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Introduction
•	Systemic mastocytosis (SM), including its most common subtype indolent SM (ISM), is a clonal mast 

cell (MC) disease driven by the KIT D816V mutation in ~95% of patients1–4

•	The prevalence of SM has been estimated at up to 1 in 5000 people5–8

•	Patients with ISM often experience debilitating symptoms across multiple organ systems9–12

	– These symptoms are likely due to direct MC activation, mediator release, and inflammatory immune 
system alterations promoted by aberrant MCs12

•	Avapritinib is a potent, oral inhibitor that selectively targets the KIT D816V mutation13

•	Avapritinib was approved in adult patients with ISM in the USA and in adult patients with moderate-to-
severe ISM in the EU, based on the findings from the randomized, double-blind, placebo-controlled 
PIONEER study (NCT03731260)14,15

•	A better understanding of the inflammatory proteome may help facilitate the diagnosis and treatment of 
ISM. We therefore conducted high throughput profiling of the baseline inflammatory plasma proteome 
across the large and well-characterized cohort of patients enrolled in PIONEER

Results
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Figure 4. Correlations of cytokine expression with disease burden and symptoms

*Adjusted P<0.05. ALP, alkaline phosphatase.

Conclusions

•	Plasma proteomic analysis provides a new tool to understand and further 
characterize ISM

•	Patients with ISM have many alterations in the plasma proteome compared with 
healthy individuals, highlighting the immune dysregulation seen with this disease

•	Using this well-characterized cohort of patients, we identified two distinct plasma 
protein modules distinguished by negative (Module 1) versus positive (Module 2) 
correlations with disease burden

	– Module 1 included ITGA11, CSF3, and IL32, while Module 2 included MILR1, 
CCL23, and CD48

•	Plasma protein ITGA11 was negatively correlated with disease burden and 
symptoms in patients with ISM

•	K-means clustering of patient cytokine profiles and levels identified two distinct 
patient clusters within the overall population of patients with ISM 

•	Other than a difference in ALP expression, there were no differences in symptoms 
or disease burden measures between the two clusters

•	Analysis of the inflammatory proteome present in patients with ISM provides 
a unique lens with which to view the disease and may eventually identify new 
therapeutic targets for its treatment
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Methods
•	The Olink® Explore 384 Inflammation protein panel (Uppsala, Sweden) measured 363 soluble proteins 

in baseline plasma samples from 168 patients with ISM enrolled in PIONEER and 39 age-matched 
healthy donors. Based on plasma sample quality and availability of baseline symptom information, 
155 patients with ISM and all healthy donors were included in the final analysis. (Figure 1)

•	A t-test was performed for each baseline plasma protein measurement and, unless otherwise specified, 
the resulting P-values were adjusted for multiple comparisons using the Benjamini-Hochberg method to 
control the false discovery rate (FDR)

	– An FDR of <0.05 was considered significant 
•	Gene Ontology (GO) pathway analysis was employed to ascertain the functional roles of differential 

soluble proteins
•	The correlation of cytokine expression (as measured via Olink) with disease burden and symptoms 

(which included clinical metrics such as symptom scores, age, and serum tryptase levels) was 
assessed using R (version 4.4.1; R Foundation for Statistical Computing, Vienna, Austria)

•	K-means clustering was performed in high dimensional space and visualized using Uniform Manifold 
Approximation and Projection (UMAP) to identify distinct populations of patients based on cytokine 
levels and expression

	– Identified population clusters were assessed to identify any association between disease burden 
and symptoms, and specific cluster

Table 1. Baseline demographics
Patients enrolled in PIONEER 

Part 2 who received either 
avapritinib 25 mg QD or placebo 

(n=155)
Age (years), median (range) 52 (22–79)
Female, n (%) 118 (76)
ISM symptom burden

Baseline TSS, mean (SD) 51.7 (19.8)
MC burden

Median (range) baseline serum tryptase, ng/mL 43.7 (3.6–501.6)
Median (range) baseline BMBMC, % 7 (1–70)
Median (range) baseline KIT D816V VAF in peripheral blood, %a 0.4 (undetectable–36.7)
Median (range) baseline alkaline phosphatase, U/L 78 (41–219)

aLimit of detection, 0.02%. 
BMBMC, bone marrow biopsy mast cells; ISM, indolent systemic mastocytosis; QD, once daily; SD, standard deviation; TSS, total symptom score;  
VAF, variant allele frequency.

Results
•	Patient demographics can be found in Table 1

Comparison of individual plasma proteins in patients with ISM versus healthy donors 
and Gene Ontology pathway analysis
•	Compared with healthy individuals, 61 plasma proteins were significantly different in patients with ISM 

(Figure 2)
	– 51 plasma proteins were upregulated, including TPSAB1, MILR1, AGRP, CXCL 6, IL7, ITGA6, 
CCL13, CCL17, and CCL23

	– 10 plasma proteins were downregulated: MMP10, CKMT1A_CKMT1B, CCL21, LGALS4, MEPE, 
IL17A, MPIG6B, EGF, PLXNA4, and ARHGEF12

•	GO analysis revealed that the upregulated plasma proteins were primarily associated with leukocyte 
chemotaxis and myeloid leukocyte migration (Figure 3)

	– It should be noted that the full 363-protein panel was enriched for the “leukocyte migration” and 
“chemotaxis” pathways

Correlation of cytokines with symptoms and disease burden measures
•	Correlations between measured cytokines and symptom scores and disease burden measures were 

determined. P<0.05 are considered as significant (Figure 4)

•	Two distinct plasma protein modules were identified in unsupervised clustering, Module 1 and Module 2
	– Module 1, which included ITGA11, CSF3, and IL32, was consistently negatively correlated with 
disease burden

	– Module 2, including MILR1, CCL23, CD48, was positively correlated with disease burden
	– Several proteins from Module 2, including IL6, IL4R, CXADR, and FABP1, were positively correlated 
with alkaline phosphatase (ALP)

•	ITGA11 encodes an integrin subunit and its expression is associated with gastric adenocarcinoma16 
and cutaneous squamous cell carcinoma.17 Here, ITGA11 expression was negatively correlated with 
disease burden measures and symptoms, including the following:

	– All patient-reported gastrointestinal severity scores such as diarrhea and abdominal pain, and skin 
symptoms such as itching and spots

	– Levels of ALP, serum tryptase, bone marrow (BM) MC burden, KIT D816V variant allele frequency 
(VAF), and total symptom score (TSS)

Clustering of patients based on plasma proteomic profiles
•	K-means clustering, performed on cytokine levels of patients with ISM and healthy donors in high 

dimensional space using UMAP, revealed two well-separated clusters (Figure 5)
	– Cluster 1 appeared more ISM-specific, with relatively few healthy donors
	– Cluster 2 included both patients with ISM and healthy donors, potentially suggesting a healthy 
donor-like ISM subpopulation

•	Expression of specific cytokines in each patient cluster is shown in Figure 6A
•	Overall, 171 cytokines had significantly higher expression in cluster 1 versus cluster 2, and 98 had 

significantly lower expression (Figure 6B)

Figure 6. Patterns of cytokine expression by patient cluster (A) and relative 
cytokine expression in each population (B)
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Figure 1. Study design

QC, quality control.
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with plasma protein samples at baseline
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Figure 3. Functional roles of upregulated cytokines
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Figure 2. Plasma protein expression patients with ISM versus healthy donors

FC, fold change; NS, not significant; P-adj, adjusted P-value.
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Figure 5. UMAP K-means clustering of patients with ISM and healthy donors

UMAP, uniform manifold approximation and projection. 
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Figure 7. Group analysis of disease burden measures in patients with ISM,
by cluster
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•	Baseline symptom scores and disease burden measures did not show any clear trends between 
clusters at a patient level

•	When conducting comparisons between groups, ALP levels were statistically significantly higher in 
cluster 1 versus cluster 2 (raw unadjusted P< 0.001), while other markers of disease burden were 
similar between the clusters (Figure 7)
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