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Abstract

Systemic mastocytosis (SM) is frequently associated with eosinophilia. To examine its prevalence and clinical impact in all
WHO classification-based subcategories, we analyzed eosinophil counts in 2350 mastocytosis patients using the dataset of
the European Competence Network on Mastocytosis. Ninety percent of patients had normal eosinophil counts, 6.8% mild
eosinophilia (0.5-1.5x 10°/1), and 3.1% hypereosinophilia (HE; >1.5 x 10°/1). Eosinophilia/HE were mainly present in
patients with advanced SM (17%/19%), and only rarely recorded in patients with indolent and smoldering SM (5%/1%), and
some patients with cutaneous mastocytosis. The eosinophil count correlated with organomegaly, dysmyelopoiesis, and the
WHO classification, but not with mediator-related symptoms or allergy. Eosinophilia at diagnosis had a strong prognostic
impact (p < 0.0001) on overall survival (OS) and progression-free survival (PES), with a 10-year OS of 19% for patients with
HE, 70% for those with mild eosinophilia, and 88% for patients with normal eosinophil counts. In 89% of patients with
follow-up data (n = 1430, censored at start of cytoreductive therapy), eosinophils remained stable. In those with changing
eosinophil counts (increase/decrease or mixed pattern), OS and PFS were inferior compared with patients with stable
eosinophil counts. In conclusion, eosinophilia and HE are more prevalent in advanced SM and are predictors of a worse
outcome.

Introduction

Mastocytosis is a hematopoietic neoplasm characterized by
expansion and accumulation of mediator-producing neo-
plastic mast cells in one or more organ systems, including
the bone marrow (BM), skin, liver, spleen, and the gastro-
intestinal (GI) tract [1-4]. In the vast majority (>90%) of
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patients with systemic mastocytosis (SM), an activating
mutation in the KIT gene (mostly D816V) is found in
neoplastic mast cells [5-7]. According to the World Health
Organization (WHO) 2016 classification, mastocytosis can
be divided into cutaneous mastocytosis (CM), and systemic
subcategories, including indolent SM (ISM), smoldering
SM (SSM), and advanced SM, which comprises SM with
an associated hematologic neoplasm (SM-AHN), aggressive
SM (ASM), and mast cell leukemia (MCL) [1, 3, 8-10].
SM is frequently associated with eosinophilia [1]. Prior
to the classification and subcategorization of SM, inci-
dences of 19% [11] to 21% [12] were reported in smaller
case series. In a more recent series of 63 patients [13], 14%
of all patients with SM had eosinophilia, including all SM
variants defined by the WHO. It was suggested that those
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patients who presented with eosinophilia had a worse
overall survival (OS). In a series of 42 patients with
advanced SM, the incidence of eosinophilia was higher
(34%) [14]. However, the series included 12 patients with
FIPILI-PDGFRA [15] chronic eosinophilic leukemia
(CEL) in which the WHO criteria for SM are not met [14].

Overall, precise data on the prevalence of eosinophilia in
larger series of patients with mastocytosis are still lacking. It
is also not known to which extent eosinophilia is associated
with SM-related symptomatology, and it still remains
unclear whether there is a firm relationship between eosi-
nophilia and prognosis regarding progression of the disease
and survival. A large database established within the reg-
istry of the European Competence Network of Mastocytosis
(ECNM) [16] containing almost 3000 patients with all
different categories of mastocytosis offered us the oppor-
tunity to examine the clinical impact of eosinophilia in CM
and SM.

Patients and methods
ECNM registry database

The ECNM registry contains data from patients with cuta-
neous and SM from 25 different centers from Europe (12
different countries) and one center from the United States.
For details, see [16] and the supplemental appendix. The
following parameters were captured for this study: age, sex,
date of diagnosis (histology based), presence of major and
minor diagnostic criteria according to the WHO classifica-
tion [1], WHO-based final diagnosis, laboratory values at
diagnosis and during follow-up including complete blood
count, serum chemistry, serum tryptase, percentage of mast
cells in BM biopsy sections and BM aspirates, flow
cytometry-based phenotype of mast cells, molecular and
cytogenetic data, presence of hepatosplenomegaly and/or
lymphadenopathy (collectively grouped as ‘“organome-
galy”), weight loss (defined as >10% loss during the last
12 months), presence and severity of mediator-related
symptoms, including skin symptoms, itching, blistering,
flushing, osteoporosis, bone pain, anaphylaxis, GI symp-
toms (diarrhea, cramping, gastric, or duodenal ulcers),
allergy and specific IgE, therapy and responses, including
the use of symptomatic and cytoreductive drugs.

Eosinophilia in peripheral blood was defined as eosino-
phil count >0.5 x 10°/1, mild eosinophilia as an eosinophil
count between 0.5x10°1 and 1.5x10%1, and hyper-
eosinophilia (HE) as eosinophils >1.5x 10%1. Symptoms
defined in the case record forms were dichotomized: yes or
no. GI symptoms were grouped (stomach ulcer, cramping,
and diarrhea).

Patients

All patients with data on eosinophils counts at diagnosis were
included. When typical mast cell infiltrates were found
in the skin, but BM data were not available, adult patients
were included with the provisional diagnosis “mastocytosis
in the skin” (MIS). These MIS patients were excluded for
all analyses related to progression.

For prognostication and follow-up, at least one follow-up
visit with information on eosinophils counts had to be
documented. Eosinophil counts were analyzed in quarterly
periods (every 3 months), starting at diagnosis. For follow-
up analyses, cohorts were divided into four groups: stable
course (eosinophils remained in the same group: <0.5;
0.5-1.5 or >1.5 x 10%/1), substantial increase in eosinophil
counts (marked increase resulting in a shift to a higher
group: from normal to mild eosinophilia, or from mild
eosinophilia to HE), marked decrease in eosinophils
(shifting to a lower group), or mixed kinetics in eosinophil
counts (shifts between different groups during follow-up).

Statistical analysis

In univariate analyses the influence of categorical para-
meters (independent variables) on the absolute number of
eosinophils in blood were analyzed with the Mann—Whitney
U test (in case of two groups) or the Kruskal-Wallis Test
(multiple groups). The correlation of continuous parameters
with absolute number of eosinophils was calculated using
linear regression. For multivariate analysis, only variables
that were statistically significant in univariate analysis were
included. This analysis was done using a generalized linear
model. To compensate for the asymmetric distribution of
the data prior to statistical analysis, serum tryptase levels,
white blood cell counts, platelet counts, alkaline phospha-
tase, and LDH were logarithmized.

The probability of OS, event-free survival (EFS; time
from diagnosis to progression or death), and progression-
free survival (PFS; time from diagnosis to progression) was
determined by Kaplan and Meier estimates. PFS was
defined as progression from one WHO category to another
(from cutaneous to systemic; from ISM to SSM or
advanced SM; from SSM to advanced; within advanced
SM to MCL; within SM-AHN categories from low grade
MDS to high grade MDS, and all transformations into
AML. For PFS analyses, patients with MIS and with MCL
were excluded. Significance levels in differences concern-
ing OS and PFS among the various patients' groups were
assessed by the log rank test. In a separate multivariate
analysis, the independent prognostic impact of various
parameters, including the WHO category and HE on OS
and EFS was analyzed.

SPRINGER NATURE
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Results
Characterization of the sample cohort

Eosinophil counts at diagnosis were available in 2350 of
2985 patients (79%). The median age of these 2350 patients
was 47 years (0.1-90.0), and 44% of these patients were
males. The median age varied among WHO subcategories:
patients with advanced SM were older (Table 1). Ninety
percent (2117/2350) of patients had normal eosinophil
counts, 6.8% (159) had mild eosinophilia, and 3.1% (74)
had HE (Table 1 and Fig. 1). Mild eosinophilia or HE were
mainly present in patients with advanced SM (SM-AHN
17%/22%; ASM 18%/14%; MCL 10%/17%), but also in
some patients with SSM (8%/6%), ISM (5%/1%), and CM
(8%/0%) (Table 1 and Fig. 1). Within SM-AHN, the highest
percentages of mild eosinophilia and HE were found in
patients with CEL, not otherwise specified (CEL-NOS; 15
cases, 12 FIPILI-PDGFRA negative, 3 not tested), hyper-
eosinophilic syndrome (HES), chronic myelomonocytic
leukemia, and myelodysplastic syndrome/myeloprolifera-
tive neoplasm unclassified (Table 2).

Eosinophilia, clinical, and laboratory parameters,
and symptoms

In univariate analysis, the WHO classification, presence of
dysmyelopoiesis, sex (women more frequent than men),
age, KIT mutation positivity, and organomegaly (spleno-
megaly and/or hepatomegaly and/or lymphadenopathy)
were all significantly positively correlated with eosinophilia
(Table 3). In addition, most C findings (indicative of
mastocytosis-induced organ damage in advanced SM) such
as portal hypertension, malabsorption, ascites, and weight
loss correlated with eosinophilia. Significant correlations
were found between eosinophilia and white blood counts
(WBC), and between alkaline phosphatase levels. In con-
trast, mediator-related symptoms or allergies did not cor-
relate with eosinophilia, neither in the total group of patients
nor in the subgroups analyzed, namely patients with non-
advanced SM (ISM + SSM). In multivariate analysis, WHO
subcategory, dysmyelopoiesis, WBC, and organomegaly
remained independent variables correlating with eosino-
philia (Table 3).

Prognostic value of eosinophilia at diagnosis in the
various categories of SM

Although at first glance, the median and mean eosinophil
counts were not so different among the WHO subcategories,
it turned out that the eosinophil count at diagnosis was
highly prognostic for OS throughout the various WHO
subcategories. In particular, patients with HE had a poor

SPRINGER NATURE

outcome (10-year OS: 19%) compared with patients with
eosinophil counts ranging between 0.5-1.5x 10°/1 (70%)
and patients with normal eosinophil counts (88%). The
same result was obtained when deleting CEL/HES patients
from the AHN group (not shown).

Almost identical data were obtained for EFS (Fig. 2 and
Supplementary Table S1). Finally, significant differences
(p<0.0001) were seen in 10-year PFS. In fact, PFS was
75% in patients with HE, 82% in patients with mild eosi-
nophilia, and 91% in patients with normal eosinophil counts
at diagnosis (Fig. 2 and Supplementary Table S1). In mul-
tivariate Cox regression analysis, including the WHO sub-
category, it appeared that eosinophil counts remained an
independent prognostic parameter concerning OS and EFS
(p =0.009).

When only patients with ISM were analyzed, a prog-
nostic role of mild eosinophilia or HE was seen for EFS
(p =0.048), but not for OS (p =0.18) or PFS (p =0.27;
Fig. 3 and Supplementary Table S1). We also examined
subcategories of patients with advanced SM, namely ASM/
MCL and SM-AHN. The prognostic impact of eosinophils
concerning OS and EFS was still present in patients with
ASM/MCL but not in patients with SM-AHN (Supple-
mentary Fig. S1 and Supplementary Table 1). Interestingly,
in patients with ASM/MCL, it appeared that patients with
mild eosinophilia had the best outcome regarding OS and
EFS.

Eosinophilia during follow-up

In 1430 patients, follow-up data (at least 6 months) on
eosinophil counts and cytoreductive therapy were available.
The median follow-up time was 4.6 years (range 0.1-36.7).
We analyzed whether eosinophil counts remained stable
during the follow up and categorized the dynamics of
eosinophil counts into four groups as described in Materials
and methods section. To avoid any influence of corticos-
teroids or cytoreductive therapy (e.g., interferon-alpha,
cytostatic drugs, tyrosine kinase inhibitors), data were
censored at the time of initiation of such treatment. It
appeared that the large majority of untreated patients (90%)
had stable eosinophil counts over time, whereas 3.5% (n =
48) showed an increase, 3.4% (n=47) a decrease, and
3.2% a mixed pattern (n =44). An increase in eosinophils
as defined above was observed in patients with maculo-
papular CM (3%), MIS (2%), ISM (4%), SSM (11%), SM-
AHN (4%), and ASM (3%). Nontreatment-related decreases
in eosinophil counts were most pronounced in SM-AHN
(15%) and ASM patients (18%).

Next, we examined whether a stable pattern or any
change in eosinophil counts over time (increase, decrease,
or mixed) were prognostic. Of note, we censored for start of
cytoreductive therapy or corticosteroid use. Unexpectedly,
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Eosinophils, x10°/L

Fig. 1 Dot plot representing individual absolute eosinophil counts at
diagnosis of mastocytosis. Data from 2350 patients of all WHO
cutaneous and systemic mastocytosis subcategories. DCM diffuse
cutaneous mastocytosis, MCPM maculopapular cutaneous mastocy-
tosis, MIS mastocytosis in the skin, ISM indolent systemic mastocy-
tosis, SSM smoldering systemic mastocytosis, ASM aggressive
systemic mastocytosis, MCL mast cell leukemia, MCS mast cell sar-
coma, SM-AHN systemic mastocytosis with an associated hematolo-
gical neoplasm

we found that any change in eosinophil counts over time
was significantly associated with an unfavorable outcome
regarding OS, EFS, and PFS (Fig. 4 and Supplementary
Table S1). In a multivariate analysis, the change in eosi-
nophil counts during follow-up lost its independency for OS
when the WHO classification was included, but this was not
the case for PFS (p = 0.019). In a subset analysis of all these
possible patterns over time, patients who showed a decrease
in eosinophil counts and patients with a mixed response had
the worst outcome (Fig. 5 and Supplementary Table S1).
We also correlated these data with blood cell counts and
observed a significant association between the changes in
eosinophil counts and changes in hemoglobin, platelets, and
progenitor cells, with contingency coefficients being 0.28,
0.23, and 0.30, respectively, (p <0.001). Since we did not
have sufficient data during follow-up in most patients, we
could not correlate eosinophil counts with changes in organ
function.

We finally analyzed whether eosinophil counts mattered
in patients who had documented progression, i.e., changed
from one WHO subcategory into a more advanced one.
Here, we started with the progressing patients, and next
analyzed the eosinophil counts. To this end, we selected 35
patients available with a follow-up of at least 2 years and
data on eosinophils at diagnosis and during follow-up, up to
5 months before documented progression to avoid any

Table 2 Eosinophilia in relation

. Eosinophils (x10%/1); All patients with 0.5-1.5x 101 >1.5x10°1
to the categories advanced . . . . . . . .
. . median (range) available eosinophils at eosinophils eosinophils
mastocytosis with associated di .
. iagnosis
hematologic neoplasm
(SM-AHN) AML 0.07 (0-16.65) 14 1 2
MDS 0.05 (0-1.44) 35 3 0
MDS/MPN-U 0.83 (0-8.70) 23 5 8
CMML 0.29 (0-3.66) 50 11 9
MPN-U or not 0.62 (0-19) 24 6 9
specified®
CEL-NOS/HES" 8.55 (0.506-35) 15 3 12
CML 0.16 1 0 0
ET/PV 0.17 (0-2.16) 8 0 1
PMF 0.12 (0-1.38) 18 4 0
B-cell 0.13 (0-2.38) 14 3 2
malignancies®
Other 0.07 (0-16.65) 14 1 2

AML acute myeloid leukemia, CEL-NOS/HES chronic eosinophil leukemia not otherwise specified/
hypereosinophilia syndrome, CML chronic myeloid leukemia, CMML chronic myelomonocytic leukemia,
ET essential thrombocythaemia, MDS myelodysplastic syndrome, MDS/MPN-U myelodysplastic/myelo-
proliferative syndrome unclassifiable, other other associated hematologic disorder not specified, PMF
primary myelofibrosis, PV polycythemia vera

“Including eight patients with MPNeo (myeloproliferative neoplasm with eosinophilia [29])
SFIP1LI-PDGFRa results in CEL/HES patients: negative in 12; not tested in three patients
“Hodgkin lymphoma (1), MGUS/multiple myeloma (4), non-Hodgkin lymphoma/CLL (9)
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Table 3 Correlation between the absolute number of eosinophils and
other clinical relevant parameters at diagnosis

Parameter Univariate Multivariate

analysis analysis

p value p value
Skin lesions y/n 0.214 -
Darier's sign y/n 0.386 -
Sex female/male 0.022 0.655
Kit pos/neg 0.006 0.385
CD2 y/n 0.691 -
CD25 y/n 0.146 -
Organomegaly y/n <0.0001 0.021
Dysmyelopoiesis y/n 0.019 0.016
Ascites y/n <0.0001 0.771
Portal hypertension y/n 0.052 -
Malabsorption y/n 0.001 0.198
Weight loss y/n <0.0001 0.289
Mediator symptoms y/n 0.369 -
Allergies y/n 0.871 -
WHO classification 0.004 0.001

R/p value
Age 0.024/0.240 -
Tryptase (In)* 0.02/0.416 -
WBC (In)* 0.263/<0.0001 <0.0001
Hemoglobin 0.006/0.775 -
Platelets (In)* 0.028/0.174 -
Alkaline phosphatase (In)*  0.061/0.008 0.092
LDH (In) 0.031/0.184 -
Bold face: factors that remained significant in multivariate analysis
y/n yes/no
in: to compensate for asymmetric distribution, data were

logarithmized

potential influence of cytoreductive therapy. No relationship
was seen between eosinophils counts at first visit when
eosinophils were measured after diagnosis or at time of
progression (p = 0.12, Supplementary Fig. S2).

Discussion

In this large dataset of 2350 patients with mastocytosis,
collected in the ECNM registry, we found that mild eosi-
nophilia and HE are frequently recorded across all WHO
subcategories. The highest incidence (39%) was seen in
patients with SM and an associated nonmast cell hemato-
logical neoplasm (SM-AHN), which is not surprising as
AHN includes, among others, also CEL and other myeloid
neoplasms associated with eosinophilia such as MPN or
MPN/MDS. But incidental high eosinophil counts were
even observed in patients with nonadvanced SM. We did

not perform a separate analysis on patients with extremely
high (far above 1.5 x 10°/1) eosinophil counts, as these cases
were rare and mainly observed in patients with SM-AHN.

Previous studies have shown that eosinophils are usually
clonal in patients with advanced SM [17-19]. However,
eosinophilia can also be caused by other pathologic con-
ditions such as parasitosis, drug reactions, or atopia. In our
dataset, the clonality of eosinophils was not assessed.
Therefore, we cannot exclude with certainty that eosino-
philia could have been transient and reactive in some of our
patients. However, given the fact that eosinophil counts
remained stable in 90% of the 1430 patients with follow-up
data, and that in our registry reactive causes of eosinophilia
related to allergic reactions were captured, we are confident
that in the vast majority of our patients, infections or
allergies did not play an important role. This notion was
also supported by the observation that the WHO category of
SM and/or the presence of dysmyelopoiesis, organomegaly,
and WBC counts showed an independent correlation with
high eosinophil counts in multivariate analysis, whereas
other clinical variables, such as mediator symptoms and
allergies did not correlate with eosinophil counts.

At first glance, the median and mean eosinophil counts
were not so different among the WHO subcategories.
However, upon a closer look, it turned out that in the var-
ious WHO subcategories, varying subgroups of patients
exist with higher or lower eosinophil counts—which is
obviously a prognostic pattern. In this regard it is worth
noting that in an earlier proposal for classification of mas-
tocytosis by Metcalfe et al., SM with eosinophilia and
lymphadenopathy was presented as a separate category of
SM based on unique clinical features and an unfavorable
outcome [20, 21]. A similar association between eosino-
philia and abdominal lymphadenopathy was seen in a
German series of patients with advanced SM [22]. In line
with this observation, our data show that elevated eosino-
phil counts correlate with the presence of organomegaly
including lymphadenopathy at diagnosis and are highly
prognostic for OS and PFS. However, although both cor-
relate with advanced SM and a poor prognosis and eosi-
nophil products are well known to cause tissue remodeling
and damage, it remains unknown whether HE and eosino-
phil products contribute directly to organomegaly or organ
damage in patients with advanced SM.

The prognostic impact of eosinophilia in patients with
mastocytosis has also been examined by others [13], but the
number of patients was too small to draw definitive con-
clusions. In our study, with data on 2350 patients available,
we observed an impressive relationship between eosino-
philia and outcomes, defined as OS, EFS, or PFS. In con-
trast, no prognostic relationship was found when the 42
patients (with 12 harboring the FIPILI-PDGFRA fusion)
from the Mayo clinic series were analyzed [14], perhaps due
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to the fact that those 12 classical CEL patients had an
excellent prognosis.

The relationship between SM and eosinophilia is inter-
esting, as eosinophils and mast cells can coexist in both
malignant (clonal) and benign conditions [23]. This is partly
explained by the immunoregulatory effects of eosinophils
via numerous cytokines that act upon mast cells [24-26].
On the other hand, mast cells also produce many cytokines
and mediators [4, 27], some of which may prolong viability
of eosinophils [25]. However, many of our SM patients did
not have eosinophilia, and there was no clear correlation
between eosinophilia and mast cell activation, mediator-
related symptoms or allergy. Therefore, we believe that in
most cases, eosinophils are part of the disease clone. Indeed,
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in some patients with advanced mastocytosis, the clonal
relationship has been convincingly proven [19] and the
same holds true for patients with indolent disease, in whom
the presence of the KIT D816V mutation could be
demonstrated in the circulating myeloid cells [28] and also
in eosinophils [17]. It would obviously be interesting to
document that patients with clonal eosinophilia are at higher
risk for progression compared with patients with reactive
(transient) eosinophilia, but due to a lack of data on eosi-
nophil clonality, we could not confirm this hypothesis.

An interesting observation was that a change, especially
a decrease in eosinophil counts during follow-up, results in
a poor outcome. So far, the underlying mechanism is not
known. One possibility may be that other AHN cells
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(blasts) replaced eosinophils during progression. Alter-
natively, cells were recruited from progenitor cells to dif-
ferentiate more into mast cells or other myeloid cells
leading to a decrease in eosinophil counts. A third possi-
bility would be drug effects, but this possibility seems rather
unlikely. In fact, we carefully censored for cytoreductive
therapies interfering with eosinophil counts. However, since
this is a registry-based project, we cannot exclude with
certainty that some of the patients in whom eosinophil
counts decreased had received cytoreductive therapies or
glucocorticosteroids, which were not reported. Overall,
however, we believe that the decrease in eosinophils was
directly a consequence of disease progression. A similar
decrease in differentiated cells is seen in the blast phase of
chronic myeloid leukemia where basophils first increase
during acceleration but then decrease during transition into
blast phase. Whatever the mechanism is, based on our
findings, we believe that eosinophil counts should be

50
6

%35 1B 4 0 0 0 0 0
4 2 0 0 0 0 0 0

carefully examined during follow-up and whenever an
otherwise unexplained decrease or increase in eosinophil
counts is observed, the physician should be aware of
additional signs of disease progression, such as an increase
in serum tryptase levels or alkaline phosphatase levels or
occurrence of C findings.

We collected data from 15 patients with SM-CEL-NOS/
HES. The link between CEL and SM and the terminology
around eosinophil disorders can be confusing. The termi-
nology of eosinophilic disorders was refined in a Working
Conference on Eosinophil Disorders and Syndromes in
2011 [29, 30]. In fact, two distinct categories should be
recognized: FIP1L1/PDGFRA-associated CEL patients with
an increase of BM mast cells [31] and KIT D816V-positive
SM with an associated AHN resembling CEL [25, 32]. It
can be difficult to differentiate SM-CEL from the FIPIL1/
PDGFRA-associated CEL, because in the latter disease,
elevated tryptase can be found in addition with other minor
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Fig. 4 Survival (overall,
progression-free (PFS), and
event-free (EFS)) according to
the follow-up of the absolute
numbers of eosinophils. Not
stable in time means that an
increase (from normal range to
eosinophilia, or from
eosinophilia to
hypereosinophilia), a decrease,
or mixed pattern was observed.
For the definition of PFS,
patients in the MIS group and
patients with mast cell leukemia
were not included. Note that for
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criteria for SM, such as spindle-shaped mast cells coex-
pressing CD25. However, these mast cells very rarely carry
the KIT D816V mutation, are usually present in an
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interstitial pattern in the BM compared with the dense
multifocal aggregates of SM, and FIPILI/PDGFRA-posi-
tive disease is usually not associated with the mediator
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symptoms of SM [25, 32, 33]. In our series, none of the
patients with SM-CEL/HES carried a FIPILI/PDGFRA
fusion gene.

In conclusion, mild eosinophilia and HE are frequently
recorded in patients with mastocytosis, especially in those
with advanced SM. Eosinophilia is not related to mediator-
related symptoms or allergy, but is strongly related
with adverse prognosis. In particular, eosinophilia at diag-
nosis and deviations in eosinophil counts during follow-up
are strong predictors of poor PES and OS. These observa-
tions have clinical implications and should assist in the
optimal prognostication and management of patients with
mastocytosis.
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