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Purpose: To compare the diagnostic yield, clinical, and molecular features of clonal mast cell disorders (CMCDs) in adults presenting 
with mast cell activation (MCA)/anaphylaxis versus non-anaphylactic phenotypes in a joint Allergy-Hematology cohort.
Patients and Methods: In this single-center retrospective study, we reviewed clinician-selected adults (≥18 years) evaluated at 
a Thai tertiary center (2019–2024) who completed joint Allergy-Hematology evaluation and targeted 66-gene myeloid next-generation 
sequencing (NGS). Index presentations were classified as MCA/anaphylaxis versus non-MCA. Final diagnoses followed WHO 5th/ 
International Consensus Classification criteria.
Results: Of 24 sequenced adults, 14 (58.3%) had MCA/anaphylaxis and 10 (41.7%) had non-MCA presentations. Among sequenced 
MCA/anaphylaxis presentations, final diagnoses included idiopathic anaphylaxis (IA, n=11), secondary anaphylaxis (n=2), and 
systemic mastocytosis (SM, n=1). Conversely, all 10 non-MCA cases had CMCD (SM 6, cutaneous mastocytosis 4). Compared to 
non-mastocytosis cases, mastocytosis patients were older, predominantly male, with higher basal tryptase (median 22.4 vs 3.2 ng/mL). 
Pathogenic variants occurred in 12/24 (50%) patients: KIT D816V in 6/24 (25%), with heterogeneous TET2 co-mutations, DNMT3A 
R882H, and SRSF2 P95 hotspots clustering in SM. IA rarely harbored driver mutations.
Conclusion: CMCD showed a low diagnostic yield (1/14, 7.1%) in the clinician-selected MCA/anaphylaxis subgroup escalated to 
marrow/NGS, but was universal in the hematologic non-MCA subset (10/10, 100%). These findings suggest that REMA-based, risk- 
stratified selection may be useful in this setting, but larger prospective studies are needed. While TET2 was the most frequently 
mutated gene overall, the mutational profile within the SM subgroup—characterized by KIT D816V and frequent TET2, DNMT3A, and 
SRSF2 co-mutations—parallels established molecular signatures in Western systemic mastocytosis cohorts, suggesting KIT-targeted 
therapies are biologically applicable in Thai patients.
Keywords: anaphylaxis, KIT D816V, systemic mastocytosis, mast cell activation syndrome, next-generation sequencing, REMA score

Introduction
Clonal mast cell disorders (CMCDs) are clonal myeloid neoplasms characterized by expansion, tissue infiltration, and 
aberrant immunophenotype of mast cells, usually driven by somatic activating KITsup mutations, most commonly KIT 
D816V.1–3 CMCDs include systemic mastocytosis (SM)—now classified as a myeloid neoplasm in the 5th edition WHO 
Haematolymphoid Tumours and the International Consensus Classification—and related clonal mast cell proliferations 
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such as monoclonal mast cell activation syndrome (MMAS), in which KIT-mutated, immunophenotypically aberrant 
mast cells are present but full SM criteria are not met.1,2 In adults, the most frequent CMCD phenotype is indolent 
systemic mastocytosis (ISM), which is usually not a high-grade hematologic malignancy, but morbidity is driven by 
recurrent mast cell mediator–related symptoms (flushing, hypotension or syncope, anaphylaxis) and skeletal involvement 
(e.g., osteoporosis).1 Accordingly, these patients are seen not only in hematology but also—often first—in the allergy/ 
immunology clinics.1,4

From the allergy/immunology perspective, clinicians are consulted to evaluate “mast cell activation (MCA),” 
“idiopathic anaphylaxis (IA),” or “possible mast cell activation syndrome (MCAS).”4,5 Severe anaphylaxis in adults— 
particularly hypotensive anaphylaxis with syncope and absence of cutaneous findings—is now recognized as a clinical 
red flag for an occult clonal mast cell disorder.5,6 Allergists are therefore expected to identify which adults with IA or 
MCA may harbor clonal disease and to coordinate early assessment with hematology.1,4,5

However, most data linking severe anaphylaxis to CMCD come from European venom-allergy and mastocytosis 
centers, particularly in patients with Hymenoptera sting anaphylaxis and hypotension.5,6 To date, no cohort studies from 
Southeast Asia have reported the diagnostic yield/detection of CMCD among selected adults referred for suspected MCA 
or IA.3,5,7 Hematology-based series often focus on disease classification, KIT mutation status, and prognosis but rarely 
describe the initial clinical presentation in a way that informs allergy practice.1,3 Targeted next-generation sequencing 
(NGS) panels are now routinely used in myeloid neoplasms to detect recurrent somatic mutations across signaling, 
epigenetic, and splicing genes (eg., KIT, TET2, ASXL1, SRSF2, RUNX1), refine prognostic stratification, and identify 
high-risk constellations such as the SRSF2/ASXL1/RUNX1 (“S/A/R”) genotype in advanced systemic mastocytosis.8 

From a clinical allergy perspective, a key unanswered question is whether routine escalation to bone marrow examination 
and molecular testing is justified in adults presenting with recurrent MCA or IA in real-world practice, particularly 
outside specialized mastocytosis referral centers.

We therefore conducted a retrospective study in a Thai academic center to (1) estimate the diagnostic yield of CMCD 
among adults selected for joint Allergy–Hematology work-up and NGS; (2) compare clinical features and final diagnoses 
across MCA versus non-anaphylactic presentations; and (3) characterize the underlying mutation profile using targeted 
next-generation sequencing.

Graphical Abstract
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Materials and Methods
Study Design and Setting
We conducted a retrospective observational cohort study at Siriraj Hospital, Bangkok, Thailand, from 1 January 2019 to 
29 February 2024. During this time, the internal medicine Allergy/Immunology service evaluated several hundred adult 
encounters for suspected mast cell activation (MCA) presentations, as well as additional cases presenting with non-MCA 
phenotypes. Rather than employing a systematic screening approach, referral to hematology, bone marrow evaluation, 
and NGS followed a clinician-directed escalation pathway based on perceived clinical risk. Because no standardized 
protocol was applied, this process inherently created a highly selected, high-risk subgroup of patients. This analysis 
includes only adults who completed a full Allergy–Hematology evaluation and underwent targeted NGS. The study was 
approved by the Siriraj Institutional Review Board under expedited review (SIRB No. 072/2024 [IRB3]), and informed 
consent was waived due to the retrospective design.

Participants
Eligible patients were aged ≥18 years and had a final multidisciplinary diagnosis consistent with a clonal mast cell 
disorder (CMCD) or a mast cell activation–type diagnosis (eg., anaphylaxis). Importantly, inclusion was strictly limited 
to the selected subset of patients who completed a full diagnostic evaluation and underwent targeted 66-gene myeloid 
NGS from a peripheral blood or bone marrow sample during the study period. Patients were excluded if they had an 
incomplete evaluation, defined as the absence of both baseline serum tryptase and KIT mutation testing.

Index Presentation Classification
For analysis, each patient was assigned an “index presentation phenotype” based on the initial documented clinical 
presentation that prompted specialist referral, not on downstream diagnostic findings.

MCA/anaphylaxis presentation
Defined as any of the following at first presentation: Idiopathic or hypotensive anaphylaxis requiring acute care, with 
physician-documented anaphylaxis; Recurrent stereotyped multisystem episodes clinically assessed as mast cell activa
tion by an allergist/immunologist, typically involving ≥2 organ systems; Syncope or presyncope with generalized 
flushing or erythema without an alternative explanation. Paired acute and baseline serum tryptase and the “20% + 2 
ng/mL” formula were recorded when available, but were not required to assign this category.

Non-MCA presentation
Defined as an initial presentation not dominated by mast cell mediator symptoms or anaphylaxis but instead featuring 
findings that prompted hematologic evaluation for a mast cell disorder. These included unexplained cytopenias, spleno
megaly, abnormal bone marrow morphology identified during evaluation for another hematologic condition, persistent 
cutaneous lesions suggestive of mastocytosis, or chronic gastrointestinal or constitutional symptoms without collapse.

If a patient exhibited both patterns over time, categorization was based on the earliest clinical presentation that led to 
specialist consultation.

Diagnostic Assessment and Final Adjudication
All patients underwent coordinated evaluation by the Allergy and Hematology services. The following variables were 
abstracted from the medical record: age, sex, index presentation (MCA/anaphylaxis vs non-MCA), hemodynamic 
features (hypotension, syncope), suspected trigger, key examination findings (eg., urticaria pigmentosa, organomegaly), 
baseline laboratory results (complete blood count, serum albumin, baseline tryptase), bone marrow findings (when 
available), and persistence of mast cell activation symptoms after diagnosis.

Final diagnoses were determined by a multidisciplinary team (allergy/immunology, hematology, dermatology) using 
an integrated assessment that included clinical features, acute and baseline tryptase trends, mast cell immunophenotyping 
(CD25, CD2, CD30 when performed), bone marrow morphology, and molecular findings. Diagnostic adjudication 
followed the WHO 5th edition and International Consensus Classification frameworks, which recognize mastocytosis 
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as a clonal myeloid neoplasm. Diagnostic categories included systemic mastocytosis (SM), cutaneous mastocytosis 
(CM), idiopathic anaphylaxis (IA), and secondary anaphylaxis (for non-clonal presentations). Monoclonal mast cell 
activation syndrome (MMAS) was defined as a clonal KIT-mutated, immunophenotypically aberrant mast cell population 
that did not fulfill full criteria for SM.1,9

We also abstracted two published clinical risk scores—the Red Española de Mastocitosis (REMA) score10 and the 
NIH Idiopathic Clonal Anaphylaxis Score (NICAS)11—for descriptive analysis; however, these scores were not used to 
determine study inclusion.

Next-Generation Sequencing
Genomic testing was performed on DNA extracted from peripheral blood or bone marrow aspirate. NGS was conducted 
using the QIAseq Targeted DNA Pro Panel (Qiagen, Hilden, Germany), covering 66 genes recurrently mutated in 
myeloid and mast cell neoplasms; the complete gene list is provided in Supplementary Methods 1. Libraries were 
prepared from 30 ng of genomic DNA according to the manufacturer’s protocol and sequenced on a NextSeq 1000 
platform (Illumina, San Diego, CA, USA) using a P1 XLEAP-SBS reagent kit (300 cycles; paired-end 2×150 bp). 
Analytical performance for KIT D816V detection was estimated at 60–80% sensitivity and >99% specificity.

Raw FASTQ files were processed through a validated QIAGEN bioinformatics pipeline. Secondary analysis was 
performed in CLC Genomics Workbench (QIAGEN), including alignment to the human reference genome (hg38) and 
calling of single-nucleotide variants and small insertions/deletions using the built-in variant detection workflow. Variant 
interpretation and clinical classification were performed in QIAGEN Clinical Insight Interpret (QCI-I). Pathogenic or 
likely pathogenic variants with a variant allele frequency (VAF) >3% were reported; selected clinically relevant hotspot 
variants with VAF >0.5% were also considered. Variant classifications were further manually reviewed against COSMIC 
and VarSome, and discrepant interpretations were resolved by investigator consensus. Classification followed American 
College of Medical Genetics and Association for Molecular Pathology recommendations.

Outcomes
Primary outcome was the diagnostic yield of CMCD among patients with an MCA/anaphylaxis index presentation who 
completed escalated work-up including NGS who were ultimately diagnosed with a clonal mast cell disorder (SM, CM, 
or other CMCDs) after full Allergy–Hematology work-up. Secondary outcomes included: (1) the distribution of final 
diagnoses (SM, CM, MMAS, IA, secondary anaphylaxis) across MCA/anaphylaxis versus non-MCA presentations; (2) 
presenting clinical features (eg., hypotension, suspected trigger, urticaria pigmentosa, cytopenias, platelet count, serum 
albumin, baseline serum tryptase); and (3) the mutational profile of clonal mast cell disease, including KIT D816V and 
co-occurring myeloid mutations.

Statistical Analysis
Continuous variables were summarized as median (interquartile range [IQR]) or mean ± standard deviation (SD), and 
categorical variables as counts and percentages. Group comparisons—mastocytosis (SM+CM) vs non-mastocytosis, and 
MCA/anaphylaxis vs non-MCA index presentation—were conducted using the Mann–Whitney U-test for continuous 
variables and Fisher’s exact or Chi-square test for categorical variables. Proportions were reported with two-sided 95% 
confidence intervals (Wilson method). A two-sided p-value <0.05 was considered statistically significant. All analyses 
were performed using R (R Foundation for Statistical Computing).

Results
Cohort and Diagnostic Pathways
Between 1 January 2019 and 29 February 2024, the service evaluated 728 adult encounters with MCA-type presentations 
and 235 encounters with non-MCA presentations. Escalation to joint Allergy–Hematology assessment, bone marrow 
evaluation, and NGS was initiated by the clinician. Twenty-four unique adults completed a full evaluation, including 
NGS, and formed the analytic cohort (Figure 1). Because this escalation was based on clinical judgment, the analytic 
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cohort represents a highly selected subgroup; therefore, the downstream percentages reflect diagnostic yield in this 
escalated group and do not represent prevalence across all referrals. Of these, 14/24 (58.3%) had an MCA/anaphylaxis 
index presentation, and 10/24 (41.7%) had a non-MCA presentation, as defined in the Methods. Restricting the molecular 
findings to this sequenced analytic cohort, 12/24 (50.0%) harbored at least one pathogenic or likely pathogenic variant; 4/ 
14 (28.6%) in the MCA/anaphylaxis group and 8/10 (80.0%) in the non-MCA group.

Clinical Characteristics and Final Diagnoses
Baseline characteristics are summarized in Table 1. Of the 24 sequenced patients, 9 (37.5%) were male. The median age 
at diagnosis was 49 years (range 18–78), and 7 (29.2%) were ≥60 years. Fourteen patients (58.3%) had mediator-type 
symptoms at presentation consistent with MCA/anaphylaxis. Urticaria pigmentosa was documented in 5/24 (20.8%) 
patients; 4/5 (80.0%) of these were ultimately diagnosed with cutaneous mastocytosis. Cytopenias were uncommon: 
hemoglobin <10 g/dL occurred in 3/24 (12.5%) and platelets <100×109/L in 3/24 (12.5%). Hypoalbuminemia (albumin 
<3.5 g/dL) was present in 2/20 evaluable patients (10.0%), and elevated alkaline phosphatase in 6/19 (31.6%).

The median baseline serum tryptase for the cohort was 5.7 ng/mL (range 1.65–985†; the upper limit reflecting 
a confirmed value in a patient with advanced systemic mastocytosis), and 6/23 (26.1%) had a basal tryptase >20 ng/mL. 
Final multidisciplinary diagnoses were idiopathic anaphylaxis (IA) in 11/24 (45.8%), systemic mastocytosis (SM) in 7/24 
(29.2%), cutaneous mastocytosis (CM) in 4/24 (16.7%), and secondary anaphylaxis in 2/24 (8.3%); no patient was 
adjudicated as MMAS.

Mastocytosis versus Non-Mastocytosis
For descriptive comparison, patients were grouped as mastocytosis (SM+CM; n=11) versus non-mastocytosis (IA or 
other identified cause of anaphylaxis [secondary causes]; n=13) (Table 2). Patients with mastocytosis were older than 
those without mastocytosis (mean 63.0 ± 13.5 vs 40.0 ± 16.2 years; p=0.001) and more often ≥60 years (72.7% vs 7.7%; 
p=0.023). They were predominantly male (72.7% vs 7.7%; p=0.002). Mediator-related symptoms were present in 1/11 
(9.1%) in the mastocytosis group compared with 13/13 (100%) in the non-mastocytosis group (p<0.001).

Figure 1 Flow of study participants. 
Notes: Only patients who underwent NGS (n=24) formed the analytic cohort; other encounters are shown to illustrate overall service volume and were not systematically 
assessed for clonal disease. 
Abbreviations: ASM, aggressive systemic mastocytosis; CM, cutaneous mastocytosis; CMCD, clonal mast cell disorder; IA, idiopathic anaphylaxis; ISM, indolent systemic 
mastocytosis; MCA, mast cell activation; NGS, next-generation sequencing; SM-AHN, systemic mastocytosis with an associated hematologic neoplasm.
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Table 1 Baseline Clinical Characteristics of the NGS-Sequenced Cohort (N=24)

Characteristics All  
(n=24)

SM  
(n=7)

CM  
(n=4)

MMAS  
(n=0)

IA  
(n=11)

Secondary Anaphylaxis 
(n=2)

Demographics

Male, n (%) 9 (37.5) 5 (71.4) 3 (75) – 1 (9) 0 (0)

Age at diagnosis*, median (range), y 49 (18–78) 69 (37–78) 62 (50–69) – 39 (18–60) 54 (36–72)

Age >60 y, n (%) 7 (29.2) 4 (57.1) 2 (50) – 0 (0) 1 (50)

Urticaria pigmentosa present, n (%) 5 (20.8) 1 (14.3) 4 (100) – 0 (0) 0 (0)

Mediator-related/ clinical features

Mediator-related symptoms, n (%) 14 (58.3) 1 (14.3) 0 – 11 (100) 2 (100)

Hematologic laboratory

Hemoglobin, median (IQR), g/dL (n) 12.3 (6.3–16.5) 12 (6.3–14.8) 14.8 (10–16.5) – 12.5 (11.4–14) 13.7 (-)

Hemoglobin <10 g/dL, n (%) 3 (12.5) 3 (42.9) 0 (0) – 0 (0) 0 (0)

WBC count, median (range), x109/L (n) 6.8 (2.7–23.0) 8.8 (3.6–23.0) 6 (2.7–6.5) – 7.7 (3.9–9.8) 4.8 (-)

WBC >10 x109/L, n (%) 3 (12.5) 3 (42.9) 0 (0) – 0 (0) 0 (0)

Platelets count, median (range), x109/L (n) 249 (12–488) 183 (12–488) 240 (20–298) – 281 (235–413) 152 (-)

Platelets < 100 x 109/L, n (%) 3 (12.5) 2 (28.6) 1 (25) – 0 (0) 0 (0)

Biochemistry

Hypoalbuminemia**, n/N (%) 2/20 (10.0) 2/7 (28.6) 0/4 (0) – 0/7 (0) 0/2 (0)

High alkaline phosphatase***, n/N (%) 6/19 (31.6) 6/7 (85.7) 0/4 (0) – 0/7 (0) 0/2 (0)

Mast cell marker

Basal serum tryptase, median (range), ng/mL 5.7 (1.65–985) 53.0 (14–985†) 5.3 (3.7–15.4) – 4.1 (1.7–6.7) 7.1 (5.7–8.5)

Basal serum tryptase >20 ng/mL, n/N (%) 6/23 (26.1) 6/7 (85.7) 0/4 (0) – 0/11 (0) 0/2 (0)

Notes: *Data are presented as median, IQR. **Serum albumin level <3.5 g/dL. ***Serum alkaline phosphatase (ALP) > 129 U/L. †Basal serum tryptase range 1.65–985; the 
upper limit reflecting a confirmed value in a patient with advanced systemic mastocytosis. 
Abbreviations: CM, cutaneous mastocytosis; MMAS, monoclonal mast cell activation syndrome; WBC, white blood cell; SM, systemic mastocytosis.

Table 2 Clinical and Laboratory Characteristics of Patients with Mastocytosis versus Non-Mastocytosis (N=24)

Characteristics Mastocytosis  
(SM + CM) (n=11)

Non-Mastocytosis  
(IA + Secondary Cause) (n=13)

P-value

Demographics

Male, n (%) 8 (72.7) 1 (7.7) 0.002

Age at diagnosis, years, mean± SD* 63.0 ± 13.5 40 ± 16.2 0.001

Age >60 years, n (%) 8 (72.7) 1 (7.7) 0.023

Clinical features

Urticaria pigmentosa, n (%) 4 (36.4) 0 (0) 0.21

Mediator-related symptoms, n (%) 1 (9.1) 13 (100) <0.001

(Continued)
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Platelet counts were lower in mastocytosis than in non-mastocytosis (median 190×109/L [IQR 64–249] vs 281×109/L 
[IQR 246–359]; p=0.019). Basal mast cell markers also differed: median baseline serum tryptase was higher in 
mastocytosis (22.4 ng/mL [IQR 6.4–93]) than in non-mastocytosis (3.2 ng/mL [IQR 2.36–5.7]; p=0.001), and a basal 
tryptase >20 ng/mL occurred only in the mastocytosis group (6/11 [54%] vs 0/13 [0%]; p=0.003).

CMCD by Presentation Pathway
Across the 24 sequenced adults, 14/24 (58.3%) had an MCA/anaphylaxis index presentation and 10/24 (41.7%) had 
a non-MCA presentation. The diagnostic yield of CMCD in the selected subgroup was lower in the MCA pathway: 1/14 
(7.1%; SM; 95% CI 1.3–31.5%) versus 10/10 (100%; SM 6, CM 4; 95% CI 72.2–100%), respectively among sequenced 
patients (Figure 1). Thus, CMCDs clustered in the hematology/non-MCA pathway, whereas MCA/anaphylaxis referrals 
were rarely clonal in this cohort.

Molecular Findings
Overall cytogenetic and molecular results are presented in Table 3, with an oncoplot of SM cases shown in Figure 2. 
Pathogenic or likely pathogenic variants were identified in 12/24 patients (50.0%). The most frequent mutations were 
TET2 in 7/24 (29.2%), KIT D816V in 6/24 (25.0%), DNMT3A in 4/24 (16.7%), and SRSF2 in 4/24 (16.7%). Additional 
recurrent mutations included ASXL1 (2/24, 8.3%), CBL (2/24, 8.3%), MPL (2/24, 8.3%), RUNX1 (1/24, 4.2%), and WT1 
(1/24, 4.2%). Beyond KIT D816V, specific hotspot mutations such as DNMT3A R882H and SRSF2 P95 clustered within 
the SM cohort. In contrast, driver mutations were rarely observed in IA cases.

Within MCA presentations, excluding the single SM case, driver mutations were infrequent and non-KIT. Among 
patients with IA (n=11), MPL variants were detected in 2/11 (18.2%) and TET2 in 1/11 (9.1%); no other recurrent drivers 
were identified. No pathogenic variants were detected in the two patients with secondary anaphylaxis. Including the 
single SM case, any pathogenic variant was present in 4/14 (28.6%) MCA/anaphylaxis presentations, and KIT D816V 
was not detected in IA or in secondary anaphylaxis.

Clonal signals were concentrated in SM. KIT D816V was detected in 6/7 SM patients (85.7%) and in none of the IA or other 
identified-cause cases. TET2 (5/7, 71.4%), SRSF2 (4/7, 57.1%), and DNMT3A (2/7, 28.6%) were also frequent in SM. By 

Table 2 (Continued). 

Characteristics Mastocytosis  
(SM + CM) (n=11)

Non-Mastocytosis  
(IA + Secondary Cause) (n=13)

P-value

Laboratory parameters

Hemoglobin, g/dL, median (IQR) 11.8 (6.3–16.5) 12.6 (11.4–14) 0.44

Hemoglobin <10 g/dL, n (%) 3 (27.3) 0 (0) 0.093

WBC, x109/L, median (IQR) 6.5 (5.1–10.2) 7.1 (6.5–8.0) 0.78

WBC >10 x109/L, n (%) 3 (27.3) 0 (0) 0.093

Platelets, x109/L, median (IQR) 190 (64–249) 281 (246–359) 0.019

Platelets <100 x109/L, n (%) 3 (27.3) 0 (0) 0.093

Hypoalbuminemia**, n/N (%) 2/11 (18.2) 0/10 (0) 0.48

Basal serum tryptase, ng/mL, median (IQR) 22.4 (6.4–93) 3.2 (2.36–5.7) 0.001

Basal serum tryptase >20 ng/mL, n (%) 6 (54%) 0 (0) 0.003

Notes: *Data are presented as median, (IQR), except for age at diagnosis and Hb are presented as mean, SD. ** Serum albumin level <3.5 g/dL. 
Bold text indicates statistical significance (p < 0.05). 
Abbreviations: CM, cutaneous mastocytosis; MMAS, Monoclonal mast cell activation syndrome; WBC, white blood cell; SM, systemic 
mastocytosis.
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contrast, most IA cases lacked detectable driver mutations: only 1/11 (9.1%) carried TET2, and none carried KIT D816V. CM 
showed a weaker clonal signal: KIT D816V was not detected, although TET2 (1/4, 25.0%) and DNMT3A (2/4, 50.0%) mutations 
were observed. Overall, 7/7 SM patients (100%) and 2/4 CM patients (50.0%) harbored at least one pathogenic variant, 
compared with 3/11 (27.3%) in the IA group and 0/2 in the other-cause group. All 4 CM cases entered via the non-MCA pathway.

Triggers Within MCA Presentations
Within the MCA/anaphylaxis index group (n=14), final diagnoses were IA in 11/14 (78.6%), other identified cause of 
anaphylaxis (secondary causes) in 2/14 (14.3%), and SM in 1/14 (7.1%). Detailed subclassification of MCA episodes by 

Table 3 Cytogenetic and Molecular Findings in the NGS-Sequenced Cohort (N=24)

Characteristics All 
(n=24)

SM 
(n=7)

CM 
(n=4)

MMAS 
(n=0)

Idiopathic 
Anaphylaxis 

(n=11)

Secondary 
Anaphylaxis (n=2)

Specific Variants Observed

Driver/myeloid-associated mutations

KIT D816V, n (%) 6 (25.0) 6 (85.7) 0 (0) – 0 (0) 0 (0) p.D816V

TET2, n (%) 7 (29.2) 5 (71.4) 1 (25) – 1 (9.1) 0 (0) p.E1207G; p.T556fs*11; p.D1736N; p. 
H1280Y; p.V1900F; p.I1859T

ASXL1, n (%) 2 (8.3) 2 (28.6) 0 (0) – 0 (0) 0 (0) p.L775*; p.C605*

SRSF2, n (%) 4 (16.7) 4 (57.1) 0 (0) – 0 (0) 0 (0) p.P95L; p.P95H

CBL, n (%) 2 (8.3) 2 (28.6) 0 (0) – 0 (0) 0 (0) p.R420Q; p.D390Y

FLT3, n (%) 1 (4.2) 1 (14.3) 0 (0) – 0 (0) 0 (0) FLT3 variant reported in one SM case; exact 
annotation not available

DNMT3A, n (%) 4 (16.7) 2 (28.6) 2 (50) – 0 (0) 0 (0) p.T727A; p.R882H; p.Y660*

MPL, n (%) 2 (8.3) 0 (0) 0 (0) – 2 (18.2) 0 (0) p.L513del; p.P106L

RUNX1, n (%) 1 (4.2) 1 (14.3) 0 (0) – 0 (0) 0 (0) p.P357fs*

WT1, n (%) 1 (4.2) 1 (14.3) 0 (0) – 0 (0) 0 (0) p.R385fs*5

Any molecular 
abnormality †, n (%)

12 (50) 7 (100) 2 (50) – 3 (27.3) 0 (0) Not applicable

Notes: †Molecular abnormality included “pathogenic” and “likely pathogenic”. Specific variants for SM/CM were summarized from Figure 2. Variants are annotated at the 
protein level. The number indicates the amino acid position in the encoded protein, and the letters before and after the number denote the reference and substituted amino 
acids, respectively. “fs” indicates a frameshift mutation, and “*” indicates a stop codon. 
Abbreviations: CM, cutaneous mastocytosis; IA, idiopathic anaphylaxis; MCA, mast cell activation; MMAS, monoclonal mast cell activation syndrome; NGS, next- 
generation sequencing; SM, systemic mastocytosis.

Figure 2 Oncoplots, an alignment of gene mutations with MCAD subtype. Each row represents an individual patient. Columns list the 10 genes that were interrogated for 
mutations. Individual genes are arranged from left to right reflecting those with highest to lowest mutation frequency (N=9). Orange columns represent patients with 
Advanced Systemic Mastocytosis (AdvSM), and yellow columns represent patients with Non-advanced Systemic Mastocytosis (Non-AdvSM). fs indicates a frameshift 
mutation, and “*” indicates a stop codon. 
Abbreviations: AdvSM, advanced systemic mastocytosis; Non-AdvSM, Non-advanced systemic mastocytosis; N/A, Not Available; ASXL1, Additional sex combs like 
transcriptional regulator 1; CBL, Casitas B-lineage Lymphoma; DNMT3A, DNA (cytosine- 5)-methyltransferase 3A; FLT3, FMS-like tyrosine kinase3; KIT, tyrosine-protein 
kinase; MPL, MPL proto-oncogene, thrombopoietin receptor; RUNX1, Runt-related transcription factor 1; SRSF2, Serine/arginine-rich splicing factor 2; TET2, Tet 
Methylcytosine Dioxygenase 2; WT1, Wilms tumor suppressor gene; ASM, AdvSM Includes Aggressive Systemic Mastocytosis; SM-AHN, Systemic Mastocytosis with 
Associated Hematologic Neoplasm; MCL, Mast Cell Leukemia; ISM, Non-AdvSM Includes Indolent Systemic Mastocytosis; SSM, Smoldering Systemic Mastocytosis; BMM, 
Bone Marrow Mastocytosis.
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specific triggers (eg., venom, food, drug) was not available for all patients. Among the 11 patients with mastocytosis (7 
SM and 4 CM), the only identified trigger for mast cell–mediated symptoms was a honeybee sting in 1 patient with 
indolent SM that resulted in severe anaphylaxis. No drug or food allergies were reported in the remaining mastocytosis 
patients based on nurse-administered screening during chart review.

Additional longitudinal characteristics of the MCA/anaphylaxis subgroup with complete follow-up data (n=12)— 
including number of anaphylaxis episodes during follow-up, emergency visits and hospitalizations, use of intramuscular 
adrenaline, and REMA and NICAS risk scores—are summarized in Table 4.

Advanced Systemic Mastocytosis
Six patients met criteria for advanced systemic mastocytosis (aggressive SM, SM with an associated hematologic 
neoplasm, or mast cell leukemia). Their mutational profile included KIT D816V in 5/6 (83.3%), TET2 in 5/6 (83.3%), 
SRSF2 in 3/6 (50.0%), DNMT3A in 2/6 (33.3%), ASXL1 in 2/6 (33.3%), and CBL in 2/6 (33.3%), with FLT3, RUNX1, 
and WT1 mutations each detected in 1/6 (16.7%) (Figure 2).

Discussion
In this Thai tertiary cohort, the diagnostic yield of CMCD was low within the clinician-selected MCA/anaphylaxis 
subgroup escalated to marrow/NGS (1/14, 7.1%) but was universal among those entering via non-MCA hematology 
pathways (10/10, 100%). Within MCA presentations, most patients were ultimately classified as IA or secondary 
anaphylaxis, and NGS seldom demonstrated KIT D816V. The detected variants, such as TET2 or MPL, in IA are more 
compatible with age-related clonal hematopoiesis than with CMCD. By contrast, SM showed the expected KIT-centric 
architecture with frequent co-mutations in TET2, SRSF2, and DNMT3A, while CM included KIT-negative cases carrying 
myeloid co-mutations. Taken together, in this single-center, clinician-escalated cohort, CMCD was identified more often 
through non-MCA hematology pathways than among patients escalated from MCA/anaphylaxis presentations.

The low diagnostic yield of CMCD in our clinician-escalated MCA/anaphylaxis subgroup (7.1%) contrasts markedly 
with the 47% yield reported in Western cohorts of patients with unexplained anaphylaxis lacking cutaneous 
mastocytosis.12 This discrepancy highlights a fundamental methodological distinction. Western series frequently employ 
systematic screening in high-risk referral populations—often presenting with severe Hymenoptera venom anaphylaxis 
and syncope—where routine bone marrow assessment yields a high proportion of occult clonal disease. In contrast, our 
cohort reflects a real-world, clinician-directed escalation approach across a broader pre-test probability range, where 
structured venom-allergy referral pathways are less formalized and triggers are often retrospectively heterogeneous. 
Direct comparison of our 7.1% diagnostic yield with the prevalence-like estimates from European cohorts is therefore 
structurally constrained. Consequently, these differences in case selection, diagnostic criteria, and regional referral 
profiles likely account for the divergent diagnostic yields observed.

Clinically, these results support a risk-stratified, rather than routine, clonal work-up in adults with recurrent MCA/ 
anaphylaxis. The REMA score, which incorporates sex, basal tryptase, presence of urticaria pigmentosa and features of 
hypotensive anaphylaxis, has been validated as a tool to enrich for mast cell clonality and SM in patients with systemic 
MCA symptoms.10 The NICAS model further refines selection in IA by combining clinical variables, tryptase and 
molecular markers to predict underlying clonal disease.11 Applied pragmatically, such scores can help select IA or 
hypotensive MCA patients for KIT D816V testing and marrow, while avoiding routine invasive work-up in all recurrent 
anaphylaxis. In parallel, our data underscore the need for high vigilance in hematology-first presentations (older age, 
cytopenias, organomegaly, abnormal marrow), where the diagnostic yield for CMCD was high.

At the molecular level, our genomic findings demonstrate parallel signatures alongside notable phenotypic differences 
when compared to published Western cohorts. Consistent with European and North American series, KIT D816V 
remained the dominant driver mutation, and co-occurring TET2, DNMT3A, and SRSF2 variants clustered predominantly 
within the SM subgroup.8,13 Importantly, no novel gene variants were observed in our study; all detected mutations have 
been previously characterized. Although ASXL1, CBL, RUNX1, and WT1 mutations were detected in a minority of our 
SM cases, their absolute frequencies appeared lower than those heavily enriched in large Western advanced systemic 
mastocytosis (AdvSM) cohorts. In such advanced Western populations, the presence of additional myeloid aberrations 
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Table 4 Clinical Characteristics and Natural Course of Patients with MCA/Anaphylaxis Index Presentations (n=12)

Patients Final 
Diagnosis

Age at 
Onset 

of MCA

Sex Atopic 
Comorbidities

Non-atopic 
Comorbidities

Initial 
Presentation

REMA 
Score

NICAS 
Score

Basal 
Serum 

Tryptase

Identified 
Mutation 

from NGS

Follow Up 
Duration 
(Months)

Number of 
Anaphylaxis 

Episodes During 
Follow-Up

Number of 
Epinephrine 

Administrations 
(Times)

1 SM 48 M No No Honey bee 
anaphylaxis

4 9 22.4 KIT D816V 40 1 1

2 IA 18 F AR, CSU No Urticaria, 
hypotension

−1 1 1.6 No mutation 10 0 0

3 IA 46 F AR, AD No Abdominal 
pain, erythema 

skin, 
throat 

tightness

−1 −4 3.2 No mutation 54 2 0

4 IA 18 F AR, asthma Egg anaphylaxis Abdominal 
pain, 

angioedema, 
Wheezing lung

−4 −2 6.7 No mutation 84 15 15

5 IA 40 M AR, CSU No Urticaria and 
angioedema, 

dyspnea

−1 1 5.7 No mutation 48 3 0

6 IA 60 F No HT, DLP, MDD, 
epilepsy

Urticaria and 
angioedema, 

dyspnea, 
diarrhea

−3 3 5.7 TET2 15 1 1

7 IA 22 F CSU HT, HbE trait Urticaria and 
angioedema

−3 3 4.3 MPL 30 1 1

8 IA 21 M AR, CSU, 
asthma

Alpha-gal 
syndrome

Urticaria, 
dyspnea

−1 0 1.4 No mutation 68 1 0

9 IA 40 F CSU No Lip itching and 
syncope

2 0 3.2 No mutation 132 20 20

10 IA 35 F AR, CSU asthma Hypothyroid N/V, urticaria 
and 

angioedema, 
dyspnea

−4 3 2.4 MPL 24 3 1

11 IA 45 F AR, CSU 
dermatitis

No Flushing, 
Wheezing lung, 

presyncope

2 −1 8.52 No mutation 26 2 2

12 IA 39 F AR, CSU No Urticaria −4 −4 2.7 No mutation 15 0 0

Notes: “Egg anaphylaxis” (Patient 4) and “Alpha-gal syndrome” (Patient 8) denote historical baseline comorbidities. The index episodes prompting hematology referral and NGS evaluation for these patients were unprovoked (idiopathic) 
and not triggered by these known allergens. 
Abbreviations: AD, Atopic dermatitis; AR, Allergic rhinitis; CSU, Chronic spontaneous urticaria; DLP, Dyslipidemia; HbE, Hemoglobin E; HT, Hypertension; MDD, Major depressive disorder.
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generally confers an adverse prognosis.14 More specifically, high-risk multimutated profiles involving the SRSF2, ASXL1, 
and/or RUNX1 (S/A/R) genotype are strongly associated with inferior survival.13 While direct frequency comparisons are 
inherently limited by our small sample size, the detection of these specific high-risk co-mutations among our SM patients 
—the majority of whom met criteria for AdvSM—confirms that this adverse molecular architecture is biologically 
conserved in the Southeast Asian population.

Regarding clonal ontogeny, foundational models of myeloid pathogenesis demonstrate that mutations in epigenetic 
modifiers—particularly TET2 and DNMT3A—often arise early in multipotent hematopoietic progenitors. This establishes 
an antecedent state of clonal hematopoiesis, which subsequently drives clonal expansion and can evolve into overt malig
nancies upon the acquisition of cooperating driver mutations such as KIT D816V.15,16 The TET2 co-mutations and DNMT3A 
R882H hotspot observed in our SM subgroup are compatible with this established model; notably, DNMT3A R882H is a well- 
characterized variant associated with clonal hematopoiesis of indeterminate potential (CHIP). The SRSF2 P95 variant, an 
RNA splicing factor mutation distinct from epigenetic modifiers, similarly clusters with clonal myeloid disease in this context. 
Of note, a single IA case harbored a TET2 variant in the absence of KIT D816V or other mast cell–specific driver mutations; 
given the known prevalence of age-related CHIP, this isolated finding most likely represents incidental clonal hematopoiesis 
rather than mast cell clonality, and this patient did not fulfill diagnostic criteria for CMCD.

A distinctive finding in our cohort was the detection of MPL mutations in two IA cases (18.2%), with no MPL 
variants identified in any SM or CM case. MPL encodes the thrombopoietin receptor. While canonical activating MPL 
mutations typically involve codon W515 in myeloproliferative neoplasms (MPN),17 the variants observed here (p. 
L513del and p.P106L) occurred at different loci in these KIT-negative IA patients.

The exclusive occurrence of MPL variants in the IA subgroup raises two clinically relevant possibilities: these may 
represent coincidental CHIP-associated variants in patients undergoing broad myeloid panel sequencing, or they may 
signal an occult or concurrent MPN in a subset of patients presenting with anaphylaxis. Although detailed hematologic 
follow-up data are limited in this retrospective cohort, these findings underscore the potential for myeloid NGS panels to 
uncover incidental clonopathies beyond the primary diagnostic question, and prospective studies with longitudinal 
hematologic surveillance will be important to clarify the clinical significance of MPL variants in anaphylaxis populations.

To our knowledge, this represents the first systematic application of a myeloid NGS panel in a Southeast Asian 
CMCD cohort, demonstrating a broadly conserved KIT-centric mutational architecture across diverse genetic back
grounds, with phenotypic distribution shaped by local referral patterns and disease subtypes.

NGS added important biological granularity. SM cases in this cohort showed a mutational pattern consistent with 
international AdvSM series, with KIT D816V in most patients and frequent co-mutations in TET2, SRSF2, ASXL1, 
DNMT3A, RUNX1, and CBL. Additional mutations in SRSF2, ASXL1, and/or RUNX1 (the S/A/R genotype) define a high- 
risk molecular subgroup associated with inferior survival and are now recognized as a key adverse constellation in AdvSM.13 

KIT D816V allele burden itself correlates with WHO subtype and outcome, further supporting the prognostic value of 
quantitative molecular assessment beyond simple mutation positivity.18 A prognostic model that incorporates additional 
myeloid mutations has also been shown to improve survival prediction over clinical scores alone in SM.19 Together, these data 
—mirrored by our finding of frequent KIT-centered co-mutation patterns—support using myeloid-focused NGS in Thai 
patients with CMCD to refine risk stratification, follow-up intensity, and treatment planning.13,14,18,20

The observation that some KIT-negative CM cases carried myeloid co-mutations suggests overlap between clonal 
hematopoiesis and mast cell disease in a subset of patients, consistent with broader molecular series in SM and related 
myeloid neoplasms.14,20 This argues against relying on KIT alone and supports using expanded myeloid panels when 
evaluating suspected CMCD, particularly in adults with cytopenia or other hematologic abnormalities.

These molecular patterns are directly relevant to targeted therapy. Avapritinib, a highly selective KIT D816V inhibitor, 
has produced high clinical, hematologic, and molecular response rates in AdvSM in the EXPLORER and PATHFINDER 
trials, including patients with adverse myeloid co-mutations.21,22 Contemporary reviews emphasize that mutational risk 
stratification—incorporating KIT D816V allele burden and high-risk co-mutations such as S/A/R—now underpins modern 
treatment algorithms and prognostic counselling in AdvSM.20 Our finding that Thai SM patients display a broadly similar 
KIT-centered, co-mutated genomic architecture strongly suggests that these targeted strategies are biologically applicable in 
this population, provided issues of access, comorbidity, and toxicity monitoring can be addressed.
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Several limitations warrant caution. The cohort is small and clinically selected. Importantly, the reported 7.1% should not 
be interpreted as prevalence among all MCA/anaphylaxis referrals, but as diagnostic yield in a highly selected escalated 
subgroup. Escalation from index presentation to KIT testing, marrow, and NGS depended on clinician judgment rather than 
predefined REMA/NICAS thresholds, so the 24 sequenced adults represent a higher-risk subset rather than all MCA/ 
anaphylaxis referrals. A further limitation is the possible misclassification of the index phenotype. Because this retrospective 
study used a pragmatic referral-based MCA definition rather than formal MCAS criteria, objective documentation of 
hemodynamics (hypotension), “20%+2” tryptase kinetics, and standardized anaphylaxis criteria was incomplete. This 
introduces a risk that some cases may represent misdiagnosed food or drug allergies, or severe flares of chronic spontaneous 
urticaria. In addition, this is a single tertiary academic center with embedded hematology, dermatopathology, and molecular 
diagnostics; results may not generalize to lower-resource settings or to regions with different venom, food, and drug exposure 
patterns. These results should be viewed as preliminary pilot data from a single-center Southeast Asian cohort.

Future work in Southeast Asia should therefore focus on prospective, multicenter cohorts of unselected MCA/ 
anaphylaxis referrals, with systematic recording of triggers, tryptase, REMA/NICAS scores, and predefined criteria for 
KIT testing and marrow. Such studies are needed to define the true prevalence of CMCD among IA and other MCA 
presentations in the region, to validate REMA/NICAS performance in Asian populations, and to determine whether 
specific co-mutation patterns predict clinical course or response to targeted therapy in real-world practice.

Conclusion
These pilot data from a Southeast Asian single-center cohort suggest a lower diagnostic yield of CMCD in clinician- 
escalated MCA/anaphylaxis presentations than in hematology-first presentations. This suggests that REMA/NICAS- 
guided, risk-stratified selection of MCA/anaphylaxis patients for KIT testing and bone marrow may be considered, rather 
than routine clonal work-up of all recurrent anaphylaxis. At the molecular level, NGS revealed that while TET2 was the 
most frequently mutated gene overall, the systemic mastocytosis (SM) subgroup exhibited a distinct KIT D816V– 
centered mutational landscape. Notably, we observed specific pathogenic hotspots, including DNMT3A R882H and 
SRSF2 P95, clustering alongside TET2 mutations in this subgroup. This genomic architecture closely parallels Western 
cohorts and supports the biological applicability of KIT-targeted therapies in Thai patients, though these findings should 
be confirmed in larger prospective regional studies before informing broader practice.
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