
SL-01 BONE MARROW 
SLIDE SEMINAR
NIDAL M. ALMASRI, MD
PROFESSOR AND CONSULTANT
KING HUSSEIN CANCER CENTER



Case presentation

 47-year-old male patient with a history of SOB and abdominal 
discomfort 

 He sought medical advice and the following was done:
 Echocardiogram on 26.12.2017:  Severe MR
 He was staretd on: bisprolol 5mg daily, lasix 40mg daily, aldactone

25 mg daily
 He was planned for open heart surgery which was postponed 

when a CBC showed: HB:11.7 g/L   WBC:50x109  Eos: 55%   PLT:184
 Bone marrow biopsy performed on 31.12.2017



Peripheral blood



Consensus criteria and definitions for 
eosinophilic disorders

Proposed term
Proposed 
abbreviation

Definition and criteria

Blood eosinophilia >0.5 Eosinophils × 109/L blood
Hypereosinophilia HE >1.5 Eos. × 109/L blood on 2 examinations (interval ≥1 month) 

and/or tissue HE defined by one or more of the following:
1. % of eos. in BM section >20% of all nucleated cells 
2. Pathologist is of the opinion that tissue infiltration by eos. is 

extensive 
3. Marked deposition of eos. granule proteins is found (with or 

without major tissue infiltration by eos).
Hypereosinophilic
syndrome

HES 1.Criteria for peripheral blood HE fulfilled and
2.Organ damage and/or dysfunction attributable to tissue HE 
and
3.Exclusion of other disorders or conditions as major reason for 
organ damage.

Valent P, et al. J Allergy Clin Immunol. 2012 Sep; 130(3): 607–612.e9.



Classification of HE

Proposed terminology
Proposed 
abbreviation Pathogenesis/definition

Hereditary (familial) HE HEFA Pathogenesis unknown; familial clustering, no signs or 
symptoms of hereditary immunodeficiency, and no evidence 
of a reactive or neoplastic condition/disorder underlying HE

HE of undetermined 
significance

HEUS No underlying cause of HE, no family history, no evidence of 
a reactive or neoplastic condition/disorder underlying HE, 
and no end-organ damage attributable to HE

Primary (clonal/neoplastic) 
HE

HEN Underlying stem cell, myeloid, or eosinophilic neoplasm, as 
classified by WHO criteria; eosinophils considered neoplastic 
cells

Secondary (reactive) HE HER Underlying condition/disease in which eosinophils 
are considered nonclonal cells; HE considered 
cytokine driven in most cases



Causes of eosinophila

Okada R, Nakachi S, Inokuma S. The severity of peripheral blood eosinophilia indicates an eosinophilia-
associated disease corresponding to its level. Allergol Int. 2016 Jan;65(1):112-4.

NEAE: non-episodic 
angioedema with 
eosinophilia
EGPA: eosinophilic 
granulomatosis with 
polyangiitis

a) The ratio of diseases in patients with an eosinophil count of ≥2000/μL. b) The ratio of diseases in patients with an 
eosinophil count of ≥10000/μL. EGPA, eosinophilic granulomatosis with polyangiitis; NEAE, non-episodic angioedema 
with eosinophilia.



Causes of hypereosinophilia

 secondary (46%) 
 autoimmune 33%, non-myeloid malignancy 19%, drugs 12%, allergies 10%, parasitosis

2%, others 24%

 idiopathic (32%).
 PDGFRA- or PDGFRB-rearranged myeloid neoplasm (5%)
 CEL-NOS (2%)
 MN/eo (10%) 

 systemic mastocytosis 50%, chronic myeloproliferative neoplasm 33%, AML 6%, others 
11% 

 eosinophilia associated with clonal/abnormal lymphocytes (4%).

Lim K-H, et al: Hypereosinophilia in 357 Consecutive Patients: Disease Spectrum 
and Clinical and Laboratory Correlates. Blood 2009 114:3903;



Bone marrow aspirate



Bone marrow aspirate



Bone marrow biopsy



Bone marrow biopsy





Testing for PDGFRA rearrangement 

 Not seen by routine karyotyping (cryptic)
 FISH using 3 probes one of which binds to CHIC2 which is deleted. 

 RT-PCR 

PDGFRACHIC2FIP1L1

PDGFRAFIP1L1



FISH testing for PDGFRA 
rearrangement 



Case presentation

 Daignosis: Myeloid and lymphoid neoplasm with 
PDGFRA rearrangement

 Started on imatinib 400mg daily
 Underwent valve replacement in February 2018
 A new bone marrow biopsy obtained last July



Remission



Remission



Case presentation

 Hematologic and genetic remission
 Now on maintenance imatinib100 mg daily



Myeloid/lymphoid neoplasmas with 
eosinophilia

 rearrangements of
PDGFRA
PDGFRB,
FGFR1

 Fusion of PCM1-JAK2



Myeloid and lymphoid neoplasm with 
PDGFRA rearrangement

 A clonal hematopoietic stem cell disorder with 
rearrangement of PDGFRA at 4q12

 Typically caused by small interstitial deletion creating fusion 
gene FIP1L1-PDGFRA

 Usually presents as apparent myeloproliferative neoplasm 
with features of chronic eosinophilic leukemia

 Rare alternative presentations are possible [apparent acute 
myeloid leukemia (AML), acute lymphoblastic leukemia (ALL)]

 Regardless of presentation, presence of PDGFRA 
rearrangement dictates diagnosis of MLN-PDGFRA



Myeloid and lymphoid neoplasm with 
PDGFRA rearrangement

 Striking male predominance. M:F=17:1

 Age: Peak 25-55 years, median 40s 

 Seven additional fusion partners of PDGFRA have been described, 
including BCR, ETV6, KIF5B, CDK5RAP2, STRN, TNKS2, and FOXP1

 Imatinib sensitive

 Complete hematologic and molecular remission is expected

 Some patients have sustained remission after stopping imatinib, others relapsed

 Resistance to imatinib is rare with almost all cases relate to acquisition of the T674I 
mutation

 This mutation is resistant to TKI except ponatinib

 Elevated tryptase and vit B12 



Series evaluating imatinib in FIP1L1-PDGFRA-
positive myeloid/lymphoid neoplasms

Reference n CHR 
(%)

CMR 
(%)

Follow-up in 
months, median 

(range)

Resista
nce Deaths

Baccarani et al. Haematologica, 200730 27 100 100 25 (15-60) — —
Klion et al. J Allergy Clin Immunol., 200931 17 N/A 88 N/A — —
Helbig et al. Hematol Oncol., 201033 16 100 100 36 (2-59) — —
Pardanani et al. Leukemia, 201234 18 94 100 73 1 2
Legrand et al. Medicine, 201335 44 100 95 52 (1-100) — 1
German Registry on Disorders of 
Eosinophils and Mast Cells (unpublished) 64 100 90 77 (2-129) 2 4

Reiter A, Gotlib J. Blood 2017 129:704-714; doi: https://doi.org/10.1182/blood-2016-10-695973



MLN-PDGFRB

 Clonal hematopoietic stem cell disorder with rearrangement of PDGFRB at 5q31~33

 Most commonly reciprocal translocation with 12p13.2 creating ETV6-PDGFRB fusion

 25 other translocations have been reported
 Alternative reciprocal translocations involve very wide array of partners other than ETV6

 Usually presents as apparent chronic myelomonocytic leukemia with eosinophilia

 Other presentations: CEL, atypical CML, AML, JMML, 1ry MF, chronic basophilic leukemia
 Alternative presentations are possible

 Regardless of presentation, PDGFRB rearrangement by definition places case in this 
category (with some possible exceptions)

 Detected by karyotyping t(5;12); FISH



FISH testing for PDGFRB rearrangement

Break apart probe



MLN-PDGFRB, response to imatinib

 26 such patients treated with imatinib. 
 Median follow-up of 10.2 years (range, 1.8-17 years)
 The 10-year overall survival rate was 90%
 96% response rate; 
 no patients who achieved a complete cytogenetic (n = 

13) or molecular (n = 8) remission lost their response or 
progressed to blast crisis.

Chan Y. Cheah et al. Blood 2014;123:3574-3577



Progression-free survival of patients with PDGFRB gene rearrangements receiving imatinib.

Chan Y. Cheah et al. Blood 2014;123:3574-3577

©2014 by American Society of Hematology



MLN-FGFRA1

 Clonal hematopoietic stem cell disorder with rearrangement of FGFR1 at 8p11
 Presentation is highly variable
 May be as apparent myeloproliferative neoplasm or acute leukemia
 Subcategory of WHO myeloid/lymphoid neoplasms with eosinophilia and 

rearrangements of PDGFRA, PDGFRB, FGFR1, or with PCM1-JAK2
 Presence of FGFR1 rearrangement by definition places case in category of 

MLN-FGFR1
 In contrast to cases with PDGFRA and PDGFRB rearrangements, MLN-

FGFR1 does not respond to imatinib
 HSCT is the only potentially curative treatment



JAK2 fusion genes

 Provisional entity in the WHO 2016 classification
 PCM1-JAK2 as a result of t(8;9)(p22;p24) is the most frequent 
 PCM1-JAK2-positive patients usually present with features of a 

MPN(eg, MPN or MDS/MPN) and are frequently (50% to 70%) 
associated with eosinophilia and/or BM fibrosis

 Aggressive, with rapid progression to AML, and rarely to ALL
 ETV6-JAK2 [t(9;12)(p24;p13)] and BCR-JAK2 [t(9;22)(p24;q11)] fusion 

genes have been reported in only a few patients, mostly present as 
ALL, and they may be considered as BCR-ABL1-like ALL



Cytogenetic and molecular abnormalities 
associated with primary eosinophilias and 
their management 

Cytogenetic abnormality Molecular abnormality Clinical significance
Usually cryptic FIP1L1‐PDGFRA or other 

rearrangement of PDGFRA
Imatinib sensitive

t(5;12)(q31‐q33;p12) or other 
5q31‐q33 translocation

ETV6‐PDGFRB fusion or other 
rearrangement of PDGFRB

Imatinib sensitive

t(8;13)(p11;q12) or other 8p11‐12 
translocation 

ZMYM2‐FGFR1 or other 
rearrangement of FGFR1

Imatinib resistant,
investigational drugs or BMT

t(8;9)(p22;p24) or other 9p24 
translocation 

PCM1‐JAK2 or other 
rearrangement of JAK2

Imatinib resistant,
BMT
Ruxolitinib sensitive

t(12;13)(p13;q12) ETV6‐FLT3 Sunitinib and sorafenib
sensitive

t(9;12)(q34;p13) ETV6‐ABL1 Imatinib sensitive



Idiopathic Hypereosinophilic
Syndrome (HES)

 ≥1.5x109 EOS/L in PB persisting for 6 months or more with no 
underlying cause

 Signs of organ involvement and dysfunction
 In the absence of organ damage, the Dx. is idiopathic 

hypereosinophilia

 No eosinophilic clonality
 A diagnosis of exclusion 
 May include case of CEL that cannot be recognised



Conclusions

 HE covers a spectrum of diseases ranging from reactive diseases 
to clonal neoplastic conditions

 HE varies in its clinical manifestations from benign self limited 
disorders to life threatening conditions

 Proper classification of eosinophilia is challenging, but is 
mandatory for managing patients

 HE with imatinib sensitive mutations can achieve hematologic 
and molecular remissions and can be potentially cured


