Hypereosinophilic Syndrome ® Research Paper
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Background and Objectives. According to WHO criteria, the idiopathic hypereosinophilic
syndrome (HES) is defined as persistent eosinophilia (>1.5x10°/L) without underlying
causes, which is associated with signs or symptoms of organ involvement. Increased bone
marrow blasts (>5%) or cytogenetic/genetic markers indicate chronic eosinophilic
leukemia (CEL). A cryptic deletion of 4912, i.e. del(4)(q12), producing the FIP1L1/PDGFRA
fusion gene, identifies a distinct CEL subgroup (4q-/CEL). Our aims were: a) to use inter-
phase-fluorescent in situ hybridization (FISH) to detect the cryptic 4q12 deletion; b) to com-
pare the clinico-hematologic features of 4g-/CEL with other HES; c) to investigate whether
PDGFRB, FGFR1, ABL1, and ETV6-activated tyrosine kinases are rearranged in CEL/HES.

Design and Methods. This multicenter study included 20 patients fulfilling the WHO crite-
ria for HES and 6 patients without signs/symptoms of end-organ involvement. Double-color
FISH was applied in all cases to investigate del(4)(q12). Further interphase-FISH assessed
whether PDGFRB/5q33, FGFR1/8p11, ABL1/9q34, and ETV6/12p13 undergo rearrange-
ments in HES.

Results. Ten of the 26 patients (9 males and 1 female) had a cryptic del(4)(q12)-
FIP1L1/PDGFRA which was confirmed by reverse transcription polymerase chain reaction
(RT-PCR) analysis in four. Hepatomegaly and splenomegaly were significantly more fre-
quent in these 10 than in the other 16 patients. Seven of these 10 patients received ima-
tinib mesylate therapy and all achieved hematologic remission. In 3 of the patients inter-
phase-FISH and RT-PCR demonstrated cytogenetic and molecular remission.
Improvements were observed in signs and symptoms of cardiac and central nervous sys-
tem involvement in 2 and 1 patient, respectively. Rearrangements of PDGFRB, FGFR1,
ABL1, or ETV6 were not detected in this study.

Interpretation and Conclusions. FISH is a reliable diagnostic test for differentiating 49-
/CEL from other forms of HES, allowing an early diagnosis of good responders to imatinib
mesylate therapy. We show that PDGFRB, FGFR1, ABL1 and ETV6 were not rearranged in
the HES and 4q-/CEL cases we studied.
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yrosine kinase activation is the
| common denominator in myeloid
malignancies with bone marrow
and/or peripheral blood eosinophilia. In
fact, increased eosinophils in peripheral
blood and/or in bone marrow are associat-
ed with the t(5;12)(q33;p13)-ETVé/
PDGFRB and other PDGFRB transloca-
tions.' In acute eosinophilic leukemia and
in several other myeloid and lymphoid
diseases with eosinophilia, tyrosine kinas-
es such as ARG/ABL2, JAK2, Syk, and
ABL1 are rearranged with the ETV6 gene
and in all these instances, tyrosine-kinase
activation depends on the ETV6 dimeriza-
tion domain.**

In an atypical stem cell myeloprolifera-
tive disorder, the so-called 8p11 syndrome,
with peripheral blood eosinophilia, B- or
T-cell lymphoblast leukemia/lymphoma
and rapid progression to acute myeloid
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leukemia, one transmembrane tyrosine
kinase receptor, FGFR1/8pl11, is re-
arranged with different gene/chromosome
partners (FOP/6q27, TIF1/7q34, CEP110/
9q33, 11p15, FGFR10P/12p11, 12q15,
ZNF198/13q12, 17q25, HERV-K/19q13)
promoting its dimerization and autophos-
phorylation.*® In Philadelphia-negative
chronic myeloid leukemia (CML) the
FGFR1 gene is activated in a t(8;22)
(p11;q11) BCR/FGFR1."

The idiopathic hypereosinophilic syn-
drome (HES) is characterized by a persist-
ently high eosinophil count (> 1.5x10°/L),
signs or symptoms of organ involvement
and no secondary causes such as allergies,
atopic diseases and asthma, infections
(mainly helminthic), autoimmune disor-
ders, exposure to toxins, solid or hemato-
poietic neoplasias." Increased blast counts
in blood or bone marrow and/or detection



of clonal abnormalities lead to a diagnosis of chronic
eosinophilic leukemia (CEL). In a CEL subgroup with
strong response to imatinib mesylate therapy, genet-
ic analysis has recently identified a cryptic
del(4)(q12), producing the FIP1L1/PDGFRA fusion
protein.””™ Furthermore in a subgroup of atypical
CML with splenomegaly and eosinophilia, the
PDGFRA gene, encoding a tyrosine-kinase protein, is
involved as the BCR partner in the t(4;22)(q12;q11)."

In this study we used a fluorescent in situ
hybridization (FISH) approach to check deletion or
translocation of the genes involved in different malig-
nant eosinophilic conditions in a series of cases diag-
nosed as having idiopathic hypereosinophilic syn-
drome.

Molecular cytogenetics in HES

scored for each probe on samples from diagnosis and
500 nuclei were scored for del(4)(q12) during follow-up.
Normal bone marrow samples were added in each
experiment as controls. The cut-off limits for mono-
somy/deletion (5%/del(4)(q12), 6%/PDGFRB, 5%/
FGFR1,9%/ABL1, and 6%/ETV6) and trisomy/splitting
(1%/del(4)(q12), 2%/PDGFRB, 1%/ FGFR1, 1.5%/
ABL1, and 2.5%/ETV6) were the highest normal values.

Molecular studies

Nested reverse transcription polymerase chain reac-
tion (RT-PCR) analysis was performed on bone marrow
samples at diagnosis in patients 5, 6, 7, and 10 and dur-
ing imatinib therapy in patients 6, 7, and 10, as previ-
ously described.”

Design and Methods

Patients

This study was carried out in 20 patients fulfilling the
WHO criteria for the diagnosis of HES and in 6 patients
without signs or symptoms of end-organ involvement.
Patients were enrolled at the Hematology Departments
of the following Italian Universities: Perugia, Florence,
Bari, Naples, La Sapienza, Rome, Ferrara and the San
Raffaele Hospital, Milan; at the Servei de Hematologia,
Hospital Sant Pau, Barcelona, Spain and the Health,
Physics and Environmental Hygiene Laboratory, NCSR
Demokritos, Athens, Greece.

Cytogenetics

Bone marrow cells were cultured for 24 or 48 hours.
Metaphases were G-banded with Wright’s stain and
karyotypes were described according to the Inter-

national System for Human Cytogenetic Nomenclature
(1995)."

Fluorescence in situ hybridization

Interphase-FISH was performed as previously
described.” BAC 3H20 (mapping between PDGFRA
and FIP1L1) with BAC 120K16 (mapping centromeric
to FIP1L1) or BAC 24010 (mapping telomeric to
PDGFRA) were used in double-color experiments to
study the cryptic del(4)(q12)-FIP1L1/PDGFRA in all
cases.” Further FISH investigations were performed
with cosmids 4-1 and 9-4 for PDGFRB/5433,” BAC
350N15 and/or PAC 162N14 and PAC 224C10 for
FGFR1/8p11,*® PAC 1132H12, PAC 913]14, and PAC
888H11 for ABL1/9q34,° and cosmids 179A6 and
148B6 for ETV6/12p13% in selected cases with available
fixed cells. BAC and PAC clones were obtained from
the Roswell Park Cancer Institute libraries RPCI-1,
RPCI-5, and RPCI-11, http://www.chori.org/BACPAC.
FISH data were analyzed with a fluorescence micro-
scope (Provis, Olympus). Two hundred nuclei were

Results

Tables 1 and 2 show the clinical and hematologic
data of the 26 patients. Patient #6 has been reported in
detail elsewhere.? The 17 males and 9 females (ratio
1.9) had a median age of 51 years (range 10-87). The
eosinophil counts ranged between 1.9 and 36.1 mm’.
Leukocytosis was observed in 19 patients (range of
WBC: 11x10°/L to 62.6x10°/L), anemia in 11 (range of
Hb: 8.2-12.8 g/dL) and thrombocytopenia in 5 (range of
platelets: 31x10°/L to 69x10°/L). Hepatomegaly and
splenomegaly were found in 11 and 13 patients, respec-
tively. Signs and/or symptoms of end-organ involve-
ment were present in 20/26 cases: 11 patients had skin
lesions, 5 had heart and 5 had central nervous system
(CNS) involvement. The lung and gastrointestinal tract
were each affected in 4 patients. Seven patients showed
simultaneous involvement of two or three organs (pts.
#6,7,11,18, 20, 21, 24; see Table 1). Hepatomegaly and
splenomegaly were significantly (<0.04 for both) more
frequent in 4q-/CEL than in HES. The gastrointestinal
tract was involved only in HES (4 patients). Damage to
more than one organ was observed in 2/10 patients
with 4g-/CEL and in 5/16 HES patients.

Morphological examination of bone marrow aspi-
rates showed increased eosinophil counts that varied
greatly in the 20 patients with available data (Table 1).
Bone marrow biopsy (BM) was performed in 16
patients: a widespread increase in reticulum was
observed in three patients with 4q-/CEL (pts. #5, 6 and
9; see Table 1), and myeloid hyperplasia in eight
patients (#3, 7, 8, 9, 10 with 4q-/CEL; #20, 23, and 25
with HES; see Table 1). Myeloid hyperplasia and
increased reticulum, with no rise in eosinophil precur-
sors, was observed in two consecutive bone marrow
biopsies from patient #9. Bone marrow blast cells were
within the normal range (<5%) in all 23 patients for
whom morphology and/or histology findings were
available. Karyotypes were normal in all the 20 patients
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Table 1. Clinical and hematologic findings in 10 patients with 4q-/CEL and 16 with the hypereosinophilic syndrome.

Patient ~ Ade/Sex WBC Eosinophil S/H* End-organ involvement Bone marrow aspirate/biopsy
x10%L  count (mm?)
FIP1L1/PDGFRA positive 4q-/CEL
1 29/M 129 11480 Yes/Yes Skin 7T eos precursors/ n.a.
2 48/M 62.6 30050 Yes/Yes CNS 25% eos/ n.a..
3 34/M 7 3570 Yes/Yes Skin 70% eos/ myeloid hyperplasia, T eos
4 67/M 32 9600 Yes/Yes No 15% eos/ T eos
5 68/F 322 4500 Yes/Yes No 12% eos/ T eos, T diffuse fibrotic reticulum
6 37/M 22 13900 No/No Lung/Heart 7 eos/ | eos, T diffuse fibrotic reticulum
7 26/M 22,6 12900 Yes/Yes Skin/CNS n.a./ myeloid hyperplasia, T eos
8 29/M 16.2 10200 No/No Heart 61% eos /myeloid hyperplasia, Teos
9 62/M 235 11280 Yes/No No n.a/T diffuse fibrotic reticulum, myeloid hyperplasia
10 29/M 34 2100 YesYes Lung 62% eos/ myeloid hyperplasia
FIP1L1/PDGFRA negative HES
11 10/M 115 5750 Yes/No Heart/Skin/CNS 7 €0s/ n.a
12 22/M 24 4320 No/No No 94% eos/ T eos
13 55/M 42,6 14910 Yes/Yes No na./ na.
14 39/F 85 2125 Yes/Yes CNS 20% eos/ T eos
15 87/M 26 16640 No/No Gastrointestinal tract 38% eos/ n.a.
16 78/F 4.7 1900 No/No Skin na./ na.
17 25/F 5 2450 No/No Gastrointestinal tract 38% eos/ n.a.
18 60/F 18.8 2250 Yes/Yes Lung/Skin 34% eos/ T eos
19 71/F 12.9 77152 No/Yes Heart 80% eos/ n.a.
20 78/M 213 11080 No/No Lung/CNS/Skin eos/ myeloid hyperplasia, T eos
21 50/F 8.3 2700 No/No Skin/ Gastrointestinal tract 24% eos/ T eos
22 78/F 17.3 7960 No/No No ? eos/ n.a.
23 72/F 11 2860 No/No Skin T eos/ myeloid hyperplasia, T eos
24 75/M 7.9 1900 No/No Skin/ Gastrointestinal tract ~ n.a./ n.a.
25 35/M 42 36100 Yes/No Heart 60% eos/ myeloid hyperplasia, T eos
26 72/M 75 2100 No/No Skin na./T eos

M: male; F: female; WBC, white blood cell; CNS: central nervous system; n.a.,: not available; 7T, increase; eos, eosinophils; S/H*, splenomegaly/hepatomegaly are signifi-
cantly more frequent in 4q-/CEL than in HES (p< 0,04 for both; Fisher’s exact test).

Table 2. Treatment and survival of 10 patients with 4q-/CEL and

16 with the hypereosinophilic syndrome.

1
Patient Agde/Sex Treatment Follow-up 12
(months) 13
14
FIP1L1/PDGFRA positive 4q-/CEL 15
1 29/M  Steroids, 1 month 6 died i?
HU 2 g/day, 1 month
2 48/M  Steroids + HU 6 g/day, 30 months 110* 18
Steroids + IFN 3,000,000 Ul
Steroids + Imatinib 100 mg/day, 12 months %3
3 34/M  HU, 7 months 45 21
1° aBMT 14-09-00; 2° aBMT 9-01-01
4 67/M  Unknown Dropped out 2
5 68/F  Imatinib 100 mg/day, 9 months 22* 2
6 37/M  Imatinib 200 mg/day, 2 weeks; 12* 2%
100 mg/day 10 months
7 26/M  Imatinib, 100 mg/day, 22 months 9* 25
8 29/M  Steroids 5 months 7*
Imatinib 100 mg/day 2%
9 62/M  Imatinib 400 mg/day, 1 month T*
10 29/M  Imatinib 100 mg/day, 14 months 9*

10/M

22/M
55/M
39/F

87/M
78/F
25/F

60/F
T1/F
78/M
50/F

78/F
72/F
75/M
35/M

72/M

FIP1L1/PDGFRA negative HES

Steroids and HU for 3 years,
Steroids and IFN or Hu, alternatively
Steroids and HU 4 years

No

Steroids and HU, 7 years

Steroids and Imatinib, 3 m
Steroids 20 mg/day, 3 years
Steroids and HU

Imatinib 200 mg/day, 3 weeks
Steroids, 3 months

Steroids, 29 months

Steroids

Steroids, 4 months

Steroids and Imatinib 200 mg/day,
9 months

HU, 4 months

Steroids, 2 years

Steroids and Imatinib 200 mg/day,
7 months

Steroids and Imatinib 600 mg/day,
3 months

Steroids, 7 months

204

168
144
84

36
48
36

36
Dropped out
23
25*

18
8
19*
13

1

M: male; F: female; IFN: a-interferon; HU: hydroxyurea; aBMT: allogeneic matched bone marrow transplantation; *cases with documented hematologic response after
imatinib mesylate; steroids, different schedules include a dosage between 5 mg-25 mg/day.
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Table 3. Cytogenetic and FISH findings in 26 patients with the hypereosinophilic syndrome.

Patients  Age/Sex Karyotype RP11-3H20* cosmids RP11-350N15 and RP5-1132H12/RP-5- Cosmids
9-4+4-1 RP1-162N14/RP1-224C10  913J14/RP5-888H11  179A6/148B6
FIP1L1/PDGFRA positive 4q-/CEL
1 29/M 46,XY [15/15] 4 99 n.d 99 92
2 48/M 46, XY [17/17] 5 97 95 98 96
3 34/M 46,XY [18/18] 33 n.d. 97 96 100
4 67/M 46,XY [20/20] 10 99 98 95.5 96
5 68/F 46,XX [20/20] 15 95.5 99 n.d. 97
6 37/M 46,XY [12/12] 56 9 n.d n.d. n.d
7 26/M 46,XY [20/20] 22 98 97 98 100
8 29/M 46,XY [20/20] 55 99 99 98.5 99.5
9 62/M n.a. 17 99 n.d n.d. n.d
10 29/M 46,XY [20/20] 22 99 100 98 9
FIP1L1/PDGFRA negative HES

1 10/M 46,XY [15/15] 99 n.d. n.d. n.d. n.d.
12 22/M 46,XY [20/20] 97 97 100 94 94
13 55/M n.a. 99 97 98" 100 99.5
14 39/F 46,XX [20/20] 98 99 98" 99 97
15 87/M 46,XY [27/27] 97 99 100 95.6 96
16 78/F n.a. 98.5 100 n.d. 93.5 99
17 25/F 46,XX [20/20] 92 n.d. 96 94 93
18 60/F 46,XX [20/20] 96.5 99 99" 9 98.5
19 71/F 46,XX [15/15] 97 99.5 99.5 98 99.5
20 78/M 46,XY [15/15] 99.5 96.5 92 93 95
21 50/F n.a. 97.5 97.5 100* 98 100
22 78/F 46,XX [20/20] 98.5 n.d. n.d n.d. n.d
23 72/F 46,XX [15/15] 9 n.d. n.d n.d. n.d
24 75/M n.a. 98 98 97 92 99
25 35/M 46,XY [20/20] 95 97 99 9 94
26 72/M n.a. 9 96 99¢ 96 98

M, male; F, female; n.a., not available; *RP11-3H20 was used with RP11-120K16 or RP11-224010 as internal control in double-color experiments; cosmid 9-4 for the
3°’PDGFRB and cosmid 4-1 for the S’PDGFRB; RP11-350N1S5 encompasses the entire FGFRI gene; ’jzmtz'ent: studied also with clone RP1-162N14 and RP1-224C10

flanking the 3’ and the 5’ end of FGFRI, respectively; RPS-1132H12, RP5-913]14, and RP5-888H1

encompass the ABL1 breakpoints; cosmid 179A6 maps at the

S’ETV6 and cosmid 148B6 at the 3°’ETV6; numbers indicate the percentage of disomic nuclei for each clone tested; n.d., not done.

studied (Table 3). In 10/26 patients, FISH showed a
cryptic 4q12 deletion with one hybridization signal in
44% to 96% of interphase nuclei using clone RP11-
3H20 with either RP11-120K16 or RP11-24010 as the
internal control at diagnosis (Figure 1). A normal
hybridization pattern was found in the three cases (pts.
#6, 7, and 10) monitored during imatinib mesylate ther-
apy (after 3, 3, and 5 months, respectively). The
hybridization patterns of probes for PDGFRB, FGFR1,
ABL1, and ETV6 were normal both in patients with
HES and in patients with 4q-/CEL (Table 3).

RT-PCR detected the FIP1L1/PDGFRA fusion protein
in patients #5, 6, 7 and 10 at diagnosis. RT-PCR was
negative in cases #6, 7, and 10 after respectively 3, 8,
and 5 months of imatinib mesylate therapy. Lines of
therapy are reported in Table 2. Patients received differ-
ent treatments, including steroids (17 patients), a-inter-
feron (2 patients), hydroxyurea (8 patients), and ima-
tinib mesylate (12 patients). Patient 1 (4q-/CEL) rapidly
progressed to develop refractory acute myeloid
leukemia and died within 6 months of diagnosis.
Patient #13 was not treated. Patients #4 and 19 dropped
out of follow-up. Patient #3 (4q-/CEL) underwent two

matched bone marrow transplants and is alive and well
after a follow-up of 45 months. The median follow-up
of the other 21 cases was 47 months (range 7-204
months). Improvements in end-organ symptoms were
observed in three 4q-/CEL patients. In patients #6 and
8 who were suffering from Loeffler’s endocarditis,
symptoms promptly resolved and transthoracic
Doppler echocardiography findings were normal in
both soon after starting imatinib therapy.” In patient
#7, who had diplopia and several hyperdense lesions of
the white cerebral matter, neurological symptoms
resolved after 11 months of imatinib therapy, and mag-
netic resonance imaging demonstrated a reduction in all
hyperdense lesions.

Discussion

The identification of FIP1L1/PDGFRA provided new
insights into the treatment of patients with HES/CEL
and, in fact, imatinib mesylate therapy has significant-
ly changed the course of this malignancy.™*

In this multicenter study on 26 retrospective cases of
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primary hypereosinophilia, we used interphase FISH to
detect the del(4)(q12)-FIP1L1/PDGFRA change and to
investigate whether other genes that are rearranged in
myeloid malignancies with eosinophilia are involved in
HES. Interphase FISH detected cryptic del(4)(q12) in
10/26 patients (#1-10; Table 1) but no rearrangements
of PDGFRB, FGFR1, ABL1, or EVTé. It is worth noting
that known oncogenic tyrosine kinases were not impli-
cated in either FIP1L1-PDGFRA-negative or positive
cases in this study.

Differences in clinical features emerged between HES
and 4q-/CEL, the incidence of which was 38.5% in our
series. There was a significantly higher incidence of
hepatomegaly and splenomegaly in the 4g-/CEL group
(¢<0.04 for both; Fisher’s exact test). The male/female
ratio was 8/8 and 9/1, respectively. Male predominance
has already been found in other hematologic disorders
associated with rearrangements of either PDGFRA or
PDGFRB, although the causes are still unknown."”

Interestingly, in 3 cases (#4, 5 and 9) that did not com-
pletely satisfy the WHO criteria for either HES or CEL
since they did not show end-organ involvement, we
found the del(4)(q12)-FIP1L1/PDGFRA lesion. Two of
these patients were among the seven 4q-/CEL patients
#2,5,6,7,8,9, and 10) who were successfully treated
with imatinib mesylate, with the peripheral eosinophil
count normalizing within 2-4 weeks. Another of the
seven was our only female patient (#5) with 4q-/CEL
who also achieved complete hematologic remission,
confirming another report of a good response in a
female patient.” In three patients (#6, 7, and 10), inter-
phase FISH and RT-PCR demonstrated cytogenetic and
molecular remission during therapy. In the two patients
with Loeffler endocarditis (#6 and 8), imatinib mesylate
was associated with regression of cardiac symptoms
and resolution of transthoracic echocardiography
abnormalities.” Diplopia regressed and improvements
in magnetic resonance imaging were observed in
patient #7 with CNS involvement. The efficacy of ima-
tinib mesylate in inducing remission or improvement of
signs and symptoms of CNS involvement have already
been reported in two patients with 4g-/CEL.%*
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Figure 1. Double-color FISH with
clone RP11-3H20 (green) and
clone RP11-120K16 (red) in
patient 10. Panel A. The red/green
signal indicates normal chromo-
some 4; the red signal alone indi-
cates a cryptic deletion on the
other chromosome 4 (arrow).
Panel B. Interphase nuclei with
two red signals and one green sig-
nal.

Finally, five of 16 patients with HES who were
FIP1L1/PDGFRA-negative underwent imatinib mesy-
late treatment. Two patients (#21 and 24) achieved
hematologic remission with peripheral eosinophil
count normalization, confirming previous observations
of succesful imatinib therapy in a subgroup of
FIP1L1/PDGFRA-negative CEL.”* We are unable to
explain the underlying biological response because the
genetic lesion in patients without the 4q/CEL who
responded to imatinib mesylate therapy remains to be
elucidated. However, this study has proven it is not
related to genomic rearrangements of PDGFRB and
ABL1 tyrosine kinases or partners of ETV6.

In conclusion, in a selected series of patients with pri-
mary hypereosinophilic syndrome the incidence of the
4q-/CEL is around 40% with no involvement of the
other tyrosine kinases we tested. Prospective multicen-
ter studies are needed to determine the true incidence
and treat patients accordingly. As FISH studies diag-
nosed 4g-/CEL in three cases which did not satisfy the
WHO definition of HES/CEL because of absence of
end-organ involvement, inclusion criteria for these
studies remain an open question.
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