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Objectives
• Approach a bone marrow biopsy diagnostically — step by step
• Recognize typical marrow patterns (NPM, MDS, lymphoma…)
• Collaborate efficiently with your pathologist
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I. Toolbox for BMT evaluation
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3 Main Indications :
- Diagnosis

- Staging

- Monitoring



Aspirate vs. Biopsy

ASPIRATE

• Quick results
• Fine cytological detail

• Enumeration of marrow cellular 
elements (relative quantity)

• Wider cytochemical stains can be
used

• Ideal for flow cytometry, 
cytogenetics/molecular studies

BIOPSY

• Complete assessement of 
cellularity and architecture

• More sensitive for focal lesions

• Allows grading of fibrosis

• Use of IHC

• Useful for assessment of AA, 
metastasis, some infections

Both are complementary à the full picture requires both



Stepwise Analysis

• 1. Assess cellularity 
• 2. Evaluate hematopoietic lineages
• 3. Identify other cells
• 4. Assess fibrosis
• 5. Integrate IHC

BMT Evaluation ⋮ Educational Course ⋮ Videocapsule



Cellularity

Riley et al., JCLA, 2009

100-age (%) = expected cellularity for age

Jaffe, Hematopathology, 2nd edition, 2017

Severe AA is characterized by a markedly hypocellular bone marrow (<25% of normal for age or 25 to 
50% of normal with <30% hematopoietic cells) accompanied by two of the following: granulocytes 
<0.5 × 109/L; platelets <20 × 109/L; or corrected reticulocyte count <1%



Erythropoïesis Granulopoïesis

Jaffe, Hematopathology, second edition, 2017
Courtesy of Pr. Tassin and. Keutgens

Haematopoesis



Megacaryopoeïsis

Other?
• Monocytes

• Macrophages
• Plasma cells

• Lymphoid cells
• Mast cells
• Oestoclasts

• Bone
• Iron

• … Jaffe, Hematopathology, second edition, 2017Courtesy of Pr. Tassin and Dr. Keutgens

For each lineage
àAssess maturation and proportion.
àNote any dysplasia or predominance



Immunohistochemistry

• Erythroid: CD71
• Myeloid: MPO
• Megacaryocytes: CD61
• Blasts: CD34, CD117

• CD34 does not equal blast
• Not all blasts are CD34+ 
• Not all CD34+ cells are blasts 

• Mastocytes: Tryptase, CD117

• Plasma cells: CD138, IgKappa, IgLambda

• Lymphocytes: CD20, CD3, CD30, …

• …

CD71

MPO

CD61

interpret contextually !!!
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Classifications : BM Pathology

ICC, 2022 Myeloid classification WHO 5th edition, 2022



• ICC, 2022 Myeloid classification



• WHO 5th edition, 2022



II. Practical cases
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Case 1 : The Eosinophilic Mystery

• 74 yo, M

• Bone marrow biopsy

• Hypereosinophilia of unknown aetiology

• Biopsied cutaneous lesions

• BCR-ABL –

• PET scan : axillary and inguinal hypermetabolic lymph 
nodes

• NHL ? MPN ?



What’s your diagnosis/reaction ?

• Non contributory
• Cry in your office
• Avoid phone calls asking you if you’re sure because the 

patient is very difficult to biopsy
• All of the above
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BMT Adequacy
Collection procedure
• 11-gauge needle AT LEAST

• If osteopaenic, a 8-gauge needle allows the collection of an intact core 
biopsy with minimal crush artifact

• 13-gauge biopsy needle for paediatric patients

• Adequate core biopsy, 
• At least 1.6 cm to 2 cm long 

• Prior to fixation
• Exclusive of cortical bone, cartilage, or periosteum
• Free of crush artifact or interstitial hemorrhage or

fragmentation 
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Case 2 : The Fibrotic Enigma

• 65 yo, M
• JAK2 +
• Non contributory

• Search for associated fibrosis
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What’s your diagnosis ?

• Essential Thrombocythaemia
• Primary myelofibrosis

• Overt
• Pre-fibrotic

• Polycythaemia vera
• Please correlate with clinical informations
• All of the above
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Essential Thrombocythaemia : WHO 2022
The diagnosis of essential thrombocythaemia requires that either all major criteria or the first 3 
major criteria plus the minor criterion are met.
• Major criteria

• Platelet count ≥ 450 × 109/ L
• Bone marrow biopsy showing proliferation mainly of the megakaryocytic lineage, with

increased numbers of enlarged, mature megakaryocytes with hyperlobulated nuclei; no 
significant increase or left shift in neutrophil granulopoiesis or erythropoiesis; very rarely a 
minor (grade 1) increase in reticulin fibres 

• WHO criteria for BCR::ABL1–positive chronic myeloid leukaemia, polycythaemia vera, 
primary myelofibrosis, or other myeloid neoplasms are not met

• JAK2, CALR, or MPL mutation

• Minor criterion
• Presence of a clonal marker or
• Exclusion of reactive thrombocytosis

ICC 2022 : one single minor 
criteria



Jaffe, 2024



Polycythaemia Vera : WHO 2022
The diagnosis of polycythaemia vera requires either all 3 major criteria or the first 2 major criteria plus the minor 
criterion.
• Major criteria

• Elevated haemoglobin concentration (> 16.5 g/dL in men; > 16.0 g/dL in women) or elevated 
haematocrit (>49%a in men; >48% in women)

• Bone marrow biopsy showing age-adjusted hypercellularity with trilineage growth (panmyelosis), 
including prominent erythroid, granulocytic, and megakaryocytic proliferation with pleomorphic, mature 
megakaryocytes (differences in size)b

• Presence of JAK2 V617F or JAK2 exon 12 mutation
• Minor criterion

• Subnormal serum erythropoietin level.

__________________________________________________________________________________________a

Haematocrit for diagnosis in the absence of a JAK2 mutation. A higher haematocrit target could be considered 
(e.g., 0.52) in men before further investigation may be required.
b Major criterion 2 (bone marrow biopsy) may not be required in patients with sustained absolute erythrocytosis
(haemoglobin concentrations of > 18.5 g/dL in men or > 16.5 g/dL in women or haematocrit values of > 0.555 in 
men or > 0.495 in women), if major criterion 3 and the minor criterion are present.
The determination of the red cell mass with 51Cr-labeled red cells allows the differentiation between true 
polyglobulia and pseudopolyglobulia. This is not a method for routine clinical use.

ICC 2022 : Bone marrow biopsy may not be required in patients with sustained absolute erythrocytosis
(hemoglobin concentrations of >18.5 g/dL in men or >16.5 g/dL in women and hematocrit values of >55.5% in men 

or >49.5% in women) and the presence of a JAK2 V617F or JAK2 exon 12 mutation.



Jaffe, 2017
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Primary Myelofibrosis : WHO 2022

The diagnosis of pre-fibrotic primary myelofibrosis requires that all 3 major criteria and

at least 1 minor criterion are met.

Major criteria

1. Megakaryocytic proliferation and atypia, without reticulin fibrosis grade > 1a, accompanied by

increased age-adjusted bone marrow cellularity, granulocytic proliferation, and (often) decreased 

erythropoiesis

2. WHO criteria for BCR-ABL1–positive chronic myeloid leukaemia, polycythaemia vera,

essential thrombocythaemia, myelodysplastic syndromes, or other myeloid neoplasms are not met

3. JAK2, CALR, or MPL mutation

OR

Presence of another clonal markerb

OR

Absence of minor reactive bone marrow reticulin fibrosisc

Minor criteria

Presence of at least one of the following, confirmed in 2 consecutive determinations:

- Anaemia not attributed to a comorbid condition

- Leukocytosis ≥ 11 × 109/ L

- Splenomegaly detected clinically and/or by imaging

- Lactate dehydrogenase level above the upper limit of the institutional reference range

- Leukoerythroblastosis

a See Table <<30704>>

The diagnosis of overt primary myelofibrosis requires that all 3 major criteria and

at least 1 minor criterion are met.

Major criteria

1. Megakaryocytic proliferation and atypia, accompanied by reticulin and/or collagen fibrosis grades 

2 or 3
a

2. WHO criteria for essential thrombocythaemia, polycythaemia vera, BCR-ABL1–positive chronic

myeloid leukaemia, myelodysplastic syndrome, or other myeloid neoplasms
b

are not met

3. JAK2, CALR, or MPL mutation

OR

Presence of another clonal marker
C

OR

Absence of reactive myelofibrosis
d

Minor criteria

Presence of at least one of the following, confirmed in 2 consecutive determinations:

- Anaemia not attributed to a comorbid condition

- Leukocytosis ≥ 11 × 10
9
/ L

- Splenomegaly detected clinically and/or by imaging 

- Lactate dehydrogenase level above the upper limit of the institutional reference range

- Leukoerythroblastosis

a
See Table <<30704>>

b
Myeloproliferative neoplasms can be associated with monocytosis or they can develop it during the 

course of the disease; these cases may mimic chronic myelomonocytic leukaemia (CMML); in these 

rare instances,

a history of MPN excludes CMML, whereas the presence of MPN features in the bone marrow and/or

Copyright



Jaffe, 2017



Bone marrow fibrosis
European consensus on 
grading bone marrow
fibrosis and assessment
of cellularity. J.Thiele et al. 
Haematologica 2005; 
90:1128-1132 
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Jaffe, 2017
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Case 3 : The Marrow That Wouldn’t Speak

• 38 yo M
• Medullary hypermetabolism
• Cervical mass
• Lymphoma ?



What’s your diagnosis ?

• Lymphoma
• Myeloma
• Carcinoma
• Melanoma
• All of the above
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CD34+, CD117+, MPO+, Lyzozyme+
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CD34+, CD117+, MPO+, Lyzozyme+

Acute myeloid Leukaemia



DRY TAPE : Touch imprints of the core biopsy

Riley et al., JCLA, 2004
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Touch imprints of the core biopsy

Riley et al., JCLA, 2004

Be gentle, be
delicate !
Do NOT CRUSH !
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III. Conclusion
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• Integration of clinical, morphologic, 
immunophenotypic, genetic, and other biologic
features is mandatory to define specific
disease entities

• The relative contribution of each feature varies 
depending on the case

• Make your cytologists/pathologists/geneticians
good by providing them relevant clinical
informations and optimal samples
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