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ABSTRACT
The fifth edition of the WHO classification of 
haematolymphoid tumours (WHO-HEM5) introduces 
significant advancements in the understanding and 
diagnosis of myeloid neoplasms, emphasising molecular 
and genetic insights. This review highlights key updates 
from the revised fourth edition (WHO-HEM4R), 
particularly the integration of genetic criteria for disease 
classification. Many entities are now defined by specific 
genetic abnormalities, enhancing diagnostic precision 
and prognostic assessment. Notably, the elimination of 
the 20% blast threshold for acute myeloid leukaemia 
(AML) with specific defining genetic alterations 
reflects a shift towards genomic-driven diagnostics. 
Additional updates include the refined subclassification 
of myelodysplastic neoplasms (MDS) and MDS/
myeloproliferative neoplasms, as well as the recognition 
of novel entities such as clonal haematopoiesis and MDS 
with biallelic TP53 inactivation, further expanding the 
spectrum of myeloid neoplasms. WHO-HEM5 illustrates 
the diagnostic utility of morphology, flow cytometry, 
immunohistochemistry and next-generation sequencing 
in resource-rich settings. However, its implementation 
in low-income and middle-income countries (LMICs) 
remains challenging due to limited access to advanced 
diagnostic tools. This review explores strategies to 
optimise diagnosis in resource-constrained environments, 
where morphology and immunophenotyping remain 
fundamental. By integrating molecular diagnostics 
with traditional methods, WHO-HEM5 aims to refine 
classification and facilitate risk stratification in the era of 
personalised medicine, providing haematopathologists 
and clinicians with an essential framework to 
navigate the complexities of myeloid neoplasms. The 
emphasis on advancing haematopathology practices 
worldwide, including in LMICs, demonstrates the 
ongoing commitment to improving global outcomes in 
haematological malignancies.

This review provides a concise overview of myeloid 
neoplasms as outlined in the fifth edition of the 
WHO classification of haematolymphoid tumours 
(WHO-HEM5), highlighting changes from the 
revised fourth edition (WHO-HEM4R). Table  1 
summarises the introduced modifications. Haema-
tolymphoid neoplasms are recognised based on 
morphology, cyto/histochemistry and various 
ancillary techniques such as flow cytometry, immu-
nohistochemistry (IHC), cytogenetics and molec-
ular diagnostics. Diverse genetic subtypes may 
correlate with clinical, morphological and immuno-
phenotypic features. The current classification 
includes many entities primarily defined by genetic 

abnormalities. Beyond diagnosis, these biomarkers 
hold prognostic and therapeutic implications.

Most diagnostic laboratories within a cancer 
centre setting possess a histopathology laboratory 
supported by immunophenotyping (IHC and flow 
cytometry). Cytogenetics and molecular diagnos-
tics are available in limited centres across devel-
oping countries. In the absence of these techniques, 
applying WHO-HEM5 guidelines becomes chal-
lenging. In the era of theranostics, the diagnosis, 
treatment and monitoring of chronic myeloid 
leukaemia (CML) rely on molecular techniques 
and targeted therapies. However, in many low-
income and middle-income countries (LMICs), 
CML diagnosis continues to be primarily based 
on clinical examination and peripheral blood (PB) 
smear morphology. Patients often require referral 
to neighbouring states or countries for comprehen-
sive evaluation.

While this review addresses recent advance-
ments, it also emphasises haematopathology prac-
tices in resource-constrained settings. Morphology, 
combined with immunophenotyping, remains 
fundamental for diagnosing these neoplasms. A 
‘not further classifiable’ (NFC) category can be 
used when diagnoses rely solely on morphology and 
immunophenotyping. High-quality Romanowsky 
stains, H&E sections and skilled haematopatholo-
gists are essential for haematolymphoid neoplasm 
diagnosis, particularly in LMIC settings.

CLONAL HAEMATOPOIESIS
The hypothesis of clonal haematopoiesis (CH) 
emerged in the 1960s following the seminal observa-
tion of skewed X chromosome inactivation patterns 
in females. This pattern was more pronounced in 
blood cells and increased with age.1 Large-scale 
exome sequencing studies of unrelated disorders 
(psychiatric disorders, cardiovascular disease and 
non-haematological cancers) by three independent 
groups identified mutations in several genes.2–4 
Collectively termed CH, these alterations increased 
in frequency with age (rarely present in individuals 
under 40) and were associated with increased risks 
of blood cancers, cardiovascular diseases and all-
cause mortality.

A distinction is necessary between CH, age-
related clonal haematopoiesis (ARCH), CH of 
indeterminate potential (CHIP) and clonal cyto-
penia of undetermined significance (CCUS). CHIP 
and CCUS have been formally defined by WHO-
HEM5.5 ARCH refers to CH associated with 
ageing in individuals without a diagnosed blood 
disorder or cytopenia. Specific genetic criteria 
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Table 1  WHO classification of myeloid proliferations and neoplasms: a comparison of the revised fourth edition with the fifth edition
WHO-HEM4R WHO-HEM5

Myeloid precursor lesions/clonal haematopoiesis

Not included Clonal haematopoiesis

Not included Clonal cytopenias of undetermined significance

Myeloproliferative neoplasms (MPN)

Chronic myeloid leukaemia, BCR-ABL1-positive Chronic myeloid leukaemia

Chronic phase Chronic phase

Accelerated phase Deleted

Blast phase Blast phase

Chronic eosinophilic leukaemia, not otherwise specified (NOS) Chronic eosinophilic leukaemia

Juvenile myelomonocytic leukaemia (previously considered myelodysplastic neoplasm (MDS/MPN) Juvenile myelomonocytic leukaemia

MPN, unclassifiable MPN, NOS

MDS

MDS, with defining genetic abnormalities

MDS with isolated del(5q) MDS with low blasts and 5q deletion

MDS with ring sideroblasts (single lineage dysplasia and multilineage dysplasia) MDS with low blasts and SF3B1 mutation

MDS with biallelic TP53 inactivation

MDS, morphologically defined

MDS with single/multilineage dysplasia MDS with low blasts

MDS, hypoplastic

MDS with excess blasts MDS with increased blasts

MDS of childhood

Refractory cytopenia of childhood Childhood MDS with low blasts

cMDS-LB, hypocellular

cMDS-LB, NOS

Childhood myelodysplastic syndrome with increased blasts Childhood MDS with increased blasts

MDS/MPN

Chronic myelomonocytic leukaemia (CMML) CMML

Myelodysplastic CMML

Myeloproliferative CMML

CMML0 Deleted

CMML1 CMML1

CMML2 CMML2

Atypical chronic myeloid leukaemia, BCR-ABL1-negative MDS/MPN with neutrophilia

MDS/MPN with ring sideroblasts and thrombocytosis MDS/MPN with SF3B1 mutation and thrombocytosis

MDS/MPN, unclassifiable MDS/MPN, NOS

Acute myeloid leukaemia (AML)
AML with defining genetic abnormalities

Acute promyelocytic leukaemia with PML::RARA Acute promyelocytic leukaemia with PML::RARA fusion

AML with t(8;21)(q22;q22.1); RUNX1-RUNX1T1 AML with RUNX1::RUNX1T1 fusion

AML with inv(16)(p13.1q22) or t(16;16)(p13.1;q22); CBFB-MYH11 AML with CBFB::MYH11 fusion

AML with t(6;9)(p23;q34.1); DEK-NUP214 AML with DEK::NUP214 fusion

AML (megakaryoblastic) with t(1;22)(p13.3;q13.1); RBM15-MKL1 AML with RBM15::MRTFA fusion

AML with BCR-ABL1 AML with BCR::ABL1 fusion

AML with t(9;11)(p21.3;q23.3); KMT2A-MLLT3 AML with KMT2A rearrangement

AML with inv(3)(q21.3q26.2) or t(3;3)(q21.3;q26.2); GATA2, MECOM AML with MECOM rearrangement

AML with NUP98 rearrangement

AML with mutated NPM1 AML with NPM1 mutation

AML with biallelic mutation of CEBPA AML with CEBPA mutation

AML with mutated RUNX1 Deleted

AML with myelodysplasia-related changes AML, myelodysplasia-related

AML with other defined genetic alterations

AML, defined by differentiation

Acute monoblastic and monocytic leukaemia Acute monocytic leukaemia

Acute panmyelosis with myelofibrosis Deleted

Myeloid neoplasms, secondary
Myeloid neoplasms and proliferations associated with antecedent or predisposing conditions

Therapy-related myeloid neoplasms Myeloid neoplasm post cytotoxic therapy

Myeloid neoplasms associated with germline predisposition Additional subsets recognised

The table includes new entities, deleted entities and entities with subtle changes in the terminology. For brevity, entities that have had no changes are not listed.
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are not required for ARCH diagnosis. CHIP is a CH subtype 
defined by somatic mutations in genes implicated in myeloid 
malignancies at a variant allele fraction (VAF) of ≥2% (≥4% for 
X-chromosome gene mutations in males) in individuals without 
a diagnosed haematological disorder or unexplained cytopenia. 
CCUS is diagnosed when CHIP is detected in a patient with 
unexplained cytopenia. While the list of genes implicated in 
CHIP is extensive, mutations in DNMT3A, TET2, ASXL1, JAK2, 
TP53, SF3B1, PPM1D and SRSF2 genes are relatively common.5 
Among these, mutations in DNMT3A, TET2 and ASXL1, collec-
tively termed ‘DTA gene mutations,’ account for over 70% of 
CHIP cases.6

What are the implications for CHIP and CCUS for 
pathologists?
1.	 Implications for measurable residual disease (MRD) testing: 

DTA mutations persist following chemotherapy, even when 
patients achieve morphological or molecular remission. 
These DTA mutations disappear after successful bone mar-
row (BM) transplantation. It is important to note that per-
sistent DTA mutations do not equate to evidence of MRD.7 8

2.	 Not all CHIP is the same: Individuals with CCUS exhibit 
higher VAF and a greater number of mutations compared 
with those with CHIP. Mutations in SF3B1, SRSF2, ZRSR2, 
JAK2, TP53, RUNX1, FLT3, IDH1 or IDH2 are considered 
high risk for developing a myeloid neoplasm. A CH Risk 
Score has been recently proposed, incorporating the pres-
ence of high-risk mutations along with other factors such as 
a single DNMT3A mutation, mutation count, VAF, red cell 
indices (red cell distribution width and mean corpuscular 
volume), cytopenia and age.9 Furthermore, certain cancer 
chemotherapies like platinum-based chemotherapy, topoi-
somerase II inhibitors and radiation may accelerate CHIP in 
genes involved in DNA damage response pathways (TP53, 
PPM1D, CHEK2). These individuals face an increased risk of 
developing therapy-related myeloid neoplasms.10

MYELOPROLIFERATIVE NEOPLASMS
Myeloproliferative neoplasms (MPNs) are stem cell neoplasms 
of the myeloid lineage that fully differentiate to the most mature 
stages of normal haematopoiesis. These neoplasms present 
with increased proliferation of one or more myeloid lineages in 
the BM, resulting in splenomegaly and elevated counts of the 
affected lineage in the PB. They typically manifest with increased 
counts of erythrocytes, platelets, neutrophils or eosinophils.

The diagnostic criteria for CML in the chronic phase remain 
unchanged from WHO-HEM4R. However, gene expression 
studies have demonstrated a biphasic, rather than triphasic, 
pattern of expression.11 Furthermore, the prognostic impact of 
the accelerated phase has diminished in the era of tyrosine kinase 
inhibitors, leading to its exclusion.12 13 The blast phase definition 
has been modified to include the presence of bona fide lympho-
blasts in the PB or BM (even if <10%), as these portend rapid 
progression to the blast phase.14 15 CML diagnosis according to 
WHO-HEM5 requires no major additional technologies beyond 
morphology, routine cytogenetics for confirming BCR::ABL1 
and additional cytogenetic abnormalities, along with standard 
molecular techniques. Nevertheless, flow cytometry immuno-
phenotyping is essential for early detection of lymphoblasts 
at diagnosis in a small subset of patients. The increasing use 
of next-generation sequencing (NGS) enhances sensitivity in 
detecting ABL1 kinase domain mutations and mutations in other 

genes such as ASXL1, RUNX1 and IKZF1. Genomics is expected 
to further facilitate early detection of advanced-phase CML.

Chronic neutrophilic leukaemia (CNL) is a rare entity with 
unchanged diagnostic criteria. However, differentiating CNL 
from neutrophilic leukemoid reactions associated with myeloma 
or monoclonal gammopathy of uncertain significance is crucial. A 
definitive diagnosis requires demonstrating the activating muta-
tion CSF3R T618I, confirmable by simple allele-specific PCR 
in resource-limited settings. Identifying other CSF3R mutations 
necessitates NGS-based investigations. If the local infrastruc-
ture does not support mutation studies, persistent neutrophilia 
(≥3 months), splenomegaly and no identifiable cause of reactive 
neutrophilia including the absence of any evidence of a plasma 
cell neoplasm can be considered supportive of the diagnosis of 
CNL.

Chronic eosinophilic leukaemia (CEL) has replaced the 
previous term, CEL, not otherwise specified (NOS). The diag-
nostic criterion for hypereosinophilia duration has been short-
ened from 6 months to 4 weeks. BM exhibits abnormal features 
with hypercellularity, myeloid predominance, increased numbers 
of abnormal eosinophilic precursors and eosinophils (character-
ised by vacuoles, abnormal nuclear lobation and granulation), 
and abnormal megakaryocyte morphology with MPN-like, 
myelodysplastic neoplasms (MDS)-like or mixed MPN and 
MDS-like features.16 17 Dysplastic features can manifest in both 
erythroid and neutrophilic series. Abnormal BM morphology in 
the context of hypereosinophilia strongly indicates CEL when 
other myeloid neoplasms are excluded. Increased numbers of 
mast cells and elevated serum tryptase levels raise the possibility 
of myeloid neoplasms other than CEL and systemic mastocy-
tosis. Differentiating CEL from idiopathic hypereosinophilia 
can be challenging. Flow cytometry, cytogenetics and FISH are 
essential to rule out myeloid/lymphoid neoplasms associated 
with eosinophilia. Establishing clonality requires NGS, while 
RNA sequencing, though less widely available, aids in excluding 
rare translocations causing hypereosinophilia.

The diagnostic criteria for polycythaemia vera (PV) remain 
unchanged. Morphology and conventional molecular tech-
niques, such as allele-specific PCR with fragment length analysis 
and real-time PCR, are sufficient for identifying the JAK2 V617F 
mutation. Detecting rare JAK2 exon 12 mutations requires NGS 
or fragment length analysis. NGS is also essential for measuring 
allele burden to assess prognosis. Similarly, there are no changes 
to the diagnostic criteria for essential thrombocythaemia (ET). 
Morphology and conventional molecular techniques, such as 
allele-specific PCR with fragment length analysis for JAK2 V617F, 
MPL and CALR mutations, are required. The diagnostic criteria 
for both prefibrotic and fibrotic stages of primary myelofibrosis 
(PMF) remain unchanged, and the same conventional molecular 
techniques used for ET along with morphology suffice for diag-
nosis. In rare cases lacking JAK2 V617F, MPL and CALR muta-
tions, NGS using a myeloid gene panel is necessary to identify a 
clonal marker and differentiate from reactive causes of fibrosis. 
The concept of the accelerated phase (defined by 10%–19% 
blasts) persists in the three major non-CML MPN subtypes: PV, 
ET and PMF. A minority of PMF patients progress to the blast 
phase (>20% blasts), which is exceedingly rare in PV and ET. 
WHO-HEM5 outlines risk factors for leukaemic and myelofi-
brotic transformation, thrombotic episodes and outcomes in PV 
patients.

Morphological assessment of BM biopsies is crucial for diag-
nosing and managing patients with PV, ET and PMF. Due to 
haemodilution and a lack of BM particles caused by fibrosis 
in the aspirate, BM biopsies are often more informative.18 BM 
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cellularity and the myeloid-to-erythroid ratio are valuable diag-
nostic parameters. Evaluating immature myeloid precursor cells 
using CD34 or CD117 IHC aids in assessing disease phase and 
progression. Megakaryocytes exhibit characteristic morpholog-
ical features in these entities, which can be better highlighted 
using IHC (CD61 or CD42b).19 20 Morphological assessment, 
with or without IHC, helps identify evolving dysplastic features 
during disease progression. Reticulin stain is essential in all 
cases, with trichrome stain added when reticulin is increased or 
collagen fibrosis is suspected.

Juvenile myelomonocytic leukaemia (JMML) was classified as 
an MPN/MDS in WHO-HEM4R and is now categorised as an 
MPN in WHO-HEM5; diagnostic criteria remain unchanged. 
Diagnosis requires a combination of clinical features, morphology 
and cytogenetic abnormalities like deletion 7q or others. In the 
absence of cytogenetic abnormalities, investigating mutations 
in CBL, PTPN11, NF1, KRAS and NRAS using a myeloid gene 
panel by NGS is necessary. About one-quarter of JMMLs are 
associated with germline genetic predisposition syndromes or 
RASopathies that include germline mutations in NF1 with or 
without manifestations of neurofibromatosis type 1, Noonan 
syndrome and germline CBL syndrome.21–23 Other clinical mani-
festations of these germline genetic syndromes can be a clue for 
appropriate workup and diagnosis.

The term, MPN, NOS is used to classify disorders presenting 
similarly to MPNs but failing to meet criteria for specific 
MPNs. These rare disorders must be differentiated from 
myeloid/lymphoid neoplasms and MDS/MPN. Diagnosis 
requires a comprehensive evaluation, including clinical features, 
morphology, cytogenetics and NGS-based testing to document 
mutations in genes like TET2, ASXL1, SRSF2, RUNX1 and 
DNMT3A.

MYELODYSPLASTIC NEOPLASMS
In WHO-HEM5, the term ‘myelodysplastic neoplasm’ replaces 
‘myelodysplastic syndrome’, emphasising the disease’s neoplastic 
nature; however, the abbreviation ‘MDS’ persists. Cytopenia in 
at least one haematopoietic lineage is essential for an MDS diag-
nosis, defined as haemoglobin <13 g/dL in males and <12 g/dL 
in females, absolute neutrophil count <1.8×109/L, or platelets 
<150×109/L.24 Cases of MDS with low blasts and 5q deletion 
can be associated with thrombocytosis. An MDS diagnosis may 
still be established in patients with milder anaemia if definitive 
morphological dysplastic features and cytogenetic abnormalities 
are present.24 Dysplasia in one or more haematopoietic lineages 
(myeloid, erythroid or megakaryocytic) is characteristic of MDS, 
with a dysplasia threshold set at 10% for all lineages (figure 1). 
While blast counts may increase, they should remain below 20% 
in both BM and PB.

MDS entities are broadly categorised into three groups 
(table 2): (a) those defined by genetic abnormalities; (b) those 
defined morphologically and (c) those occurring in childhood. 
The morphologically defined MDS group is further classified 
based on BM and PB blast percentages, BM cellularity and 
marrow fibrosis. Childhood MDS is similarly categorised based 
on BM and PB blast percentages (table 2). Blast percentage cut-
off values remain unchanged from WHO-HEM4R. The MDS 
group defined by genetic abnormalities encompasses MDS with 
low blasts and 5q deletion (MDS-5q), MDS with low blasts and 
SF3B1 mutation (MDS-SF3B1) and MDS with biallelic TP53 
inactivation (MDS-biTP53).

There are no significant changes to the diagnostic criteria 
for MDS-5q. In WHO-HEM5, a VAF of >5% for an SF3B1 

variant is essential for diagnosing MDS-SF3B1. When molec-
ular analysis is unavailable, the presence of ≥15% ring 
sideroblasts (among erythroid precursors) serves as a surro-
gate, particularly relevant in resource-constrained settings. 
Within MDS-SF3B1, the term ‘MDS with low blasts and ring 
sideroblasts’ remains acceptable for cases with wild-type 
SF3B1 or unknown mutation status and ≥15% ring sidero-
blasts. Morphologically, dysplastic features predominantly 
affect erythroid cells. Patients with MDS-SF3B1 generally 
have better outcomes compared with other MDS types.25–27 
MDS-biTP53 is characterised by two or more TP53 muta-
tions or one TP53 mutation and evidence of concurrent TP53 
copy loss or copy-neutral loss of heterozygosity (LOH). It 
may involve multiple TP53 mutations or TP53 mutations 
with allelic deletion. Diagnosis typically requires combining 
mutation analysis with copy number assessment (karyotype, 
FISH or array comparative genomic hybridisation). TP53 
mutations are usually of the missense type. A somatic TP53 
mutation with a VAF >49% strongly indicates an accom-
panying copy loss on the trans allele or copy-neutral LOH. 
Morphologically, BM exhibits marked dysplasia, often with 
higher blast counts and altered p53 expression by IHC. 
Overall, patients with MDS-biTP53 have higher risks of 
leukaemic transformation and poorer survival.28–32 Inframe 
missense mutations (mostly occurring in the DNA binding 
domain) of TP53 are associated with intense p53 positivity 
by IHC, and on the other hand, cases with truncations, 
frameshifts, splice site mutations and deep deletions of TP53 
are associated with loss of p53 expression (‘null pattern’).33 
Contrary to the mutant TP53, wild-type TP53 is associated 
with weak/variable expression in a proportion of cells. The 
VAF of the mutant TP53 also contributes to the p53 expres-
sion pattern.

WHO-HEM5 introduces the entity of MDS-hypoplastic 
(hMDS) for cases characterised by significantly reduced 
age-adjusted BM cellularity, as determined by trephine/core 
biopsy, and not attributable to non-neoplastic marrow failure 

Figure 1  Evaluation of MDS by morphology and 
immunohistochemistry. (A) Dysplastic neutrophil in the peripheral 
blood, with hyposegmented nucleus. (B) Dysplastic erythroid precursor 
in the bone marrow aspirate, with binucleation and cytoplasmic 
vacuoles. (C) Dysplastic megakaryocytes in the bone marrow aspirate, 
with hypolobated nucleus or separated nuclear lobes. (D) P53 
immunohistochemistry shows diffusely positive cells in the bone 
marrow biopsy. MDS, myelodysplastic neoplasms.
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conditions. By definition, BM cellularity is <30% in patients 
<70 years of age and <20% in patients ≥70 years.34 35 The 
primary differential diagnosis is aplastic anaemia. MDS with 
increased blasts and fibrosis (MDS-F) has been introduced as 
a subtype of MDS with increased blasts (MDS-IB). MDS-F 
accounts for approximately 15% of MDS-IB cases, charac-
terised by increased reticulin fibrosis in BM (WHO grade 2 
or 3).29 36

Morphological dysplastic features, as described in table 3, 
can be appreciated in PB (particularly dysgranulopoiesis), 
BM aspirate smears, touch preparations or trephine/core 
biopsies. Beyond enumerating blasts based on CD34 and/
or CD117, flow cytometry identifies abnormal maturational 
patterns in granulocytes (using a combination of CD11b, 
CD13 and CD16), monocytes (using CD13, CD14, CD64, 
HLA-DR, etc) and erythroid precursors (using CD36, CD71 
and CD235a) based on aberrant antigen expression in addi-
tion to the abnormal blasts and altered immature progenitor 
cells.37 IHC on BM core/trephine is crucial for evaluation of 
different lineages, especially in cases with marrow fibrosis 
or suboptimal aspirate quality. Dysplastic features in 

megakaryocytes (using CD61 or CD42b antibodies) and 
erythroid lineage cells (using antibodies to glycophorin or 
CD71) can be readily highlighted using IHC. Assessing blast 
percentage can be similarly aided by CD34 and/or CD117 
IHC; clustering of CD34+cells in the trephine/core biopsy 
and associated morphological features of abnormal localisa-
tion of immature precursor are also helpful. CD34 expres-
sion by megakaryocytes provides another useful clue for 
dysplasia.36 38–41

MYELODYSPLASTIC/MYELOPROLIFERATIVE NEOPLASMS
MDS/MPN are a distinct category of haematological neoplasms 
characterised by overlapping MD and MP features. CH, arising 
from sequential somatic mutations in haematopoietic stem and 
progenitor cells, underlies the development of these neoplasms.42 
Although relatively rare, the true incidence of MDS/MPN may 
be higher due to diagnostic challenges associated with these 
overlapping syndromes.43

There are some important changes in chronic myelo-
monocytic leukaemia (CMML). WHO-HEM5 now allows 

Table 2  Classification of myelodysplastic neoplasms in WHO-HEM5 and criteria for diagnosis

Entity Blasts Cytogenetics Mutations

MDS with defining genetic abnormalities

MDS-5q <5% BM and <2% PB Isolated 5q deletion or with one other 
abnormality other than monosomy 7 or 7q 
deletion

Any except multihit TP53

MDS-SF3B1 <5% BM and <2% PB Absence of 5q deletion, monosomy 7 or complex 
karyotype

SF3B1

MDS-biTP53 <20% BM and PB Complex karyotype Multi-hit TP53 alterations (two or more 
TP53 mutations, or one mutation with 
evidence of TP53 copy-number loss or 
copy-neutral LOH)

MDS, morphologically defined

MDS with low blasts <5% BM and <2% PB Any Any except multihit TP53 or SF3B1

MDS, hypoplastic <5% BM and <2% PB Any

MDS with increased blasts 1 (MDS-IB1) ≥5% and <10% BM and/or ≥2% and 
<5% PB

Any  � Any except multihit TP53

MDS with increased blasts 2 (MDS-IB2) ≥10% and <20% BM and/or ≥5% 
and <20% PB or Auer rods

Any

MDS with increased blasts and fibrosis ≥5% and <20% BM and/or ≥2% and 
<20% PB

Any

MDS of childhood

Childhood MDS with low blasts <5% BM and <2% PB Any; Monosomy 7 common*. Any; somatic SETBP1; germline GATA2, 
SAMD9 or SAMD9L*

Childhood MDS with increased blasts ≥5% and <20% BM and/or ≥2% and 
<20% PB

Any; 7q deletion, complex karyotype; exclusion 
of trisomy 21

Any; PTPN11

*A cautious approach is required as patients with germline mutations in SAMD9 or SAMD9L can have adaptive genetic rescue via monosomy 7, which results in CH rather than 
MDS.102 Furthermore, in patients with childhood MDS, screening for germline mutations is essential.
BM, bone marrow; CH, clonal haematopoiesis; LOH, loss of heterozygosity; MDS, myelodysplastic neoplasms; PB, peripheral blood.

Table 3  Morphological dysplastic features

Lineage Dysplastic changes—nuclear Dysplastic changes—cytoplasmic

Dyserythropoiesis Budding, internuclear bridging, multinuclearity, megaloblastic changes and 
karyorrhexis

Ring sideroblasts, vacuolisation and
PAS positivity

Dysgranulopoiesis Hyposegmentation (pseudo-Pelger-Huët) and hypersegmentation Hypogranularity, pseudo-Chédiak-Higashi granules, small size and Auer 
rods

Dysmegakaryopoiesis Hypolobation in megakaryocytes of all sizes and multinucleation (multiple 
widely separated nuclei)

Micromegakaryocytes

PAS, Periodic Acid-Schiff Stain.
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for the inclusion of patients with absolute monocyte count 
≥0.5×109/L, with monocytes comprising ≥10% of the white 
cell count (WCC) (Oligo monocytic (O-CMML)). This expan-
sion requires the presence of morphological dysplasia in the BM 
and acquired clonal cytogenetic or molecular abnormalities; 
abnormal flow cytometry-based PB monocyte partitioning (clas-
sical monocytes fraction (CD14+CD16−)/M01>94%) using 
CD14 and CD16 is a supportive finding44 45 (figure 2). CMML 
is categorised into MD (MD-CMML) and MP (MP-CMML) 

subtypes, distinguished by a WCC threshold of ≥13×109/L 
for MP-CMML. MP-CMML is associated with a higher prev-
alence of RAS pathway gene and JAK2 mutations, distinct gene 
expression and methylation profiles, and a poorer prognosis. 
The previously defined CMML-0 category in WHO-HEM4R 
has been removed. Absolute monocyte counts, morphology and 
flow cytometry-based PB monocyte partitioning after exclusion 
of common MPN can help in the diagnosis of CMML in the 
absence of advanced molecular techniques.

MDS/MPN with neutrophilia (MDS/MPN-N), previously 
termed atypical CML is characterised by hepatosplenomegaly, 
anaemia, thrombocytopaenia and leucocytosis (≥13×109/L) 
with neutrophilia.46 The presence of ≥10% left-shifted myeloid 
cells alongside neutrophilic dysplasia differentiates it from 
CNL.47 While the absolute monocyte count might be higher, a 
monocyte percentage <10% excludes CMML.48 BM is hypercel-
lular with granulocytic predominance and dysplasia in ≥10% of 
cells, with or without dysplastic features in megakaryocytic and 
erythroid lineages.49 Criteria for acute leukaemia (blasts ≥20%), 
other MPNs, myeloid/lymphoid neoplasms with eosinophilia, 
and defining gene rearrangements, CMML or MDS/MPN-
SF3B1-T should not be met.50

The absence of MPN-associated driver mutations, such as 
JAK2, CALR and MPL, coupled with the presence of SETBP1 
and ETNK1 mutations, supports the diagnosis of MDS/MPN-
N.48 Clonal architectural reconstruction suggests that ETNK1 
mutations represent early events in MDS/MPN-N, with 
SETBP1, SRSF2, RAS and CBL mutations occurring second-
arily.42 Mutations commonly associated with CH (TET2, ASXL1 
and DNMT3A) are prevalent. Although CSF3R mutations can 
rarely be encountered in MDS/MPN-N, a prompt morpholog-
ical review to exclude CNL is essential.5 51 The involvement 
of multiple genes underscores the heterogeneous genetic basis 
of MDS/MPN-N compared with CML.52 While CBL muta-
tions demonstrate a trend towards favourable overall survival 
(OS),53 mutations in NRAS, GATA2, ASXL1, SETBP1, RUNX1, 
TP53 or DNMT3A are associated with inferior OS.54 Karyotypic 
abnormalities, detected in 35%–40% of cases,55 are linked to 
disease progression.52 Age >65 years, female sex, haemoglobin 
level <10 g/dL, WCC >50×109/L and thrombocytopaenia 
are established adverse prognostic factors in MDS/MPN-N.56 
Approximately 40% of MDS/MPN-N patients progress to acute 
myeloid leukaemia (AML).47 Stem cell transplantation improves 
outcomes for these patients.57

MDS/MPN with SF3B1 mutation and thrombocytosis (MDS/
MPN-SF3B1-T), previously termed MDS/MPN with ring sidero-
blasts and thrombocytosis (MDS/MPN-RS-T), is defined by the 
presence of an SF3B1 mutation. While the term MDS/MPN-
RS-T remains acceptable for cases with ≥15% ring sideroblasts 
and wild-type SF3B1 or unknown mutation status, the emphasis 
on the SF3B1 mutation underscores the underlying pathophys-
iology. MDS/MPN-SF3B1-T predominantly affects females. 
Approximately 40% of patients present with splenomegaly and 
persistent thrombocytosis exceeding 450×109/L is character-
istic.58 Anaemia and low blast counts (<1% PB and <5% BM) 
are common.5 BM is hypercellular with increased erythropoiesis 
and dyserythropoiesis, characterised by ring sideroblasts.59 60 
Iron stains highlight these cells, with at least five siderotic gran-
ules covering a third of the nuclear circumference.61 While 
SF3B1 mutations are the primary driver, concomitant activating 
mutations in JAK2, MPL or CALR signalling pathway genes 
occur in approximately 57% of cases62 63 (figure 3). Low-level 
JAK2 mutations often represent a small clone responsible for 
thrombocytosis and an ET-like phenotype.64 In the absence of 

Figure 2  Flow cytometric and morphological features of chronic 
myelomonocytic leukaemia (CMML). (A) Flow cytometry: In peripheral 
blood, monocytes are proportionally increased at ~45% of the white 
blood cells and are largely (>95%) classical monocytes which lack 
expression of CD16. A subset of monocytes express CD56. (B) Peripheral 
blood smear from a patient with CMML shows absolute monocytosis 
and a rare blast (arrow). (C) H&E-stained section of bone marrow biopsy 
shows a diffuse infiltrate of monocytic cells.
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molecular testing, sustained thrombocytosis for at least 3 months 
can serve as a surrogate for these mutations.5 It is essential to 
exclude therapy-related myeloid neoplasms, MDS with isolated 
del(5q), myeloid neoplasms with double-hit TP53 alteration, 
myeloid neoplasms with t(3;3)(q21.3;q26.2) and disease-
defining gene fusions like BCR::ABL1.5 MDS/MPN-SF3B1-T 
generally carries a favourable prognosis compared with other 
MDS/MPN subtypes. However, factors like abnormal karyotype, 
ASXL1 and/or SETBP1 mutations, and haemoglobin levels below 
10 g/dL confer adverse risk.42 Unique molecular characteris-
tics beyond the SF3B1 mutation suggest potential therapeutic 
avenues.65

ACUTE MYELOID LEUKAEMIA
WHO-HEM5 categorises AML into two primary groups: AML 
with defining genetic abnormalities and AML defined by differ-
entiation. Changes can be summarised as (table 1):

	► The 20% blast threshold, previously mandatory for all AML 
cases, is eliminated for those with defining genetic abnormal-
ities. The list of genetic abnormalities defining specific AML 
subgroups has expanded from WHO-HEM4R to include 
novel variant translocations involving RARA, KMT2A, 
MECOM and NUP98, as well as other rearrangements and 
gene mutations like NPM1 and CEBPA. The 20% blast cut-
off remains for AML with BCR::ABL1 fusion and AML with 
CEBPA mutations due to insufficient evidence to modify the 
diagnostic threshold.

	► WHO-HEM5 removes the provisional entity of AML with 
mutated RUNX1 from WHO-HEM4R.

	► AML with myelodysplasia-related changes is now termed 
AML, myelodysplasia-related (AML-MR), requiring ≥20% 
blasts expressing a myeloid phenotype and harbouring 
specific MDS-associated genetic abnormalities, either de 
novo or evolving from a preexisting MDS or MDS/MPN. 
Morphological evidence of dysplasia is no longer a diag-
nostic criterion. Instead, the classification relies on a the 
presence of somatic mutations in one of the eight genes 
(SRSF2, SF3B1, U2AF1, ZRSR2, ASXL1, EZH2, BCOR, 

STAG2), and/or defining cytogenetic abnormalities including 
complex karyotype commonly mutated in secondary AML.66

	► AML with other defined genetic alterations encompasses 
emerging or provisional AML subtypes with distinct 
genetic aberrations, including AML with RUNX1T3(CB-
FA2T3)::GLIS2, KAT6A::CREBBP, FUS::ERG, MNX1::ETV6 
or NPM1::MLF1. While these entities offer valuable insights, 
large-scale studies are necessary to establish their prognostic 
significance.

	► AML cases lacking defining genetic abnormalities are classi-
fied based on differentiation through immunophenotyping. 
Acute erythroid leukaemia, previously termed pure eryth-
roid leukaemia, is now recognised as a distinct entity within 
this group, with biallelic TP53 mutations playing a pivotal 
role in pathogenesis.67 68 The AML NOS category has been 
eliminated.

These changes reflect a deeper understanding of AML patho-
genesis and aim to enhance classification accuracy and clinical 
utility.

Potential challenges for LMIC implementation and managing 
AMLs with limited resources
Diagnosis and classification of AML according to WHO-HEM5 
require a comprehensive approach encompassing microscopic 
examination (including cytochemistry), immunophenotyping, 
cytogenetics and molecular studies. Resource-limited settings 
lacking specialised flow cytometry, cytogenetics and molec-
ular facilities face significant challenges in performing detailed 
immunophenotyping and identifying cytogenetic and molecular 
abnormalities essential for definitive AML subclassification.69–71 
Accurately classifying AML subtypes defined by genetic aber-
rations and AML-MR, which rely on chromosome assays, or 
RNA and DNA NGS assays, is particularly challenging in these 
contexts. In such settings, treatment decisions may guide labora-
tory investigations.

Traditionally, acute leukaemia is defined by an increased blast 
count (≥20%) in PB or BM smears. While Auer rods are char-
acteristic of AML, they are absent in many cases. Cytochemical 
MPO or NSE positivity (>3% blasts) further supports myeloid 
or monocytic AML. Morphology and cytochemistry can diag-
nose some AML with myeloid or monocytic differentiation, but 
immunophenotyping is essential for determining blast lineage 
(myeloid, monocytic, megakaryocytic, erythroid and basophilic) 
and diagnosing mixed-phenotypic leukaemia72 (figures  4 and 
5). Typical acute promyelocytic leukaemia (APL) cases can be 
diagnosed based on morphology and strong MPO positivity, 
but confirmation requires cytogenetic or molecular methods 
to document PML::RARA fusion. It should be noted the typical 
hypergranular APL characteristically lacks expression of CD34 
and HLA-DR, which serves as a diagnostic clue along with high 
side scatter and forward scatter on flow cytometry. In resource-
limited settings, morphology, cytochemistry and immunopheno-
typing are crucial for AML classification and treatment initiation. 
Genetic analysis, particularly for common fusions and mutations 
like NPM1 and CEBPA, aids in risk stratification and treatment 
planning. Morphological and immunophenotypic findings can 
guide genetic testing. Examples include (a) AML with coexpres-
sion of lymphoid markers such as dim CD19 and CD56 suggest 
the presence of a RUNX1::RUNX1T1 fusion; (b) AML with cup-
like nuclei and absence of CD34 or HLA-DR expression predict 
the presence of NPM1 mutations and FLT3-ITD. In a patient 
with blasts having cup-like nuclei, mutant NPM1 protein can 
be confirmed by IHC in BM biopsies and an accurate diagnosis 

Figure 3  Myelodysplastic/myeloproliferative neoplasm with SF3B1 
and thrombocytosis. Next-generation sequencing of this sample 
revealed SF3B1 p.K700E and JAK2 p.V617F mutations. (A) Bone 
marrow aspirate reveals erythroid hyperplasia with dysplastic features 
including megaloblastic changes and binucleation. (B) Bone marrow 
aspirate reveals increased large, hyperlobulated megakaryocytes. 
(C) Bone marrow biopsy is hypercellular and shows increased large, 
hyperlobulated megakaryocytes. (D) Iron stain shows scattered ring 
sideroblasts (nucleated erythroid precursors with perinuclear iron 
granules). (E) CD61 immunohistochemistry highlights increased 
large, hyperlobulated megakaryocytes with loose clusters. (F) CD71 
immunohistochemistry highlights erythroid hyperplasia.
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can be achieved even in patients with <10% blasts (figure 4); 
(c) In paediatric acute megakaryoblastic leukaemia that is not 
associated with Down syndrome (DS), CBFA2T3::GLIS2 fusion 
is the most frequent genetic aberration and is associated with 
RAM phenotype characterised by expression of CD56 (bright), 
CD33 (moderate to bright), CD34 (variable or moderate) and 
CD117 (moderate to bright) and dim to absent CD11b, CD13, 
CD36, CD38, CD45 and HLA-DR and (d) Paediatric myeloid 
leukaemia in children with DS are associated with GATA1 muta-
tions in addition to trisomy 21 and other genetic abnormalities, 
can have <20% blasts in the BM and express megakaryocytic 
markers.73–82

In situations where immunophenotypic or genetic informa-
tion is unavailable, AML can be categorised as ‘AML, NFC’. 
The newly defined genetic entities like AML-MR and those with 
other specified genetic alterations require advanced molecular 
techniques such as DNA and RNA sequencing. Notably, these 
entities, associated with poor prognosis, are rare and comprise 
a small fraction of AML cases. Accurate identification of these 
entities is crucial for appropriate risk stratification and improved 
OS in regions with insufficient resources, expertise and access to 
advanced therapies.

MASTOCYTOSIS
Similar to WHO-HEM4R, mastocytosis is categorised into 
three primary types in WHO-HEM5: cutaneous mastocytosis, 
systemic mastocytosis (SM) and mast cell sarcoma.83 WHO-
HEM5 refines diagnostic criteria for SM, now including CD30 
expression in mast cells and additional activating KIT muta-
tions as minor criteria.84–89 Baseline serum tryptase >20 ng/
mL, adjusted in cases of known hereditary alpha-tryptasemia, 
is also considered a minor criterion for SM. BM mastocytosis, 
previously a subtype of indolent SM in WHO-HEM4R, is now 
listed as a separate subtype of SM in WHO-HEM5, defined by 

SM criteria, absence of skin lesions and B findings, basal serum 
tryptase <125 ng/mL and no dense mast cell infiltrates in extra-
medullary organs. Well-differentiated SM may be seen in any SM 
subtype and is characterised by round, granulated mast cells that 
are typically positive for CD30 and negative for CD2 and CD25, 
and lack KIT p.D816V mutation but carry other KIT mutations 
that do not cause resistance to imatinib.90–93 WHO-HEM5 modi-
fies B findings (disease burden) to include KIT D816V mutation 
with a variant allele frequency (VAF) of ≥10% as an indicator of 
high mast cell burden.

Figure 4  Examples of AML. (A) AML with NPM1 mutation. 
Blasts equivalents in the peripheral blood include monoblasts and 
promonocytes. (B) AML with NPM1 mutation. Blasts with cup-like nuclei 
in peripheral blood smear. (C) Bone marrow biopsy in a patient with 
AML with NPM1 mutation. Marrow shows sheets of blasts with strong 
cytoplasmic and nuclear NPM1 expression by immunohistochemistry. 
(D) AML with megakaryocytic differentiation. Bone marrow shows 
a diffuse infiltrate of large blastic cells. Flow cytometry reveals 
variable CD41 and CD61 expression on the blasts. AML, acute myeloid 
leukaemia.

Figure 5  Acute erythroid leukaemia. Bone marrow aspirate smear 
and biopsy show ≥30% proerythroblasts, with expression of CD71 and 
CD117.
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CD30 is present in most cases of SM, including well-
differentiated SM, which typically lacks CD25.85 87 88 CD30, 
when combined with CD25, has been shown to improve the 
diagnostic accuracy of SM and is recognised as a potential target 
for antibody-based therapy.85 86 88 Routine CD30 assessment via 
IHC or flow cytometry is essential for SM evaluation.

KIT p.D816V mutation is present in >90% of patients with 
SM and results in constitutively active KIT receptor tyrosine 
kinase, conferring resistance to imatinib. Multilineage involve-
ment by KIT D816V mutation has been demonstrated in essen-
tially all patients with aggressive SM and 20%–30% indolent 
SM.94 Other rare activating KIT mutations have been detected in 
the extracellular, transmembrane and juxtamembrane domains 
and are sensitive to imatinib.95 96 Additional somatic mutations, 
such as TET2, SRSF2, ASXL1, EZH2, CBL, RUNX1, JAK2 and 
RAS, have been identified in the majority of advanced SM, but 
less frequently found in indolent and smouldering SM. Since KIT 
p.D816V mutation or other activating KIT mutations detected 
in PB, BM or other extracutaneous organ(s) serves as a minor 
criterion for SM, molecular studies including highly sensitive 
PCR assays to detect recurrent KIT p.D816V mutation and NGS 
panel to identify mutations in other domains of KIT gene and 
the broader genetic landscape of SM, are crucial complementary 
tools in diagnosing and subclassifying SM.97 98

Integrating morphology (BM mast cell infiltrate), laboratory 
(serum tryptase), immunophenotype (CD2, CD25, CD30) and 
molecular data (KIT mutations, other gene mutations) is essential 
for SM diagnosis, prognosis and treatment planning (figure 6). 
In resource-limited settings, morphology, laboratory testing and 
IHC should guide SM diagnosis based on WHO criteria.

Diagnostic challenges myeloid neoplams in LMICs
We recognise the challenges of implementing the latest WHO-
HAEM5 genetic and molecular AML classification systems 
in LMICs. LMICs may not have skilled flow cytometry, cyto-
genetic and molecular facilities, limiting capacity to perform a 
detailed immunophenotyping analysis and identify cytogenetic 
and molecular abnormalities for definitive subclassification of 
myeloid neoplasms.69 71 In a dated reference from 2012, 10% of 
NGS labs reside in LMICs, and specifically none in low-income 
countries.70 In particular, classifying myeloid neoplasms with 

defining genetic abnormalities including gene mutations and 
fusions, which are best detected through RNA and DNA NGS 
assays will pose a significant challenge. In such a scenario, the 
available treatment options can guide the laboratory workup.

Significant improvements in pathology and laboratory medi-
cine services in LMICs are needed.99 Key barriers include devel-
oping a skilled workforce, providing education and training, 
establishing well-equipped laboratories and hospital infrastruc-
ture, ensuring international quality standards and accreditation, 
and sustaining reagent and equipment supply.99 Recent advance-
ments in digital pathology offer opportunities for disseminating 
virtual pathology education and accessing expertise.100 101 
By adopting these strategies, LMICs can address challenges, 
improve patient outcomes and enhance therapeutic strategies.
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