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Abstract The FIPILI-PDGFRA (FP) fusion gene is identi-
fied in a substantial proportion of patients with eosinophilia-
associated myeloproliferative neoplasms (MPN-e0) who sub-
sequently achieve rapid and durable remissions on imatinib. In
the initial diagnostic work-up of hypereosinophilia (HE), his-
tologic and immunohistochemical evaluation of a bone mar-
row (BM) core biopsy is considered essential for the differen-
tiation between reactive hypereosinophilia (HEg), MPN-eo
and hypereosinophilic syndrome (HES). We therefore retro-
spectively analysed the initial reports of BM core biopsies
from 116 patients who were subsequently identified as FP
positive (FP+, n=56) or FP negative/corticosteroid-
responsive HEg or HES (n=60). Compared to HER or HES,
detection of F/P was more frequently associated with increased
numbers of blasts (11/56 vs. 2/60, p=0.007) and mast cells
(23/33 vs. 7/23, p=0.006; with expression of CD25 [11/18 vs.
2/13, p=0.025]), and/or fibrosis (25/35 vs. 1/23, p<0.0001).
In FP+ patients, HE was correctly associated with an under-
lying clonal haematologic disorder in only 36/56 (64 %) of
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cases, but final BM diagnoses included a variety of diagnoses
such as MPN-eo (n=15), acute myeloid leukaemia (n=38),
systemic mastocytosis (n=6), chronic myeloid leukaemia
(n=15) or unclassified MPN (n=2). We conclude that the final
evaluation of BM core biopsies in the diagnostic work-up of
HE should include comprehensive morphologic (stains for
myeloid blast cells, mast cells and fibres) and genetic analyses
before a final diagnosis is established.

Keywords Hypereosinophilia - FIP1L1-PDGFRA - Bone
marrow histology - Misdiagnosis

Introduction

Eosinophilia is commonly observed in a wide range of dispa-
rate clonal/neoplastic and non-clonal/reactive disorders. Clon-
al eosinophilia is usually associated with myeloid neoplasms,
e.g. myeloproliferative neoplasm (MPN-eo), chronic eosino-
philic leukaemia (CEL), or myelodysplastic/
myeloproliferative neoplasm (MDS/MPN-eo) in chronic or
blast phase and the presence of tyrosine kinase (TK) fusion
genes, e.g. with involvement of PDGFRA, PDGFRB, FGFRI
or JAK2, of which the FIPIL1-PDGFRA fusion gene (FP) is
by far the most frequent (FP+ MPN-eo) [1-8]. Imatinib in-
duces rapid and durable complete clinical and haematological
(CHR) remissions in almost all patients and complete molec-
ular remissions (CMR) in >90 % of patients with a PDGFRA
or PDGFRB fusion gene, conferring excellent progression
free and overall survival [1, 9].

In contrast, sustained non-clonal eosinophilia with poten-
tially life-threatening organ dysfunction, e.g. involvement of
the heart, lungs, gastrointestinal tract or nervous system, is
frequently associated with autoimmune disorders (reactive
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hypereosinophilia, HER), e.g. eosinophilic granulomatosis
with polyangiitis (formerly Churg-Strauss syndrome), infec-
tions or as a diagnosis of exclusion, hypereosinophilic syn-
drome (HES). Irrespective of the underlying cause, patients
with reactive, non-clonal eosinophilia (HEg or HES) show a
rapid and sustained clinical and haematological response to
treatment with corticosteroid-based immunosuppression in
the vast majority of patients. In cases without a final diagnosis,
arapid and durable response to corticosteroids points towards
diagnosis of HER or HES and almost definitively excludes the
possibility of clonal eosinophilia [2].

A bone marrow (BM) core biopsy with subsequent histol-
ogy and immunohistochemistry is considered essential for the
initial diagnostic work-up of unexplained hypereosinophilia
(HE) and the differentiation between clonal and non-clonal
eosinophilia in the absence of a cytogenetic or molecular
marker. This remains, however, challenging because the cur-
rent WHO 2008 classification does not include clear histo-
pathological criteria for clonal/neoplastic and non-clonal/reac-
tive eosinophilia with the exception of increased numbers of
blasts as a major criterion for CEL, not otherwise specified
(CEL-NOS) [10].

We here report on a retrospective analysis within the
“German Registry on Disorders of Eosinophils and Mast
Cells” of the initial histopathological and immunohistochem-
ical evaluation of BM core biopsies in patients who were
subsequently diagnosed as FP+ MPN-eo (clonal eosinophil-
ia) or corticosteroid-responsive HER or HES (non-clonal eo-
sinophilia). Several new key findings emerge from this study
including the following: (i) Immunolabelling of myeloid blast
cells and mast cells as well as grading of fibrosis is revealed to
be key diagnostic points, but (ii) these techniques were not
consistently applied to the majority of cases, and (iii) incorrect
final diagnoses were made in a substantial proportion of pa-
tients including chronic myeloid leukaemia (CML) or system-
ic mastocytosis (SM).

Patients and methods
Patients

Within the “German Registry on Disorders of Eosinophils and
Mast Cells”, BM core biopsy reports were available from 116
patients who were subsequently identified as FP+ (n=56;
male/female ratio 55/1; median age 49 years; range 21-70)
or corticosteroid-responsive HEg or HES (n=60; male/
female ratio 34/26; median age 48 years, range 18-88). Thir-
teen FP+ MPN-eo patients initially presented in blast phase
(myeloid, n=8; lymphoid, »=3; myeloid sarcoma, n=2). On-
ly clearly diagnosed HER or HES patients with direct (positive
histology, MRI revealing intracardial fibrosis or thrombus) or
indirect (e.g. lung infiltrates, eosinophilic effusions or
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bronchoalveolar lavage, splenomegaly) signs of
eosinophilia-associated organ involvement/dysfunction and
documented sustained clinical and haematological response
to corticosteroids were enrolled. Twenty patients were not
enrolled because their response to corticosteroid-based immu-
nosuppressive treatment was absent (#=10) or unknown
(n=10).

All procedures followed were in accordance with the ethi-
cal standards of the responsible committee on human experi-
mentation (institutional and national) and with the Helsinki
Declaration of 1975, as revised in 2008. Informed consent
was obtained from all patients for being included in the study.

Evaluation of BM core biopsies

The BM core biopsies were processed and diagnosed pre-
dominantly by practising surgical pathologists and only
rarely by specialized haematopathologists at a variety of
pathology laboratories all over Germany. The histopatho-
logical and immunohistochemical features, which were
obtained from the initial BM biopsy pathological reports,
included BM cellularity, numbers of eosinophils, blasts
and mast cells, and fibrosis (Gomori’s staining). Addition-
al immunohistological stainings included expression of
CD34 (blasts) and mast cells with a mature
immunophenotype (tryptase/CD117) or aberrant expres-
sion of CD25. The histomorphological diagnoses were
reevaluated according to the presence or absence of FP
and the response to corticosteroids. The median time from
histopathological assessment to the initiation of molecular
genetic analysis was 1 month (range 0-82).

FIP1L1-PDGFRA
RT-PCR for FP was performed as previously described [11].
Clinical cases

Here, we describe three clinical cases with MPN-eo illustrat-
ing the difficulties encountered in the assessment of BM his-
tology in F/P+ patients.

Case 1 A BM biopsy was performed in a 34-year-old male
patient because of urticaria, arthralgia and significant eo-
sinophilia (18 x 10%/1, 81 %). The final histopathological
diagnosis was SM with 15 % mast cell infiltration, and
the karyotype was normal. However, the patient did not
respond to antimediator treatment. At referral, 3 months
later and 12 months after start of symptoms, peripheral
blood (PB) was negative for KIT D816V but positive for
FP. Treatment with imatinib (100 mg/d) led to rapid and
sustained complete clinical, haematological (CHR) and
molecular remission (CMR) after 2 months.
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Table 1 Peripheral blood counts

in FIPILI-PDGFRA positive FIPILI-PDGFRA HER or HES (n=60) p value

MPN-eo and HEg or HES (n=56) median (range) median (range)
White blood cell counts (x10°/1) 14.3 (4.3-173) 14.0 (4.6-111) n.s.
Haemoglobin (g/dL) 12.3 (7.1-15.6) 13.3 (6.8-16.2) n.s.
Platelets (x10°/1) 151 (11-600) 258 (57-260) <0.0001
Eosinophils (x10°/1) 6.7 (0.9-120) 5.2 (0.5-94.4) ns.
Eosinophils (%) 46 (6-82) 39 (1-84) n.s.
Presence of blast cells 8/56 0/60 0.002

Case 2 In a 69-year-old male patient with eosinophilia
(5.7 x 10%/1; 52 %), reactive causes and the FP fusion gene
were excluded by in-house molecular testing at a univer-
sity hospital. Because eosinophilia persisted and the
spleen size increased to 15 cm, a full diagnostic work-
up was performed including CT-scan, endoscopy of the
gastrointestinal tract and BM core biopsy. Final diagnosis
was SM with 5 % mast cell infiltration and normal serum

tryptase levels. JAK2 V617F, BCR-ABL and particularly
KIT D816V were tested negative and cytogenetic analysis
was not informative. Twelve months later, the patient was
referred because of persisting eosinophilia. He tested FP+
by RT-PCR analysis and his BM core biopsy showed typ-
ical features of P+ MPN-eo including elevated numbers
of loosely scattered mast cells and fibrosis. He achieved
rapid and sustained response on imatinib.

Table 2 Bone marrow

characteristics in FIPILI- FIPIL1-PDGFRA (n=56) HER or HES (n=60) p value
PDGFRA positive MPN-eo and
HER or HES Cellularity
Hypercellular 45/56 (80 %) 23/53 (43 %) <0.0001
Normocellular 11/56 (20 %) 28/53 (53 %) 0.0003
Hypocellular 0 2(4)
Not reported 0 7/60 (12 %)
Eosinophils
Increased 53/56 (95 %) 60/60 (100 %) ns.
Normal 1 0
Not reported 2 0
Eosinophils in % (range) 43 (5-80) 26 (5-80) 0.36
Blasts
Increased 11/56 (20 %) 2/60 (3 %) 0.007
Fibre staining
Performed 35/56 (63 %) 23/60 (38 %)
Fibrosis (>I°) 25/35 (71 %) 1/23 (4 %) <0.0001
Mast cells
Not investigated 23/56 (41 %) 37/60 (62 %)
Increased 23/33 (70 %) 7/23 (30 %) 0.006
Normal 10/33 (30 %) 16/23 (70 %)
Immunohistochemistry
Performed 24/56 (43 %) 18/60 (30 %)
Tryptase/CD117
Negative 0/17 8/12 (67 %)
Positive 17/17 (100 %) 4/12 (33 %) 0.0001
CD2/CD25
Negative 7 11
Positive 11/18 (61 %) 2/13 (15 %) 0.025
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Case 3 A 50-year-old patient was referred because of a 6-
month history of urticaria, pruritus and significant eosinophil-
ia (5.4x10%/1, 40 %). A BM histology revealed reactive
changes without signs for a MPN, and the karyotype was
normal. Eighteen months later, worsening of thrombocytope-
nia (100 x 10%/1) and eosinophilia (60 %) became evident. A
second BM histology revealed a MPN-like disease, and FP
could be identified 28 months after start of symptoms and
21 months after first evidence of eosinophilia. On imatinib,
the patient achieved CHR and CMR after 8 months.

Results
Peripheral blood counts

In PB, no differences were identified between FP+ MPN-
eo and HEr or HES regarding white blood cell counts
(WBC, median 14.3 x10%/1, range 4.3—-173.0, vs.
14.0x10%/1, range 4.6-111.0; p=n.s.), absolute
(6.7 x10°/ul, range 0.9-120.0, vs. 5.2 10°/1, range 0.5—
94.4; p=n.s.) and relative (46 %, range 6—82, vs. 39 %,
range 1-84; p=n.s.) numbers of eosinophils and
haemoglobin (12.3 g/dL, range 7.1-15.6, vs. 13.3, range
6.8-16.2; p=n.s.). Significant differences were observed
regarding median platelet count (151 x 10%/1, range 11—
600, vs. 258 x 10%/1, range 57-260; p<0.0001) and pres-
ence of blast cells (8/56, 14 %, vs. 0/60, p=0.002; Table
1). Serum tryptase levels were available for 23/56 (41 %)
FP+ patients (median 25, range 4—183) and 33/60 (55 %)
HER or HES patients (median 6.5, range 1-69).

BM morphology

BM cellularity was described in the majority of patients
(FP+MPN-eo, n=56, 100 %, vs. HEg or HES, n=53,
88 %). Hypercellularity pointed towards diagnosis of
clonal eosinophilia (45/56, 80 % vs. 23/52, 43 %,;
p<0.0001), whereas a hypocellular BM was only reported
in a few cases of HER or HES (n=2/60, 3 %) but never in
FP+ MPN-eo. The median relative number of eosinophils
was 43 % (range 5-80) vs. 26 % (range 5-80, p=n.s.;
Table 2).

Increased numbers of CD34 positive blasts favoured
diagnosis of FP+ MPN-eo (11/56, 20 %, vs. 2/60, 3 %,
p=0.007). The number and morphology of mast cells
were only reported in 53/116 (46 %) of all patients. An
increase of loosely scattered mast cells was clearly asso-
ciated with FP+ MPN-eo (23/30, 70 %, vs. 7/23, 30 %,
p=0.006, Fig. 1). Clustering or dense infiltrates of mast
cells were not seen in any patient. Immunohistochemistry
for expression of tryptase/CD117 (17/17, 100 % vs. 4/12,
33 %; p<0.05) and CD25/CD2 (11/18, 61 % vs. 2/13,
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Figure 1 Bone marrow biopsy in a FIPILI-PDGFRA+ MPN-eo. a

Hypercellular bone marrow biopsy with a marked infiltration by

eosinophils and their precursors (Giemsa stain). b Infiltration by loosely

scattered mast cells (tryptase stain; Horn Imaging Camera, Aalen,

Germany; Zeiss Imager.M1, Carl Zeiss, Oberkochen, Germany)

15 %; p=0.025) was clearly in favour of FP+ MPN-eo
but was only performed in a minority of patients. Gomori
staining for BM fibrosis was only performed in 58/116
(50 %) of all patients, although BM fibrosis >I° was a
characteristic feature for FP+ MPN-eo (25/35, 71 %; I°,
n=7; 1I°, n=8; 1I°, n=10; vs. 1/23, 4 %, p<0.0001;
Table 2).

Diagnoses according to BM morphology

In FP+ MPN-eo, clonal eosinophilia was correctly diagnosed
in 36/56 (64 %) patients. Preliminary diagnoses included
MPN-eo (n=15), MPN-unclassified/acute leukaemia
(n=10), SM (n=6) and CML (n=5). Non-clonal eosinophilia
or no final conclusion was reported in 13/56 (23 %) and 7/56
(13 %) patients, respectively. In HEg or HES, non-clonal eo-
sinophilia was diagnosed in 43/60 (72 %) patients. Clonal
eosinophilia or no final conclusion was reported in 7/60
(12 %) and 10/60 (17 %) patients, respectively. In summary,
the overall sensitivity for reliable diagnosis of clonal or non-
clonal eosinophilia was 68 % (79/116; Table 3).
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Table3  Diagnoses in cases with initially unexplained HE subsequently
identified as FIPILI-PDGFRA positive MPN-eo (n=156) in chronic
(n=43) or blast phase (n=13) and HEg or HES (n=60)

Initial diagnosis Final diagnosis Final diagnosis
FIPIL1-PDGFRA+ HER
MPN-eo or HES (n=60)
(n=56)
Clonal eosinophilia
MPN-eo/CEL 15 6
SM(—eo0) 6
CML/aCML 5
AML 8
MPN-u 1
MDS/MPN-u 1
Non-clonal eosinophilia
HES 10 27
Reactive 3 16
No final diagnosis
CEL or HES 4 9
Unknown eosinophilia 2
Histiocytosis 1
No haematological 1
disorder

MPN-eo myeloproliferative neoplasm with eosinophilia, CEL chronic
eosinophilic leukemia, SM systemic mastocytosis, SM-eo SM with eosin-
ophilia, CML chronic myeloid leukemia, aCML atypical CML, HES
hypereosinophilic syndrome, AML acute myeloid leukemia, MPN-u my-
eloproliferative neoplasm unclassified, MDS/MPN-u myelodysplastic/
myeloproliferative neoplasm unclassified

Discussion

We retrospectively analysed the diagnostic impact of the
initially evaluated histopathological und immunohisto-
chemical BM characteristics in patients with HE who
were subsequently identified as FP+ MPN-eo or
corticosteroid-responsive HER or HES. In addition to clin-
ical and genetic characteristics, the rapid and durable re-
sponse to corticosteroids in HEg or HES was chosen as an
important clinical feature to exclude the possibility of un-
suspected clonal eosinophilia.

As previously reported, the presence of the FP fusion
gene was strongly associated with increased numbers of
loosely scattered mast cells and fibrosis [1]. In our series,
mast cell staining and assessment of fibrosis were, how-
ever, only performed in half of the patients. The simulta-
neous presence of mast cells and fibrosis was only report-
ed in FP+ MPN-eo (9/56, 16 %) but not in any case of
HER or HES. The presence of loosely scattered mast cells
can easily be missed in HE-stained BM biopsy specimen
if the expression of tryptase/CD117 in typical and the
coexpression of CD25 in atypical mast cells is not
analysed. In our series, those immunostainings were

performed in only 36 % of patients (Table 3). An in-
creased number of myeloid blasts, which is the only mor-
phological feature included in the WHO 2008 classifica-
tion, was only found in rare cases of F P+ MPN-eo, par-
ticularly in myeloid blast phase. In our analysis, blasts
were therefore no relevant feature for the differentiation
between HER or HES and FP+ MPN-eo in chronic phase.

BM hypercellularity was also more frequently observed
in FP+ MPN-eo, but the relative frequency of 35 % cases
with hypercellularity reported in HEg or HES emphasizes
that it should be interpreted with caution, and only in
combination with mast cells and fibrosis. The weakest
morphological parameters include absolute and relative
numbers of eosinophils in PB and BM, which do not
allow discrimination between clonal and non-clonal eosin-
ophilia. In this respect, it should be pointed out that the
absolute number of eosinophils in PB of 56 patients with
FP+ MPN-co in chronic phase was less than 1.5 x 10%/1 in
5 % (3/56) of cases. Neither the arbitrary boundary of
1.5x10%/1 eosinophils nor the 6-month interval should
therefore be applied in patients with TK fusion gene driv-
en clonal eosinophilia, e.g. due to involvement of
PDGFRA, PDGFRB, FGFRI or JAK2. Although the se-
rum tryptase levels are significantly different between
FP+ MPN-co and HER or HES, this most valid clinical
parameter was only measured in a subset of patients.
Based on our data and as previously published, we em-
phasize that the serum tryptase level should become a
basic parameter in the diagnostic work-up of unexplained
hyperosinophilia [12, 13].

Most likely as a consequence of the lack of validated and
standardized diagnostic morphological criteria and the infre-
quent use of appropriate stainings, clonal eosinophilia was
only suggested in 64 % (two thirds) of patients that were sub-
sequently diagnosed as FP+ MPN-eo. Surprisingly, the initial
diagnoses included CML, SM, MPN-u and AML in a sub-
stantial proportion of patients. These findings add to our re-
cent report on patients with MPN-eo and PDGRFA or
PDGFRB fusion genes in myeloid or lymphoid blast phase
[1]. Eight of 17 patients were initially diagnosed and treated as
“AML” or “T-cell lymphoma” with intensive chemotherapy +
allogeneic stem cell transplantation but experienced resistance
and/or relapse. After diagnosis of the underlying FP fusion
gene, all eight patients achieved complete remission on treat-
ment with imatinib. The clinical consequences of cases not
being investigated for the presence or absence of FP because
of misleading morphological diagnosis such as CML, MPN-u,
SM (cases 1 and 2), AML, T-cell lymphoma, or HER or HES
(case 3) may be considerable. Two of the three patients report-
ed in the clinical cases above suffered severely from symp-
toms leading to incapacity to work. Once correctly diagnosed
and treated with imatinib, their conditions completely re-
solved. Madelung et al. [14] recently reported on a consensus
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between histological features and final clinical diagnosis be-
tween 70 and 82 % in classical MPN, but the therapeutic
consequences of a misdiagnosis of classical MPN subtype
are usually much less serious than it would be for diagnosis
of FP+ MPN-co vs. HER or HES. The diagnostic sensitivity
of BM morphology was better in HEg or HES than in MPN-
eo although a minority of patients (12 %) was diagnosed as
clonal (MPN-eo in all cases). The therapeutic consequences in
this situation may also be significant, as life-saving treatment
with corticosteroids may be withheld from affected patients.
In conclusion, our data highlight several new aspects
regarding the role of BM examination in the diagnostic
work-up of HE: (a) The absolute and relative numbers of
eosinophils in BM (and PB) are not useful to differentiate
between clonal and non-clonal eosinophilia; (b) the eval-
uation of blasts (CD34), mast cells (including CD117/
tryptase/CD25) and fibrosis are important features for
FP+ MPN-eo, and the respective stainings should be firm-
ly integrated in the diagnostic work-up of HE; and (c) the
final diagnosis should be addressed with caution and pos-
sibly only made with full knowledge of relevant clinical,
cytogenetic and molecular data. Appropriate use of the
available techniques should allow an improvement of the
currently limited diagnostic value and sensitivity of rou-
tine BM examinations in the diagnostic work-up of HE.
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