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Neoplastic Diseases of the Hematopoietic and Lymphoid Tissues
-New World Health Organization Classification-

Department of Pathology, Yonsei University College of Medicine, Seoul, Korea

Encouraged by the success of the Revised European American Classification of Lymphoid
Neoplasms (REAL) which was published in 1994 by the International Lymphoma Study
Group (ILSG), the European Association of Pathologists and the Society for Hematopatholo-
gy have started a collaborative classification project in 1995 under the auspices of World
Health Organization (WHO). The two collaborators employed the same consensus building
process used by ILSG for the REAL to the classification of myeloid, histiocytic/dendritic, and
mast cell neoplasms and listed real biologic entities defined by morphologic, immunopheno-
typic, cytogenetic, and clinical findings. In contrast to the REAL, Clinical Advisory Committee
composed of expert hematologists and oncologists evaluated the clinical relevance of the
classification scheme proposed by the pathologists before the publication of new WHO clas-
sification of hematologic malignancies. While the classification of lymphoid neoplasms con-
tained minor changes compared with the REAL, there were major changes in the classifica-
tion system of myeloid neoplasms compared with the previously used French-American-
British (FAB) classification. The new WHO classification of hematologic malignancies, pub-
lished last year, is a product of the first true worldwide consensus among leading patholo-
gists and clinicians alike, and it overcomes the drawbacks of old fashioned classification
schemes; therefore, we can expect progress in the understanding and treatment of hemato-
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Table 1. Comparison of histologic classification of Hodgkin's lymphoma

Jackson and Parker (1944)  Lukes and Butler (1966) Rye (1966) REAL (1994) WHO (2001)

Paragranuloma Lymphocytic and Lymphocyte Lymphocyte Lymphocyte
histiocytic, nodular predominance predominance predominance
Lymphocytic and Lymphocyte-rich Lymphocyte-rich
histiocytic, diffuse classical (provisional entity) classical

Granuloma Nodular sclerosis Nodular sclerosis Nodular sclerosis Nodular sclerosis
Mixed cellularity Mixed cellularity Mixed cellularity Mixed cellularity

Sarcoma Diffuse fibrosis Lymphocyte depletion Lymphocyte depletion Lymphocyte depletion
Reticular

Table 2. Rappaport classification (1956)

Table 3. Gall and Mallory classification (1942)

Malignant lymphoma

Diffuse Nodular (follicular)

1. Lymphocytic type, well differentiated

2. Lymphocytic type, poorly differentiated

3. Mixed type (lymphocytic and reticulum cell)
4. Reticulum-cell type

5. Hodgkin's type

Table 4. WHO histological and cytological typing of neoplastic
diseases of hematopoietic and lymphoid tissues (1976)

Reticulum cell sarcoma
Stern cell ymphoma
Clasmatocytic lymphoma

Lymphoblastic lymphoma

Lymphocytic lymphoma

Follicular lymphoma

Hodgkin's lymphoma

Hodgkin's sarcoma

Lymphosarcomas
Nodular lymphosarcoma
Diffuse lymphosarcoma
Lymphocytic
Lymphoplasmacytic
Prolymphocytic
Lymphoblastic
Immunoblastic
Burkitt
Mycosis fungoides
Plasmacytoma
Reticulosarcoma
Unclassified malignant lymphomas
Hodgkin disease
With lymphocyte predominance
With nodular sclerosis
With mixed cellularity
With lymphocyte depletion

Others
Eosinophilic granuloma
Mastocytoma
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Table 5. Lukes and Collins classification (1974)

T-cell types
Mycosis fungoides and Sezary syndrome
Convoluted lymphocyte
Immunoblastic sarcoma of T cells
B-cell types
Small lymphocytic
Plasmacytoid lymphocytic
Follicular center cell ymphomas (follicular, follicular and diffuse,
or diffuse)
Small cleaved
Large cleaved
Small noncleaved
Large noncleaved
Immunoblastic sarcoma of B cells
Histiocytic
Undefined cell type

Table 6. Kiel classification (1974)

Low-grade malignancy
Malignant lymphoma-lymphocytic (CLL and others)
Malignant lymphoma-lymphoplasmacytoid (immunocytic)
Malignant lymphoma-centrocytic
Malignant lymphoma-centroblastic/centrocytic-follicular, follicular
and diffuse, or diffuse; with and without sclerosis
High-grade malignancy
Malignant lymphoma-centroblastic
Malignant lymphoma-lymphoblastic
Burkitt type
Convoluted cell type
Others
Malignant lymphoma-immunoblastic
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Table 7. Working Formulation of Non-Hodgkin's Lymphomas
for Clinical Usage

Low grade
Small lymphocytic
Consistent with CLL; plasmacytoid
Follicular predominantly small cleaved cell
Diffuse areas, sclerosis
Follicular mixed small cleaved and large cell
Diffuse areas, sclerosis
Intermediate grade
Follicular predominantly large cell
Diffuse areas, sclerosis
Diffuse small cleaved cell
Sclerosis
Diffuse, mixed small and large cell
Sclerosis, epithelioid cell component
Diffuse large cell
Cleaved cell, noncleaved cell, sclerosis
High grade
Large cell, immunoblastic
Plasmacytoid, clear cell, polymorphous, epithelioid cell component
Malignant lymphoma, lymphoblastic
Convoluted cell, nonconvoluted cell
Malignant lymphoma, small noncleaved cell
Burkitt's, follicular areas
Miscellaneous categories
Composite, mycosis fungoides, histiocytic, extramedullary
plasmacytoma, unclassifiable, and others

HE 2824 Az SUA BRYel ohyeky 4z
AT WEH F AN TF 5 e vellr 4884
2 AR PYYTFE BRUCE AGHAL, AT W
BE 29 5 HEoINE Kiel $HUS A% AL
N ARHoz
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Table 8. Updated Kiel classification of non-Hodgkin's lymphoma (1992)

B

Low-grade malignant lymphomas
Lymphocytic
Chronic lymphocytic leukemia
Prolymphocytic leukemia
Hairy cell leukemia
Lymphoplasmacytic/cytoid (immunocytoma)
Plasmacytic
Centroblastic-centrocytic (Follicular £diffuse; diffuse)
Centrocytic (mantle cell)
Monocytoid, including marginal zone cell
High-grade malignant lymphoma
Centroblastic
Immunoblastic
Burkitt's lymphoma
Large cell anaplastic (Ki-1+)

Lymphocytic

Chronic lymphocytic leukemia

Prolymphocytic leukemia

Small cell, cerebriform Mycosis fungoides/Sezary syndrome
Lymphoepithelioid (Lennert lymphoma)

Angioimmunoblastic (AILD)

T-zone lymphoma
Pleomorphic, small cell (HTLV-1 =£)

Pleomorphic, medium-sized and large cell (HTLV-1 +)
Immunoblastic (HTLV-1 +)

Large cell anaplastic (Ki-1+)

Lymphoblastic Lymphoblastic

Rare types Rare types
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Table 9. List of lymphoid neoplasms recognized by the Interna-
tional Lymphoma Study Group: Revised European-American
Classification of Lymphoid Neoplasms (1994)

B-cell neoplasms
Precursor B-cell neoplasm: Precursor B-lymphoblastic leukemia/
lymphoma
Peripheral B-cell neoplasms
B-cell chronic lymphocytic leukemia/prolymphocytic leukemia/small
lymphocytic lymphoma
Lymphoplasmacytoid lymphoma/immunocytoma
Mantle cell lymphoma
Follicle center lymphoma, follicular
Provisional cytologic grades: | (small cell), Il (mixed small and large
cell), Il (large cell)
Provisional subtype: diffuse, predominantly small cell type
Marginal zone B-cell lymphoma
Extranodal (MALT type +/- monocytoid B cells)
Provisional subtype: Nodal (+/- monocytoid B cells)
Provisional entity: Splenic marginal zone lymphoma
(+/- villous lymphocytes)
Hairy cell leukemia
Plasmacytoma/plasma cell myeloma
Diffuse large B-ell ymphoma
Subtype: primary mediastinal (thymic) B-cell lymphoma
Burkitt lymphoma
Provisional entity: High-grade B-cell lymphoma. Burkitt-like
T-cell and putative NK-cell neoplasms
Precursor T-cell neoplasm: Precursor T-lymphoblastic
lymphoma/leukemia
Peripheral T-cell and NK-cell neoplasms
T-cell chronic lymphocytic leukemia/prolymphocytic leukemia
Large granular lymphocyte leukemia (LGL)
T-cell type
NK-cell type
Mycosis fungoides/Sezary syndrome
Peripheral T-cell lymphomas, unspecified
Provisional cytologic categories: medium-sized cell, mixed medium
and large cell, large cell, lymphoepithelioid cell
Provisional subtype: Hepatosplenic 7 s T-cell lymphoma
Provisional subtype: Subcutaneous panniculitic T-cell ymphoma
Angioimmunoblastic T-cell ymphoma
Angiocentric lymphoma
Intestinal T-cell lymphoma (+/- enteropathy associated)
Adult T-cell ymphoma/leukemia
Anaplastic large cell lymphoma, CD30+, T- and null-cell types
Provisional entity: Anaplastic large-cell lymphoma, Hodgkin's-like
Hodgkin's Disease
Lymphocyte predominance
Nodular sclerosis
Mixed cellularity
Lymphocyte depletion
Provisional entity: Lymphocyte-rich classic Hodgkin's disease

o FYol= AEst] ARE EFRHolth wEbx 199597 E
4 (European Association of Pathologists) 3} ©]=(Society
for Hematopathology) oA A2 500w o] Jadlg|oal=
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B33} REALY 713 2 Ao, AARAZE L5
M HE771e) T4 ool SR, 24T/ A E,
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REAL WHO classification
Hodgkin's disease Hodgkin lymphoma
Follicular center lymphoma Follicular lymphoma
Lymphoplasmacytoid Lymphoplasmacytic lymphoma
lymphoma

T-cell prolymphocytic leukemia
Aggressive NK cell leukemia

T-cell chronic lymphocytic

NK cell type large granular
Lymphocyte leukemia

Angiocentric lymphoma Extranodal NK/T cell ymphoma,
nasal type

Intestinal T-cell lymphoma Enteropathy-type T-cell lymphoma

2.REALY] 7}f-30] P8 f30 7 ARH £
REAL WHO classification

Marginal zone B-cell lymphpoma, Nodal marginal zone B-cell
nodal (+/- monocytoid B cells) lymphoma
Splenic marginal zone lymphoma  Splenic marginal zone B-cell
(+/- villous lymphocyte) lymphoma
Subcutaneous panniculitic T-cell ~ Subcutaneous pannniculitis-like
Lymphoma T-cell ymphoma
Hepatosplenic 78 T-cell ymphoma Hepatosplenic T-cell ymphoma
Lymphocyte-rich classical Lymphocyte-rich classical Hodgkin

Hodgkin Disease lymphoma
3. 3-R7h WshE Ak b E o
REAL WHO classification

High-grade B-cell lymphoma, Burkitt lymphoma with plasmacy
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Table 10. New World Health Organization classification of neoplastic diseases of the hematopoietic and lymphoid tissues (2001)

B-CELL NEOPLASMS
Precursor B-cell neoplasm
Precursor B-lymphoblastic leukemia/lymphoma
Mature B-cell neoplasms
Chronic lymphocytic leukemia/ /small lymphocytic lymphoma
B-cell prolymphocytic leukemia
Lymphoplasmacytic lymphoma
Splenic marginal zone lymphoma
Hairy cell leukemia
Plasma cell myeloma
Solitary plasmacytoma of bone
Extraosseous plasmacytoma
Primary amyloidosis
Heavy chain diseases
Extranodal marginal zone B-cell lymphoma of MALT type
(MALT lymphoma)
Nodal marginal zone B-cell ymphoma
Follicular lymphoma
Mantle cell lymphoma
Diffuse large B-cell ymphoma
Mediastinal (thymic) large B-cell ymphoma
Intravascular large B-cell lymphoma
Primary effusion lymphoma
Burkitt ymphoma/ leukemia
B-cell proliferations of uncertain malignant potential
Lymphomatoid papulosis
Post-transplant lymphoproliferative disorder, polymorphic
T-CELL AND NK-CELL NEOPLASMS
Precursor T-cell neoplasm
Precursor T-lymphoblastic leukemia/lymphoma
Mature (peripheral) T-cell neoplasms
T-cell prolymphocytic leukemia
T-cell large granular lymphocyte leukemia
Aggressive NK-cell leukemia
Adult T-cell leukemia/lymphoma
Extranodal NK/T-cell lymphoma, nasal type
Enteropathy-type T-cell ymphoma
Hepatosplenic T-cell lymphoma
Subcutaneous panniculitis-like T-cell lymphoma
Blastic NK-cell ymphoma
Mycosis fungoides
Sezary syndrome
Primary cutaneous anaplastic large cell ymphoma
Peripheral T-cell lymphoma, unspecified
Angioimmunoblastic T-cell ymphoma
Anaplastic large cell lymphoma
HODGKIN LYMPHOMA
Nodular lymphocyte predominance Hodgkin’ s lymphoma
Classical Hodgkin' s lymphoma
Nodular sclerosis classical Hodgkin lymphoma
Lymphocyte-rich classical Hodgkin lymphoma
Mixed cellularity classical Hodgkin lymphoma
Lymphocyte-depleted classical Hodgkin lymphoma
IMMUNODEFICIENCY ASSOCIATED LYMPHOPROLIFERATIVE
DISORDERS
Lymphoproliferative diseases associated with primary immune
disorders
Human immunodeficiency virus-related lymphomas
Post-transplant lymphoproliferative disorders
Methotrexate-associated lymphoproliferative disorders

MYELOID NEOPLASMS CHRONIC MYELOPROLIFERATIVE
DISEASES
Chronic myelogenous leukemia
Chronic neutrophilic leukemia
Chronic eosinophilic leukemia/hypereosinophilic syndrome
Chronic idiopathic myelofibrosis
Polycythemia vera
Essential thrombocythemia
Chronic myeloproliferative disease, unclassifiable
MYELODYSPLASTIC/MYELOPROLIFERATIVE DISEASES
Chronic myelomonocytic leukemia
Atypical chronic myelogenous leukemia
Juvenile myelomonocytic leukemia
Myelodysplastic/myeloproliferative diseases, unclassifiable
MYELODYSPLASTIC SYNDROMES
Primary
Refractory anemia
Refractory anemia with ringed sideroblasts
Refractory cytopenia with multilineage dysplasia
Refractory cytopenia with multilineage dysplasia and ringed
sideroblasts
Refractory anemia with excess blast (type 1 and 2)
Myelodysplastic syndrome, unclassifiable
Isolated del(5g) chromosome abnormality
Therapy related
ACUTE MYELOID LEUKEMIA
Acute myeloid leukemias with recurrent cytogenetic abnormalities
AML with £(8; 21)(g22; g22), (AML1/ETO)
AML with inv (16)(q13g22) or t(16; 16)(p13; g22), (CBF S/IMYH11)
Acute promyelocytic leukemia (AML with t(15; 17)(g22; q11-12),
(PML/RAR @) and variants)
AML with 11923 (MLL) abnormalities
Acute myeloid leukemia with multilineage dysplasia
Acute myeloid leukemia and myelodysplastic syndrome, therapy related
Alkylating agent related
Topoisomerase Il inhibitor-related
Acute myeloid leukemia not otherwise categorized
AML, minimally differentiated
AML without maturation
AML with maturation
Acute myelomonocytic leukemia
Acute monoblastic and monocytic leukemia
Acute erythroid leukemia
Acute megakaryoblastic leukemia
Acute basophilic leukemia
Acute panmyelosis with myelofibrosis
Myeloid sarcoma
Acute leukemias of ambiguous lineage
HISTIOCYTIC AND DENDRITIC CELL NEOPLASMS
Histiocytic sarcoma
Langerhans cell histiocytosis
Langerhans cell sarcoma
Interdigitating dendritic cell sarcoma/tumor
Follicular dendritic cell sarcoma/tumor
Dendritic cell sarcoma, not otherwise specified (NOS)
MAST CELL DISEASES
Mastocytosis
Cutaneous mastocysis
Systemic mastocytosis
Mast cell sarcoma
Extracutaneous mastocytoma




toid differentiation
Atypical Burkitt/Burkitt-like
Anaplastic large cell ymphoma
Nodular sclerosis Hodgkin lym
phoma

Burkitt-like (provisional entity)

Anaplastic large cell lymphoma,
Hodgkin' s-like
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REAL WHO classification
B-CLL/prolymphocytic CLL/SLL
leukemia/SLL, B-cell PLL

Anaplastic large cell ymphoma  Anaplastic large cell lymphoma,

(ALCL), CD30", T- and null-cell  primary systemic type
type Anaplastic large cell lymphoma,
primary cutaneous type

Diffuse large B-cell ymphoma Diffuse large B-cell ymphoma
including morphologic variants
Intravascular large B-cell lym
phoma
Primary effusion lymphoma
Plasma cell myeloma
Monoclonal gammopathy of
undetermined significance
Solitary plasmacytoma of bone
Extraosseous plasmacytoma
Primary amyloidosis
Heavy chain diseases

Plasmacytoma/plasma cell
myeloma
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FAB classification WHO classification
Myelodysplastic syndrome Myelodysplastic syndrome
Myelodysplastic/myeloproliferative
diseases

Chronic myeloproliferative
diseases
Acute myeloid leukemia

Chronic myeloproliferative diseases

Acute myeloid leukemia

N2e AARAZT BRYIAE 718 2R 2o 2
FOIYHZ TS PYTFEARDY FUYL AW F3Y02
250 3/25FH53S A2 AosgEd, o] F3lE Wy
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FAB classification WHO classification

5. &F7HF71E 2

Immunodeficiency associated lymphoproliferative disorders

AML, M3 AML with recurrent cytogenetic
abnormalities
AML with multilineage dysplasia
AML, therapy related
AML, NOC
AML, MO AML, minimally differentiated
AML, M1 AML without maturation
AML, M2 AML with maturation
AML, M4 Acute myelomonocytic leukemia
AML, M5 Acute monoblastic and monocytic
leukemia
AML, M6 Acute erythroid leukemia
AML, M7 Acute megakaryocytic leukemia
Acute basophilic leukemia
Acute panmyelosis with myelofibro-
sis
Myeloid sarcoma
Acute leukemia of ambiguous lin
eage
22 AARAZTF BRldMe 71E8 FAB &7 %
t(15: 17)°] THEE M3 F3S AT A K= Hl
SolgFRFNEY O R0 A4 S FAsRA
HMEE £ AFE Hol: FYHY HA7 oS Fika
FET BUF TS Mol TH|FRZFLY Feladol
T 8 MBS #EE KIS AE FHIIL B
3 EAR ehie 34450 FFAE P20 TP

9] 719& A dE ASE 98] ‘acute leukemia of



144

>0 5 )
JAFFHIATTLY BER

FAB classification WHO classification

Chronic myelomonocytic | Myelodysplastic/myeloprolierative

eukemia diseases
Myelodysplastic syndrome
Primary
Refractory anemia Refractory anemia
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