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Mature B-cell neoplasms

¥ Chronic lymphocytic leukaemia (CLL) / SLL

¥ B-cell prolymphocytic leukaemia

¥ Splenic marginal zone lymphoma

¥ Hairy cell leukaemia

¥ Splenic  B-cell lymphoma /leukaemia , unclassifiable
Ð Splenic diffuse red pulp small B-cell lymphoma
Ð Hairy  cell  leukaemia-variant

¥ Lymphoplasmocytic lymphoma
Ð Waldenstršm macroglobulinaemia

¥ Heavy chain disease
Ð Alpha heavy chain disease
Ð Gamma heavy chain disease
Ð Mu heavy chain disease

¥ Plasma cell myeloma

¥ Solitary plasmacytoma of bone
¥ Extraosseous plasmacytoma
¥ Extranodal marginal zone lymphoma of mucosa-

associated lymphoid tissue (MALT lymphoma)

¥ Nodal marginal zone lymphoma
Ð Paediatric nodal marginal zone lymphoma

¥ Follicular lymphoma
Ð Paediatric follicular lymphoma

¥ Primary cutaneous follicle centre lymphoma

¥ Mantle cell lymphoma

¥ Diffuse large B-cell lymphoma (DLBCL), NOS
Ð T-cell/histiocyte rich large B-cell lymphoma
Ð Primary DLBCL of the CNS
Ð Primary cutaneous DLBCL, leg type
Ð EBV positive DLBCL of the elderly

¥ DLBCL associated with chronic inflammation
¥ Lymphoid granulomatosis
¥ Primary mediastinal (thymic) large B-cell lymphoma
¥ Intravascular large B-cell lymphoma
¥ ALK positive large B-cell lymphoma
¥ Plasmablastic lymphoma

¥ Large B-cell lymphoma arising in HHV8-associated
multicentric Castleman disease

¥ Primary effusion lymphoma
¥ Burkitt lymphoma

¥ B-cell lymphoma, unclassifiable, with features
intermediate between diffuse large B-cell lymphoma
and Burkitt lymphoma

¥ B-cell lymphoma, unclassifiable, with features
intermediate between diffuse large B-cell lymphoma
and classical Hodgkin lymphoma
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Guidelines for an integrated diagnostic approach of chronic lymphoproliferative
diseases in the routine laboratory of haematology in Belgium

J. PhilippŽ1, F. Nollet2, M. Bakkus3, P. Meeus4, C. Demanet3, N. Schaaf-Lafontaine5, S. Franke5, B. Chatelain6, K. Vermeulen7,  E. Boone8, H. El
Housni9, P. Heimann9, B. Husson10, F. Lambert11, P. Vannuffel12, P. Saussoy13, B. Maes14, P. Deschouwer15

¥ peripheral blood lymphocytosis
ÐFresh blood smear

¥ reactive lymphocytes -> nothing / serology
¥ if still in doubt -> screening panel gating based on

CD45/SSC: CD3/CD4/CD8/CD19

ÐB-cell lymphocytosis >500/! l -> clonality.
¥ three main groups based on CD5+/- and CD10+/-
¥ STORE DNA !
¥ prepare 10 blood smears for FISH

in case of rare events: purify by FACS or MACS
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Peripheral blood 
Lymphocytosis

Aberrant 
lymphocyte 
morphology

Fresh blood smear

Reactive 
lymphocytes & 

history of 
infection

CD3 CD4 CD8 CD19
Kappa -Lambda

(CD45)
(CD16+56)

Light chain 
restriction or

CD5+ or CD10+

YES

Store DNA
Store material for FISH

YES

CD5- CD10+
B-cell 

lymphocytosis 

CD5+ CD10-
B-cell 

lymphocytosis 

CD5- CD10-
B-cell 

lymphocytosis 

CD2 CD5 CD7
TCRab TCRgd

CD1a CD16 CD56 
CD57 HLADR
( CD25 CD26 )

TCRG and /or TCRB
gene rearrangement

clonality analysis

Suspicion of 
plasma cell 

leukemia OR BM 
plasmocytosis

Polyclonal B 
cell 

lyphocytosis

CD38 CD138 CD56
CD45 CD19

( CD117 )
( cKappa cLambda )

( hyperdiploidy )

FISH
13q cen 9 17 p

IGHsplit or t (11;14)

YES

( FISH )
i(3q)

t (14;18)

YES
CD20

CD22 CD23
CD79b FMC 7

Catovsky score

IGH mutational status
FISH

13q 11q 17p (+12)

Typical CLL
(Curative R / )
( < 65 years )

YES

YES

FISH
t (11;14)

( PCR or BCL 1 )

NO

FISH  (PCR)  t(14;18)
( IGHsplit )

if Burkitt is suspected
FISH 

t (8;14) t (2;8) t8;22)

YES

CD20
CD22 CD11c

CD25 CD103 FMC 7

YES

( FISH and PCR ) 
(  t (11;14) t (14;18)  )

Aberrant B -cell 
phenotype

OR
>500 B -cell /! l

NO

NO

Lymph node
Skin biopsy

Bone marrow

Measurement of 
viability

Aberrant T -cell 
phenotype

OR
>3000 T-cell / ! l

YES

Starting material
Analysis to be 

performed
Result of 
analysis

Legenda:
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Mature B-cell neoplasms: CLL

¥ CLL definition:
¥ > 5 x 109 /L monoclonal lymphocytes in PB

or extramedullary tissue involvement (SLL)
¥ with a CLL phenotype:

Ð dim surface IgM/IgD
Ð CD19+, CD20+, CD22+, cCD79a+, CD79b-/w
Ð CD5+, CD23+, CD10-, FMC7-/w, CD11c+w

¥ MBL = monoclonal B lymphocytosis CD5+:
¥ < 5 x 109 /L monoclonal lymphocytes in PB with a CLL

phenotype
¥ (3,5% of healthy individuals > 40 years old)
¥ clinical significance unknown
¥ previously known as MLUS
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Mature T-cell and NK-cell neoplasms

¥ T-cell prolymphocytic leukaemia

¥ T-cell large granular lymphocytic leukaemia

¥ Chronic lymphoproliferative disorder of NK-cells
¥ Aggressive NK cell leukaemia

¥ Systemic EBV positive T-cell lymphoproliferative disease of childhood
¥ Hydroa vacciniforme-like lymphoma
¥ Adult T-cell leukaemia/lymphoma

¥ Extranodal NK/T cell lymphoma, nasal type
¥ enteropathy-associated T-cell lymphoma
¥ Subcutaneous panniculitis-like T-cell lymphoma
¥ Hepatosplenic T-cell lymphoma
¥ Mycosis fungoides

¥ Sézary syndrome

¥ Primary cutaneous CD30 positive T-cell lymphoproliferatieve disorders

¥ Primary cutaneous gamma-delta T-cell lymphoma
¥ Primary cutaneous CD8 positive aggressive epidermotropic cytotoxic T-cell lymphoma
¥ Primary cutaneous CD4 positive small/medium T-cell lymphoma
¥ Peripheral T-cell lymphoma, NOS
¥ Angioimmunoblastic T-cell lymphoma

¥ Anaplastic large cell lymphoma, ALK positive
¥ Anaplastic large cell lymphoma, ALK negative
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Mature T-cell and NK-cell neoplasms
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Mature T-cell and NK-cell neoplasms
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ÒMyeloid Chronic NeoplasmsÓ

¥ Myeloproliferative Neoplasms

¥ Myeloid and lymphoid neoplasms with
eosinophilia and abnormalities of PDGFRA,
PDGFRB or FGFR1

¥ Myelodysplastic / Myeloproliferatieve neoplasms

¥ Myelodysplastic syndromes
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Myeloid ÒChronicÓ Neoplasms
¥ Myeloproliferative neoplasms (MPN)

CML Chronic myelogenous leukaemia BCR-ABL1 positive 9875/3
CNL Chronic neutrophilic leukaemia 9963/3
PV Polycythaemia vera 9950/3
PMF Primary myelofibrosis 9961/3
ET Essential thrombocythaemia 9962/3
CEL, NOS Chronic eosinophilic leukaemia, NOS 9964/3
Mastocytosis      9740/1 9741/3 9742/3 9740/3 9740/1
MPN, U Myeloproliferative neoplasm, unclassifiable 9975/3

¥ Myeloid and lymphoid neoplasms with eosinophilia and abnormalities of
PDGFRA, PDGFRB or FGFR1

¥    9965/3 9966/3 9967/3

¥ Myelodysplastic / myeloproliferative neoplasms
CMML Chronic myelomonocytic leukaemia 9945/3
aCML Atypical chronic myeloid leukaemia, BCR-ABL1 negative 9876/3
JMML Juvenile myelomonocytic leukaemia 9946/3
MDS/MPN, U Myelodysplastic/myeloproliferative neoplasm, unclassifiable 9975/3
RARS-T Refractory anaemia with ring sideroblasts associated with marked thrombocytosis

9982/3

¥ Myelodysplastic syndromes
RCUD Refractory cytopenia with unilineage dysplasia
RA Refractory anaemia (with unilineage dysplasia) 9980/3
RN Refractory neutropenia (with unilineage dysplasia) 9991/3
RT Refractory thrombocytopenia (with unilineage dysplasia) 9992/3
RARS Refractory anaemia with ring sideroblasts 9982/3
RCMD Refractory cytopenia with multilineage dysplasia 9985/3
RAEB Refractory anaemia with excess blasts 9983/3

Myelodysplastic syndrome associated with isolated del(5q) 9986/3
MDS, U Myelodysplastic syndrome, unclassifiable 9989/3
RCC Refractory cytopenia of childhood 9985/3
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WHO classification

RECOMMENDS REPORTING OF THE VARIOUS DIAGNOSTIC STUDIES IN
A SINGLE, INTEGRATED REPORT AND CORRELATED WITH THE
CLINICAL FINDINGS

Ð prior to therapy determine
¥ lineage
¥ degree of maturation
¥ cytologically normal or dysplastic
¥ blast percentage in peripheral blood and bone marrow

Ð using morphologic, cytochemical and immunophenotypic features of the
neoplastic cells

Ð supplemented with cytogenetic and molecular genetic studies to recognize
specific genetically defined entities

If a definitive classification cannot be reached the report should indicate the
reasons why and provide guidelines for additional studies that may clarify
the diagnosis
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CML, BCR-ABL1 positive

¥ 90-95% t(9;22)(q34;q11.2) Chromosome Phi

¥ + 3th or 4th additionnal chromosome
¥ cryptic translocation 9q34 and 22q11.2
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CML, BCR-ABL1 positive

¥ M-BCR breakpoint (ex 12-16) p210
¥ ! -BCR breakpoint (ex 17-20) p230
¥ m-BCR breakpoint (ex 1-2) p190 (ALL)
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CML, BCR-ABL1 positive

- Enhanced TK activity - STI571 - Imatinib
- Constitutive activation of signal - compete for ATB binding

  transduction pathways
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CML, BCR-ABL1 positive

¥ Emergence of point mutations

L248V, G250E,
Q252R, Q252H,
Y253H, E255K,
E255V, M351T,
F359V, É

T315 I

Dasatinib

NilotinibXX
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CML, BCR-ABL1 positive

¥ Karyotype

¥ FISH
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CML, BCR-ABL1 positive
¥ Molecular Biology : Real-Time PCR

-Monitoring residual disease and effectiveness of treatment

-Requirement for international standardisation (EUTOS)
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new diagnostic algorithms for PV

two major + one minor or major 1 + two minor

¥ major criteria:
1. Hb >18.5 g/dl in men / >16,5 g/dl in women

2. JAK2 (V617F or similar eg exon 12)

¥ minor criteria:
1. biopsy showing hyerpcellularity in all three lineages

2. serum erythropoietin level below reference range

3. endogenous erythroid colony formation in vitro
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new diagnostic algorithms for ET

all four criteria have to be met:

1. sustained platelet count >450 x 109/L

2. biopsy showing proliferation of megakaryocytic lineage with
increased numbers of enlarged, mature megakaryocytes

3. not meeting criteria for PV, PMF, CML BCR-ABL1+, MDS

4. JAK2 V617F or other clonal marker or if absence no
evidence for reactive thrombocytosis
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JAK2 V617F mutation

¥ Mutation in the JH2 domain of Janus Kinase 2 TK
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JAK2 V617F mutation

¥ 95 % of patients with PV
¥ 65% of patients with TE
¥ 50% of patients with myelofibrosis

¥ c.1849G>T or p.V617F
¥ heterozygote or homozygote
¥ associated with 9p LOH
¥ + cytogenetics abnormalities (20%) : +8, +9, del(20q),

del(13q) and del(9p)
¥ No BCR-ABL
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JAK2 V617F mutation

Allele-spŽcific PCR

PCR + BsaX1 digestion

Identification : several technologies are available
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JAK2 V617F mutation

Sequencing

Pyrosequencing
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JAK2 V617F mutation

High Resolution Melting Curve

Real-Time PCR (+ LNA)
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