseline characteristics of the study population.

DCM = diffuse cutaneous mastocytosis; NR = normal range; MC = mast cell;, MPCM = maculopapular
cutaneous mastocytosis; TKI = tyrosine kinase inhibitor; ULN: upper limit of normal; VAF = variant allele

frequency.
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Figure Legends

Figure 1. Clinical pictures of the patient at birth (A) and at 30 months of age (B, C). (A) Diffuse
erythematous cutaneous infiltration with hemorrhagic bullae (arrows). (B, C) Clinical response to
midostaurin with improvement in cutaneous infiltration, resolution of diffuse erythema with persistence of
a subtle “peau d'orange” appearance (B) and Darier sign-like urtication mimicking dermatographism (C).
Figure 2. EZH2 loss-of-function cooperates with KIT D816V to drive mast cell proliferation. (A)
Schematic representation of the EZH2 protein domain structure (751 aa). The G181R missense mutation
(orange star) is in the first SANT domain (histone-binding region). Black dots indicate previously reported
somatic mutations. WBD: WD40-binding domain; SANT: SWI3-ADA2-NCoR-TFIlIB domain; CXC: cysteine-
rich domain; SET: catalytic domain. (B) mRNA expression of EZH2, its target genes (TIMPZ2, TIMP3, STATS5,
CDK4, ADRB2, CDKNZ2A), and SETD?2, its target genes (MYCN, ERG) in lesional skin biopsies from patients
with indolent systemic mastocytosis (ISM, n=11, blue) and aggressive systemic mastocytosis (ASM, n=3,
red). Data are expressed as relative expression (a.u.). Statistical comparisons were performed using Mann-
Whitney test (*p<0.05, **p<0.01). (C) Proliferation curves (confluence %) of ROSA KIT WT (left) and ROSA
KIT D816V (right) MC lines transduced with lentiviral vectors encoding Mock (empty vector, blue), EZH2 WT
(red), or EZH2 G181R (green). Confluence was monitored over time (hours) by live-cell imaging. Statistical
significance was assessed at indicated time points (*p<0.05). (D) Proliferation curves of ROSA KIT WT (left)
and ROSA KIT D816V (right) cell lines treated with increasing concentrations of EPZ-6438 (tazemetostat): 0
nM (blue), 50 nM (red), or 1 uM (green). ns: not significant; *p<0.05, ***p<0.001. (E) Western blot analysis
of EZH2, H3K27me3, total H3, and B-Actin in ROSA KIT WT and ROSA KIT D816V cell lines treated with EPZ-

6438 at 0 uM or 1 uM. The bar graph shows H3K27me3 levels normalized to total H3.
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Supplementary

References Clinical description at birth Evolution Treatment Molecular
abnormalities
Shah DCM and HSM since birth 4 months: failure to thrive and pneumonia H1 and H2 antagonists, KIT D816V
(1998)’ Death at 5 months from bacterial endocarditis, Oral sodium cromoglycate
Patient 1 pneumonia Corticosteroids
and ascites
Post-mortem findings: persistent myeloproliferative
disorder, portal hypertension, liver fibrosis and
anatomic pulmonary
vascular remodeling.
Murphy MPCM since birth Massive hypotension secondary to mast cell H1 and H2 antagonists, Not performed
(1999)> HSM by 6 months degranulation at 17 months (unknown factor) sodium cromoglycate
Patient 2 Generalized lymphadenopathy by Post-mortem findings: MC in liver, spleen, LN
12 months from collapse, attributed to massive hypotension
Kuint In utero presentation with HSM Malabsorption, liver dysfunction, severe infection Corticosteroids KIT D816V
(1999) and elevated alpha-fetoprotein. leading to death at 4 months for sepsis, DIC
Patient 3 DCM since birth Death at 4 months from sepsis, DIC and respiratory
failure, severe ascites
Angus In utero presentation with Clinical deterioration, marked by increasing abdominal | Chlorpheniramine, fresh-frozen plasma | Not performed
(2008) * cardiomegaly, HSM and distension, bloody diarrhea, and a need for ventilatory with cryoprecipitate.
Patient 4 progressive ascites. support. Vincristine from day 29
DCM since birth (34 weeks)
Death at 1 month after the first dose of vincristine, from
chronic lung disease and hepatic fibrosis complicating
ASM
Post-mortem findings: mast cell infiltration and fibrosis
in multiple organs
Huang In utero presentation with massive Pulmonary hypertension, H1 and H2 antagonists, KIT D816V
(2017)° HSM and ascites. Multiple infections (bacteremia), Oral and topical sodium cromoglycate,
Patient 5 DCM since birth (37 weeks) Refractory ascites and sepsis. Methylprednisolone
Under dasatinib and chemotherapy — No response: Cytoreductive agents (vincristine,
Death at 10 weeks from cardiorespiratory failure due to | cladribine and dasatinib) with no clinical
the aggressiveness of mast cell infiltration and multiple improvement
infections




Post-mortem findings: MC in liver, spleen, pancreas, LN,
BM, fibrotic liver and spleen

Hussain Presenting at birth with DCM and Rapid severe systemic deterioration (hypotension, Labile blood product Not performed
(2019)° respiratory distress respiratory distress, PH, coagulopathy) Morphine
Patient 6 Death at 2 days of life of multi-organ failure
after morphine administration
Post-mortem findings: MC in liver, spleen, BM and LN
Sinha DCM and HSM since birth Death on the 7t day after birth due to massive mast H1 and H2 antagonists Not performed
(2020) ’ cell degranulation causing cardiovascular collapse Dexamethasone
Patient 7 complicated by infection-induced sepsis
Krase DCM and HSM by 3 months Under midostaurin treatment - Partial remission: H1 and H2 antagonists KIT D816V
(2022)® - Reduction in hepatosplenomegaly Oral sodium cromoglycate
Patient 8 Near-complete resolution of head and neck Midostaurin (30mg/m? every 12 hours)
lesions
45% decrease in serum tryptase levels (from
234 to 129 ng/mL)
Polivka DCM since birth At 3 months: hepatic, splenic, and digestive infiltration H1 and H2 antagonists KIT D816V
(2023)° HSM by 3 months Macrocrania and associated Greig syndrome Oral sodium cromoglycate GLI3
Patient 9 Cognitive and developmental delay Montelukast G1559WfsX6

Associated eosinophilic inflammatory pancolitis
Liver cirrhosis
Under sirolimus treatment — Partial remission (6
years of follow-up):

Resolution of anemia (from 7 g/dL to 13 g/dL)
Reduction in hepatomegaly
Disappearance of bone marrow infiltration
Catch-up growth (from -2 SD to -0.3 SD)
43% decrease in serum tryptase levels (from 68
to 39 ng/ml)

Accidental death unrelated to EP-ASM at 9 years

Corticosteroids
Sirolimus (8ng/mL)




Larouche DCM and HSM at birth. At 3 months: portal hypertension and malabsorption. H1 and H2 antagonists KIT D816V
(2023)° Dysmorphic features, including At 4 years: Spinal Germinoma with strong c-KIT Sodium cromoglycate
Patient 10 microtia expression. Prednisone (discontinued)
Epilepsy, hypotonia, cognitive and developmental delay, Imatinib (discontinued)
moderate bilateral hearing loss and cirrhosis. Interferon alpha(discontinued)
At 12 years: 2 autoimmune hepatitis. Radiation therapy (SG)
Under Dasatinib treatment — Stable disease (12-year Dasatinib
follow-up): Topiramate (epilepsy)
Progression of liver fibrosis secondary to type 2 Corticosteroids and azathioprine
autoimmune hepatitis (autoimmune hepatitis)
Stabilization of cutaneous lesions and mast cell
infiltration
130% increase of serum tryptase levels (from 85
to 195ng/ml)
Voelker Intrauterine growth restriction Under midostaurin treatment - Partial remission (4- H1 and H2 antagonists KIT D816Y
(2023)" DCM, HSM, enlarged LN since birth years follow-up): sodium cromoglycate SETD2 K31E
Patient 11 (38 weeks) Resolution of thrombopenia Hydroxyurea
Normal statural and weight growth Midostaurin (4.8mg/kg)
Reduction in hepatosplenomegaly with stable
fibrosis
82% decrease of serum tryptase levels (from
306 to 54.5ng/mL)
Kiwit' In utero presentation with Under midostaurin treatment — No response: H1 and H2 antagonists, Montelukast KIT D816V
(2023) undetectable ductus venosus, Initiated as a bridge to hematopoietic stem cell Prednisone
Patient 12 organomegaly and ascites. transplantation Midostaurin
DCM since birth (35+1weeks) Improvement of clinical signs (notably skin and
blood pressure fluctuations) and serum markers
Patient remained ventilator-dependent and died
at 12 weeks due to progressive multi-organ
failure
Our patient DCM at birth. Under midostaurin treatment — Partial remission: H1 and H2 antagonists, KIT D816V
HSM by 1 month Normalization of monocytosis (WBC from 52 to Sodium cromoglycate EZH2 G181R

9.6 x10%/L, monocytes from 8 to 0.4 x10%/L)
Reduction in hepatosplenomegaly
Improvement in cutaneous infiltration with
resolution of bullae

Normal statural and weight growth

Chemotherapy (cytarabine, 6-
mercaptopurine, corticosteroids, 3 cycles)
Midostaurin (10mg/kg)




65% decrease of serum tryptase levels (from
193 to 68ng/mL)

BM = bone marrow; DCM = diffuse cutaneous mastocytosis; DIC = disseminated intravascular coagulation; PH = pulmonary hypertension; EP-ASM = early pediatric aggressive
systemic mastocytosis; LN = lymph nodes; MC = mast cells; MPCM = maculopapular cutaneous mastocytosis; SG = spinal germinoma

Supplemental Table 1. Summary of the EP-Adv-SM patient cohort reported in the literature. A comprehensive literature review on EP-Adv-SM was conducted using
Embase and Medline, via the Embase Elsevier platform. The search used the following Emtree terms: “mastocytosis”, or "mast cell” or "KIT mutation” or “mastocytosis/exp” AND
“neonatal” or "newborn” or “pediatric” or “infant” or “congenital” AND "observational study” or “longitudinal study” or "register” or “registries” or “case reports” or “case study
series”. Case reports were included if they described Adv-SM in infants with symptom onset within the first 24 months of life. Only cases meeting WHO diagnostic criteria for
Adv-SM were included. Articles were included only if they were freely accessible or available through university library subscriptions; articles that could not be accessed due to
subscription restrictions were excluded. All the following information was recorded: sex, family history, diagnostic criteria, results of skin and bone marrow biopsies, KIT mutation

status, other molecular findings (NGS, WGS, WES, FISH, karyotype), clinical and biological features, organomegaly, systemic symptoms, treatment and outcome.
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Supplemental Figure 2. Hypothetical clonal architecture (A) and double-hit model (B)
in EP-Adv-SM. Schematic representation of the hypothesized clonal architecture in EP-Adv-
SM versus SM-AHN (A). In EP-Adv-SM, a germline mutation in tumor suppressor or
epigenetic regulator (e.g., EZH2) and an early somatic KIT D816V mutation likely occurs
earlier in hematopoietic stem or progenitor cells, driving dominant clonal expansion and
MCs proliferation. In contrast, in SM-AHN, KIT D816V typically emerges later and is often
accompanied by additional somatic mutations. The development of EP-Adv-SM may be
explained by the “double-hit” hypothesis (B), which suggests that two major genetic

alterations are required for EP-Adv-SM initiation and progression.





