et atsls]x]: 493 @ A4 E 2018 https://doi.org/10.3904/kjm.2018.93.4.351

In—depth review

24z Foke) 20179 WHO ARk7|2 78 W7 Alake) of3

Major Changes to the 2017 Revision of the Word Health Organization
Classification of Myeloproliferative Neoplasms

Mi-Ae Jang

Department of Laboratory Medicine and Genetics, Soonchunhyang University Bucheon Hospital,
Soonchunhyang University College of Medicine, Bucheon, Korea

The World Health Organization (WHO) Classification of Tumors of Haematopoietic and Lymphoid Tissues was recently pub-
lished in a revised fourth edition. The categories of myeloproliferative neoplasms (MPNs) have not significantly changed since the
2008 fourth edition of the classification; however, newly discovered mutations including CALR and CSF3R and improved character-
izations and standardizations of morphological features of some entities, particularly BCR-4ABLI-negative MPNs, have impacted the
diagnostic criteria of disease entities, increasing the reliability and reproducibility of diagnoses. The 2017 revised edition attempts
to incorporate new clinical, prognostic, morphologic, and genetic data that have emerged since the last edition. This article reviews
the major changes in the classification and their rationale for MPN classification within the revised 2017 WHO system.

(Korean J Med 2018;93:351-359)

Keywords: Essential thrombocythemia; Myeloproliferative disorders; Polycythemia vera; Primary myelofibrosis; World Health
Organization
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Table 1. Defining criteria for the accelerated phase (AP) of chronic myeloid leukemia (CML)

CML-AP is defined by the presence of > 1 of the following hematological/cytogenetic criteria or provisional criteria concerning response

to tyrosine kinase inhibitor (TKI) therapy

- Hematological/cytogenetic criteria®

- Persistent or increasing high white blood cell count (> 10 x 109/L), unresponsive to therapy

- Persistent or increasing splenomegaly, unresponsive to therapy
- Persistent thrombocytosis (> 1,000 x 10°/L), unresponsive to therapy
- Persistent thrombocytopenia (< 100 x 109/L), unrelated to therapy

- >20% basophils in peripheral blood
- 10-19% blasts in peripheral blood and/or bone marrow

- Additional clonal chromosomal abnormalities in Philadelphia (Ph) chromosome-positive (Ph+) cells at diagnosis, including so-called
major route abnormalities (a second Ph chromosome, trisomy 8, isochromosome 17¢, trisomy 19), complex karyotype, and abnormal-

ities of 3q26.2

- Occurrence of new clonal chromosomal abnormalities in Ph+ cells during therapy

Provisional response-to-TKI criteria

- Hematological resistance (or failure to achieve complete hematological responseb) to the first TKI
- Any hematological, cytogenetic, or molecular indications of resistance to two sequential TKIs
- Occurrence of two or more mutations in the BCR-ABL1 fusion gene during TKI therapy

"Large clusters of sheets of small, abnormal megakaryocytes associated with marked reticulin or collagen fibrosis in biopsy specimens
may be considered presumptive evidence of AP, although these findings are usually associated with one or more of the criteria listed

above.

bComplete hematological response is defined as white blood cell count < 10 x 10°L, platelet count < 450 x 10°/L, no immature gran-

ulocytes in the differential, and spleen not palpable.
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Table 2. 2017 WHO revised fourth edition diagnostic criteria for chronic neutrophilic leukemia

L. - Peripheral blood white blood cell count > 25 x 10°/L

- Segmented neutrophils plus banded neutrophils constitute > 80% of white blood cells
- Neutrophil precursors (promyelocytes, myelocytes, and metamyelocytes) constitute < 10% of white blood cells

- Myeloblasts rarely observed
- Monocyte count < 1 x 10°/L
- No dysgranulopoiesis

2. - Hypercellular bone marrow

- Neutrophil granulocytes increased in percentage and number

- Neutrophil maturation appears normal
- Myeloblasts constitute < 5% of nucleated cells

3. Not meeting WHO criteria for BCR-ABLI-positive chronic myeloid leukemia, polycythemia vera, essential thrombocythemia, or

primary myelofibrosis

4. No rearrangement of PDGFRA, PDGFRB, or FGFRI1, and no PCM1-JAK?2 fusion

5. CSF3R T618I or another activating CSF3R mutation
OR

Persistent neutrophilia (> 3 months), splenomegaly, and no identifiable cause of reactive neutrophilia including absence of a plas-
ma cell neoplasm or, if a plasma cell neoplasm is present, demonstration of clonality in myeloid cells by cytogenetic or molecular

studies

WHO, World Health Organization.
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Table 3. 2017 WHO revised fourth edition diagnostic criteria for polycythemia vera

The diagnosis of polycythemia vera requires either all three major criteria OR the first two major criteria plus the minor criterion®

Major criteria

1. Elevated hemoglobin > 16.5 g/dL in men, 16.0 g/dL in women OR

Elevated hematocrit > 49% in men, > 48% in women OR
Increased red blood cell mass > 25% above mean normal predicted value
2. Bone marrow biopsy showing age-adjusted hypercellularity with trilineage growth (panmyelosis), including

prominent erythroid, granulocytic, and megakaryocytic proliferation with pleomorphic, mature megakaryocytes

(size differences)

3. Presence of JAK2 V617F or JAK?2 exon 12 mutation

Minor criterion Subnormal serum erythropoietin level

WHO, World Health Organization.

*Major criterion 2 (bone marrow biopsy) may not be required in patients with sustained absolute erythrocytosis (hemoglobin concen-
trations 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), if major crite-

rion 3 and the minor criterion are both met.
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Table 4. 2017 WHO revised fourth edition diagnostic criteria for primary myelofibrosis

Stage

Prefibrotic/early stage”

Overt fibrotic stage”

Major criteria

Minor criteria

1. Megakaryocytic proliferation and atypia, without retic-
ulin fibrosis grade > 1, accompanied by increased
age-adjusted bone marrow cellularity, granulocytic pro-
liferation, and (often) decreased erythropoiesis

2. WHO criteria for CML, PV, ET, MDS, or other myeloid
neoplasms are not met

3.JAK2, CALR, or MPL mutation OR
Presence of another clonal marker” OR
Absence of minor reactive bone marrow reticulin fib-

rosis

Anemia
. Leukocytosis > 11 x 10°L
. Palpable splenomegaly

-bwl\)r—‘

. Increased serum LDH level

1. Megakaryocytic proliferation and atypia, accompanied
by reticulin and/or collagen fibrosis grades 2 or 3

2. WHO criteria for ET, PV, CML, MDS, or other myeloid
neoplasms are not met

3.JAK2, CALR, or MPL mutation OR
Presence of another clonal marker” OR
Absence of reactive myelofibrosis

. Anemia
. Leukocytosis > 11 x 10°L
. Palpable splenomegaly

RN R S R

. Increased serum LDH level
5. Leukoerythroblastosis

WHO, World Health Organization; CML, chronic myeloid leukemia; PV, polycythemia vera; ET, essential thrombocythemia; MDS,
myelodysplastic syndrome; LDH, lactate dehydrogenase; PMF, primary myelofibrosis.

*Diagnosis of prefibrotic/early or overt PMF requires that all three major criteria and at least one minor criterion are met.

*In the absence of any of the three major clonal mutations, a search for other mutations associated with myeloid neoplasms (e.g., ASXLI,
EZH2, TET2, IDHI, IDH2, SRSF2, and SF3B1 mutations) may be of help in determining the clonal nature of the disease.

Table 5. Morphological features helpful in distinguishing essential thrombocythemia from prefibrotic/eady primary myelofibrosis

Morphological feature

Cellularity (age-adjusted)
Myeloid-to-erythroid ratio

Dense megakaryocyte clusters
Megakaryocyte size
Megakaryocyte nuclear lobulation

Reticulin fibrosis, grade 1°

Essential thrombocythemia Prefibrotic/early primary myelofibrosis
Normal Increased
Normal Increased
Rare Frequent
Large/giant Variable
Hyperlobulated Bulbous/hypolobulated
Very rare More frequent

WHO, World Health Organization
*According to WHO grading [36].
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Table 6. 2017 WHO revised fourth edition diagnostic criteria for essential thrombocythemia

The diagnosis of essential thrombocythemia requires that either all major criteria or the first three major criteria plus the minor criterion

are met.

Major criteria  Platelet count > 450 x 10°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 fibers

WHO criteria for CML, PV, PMF, or other myeloid neoplasms are not met

JAK2, CALR, or MPL mutation

Minor criteria  Presence of a clonal marker OR
Absence of evidence of reactive thrombocytosis

WHO, World Health Organization; CML, chronic myeloid leukemia; PV, polycythemia vera; PMF, primary myelofibrosis.
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