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Summary

Myelodysplastic syndrome or myelodysplastic neoplasm (MDS) is primarily a disease of older adults. It is
often diagnosed incidentally in asymptomatic patients. Some patients present with symptoms of anaemia,
leukopenia, and thrombocytopenia.

Diagnosis is confirmed if blood and bone marrow evaluation reveals cytopenias, morphological dysplasia,
clonal cytogenetic abnormalities or molecular mutations, and blasts (classically <20%).

M3IAH3AO

Supportive care is central to management and includes: red blood cell (RBC) transfusions with iron chelation
support (for anaemia); platelet transfusions (for thrombocytopenia and bleeding); and anti-infective therapy
(e.g., antibiotics).

Treatment is guided by risk assessment, disease type/characteristics, symptoms/severity of cytopenias, and
erythropoietin levels. Treatment includes drug therapy (e.g., lenalidomide, erythropoiesis-stimulating agents,
hypomethylating agents, luspatercept, imetelstat, immunosuppressive therapy [antithymocyte globulin],
ivosidenib) and allogeneic stem cell transplantation (for select patients e.g., those with high-risk disease).

Patients may have a prolonged disease course (i.e., with anaemia, thrombocytopenia, neutropenia), or may
progress rapidly to acute myeloid leukaemia (AML). Most deaths occur due to complications from MDS (e.g.,
infection) before progression to AML.

Definition

MDS is a heterogenous group of clonal haematopoietic neoplasms characterised by cytopenias (anaemia,
neutropenia, and/or thrombocytopenia); significant bone marrow dysplasia; blasts in the peripheral blood
and/or bone marrow (classically <20%); cytogenetic/genetic abnormalities (e.g., 5q deletion, SF3B1
mutation, TP53 mutation); and a predilection to progress to AML.[1] [2]

MDS can arise de novo or occur secondary to antecedent haematological malignancy or following exposure
to chemotherapy or radiotherapy.[3]
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Epidemiology

MDS occurs primarily in older adults; median age at diagnosis is 70-75 years.[9] [10] MDS is more common
in males than in females (approximately 2:1).[10][11][12][13]

In the US, the incidence of MDS is approximately 4 per 100,000 (based on 2016-2020 data), which rises to
approximately 40 per 100,000 in those aged =75 years.[13] Incidence in the UK and Europe appear to be
similar to the US.[10]

The incidence of MDS is believed to be rising, in part due to an increase in the incidence of secondary MDS
(e.g., following exposure to chemotherapy or radiotherapy) and an ageing population.[14] However, accurate
data are difficult to obtain.

MDS in younger adults and children is relatively rare, and is often associated with congenital disorders (e.g.,
Down syndrome, Fanconi syndrome, Bloom syndrome).[15] [16] [17] [18]

In Asian countries, the average age at which patients are diagnosed is much younger than in other
countries.[16] While the reason for this difference is unclear, chemical contamination and infectious causes in
addition to ethnic differences may contribute.[19]

Aetiology

MDS can occur de novo or secondary to antecedent haematological malignancy or following exposure to
chemotherapy or radiotherapy.[3] Most cases of MDS occur de novo, and the exact cause is unknown.
However, a number of risk factors (genetic, environmental, and prior medical history) have been identified.

Chromosomal abnormalities

Chromosomal abnormalities are found in approximately 50% of patients with de novo MDS, and in as many
as 90% of patients with MDS secondary to previous chemotherapy or radiotherapy.[20] [21] The most
common chromosomal abnormalities include -5, del(5q), -7, del(7q), del(11q), del(12p), -17, del(17p), and
del(20q), suggesting a role for tumour suppressor genes located on these chromosomes.[18] [22]

Genetic mutations

Somatic mutations are found in 80% to 90% of patients with MDS.[23] [24] [25] The most common mutations
include DNMT3A, TET2, ASXL1, TP53, and SF3B1.[18] [23]

Congenital disorder
MDS in children and younger adults is often associated with congenital disorders.[18]

Risk of MDS is increased in those with inherited bone marrow failure syndromes (e.g., Fanconi anaemia,
Diamond-Blackfan anaemia, Shwachman-Diamond syndrome, dyskeratosis congenita, severe congenital
neutropenia [Kostmann syndrome]), Down syndrome (trisomy 21), ataxia telangiectasia, xeroderma
pigmentosum, Bloom syndrome, glutathione transferase theta 1 (GSTT1) gene defect, and Li-Fraumeni
syndrome.[15] [16] [18] [26] [27] [28] [29] [30]

Previous haematological disorders
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Risk of MDS is increased in patients with previous haematological disorders, including aplastic anaemia and
paroxysmal nocturnal haemoglobinuria.[18] [31]

Environmental exposures
Increased risk of MDS has been associated with exposure to tobacco and benzene.[32] [33] [34]
Previous exposure to chemotherapy or radiotherapy

Alkylating agents (e.g., chlorambucil, cyclophosphamide, melphalan), topoisomerase inhibitors (e.g.,
etoposide, teniposide), anthracyclines (e.g., doxorubicin, daunorubicin), and platinum agents (e.g., cisplatin,
carboplatin) are associated with an increased risk for secondary MDS.[35] [36] [37]

Radiotherapy is associated with an increased risk for secondary MDS.[37] Radiotherapy combined with
chemotherapy increases the risk compared with radiotherapy alone.[38] [39]

Autologous haematopoietic stem cell transplantation increases risk, but this is likely related to the use of
chemotherapy for conditioning before transplantation.[40]

Pathophysiology

MDS is a heterogeneous group of clonal haematopoietic neoplasms that arise from a multipotent
haematopoietic stem cell.[41] Sequential acquisition of somatic mutations in haematopoietic stem cells is
thought to play a key role in the development and expansion of a malignant stem cell clone. The stem cell
clone in MDS gives rise to intermediate cell types that are defective and susceptible to apoptosis, resulting in
premature cell death in the bone marrow and ultimately cytopenias.

Dysregulation of the immune system and inflammatory signalling in MDS can result in abnormal
haematopoiesis and unbalanced cell death and cell proliferation in the bone marrow, which may contribute to
the pathogenesis of MDS.[42] [43]

Classification

The 5th edition of the World Health Organization (WHO)
classification of haematolymphoid tumours: myeloid and
histiocytic/dendritic neoplasms|i]

The WHO classification introduces the term myelodysplastic neoplasms (MDS) to replace myelodysplastic
syndromes. MDS is categorised based on defining genetic abnormalities or morphology.

MDS with defining genetic abnormalities
» MDS with low blasts and isolated 5q deletion (MDS-5q)

* Blasts: <5% in bone marrow and <2% in peripheral blood
» Cytogenetics: 5q deletion alone, or with one other abnormality other than monosomy 7 or 7q
deletion.
+ MDS with low blasts and SF3B1 mutation (MDS-SF3B1)

* Blasts: <5% in bone marrow and <2% in peripheral blood

AHO3HL1
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» Cytogenetics: absence of 5q deletion, monosomy 7, or complex karyotype
» Mutations: SF3B1 (=15% ring sideroblasts may substitute for SF3B1 mutation).
» MDS with biallelic TP53 inactivation (MDS-biTP53)

 Blasts: <20% in bone marrow and peripheral blood
» Cytogenetics: usually complex
+ Mutations: two or more TP53 mutations, or one mutation with evidence of TP53 copy number
loss or copy neutral loss of heterozygosity.
MDS, morphologically defined

» MDS with low blasts (MDS-LB)

* Blasts: <5% in bone marrow and <2% in peripheral blood.
» MDS, hypoplastic (MDS-h)

+ Blasts: <5% in bone marrow and <2% in peripheral blood
» Bone marrow cellularity <25% (age adjusted).
» MDS with increased blasts (MDS-IB)

+ MDS-IB1

* Blasts: 5% to 9% in bone marrow or 2% to 4% in peripheral blood.
- MDS-IB2

+ Blasts: 10% to 19% in bone marrow or 5% to 19% in peripheral blood or Auer rods.
» MDS with fibrosis (MDS-f)

* Blasts: 5% to 19% in bone marrow; 2% to 19% in peripheral blood.

International Consensus Classification (ICC) of myeloid neoplasms
and acute leukaemias|2]

The ICC categorises MDS based on cytogenetic abnormalities, morphological dysplasia, or presence of
excess blasts. The statement 'therapy-related' is added to specific classifications as a diagnostic qualifier if
MDS is therapy related.

MDS with mutated SF3B1 (MDS-SF3B1)

» Dysplastic lineages: typically >1
» Cytopenias: =1
» Cytoses: 0
Blasts: <5% in bone marrow; <2% in peripheral blood
» Cytogenetics**: any, except isolated del(5q), -7/del(7q), abn3g26.2, or complex
+ Mutations: SF3B1 (=10% variant allele frequency [VAF]), without multi-hit TP53, or RUNX1.
MDS with del(5q) [MDS-del(5q)]

+ Dysplastic lineages: typically >1

+ Cytopenias: =1

Cytoses: thrombocytosis allowed

Blasts*: <5% in bone marrow; <2% in peripheral blood
Cytogenetics**: del(5q), with up to 1 additional, except -7/del(7q)
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MDS,

Mutations: any, except multi-hit TP53.
not otherwise specified (NOS) without dysplasia

Dysplastic lineages: 0

Cytopenias: =21

Cytoses: 0

Blasts™*: <5% in bone marrow; <2% in peripheral blood
Cytogenetics**: -7/del(7q) or complex

Mutations: any, except multi-hit TP53 or SF3B1 (=10% VAF).
NOS with single lineage dysplasia

AHO3HL1

Dysplastic lineages: 1

Cytopenias: =1

Cytoses: 0

Blasts*: <5% in bone marrow; <2% in peripheral blood

Cytogenetics**: any, except not meeting criteria for MDS-del(5q)
Mutations: any, except multi-hit TP53; not meeting criteria for MDS-SF3B1.
NOS with multilineage dysplasia

Dysplastic lineages: =2

Cytopenias: 21

Cytoses: 0

Blasts*: <5% in bone marrow; <2% in peripheral blood

Cytogenetics**: any, except not meeting criteria for MDS-del(5q)
Mutations: any, except multi-hit TP53; not meeting criteria for MDS-SF3B1.

MDS with excess blasts (MDS-EB)

Dysplastic lineages: typically >1

Cytopenias: 21

Cytoses: 0

Blasts*: 5% to 9% in bone marrow; 2% to 9% in peripheral blood. For paediatric patients (aged <18
years), the blast thresholds for MDS-EB are 5% to 19% in bone marrow and 2% to 19% in peripheral
blood, and the entity MDS/AML does not apply

Cytogenetics**: any

Mutations: any, except multi-hit TP53.

MDS/AML

Dysplastic lineages: typically >1

Cytopenias: =1

Cytoses: 0

Blasts: 10% to 19% in bone marrow or peripheral blood. For paediatric patients (aged <18 years), the
blast thresholds for MDS-EB are 5% to 19% in bone marrow and 2% to 19% in peripheral blood, and
the entity MDS/AML does not apply

Cytogenetics™: any, except AML-defining cytogenetic abnormalities (see Acute myeloid leukaemia )
Mutations: any, except NPM1, bZIP CEBPA, or TP53.

*Presence of 1% blasts in peripheral blood confirmed on two separate occasions also qualifies for MDS-EB.

**BCR::ABL1 rearrangement or any of the rearrangements associated with myeloid/lymphoid neoplasms with
eosinophilia and tyrosine kinase gene fusions exclude a diagnosis of MDS, even in the context of cytopenia.
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Case history

Case history #1

A 70-year-old man presents with generalised fatigue that has slowly progressed over several months. On
physical examination, the patient has pale mucous membranes and mild tachycardia. The remainder of
the examination is unremarkable.
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Other presentations

Patients are often asymptomatic at presentation, and MDS is diagnosed incidentally following routine
laboratory tests. If symptoms develop they are usually non-specific and related to anaemia (e.g.,
weakness, fatigue, decreased exercise tolerance, light-headedness, angina).[4] Less common symptoms
are those related to thrombocytopenia (e.g., easy bruising, bleeding) and neutropenia (e.g., infections).[5]
Occasionally, MDS can present with autoimmune abnormalities, such as vasculitis, connective tissue
disease, and inflammatory arthritis.[6] [7] [8]
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Approach

Diagnosis of MDS requires a detailed medical history and physical examination, and pathological
assessment of the peripheral blood and bone marrow.

MDS is a heterogeneous disease with varying presentations. Patients are often asymptomatic at
presentation, and MDS is suspected following a routine blood test showing cytopenia (most commonly
anaemia).[47] Some patients present with symptoms related to cytopenia (e.g., fatigue, infections, bruising).

History and physical examination

Median age at diagnosis is 70-75 years, but the disease can occur at any age and should be considered
in younger patients who have had prior exposure to chemotherapy or radiotherapy, or who have a
congenital disorder (e.g., Fanconi syndrome, Bloom syndrome, Down syndrome).[9] [10][15][16][18] [26]
[27] [36][37] [48] [49]

History should include a careful assessment of prior exposure to chemotherapy and/or radiotherapy;
prior infections or bleeding episodes; presence of comorbid conditions; family history of haematological
disorders; nutritional status (nutrient deficiencies); alcohol use; and exposure to toxic chemicals.[11] [15]

A careful physical examination is required which may identify signs and symptoms related to cytopenias,
such as pallor, fatigue, exercise intolerance, infections (usually bacterial), bruising, and bleeding
(petechiae, purpura).

Autoimmune disorders (e.g., vasculitis, connective tissue disease, inflammatory arthritis) are reported in
approximately 25% of MDS patients.[6] [7] [8]

Splenomegaly, hepatomegaly, and lymphadenopathy rarely occur in MDS. They can occur in chronic
myelomonocytic leukaemia (CMML), a myeloid neoplasm with pathological and molecular features that
overlap with MDS.[1]

Initial testing

The initial tests should be a full blood count (FBC) with differential, and a peripheral smear. The FBC will
show one or more cytopenias (most commonly anaemia) that are sustained (e.g., >4 months).[11] [15]
[16] Peripheral blood smear will show cytopenias and dysplasia (e.g., hypogranular and hypolobulated
granulocytes [pseudo-Pelger-Huet anomaly]).[16]

Additional laboratory tests include reticulocyte count, red blood cell folate, serum vitamin B12, and iron
studies (serum iron, total iron-binding capacity, ferritin).[11] [15][16] These should be carried out to
exclude other causes of cytopenias. Reticulocyte count is often low in MDS.[50]

Testing for viral infection (e.g., HIV; hepatitis B, C, and E; cytomegalovirus; parvovirus) can be carried out
if there are risk factors for prior exposure.[11] [15][16] HIV infection can cause dysplastic bone marrow
changes that are similar to those seen in MDS.[51]
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Blood film showing normal neutrophil (right) and dysplastic

neutrophil with agranular cytoplasm and hypolobated nucleus
Image used with permission from BMJ 1997;314:883

Bone marrow evaluation

Bone marrow aspiration (with iron stain) and core biopsy are required for morphological, cytogenetic,
mutational, and flow cytometric analyses.[15] [47] These investigations confirm the diagnosis of MDS, and
guide risk stratification and management.[15] [47] [52]

A diagnosis of MDS can be made in a patient with persistent cytopenia in the presence of one of the
following three criteria: significant bone marrow dysplasia (=10% in one or more of three major bone
marrow lineages); blasts in the peripheral blood and/or bone marrow (<20%); or a clonal cytogenetic
abnormality or somatic mutation.[1] [2][11] Biological features are more important than a strict blast cut-off
value.[15]

Patients with blasts 220% should be assessed for acute myeloid leukaemia. See Acute myeloid
leukaemia .
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Large mononuclear megakaryocyte in bone marrow of patient with MDS-del(5q)

Genetic testing

Genetic testing for MDS-associated cytogenetic abnormalities (e.g., -5, del(5q), -7, del(7q), del(11q),
del(12p), -17, del(17p), del(20q)) and somatic mutations (e.g., DNMT3A, TET2, ASXL1, TP53, SF3B1)
informs the diagnosis and prognostic risk stratification.[11] [15] The presence of certain cytogenetic
abnormalities or somatic mutations (e.g., -7/del(7q), del(5q), and SF3B1) may establish a diagnosis
without dysplasia.[1] [2]

Genetic testing may be carried out on peripheral blood if bone marrow testing is not possible.

Patients with significant dysplasia who do not have a clonal cytogenetic abnormality or somatic mutation
should undergo further evaluation to exclude a non-malignant cause of dysplasia.

Subsequent testing

Once a diagnosis is established, the following additional tests may be useful in certain situations.
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» Serum erythropoietin levels: can be measured to guide treatment with erythropoiesis-stimulating
agents.[15] [16] [53] Serum erythropoietin is usually elevated in MDS except in concurrent renal
failure, in which case it is low.

+ Lactate dehydrogenase: has prognostic value and can be measured to inform risk stratification and
management.[15] [16] Elevated lactate dehydrogenase is associated with poorer outcomes.[54]
[53]

« HLA typing: useful if the patient is a candidate for haematopoietic stem cell transplantation, or if
extensive platelet transfusions are needed or anticipated.[53]

» Flow cytometry: can contribute to the diagnosis (by identifying dysplastic features and blasts)
and prognostication. May be used (alongside STAT3 mutation testing) for the evaluation of a
concurrent paroxysmal nocturnal haemoglobinuria clone, and possible large granular lymphocytic
leukaemia.[3] [15]

History and exam

Key diagnostic factors
older age (common)

* MDS occurs primarily in older adults; median age at diagnosis is 70-75 years.[9] [10]
+ MDS can occur at any age and should be considered in younger patients with prior exposure to
chemotherapy or radiotherapy, or who have a congenital disorder.

fatigue (common)

» Usually related to anaemia, which is common on diagnosis.[56]
+ Patients may be asymptomatic, with cytopenia an incidental finding during routine blood tests.

exercise intolerance (common)

+ Symptom of anaemia, which is common on diagnosis.[56]
» Patients may be asymptomatic, with cytopenia an incidental finding during routine blood tests.

pallor (common)

+ Associated with anaemia, which is common on diagnosis.[56]
+ Patients may be asymptomatic, with cytopenia an incidental finding during routine blood tests.

bruising or bleeding (common)

+ Bruising or bleeding (including petechiae and purpura) due to thrombocytopenia occurs in
approximately 20% of patients.[56] This may become more prominent as disease progresses.
+ Patients may be asymptomatic, with cytopenia an incidental finding during routine blood tests.

prior chemotherapy and/or radiotherapy (uncommon)

» MDS should be considered in younger patients who have had prior exposure to chemotherapy and/or
radiotherapy.[35] [36] [37] [38] [39]

congenital disorder (uncommon)

» MDS should be considered in younger patients who have a congenital disorder, such as an inherited
bone marrow failure syndrome (e.g., Fanconi anaemia, Diamond-Blackfan anaemia, Shwachman-
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Diamond syndrome, dyskeratosis congenita, severe congenital neutropenia [Kostmann syndrome]),
Down syndrome (trisomy 21), ataxia telangiectasia, xeroderma pigmentosum, Bloom syndrome,
glutathione transferase theta 1 (GSTT1) gene defect, and Li-Fraumeni syndrome.[15] [16] [18] [26][27]
[28] [29] [30]

bacterial infections (uncommon)

+ Approximately 40% to 50% of MDS patients have neutropenia; only a subset has recurrent infections,
usually bacterial.[3] [57]

Other diagnostic factors
presence of risk factors (uncommon)

» Key risk factors include: age >70 years; prior chemotherapy; prior radiotherapy; prior autologous
haematopoietic stem cell transplantation; and congenital disorders.

autoimmune disorders (uncommon)

» Autoimmune disorders (e.g., vasculitis, connective tissue disease, inflammatory arthritis) are reported
in approximately 25% of MDS patients.[6] [7] [8]

splenomegaly (uncommon)

* Rare in MDS. Can occur in chronic myelomonocytic leukaemia (CMML), a myeloid neoplasm with
pathological and molecular features that overlap with MDS.[1]

hepatomegaly (uncommon)

* Rare in MDS. Can occur in chronic myelomonocytic leukaemia (CMML), a myeloid neoplasm with
pathological and molecular features that overlap with MDS.[1]

lymphadenopathy (uncommon)

» Rare in MDS. Can occur in chronic myelomonocytic leukaemia (CMML), a myeloid neoplasm with
pathological and molecular features that overlap with MDS.[1]

Risk factors

Strong
age >70 years

» MDS occurs primarily in older adults; median age at diagnosis is 70-75 years.[9] [10]
» MDS can occur at any age and should be considered in younger patients with prior exposure to
chemotherapy or radiotherapy, or who have a congenital disorder.

prior chemotherapy

+ Alkylating agents (e.g., chlorambucil, cyclophosphamide, melphalan), topoisomerase inhibitors (e.g.,
etoposide, teniposide), anthracyclines (e.g., doxorubicin, daunorubicin), and platinum agents (e.g.,
cisplatin, carboplatin) are associated with an increased risk for secondary MDS.[35] [36][37]
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prior radiotherapy

» Radiotherapy is associated with an increased risk for secondary MDS.[37] Radiotherapy combined
with chemotherapy increases the risk compared with radiotherapy alone.[38] [39]

prior autologous haematopoietic stem cell transplantation

+ Likely to be related to DNA damage from chemotherapy agents (e.g., conditioning regimens) prior to
autologous haematopoietic stem cell transplantation.[40]

congenital disorders

» MDS in children and younger adults is often associated with congenital disorders.[18]

+ Risk of MDS is increased in those with inherited bone marrow failure syndromes (e.g., Fanconi
anaemia, Diamond-Blackfan anaemia, Shwachman-Diamond syndrome, dyskeratosis congenita,
severe congenital neutropenia [Kostmann syndrome]), Down syndrome (trisomy 21), ataxia
telangiectasia, xeroderma pigmentosum, Bloom syndrome, glutathione transferase theta 1 (GSTT1)
gene defect, and Li-Fraumeni syndrome.[15] [16] [18] [26] [27] [28] [29] [30]

Weak
tobacco

» A known mutagen.[32]
benzene

» Observational data suggest an increased risk of developing MDS following occupational exposure to
benzene.[44] [45] Possible mechanisms include inducing apoptosis, altering the bone marrow micro-
environment, and inducing immunological dysregulation.[46]

aplastic anaemia

+ Can transform into MDS.[18] [31]

paroxysmal nocturnal haemoglobinuria (PNH)
» MDS clone can arise.[18] [31]
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Investigations

1st test to order

Test Result

FBC with differential

» FBC will show one or more cytopenias (most commonly anaemia)

that are sustained (e.g., >4 months).[11] [15][16]
» Approximately 90% of MDS patients have anaemia.[58] [59]
» Approximately 40% of patients have neutropenia.[3] [57]
» Approximately 30% have thrombocytopenia.[3] [60]

peripheral blood smear

+ Peripheral blood smear will show cytopenias (most commonly
anaemia) and dysplasia.[16]

» Anaemia is usually normochromic or macrocytic.

» May see hypogranular and hypolobulated granulocytes (pseudo-
Pelger-Huet anomaly).[61]

Blood film showing normal neutrophil (right) and dysplastic
neutrophil with agranular cytoplasm and hypolobated nucleus
Image used with permission from BMJ 1997;314:883

reticulocyte count

+ Often low in MDS.[50]
+ Inadequate reticulocyte response for degree of anaemia; if an
adequate response is present, other diagnoses are more likely.

red blood cell folate

» Used to rule out folate deficiency as cause of anaemia.
serum vitamin B12

+ Used to rule out vitamin B12 deficiency as cause of anaemia.

iron studies

« Serum iron, total iron-binding capacity, ferritin used to rule out iron

deficiency.

one or more cytopenias

cytopenias;
normochromic or
macrocytic red cells;
dysplasia; hypogranular
and hypolobulated
granulocytes (pseudo-
Pelger-Huet anomaly)

inappropriately normal or
low

normal

normal

normal
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Test Result

bone marrow aspiration with iron stain dysplasia (210% in one

or more of three major
bone marrow lineages);
ringed sideroblasts; bone
marrow blasts (<20%)

+ A diagnosis of MDS can be made in a patient with persistent
cytopenia in the presence of one of the following three criteria:
significant bone marrow dysplasia (=10% in one or more of three
major bone marrow lineages); blasts in the peripheral blood and/
or bone marrow (<20%); or a clonal cytogenetic abnormality or
somatic mutation.[1] [2][11] Biological features are more important
than a strict blast cut-off value.[15] Patients with blasts >20% should
be assessed for acute myeloid leukaemia. (See Acute myeloid
leukaemia )

» Prussian blue iron staining of bone marrow aspirate can show ringed
sideroblasts - abnormal erythroid precursor cells that have granules
around the nucleus.

* May need to repeat to assess: transformation into AML; persistence
of morphological abnormalities (as other conditions such as vitamin
B12 deficiency and infections can cause transient dysplastic
abnormalities).

Large mononuclear megakaryocyte in
bone marrow of patient with MDS-del(5qg)

bone marrow core biopsy usually hypercellular
marrow; rarely

» Can assess overall bone marrow cellularity and architecture and help
hypocellular marrow

differentiate MDS from myeloproliferative disorder (reticulin deposits,
fibrosis). Hypocellular marrow may be seen in some patients with
MDS, but this is rare.

» May need to repeat to assess: transformation into AML; persistence
of morphological abnormalities (as other conditions such as vitamin
B12 deficiency and infections can cause transient dysplastic
abnormalities).


https://bestpractice.bmj.com

Test Result

genetic testing MDS-associated

» Genetic testing for MDS-associated cytogenetic abnormalities (e.g., Cytogenetic abnormalities
-5, del(5q), -7, del(7q), del(11q), del(12p), -17, del(17p), del(20q)) (e.g., -5, del(5q), -7, del(7q),
and somatic mutations (e.g., DNMT3A, TET2, ASXL1, TP53, SFag1) del(11q), del(12p), -17,
informs the diagnosis and prognostic risk stratification.[11] [15] del(1 7_p), del(20q));_ MDS-

» The presence of certain cytogenetic abnormalities or somatic assoc!ated somatic
mutations (e.g., -7/del(7q), del(5q), or SF3B1) may establish a mutations (e.g., DNMT3A,
diagnosis without dysplasia.[1] [2] TET2, ASXL1, TPS3,

» Genetic testing may be carried out on peripheral blood if bone SF3B1)
marrow testing is not possible.

+ Patients with significant dysplasia who do not have a clonal
cytogenetic abnormality or somatic mutation should undergo further
evaluation to exclude a non-malignant cause of dysplasia.

Other tests to consider

Test Result
viral serology may be positive for viral
infection

« Testing for viral infection (e.g., HIV; hepatitis B, C, and E;
cytomegalovirus; parvovirus) can be carried out if there are risk
factors for prior exposure.[11] [15][16]

» HIV infection can cause dysplastic bone marrow changes that are
similar to those seen in MDS.[51]

serum erythropoietin elevated

« Serum erythropoietin levels can be measured to guide treatment with
erythropoiesis-stimulating agents.[15] [16] [53]

+ Elevated in MDS except in concurrent renal failure, in which case it is
low.

lactate dehydrogenase varies

 Lactate dehydrogenase has prognostic value and can be measured
to inform risk stratification and management.[15] [16]

+ Elevated lactate dehydrogenase is associated with poorer
outcomes.[54] [55]

HLA typing varies

+ Useful for candidates for haematopoietic stem cell transplantation, or
those requiring extensive platelet transfusions.[53]

flow cytometry dysplasia (=10% in one or
more of three major bone
marrow lineages); bone
marrow blasts (<20%)

+ Can be performed on bone marrow samples to support a diagnosis of
MDS (by identifying dysplastic features and blasts).[52]

» May be used (alongside STAT3 mutation testing) for the evaluation
of a concurrent paroxysmal nocturnal haemoglobinuria clone, and
possible large granular lymphocytic leukaemia.[3] [15]
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Differentials

Condition Differentiating signs/ Differentiating tests

symptoms

Aplastic anaemia » May have history of . The marrow is hypocellular

HIV infection

Other viral infections
(e.g., parvovirus, CMV, or
hepatitis)

Acute myeloid leukaemia

Vitamin B12 deficiency

medications that cause
aplastic anaemia; otherwise,
symptoms may be the same.

History of HIV infection or
activities that increase the
risk of contracting HIV.

May have viral prodromal
symptoms or other
symptoms specific to
individual viral infection (e.g.,
jaundice with hepatitis).

More likely to have:
symptomatic cytopenia and
leukocytosis; complications
such as tumour lysis
syndrome or disseminated
intravascular coagulopathy;
hepatosplenomegaly; and
lymphadenopathy.

History may highlight the
underlying cause (e.g.,
bariatric surgery). In severe
cases of vitamin B12
deficiency, symptoms such
as glossitis, paraesthesia,
and symptoms of subacute
combined degeneration of
cord may be present.

for age, and precursors
are morphologically
normal. There is no clonal
chromosomal abnormality.

HIV testing is positive.
Bone marrow may

show some dysplastic
cells, with erythroid and
granulocytic precursors and
megakaryocytes, but this

is not usually a persistent
finding and will change on
repeat aspirate or biopsy.

Positive test for viral
infection.

Marked erythroid hypoplasia
and occasional giant
erythroblasts noted in

bone marrow in parvovirus
infection.

Intranuclear inclusions may
be noted in CMV infection.

Blasts 220%. Presence of
AML-defining chromosomal
abnormalities, irrespective
of blast count (e.g., t(15;17)
(g24.1;921.2)/PML::RARA;
1(8;21)(922;922.1)/
RUNX1::RUNX1T1; inv(16)
(p13.1922); t(16;16)
(p13.1;022)/CBFB::MYH11;
t(9;11)(p21.3;923.3)/
MLLT3::KMT2A; 1(6;9)
(p22.3;034.1)/DEK::NUP214;
inv(3)(g21.3926.2) or 1(3;3)
(021.3;926.2)/GATA2.[1]

Macrocytic anaemia will be
present unless there is an
associated iron deficiency.
Peripheral blood smear
shows megaloblastic
changes.

Serum vitamin B12 levels
are low.
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Condition

Differentiating signs /

Differentiating tests

Folate deficiency

Myelofibrosis

Essential
thrombocythaemia

Large granular
lymphocytic leukaemia
(LGL)

Bone marrow toxicity
secondary to azathioprine
or cyclophosphamide

Bone marrow toxicity
secondary to cytotoxic
therapy (especially with
alkylating drugs)

Heavy metal poisoning
(particularly arsenic)

symptoms

 History may highlight the
underlying cause (e.g., use
of methotrexate).

+ Painful swallowing, glossitis,
and angular stomatitis may
be present in patients with
severe folate deficiency

» Splenomegaly is present in
most patients. Some patients
may have hepatomegaly.

* More commonly presents
with vasomotor symptoms
or complications from
thrombosis or bleeding.

« Livedo reticularis (a purplish
mottled discolouration of the
skin, usually on the legs,
typically described as lacy or
net-like in appearance) may
be present.

» Splenomegaly and a history
of autoimmune diseases
may be present.

* May be undergoing
treatment for lupus or
rheumatoid arthritis.

* History includes exposure to
these medications.

* History includes
possible exposure, often
occupational.

. Macrocytic anaemia will be
present unless there is an
associated iron deficiency.

. Peripheral blood smear
shows megaloblastic
changes.

. Serum folate levels are low.

. Bone marrow biopsy shows

reticulin fibrosis.

. Elevated platelet count.

. Bone marrow shows
proliferation of the
megakaryocyte lineage
with increased numbers
of enlarged, mature
megakaryocytes with
hyperlobulated nuclei, but
does not show dysplasia.

. Genetic testing may identify
JAK2 V617F, CALR, or MPL
mutations.

. Lymphocytosis is typical.

. Large granular lymphocytes
present on peripheral blood
smear.

. CD3+ cytotoxic T-cell clone
present on flow cytometry.

. Polymerase chain reaction

may show T-cell receptor
gene rearrangements in T-
cell LGL.

. Reassess bone marrow
aspirate for resolution of
abnormalities after holding
medication.

. Reassess bone marrow
aspirate for resolution of
abnormalities after holding
medication.

. Sideroblastic anaemia
with no other marrow
abnormalities and no
abnormalities in other cell
lines (normal platelets,
WBC), abnormal heavy
metal testing.
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Criteria

Molecular International Prognostic Scoring System (IPSS-M) risk
assessment[62]

A refined version of the IPSS and IPSS-R that combines somatic mutations (31 genes) with haematological
and cytogenetic parameters to risk stratify patients with MDS. The IPSS-M classifies MDS patients into the
following six risk groups based on a risk score derived from clinical (bone marrow blast percentage, platelet
count, haemoglobin level), cytogenetic, and genetic prognostic factors:

* Very low risk (risk score: <-1.5)

* Low risk (risk score: >-1.5 to -0.5)

* Moderate low risk (risk score: >-0.5 to 0)
* Moderate high risk (risk score: >0 to 0.5)
* High risk (risk score: >0.5 to 1.5)

* Very high risk (risk score: >1.5).

The risk score and risk groups can be calculated using a web-based tool: [IPSS-M risk calculator] (https://
mds-risk-model.com)

Revised International Prognostic Scoring System (IPSS-R) risk
assessment[63]

A refined version of the IPSS, using a larger patient database (Revised IPSS [IPSS-R], n = 7012, IPSS, n =
816) for analysis. Multiple statistically weighted clinical features were used to generate prognostic indicators.

Bone marrow blasts

* <2% = 0 points

* >2% t0 5% = 1 point

* 5% to 10% = 2 points

* >10% = 3 points.
Karyotype (cytogenetic testing)

* Very good risk: -Y, del(11q) = 0 points
* Good risk: normal, del(5q), del(12p), del(20q), double including del(5q) = 1 point
* Intermediate risk: del(7q), +8, +19, i(17q), any other single or double independent clones = 2 points
* Poor risk: -7, inv(3)/t(3q)/del(3q), double including -7/del(7q), or complex 3 abnormalities = 3 points
* Very poor risk: complex >3 abnormalities = 4 points.

Haemoglobin (g/dL)

* 210 = 0 points

* 810 <10 =1 point

* <8 = 1.5 points.
Platelets (x 109/L)

* 2100 = 0 points
* 50 to <100 = 0.5 points
* <50 = 1 point.
Absolute neutrophil count (x 10%L)
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* 20.8 = 0 points
* <0.8 = 0.5 points.
Total summed score:

<1.5 points = very low risk

>1.5 to 3.0 points = low risk

>3.0 to 4.5 points = intermediate risk
>4.5 to 6.0 points = high risk

>6 points = very high risk.

A web-based IPSS-R calculator tool is available. [MDS Foundation: Revised International Prognostic
Scoring System (IPSS-R) for myelodysplastic syndromes risk assessment calculator] (https://www.mds-
foundation.org/ipss-r-calculator)

The World Health Organization Prognostic Scoring System
(WPSS)[64]

Unlike prognostic scoring systems that predict outcomes based upon findings at diagnosis, the WPSS
provides prognostic information for patients with myelodysplastic syndrome (MDS) at any time during the
course of their disease.

The World Health Organization (WHO) category

* Refractory anaemia; refractory anaemia with ringed sideroblasts; MDS with isolated del(5q) and
marrow blasts <5% = 0 points

* Refractory cytopenia with multilineage dysplasia; refractory cytopenia with multilineage dysplasia and
ringed sideroblasts = 1 point

* Refractory anaemia with excess of blasts-1 = 2 points

* Refractory anaemia with excess of blasts-2 = 3 points.
The WHO classification for MDS was revised in 2016.[65] In the revised classification, the terms 'refractory
anaemia' and 'refractory cytopenia' have been replaced with the term 'MDS'.

Karyotype (cytogenetic testing)

* Good risk: normal, -Y, del(5q), del(20q) = 0 points
* Intermediate risk: not classified as good risk or poor risk (other abnormalities) = 1 point
* Poor risk: complex (=3 abnormalities), chromosome 7 anomalies = 2 points.

RBC transfusion requirement

* None = 0 points
* Regular = 1 point (transfusion dependency defined as having at least one RBC transfusion every 8
weeks over a period of 4 months).
Total summed score:

0 points = very low risk

1 point = low risk
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2 points = intermediate risk

3-4 points = high risk

5-6 points = very high risk.

International Prognostic Scoring System (IPSS) risk assessment[66]

Scores for three domains (bone marrow blasts, karyotype, and peripheral blood cytopenias) are summed to
give an overall score and assign a risk category; age (<60 years) is also important.

Bone marrow blasts

<5% = 0 points

5% to 10% = 0.5 points
NA =1 point

11% to 20% = 1.5 points
21% to 30% = 2 points.

Karyotype (cytogenetic testing)

Good risk: normal, isolated-Y, isolated del(5q), or isolated del(20q) = 0 points
Intermediate risk: all karyotypes not defined as good or poor = 0.5 points
Poor risk: abnormal chromosome 7, or a complex karyotype (3 or more abnormalities) = 1 point.

Peripheral blood cytopenias

0 or 1 =0 points
2 or 3 = 0.5 points.

Total summed score:

0 points = low risk

0.5 to 1.0 points = intermediate-1 (INT-1) risk

1.5 t0 2.0 points = INT-2 risk

>2.5 points = high risk.
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Approach

Treatment for MDS is guided by risk assessment, disease type/characteristics (e.g., cytogenetic
abnormalities, ring sideroblasts), symptoms/severity of cytopenias, and erythropoietin levels (in patients
with anaemia).[12] [15] Other important treatment considerations include patient age, performance status,
comorbidities, and patient preference/goals.

Risk assessment informs treatment. The revised International Prognostic Scoring System (IPSS-R) is used to
determine whether patients have lower-risk disease or higher-risk disease. See Criteria.

All patients should be encouraged to enrol in a clinical trial (if available and eligible), particularly those with
higher-risk disease and those unresponsive to treatment.[12] [15]

Supportive care

Supportive care is central to management of MDS. All symptomatic patients (lower- or higher-risk) should
receive supportive care as appropriate, which includes: red blood cell (RBC) transfusions with iron
chelation support (for anaemia); platelet transfusions (for thrombocytopenia and bleeding); and anti-
infective therapy (e.g., antibiotics).[12] [15]

Transfusions

RBC transfusion (with iron chelation therapy support if needed) is recommended for symptomatic
anaemia.[15] Patients should be transfused with the minimum number of units necessary to relieve
symptoms of anaemia or to return the patient to a safe haemoglobin level.

RBC transfusions are usually warranted if haemoglobin falls below 7 g/dL or 8 g/dL.[12] [67] However,
RBC transfusions should be individualised because symptomatic anaemia may occur at higher
haemoglobin levels.

Platelet transfusions are recommended for thrombocytopenic bleeding.[15] Platelet transfusions should
not be used routinely in patients with thrombocytopenia in the absence of bleeding unless platelet count
is <10,000/microlitre.[15] Avoiding unnecessary platelet transfusions can improve quality of life and may
reduce the risk of repeated suboptimal response to transfusion (platelet refractoriness).

All transfused blood products should be irradiated before use in patients who are potential candidates for
allogeneic stem cell transplantation (SCT).[15]

Anti-infective therapy

Antibiotics are recommended for bacterial infections and prophylaxis may be considered when starting
patients on therapy; consult local guidance.[15]

Patients who have undergone allogeneic SCT should receive antibiotic prophylaxis alongside post-
transplant immunosuppressive regimens used to manage graft-versus-host disease.[15]

Allogeneic stem cell transplantation (SCT)
Allogeneic SCT is the only potentially curative therapy for MDS.[68]
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Allogeneic SCT is recommended for patients with high-risk disease, if eligible.[15] It may be considered
for select patients with lower-risk disease (e.g., intermediate risk according to IPSS-R with severe
cytopenias; see Criteria ).

Patients should be assessed for suitability for allogeneic SCT and referred for transplant evaluation
as early as possible following diagnosis.[12] [15] [68] Many patients are unsuitable for allogeneic SCT
because of advanced age, lack of a compatible donor (although becoming less common with use of
haploidentical transplant), poor performance status, or comorbidities.

A matched sibling donor, unrelated donor, haploidentical donor, or cord blood donor can be used for
allogeneic SCT.[68] Standard or reduced-intensity conditioning regimens may be considered.[68]

Lower-risk disease: asymptomatic

Lower-risk disease (e.g., very-low, low, or intermediate risk according to IPSS-R) is associated with a
relatively low risk of progression to acute myeloid leukaemia (AML) or death.

Treatment for lower-risk disease is focused on improving quality of life by reducing symptoms, reducing
transfusion need, and preventing complications associated with cytopenias.

Patients with lower-risk disease who are asymptomatic can be monitored without treatment until
symptoms, complications of cytopenias, or disease progression occur, or are likely to occur.[16]

Lower-risk disease: symptomatic anaemia

For treatment of symptomatic anaemia in lower-risk patients, the National Comprehensive Cancer
Network (NCCN) recommends stratifying patients based on erythropoietin levels and the following
disease type/characteristics:[15]

» MDS-5q, i.e., MDS with del(5q), with or without one other cytogenetic abnormality except those
involving chromosome 7
+ MDS-SF3B1, i.e., MDS with no del(5q), with or without other cytogenetic abnormalities, with ring
sideroblasts 215% (or 25% with an SF3B1 mutation)
» MDS with no del(5q), with or without other cytogenetic abnormalities, with ring sideroblasts <15%
(or <5% with an SF3B1 mutation). See Classification.
MDS-5q with erythropoietin levels <500 IU/L

» Lenalidomide (preferred) or an erythropoiesis-stimulating agent (ESA; e.g., epoetin alfa,
darbepoetin alfa) is recommended for initial treatment of symptomatic anaemia in lower-risk
patients with MDS-5q and erythropoietin levels <500 IU/L.[15] Patients who fail to respond (i.e.,
no improvement in haemoglobin or no reduction in RBC transfusion requirement) to an ESA
prescribed first-line can be considered for lenalidomide therapy, if absolute neutrophil count is
>500/microlitre and platelet count is >50,000/microlitre.[15]

« If there is no response to initial treatment with lenalidomide or an ESA, a clinical trial or treatment
with a hypomethylating agent (azacitidine [preferred]; decitabine; or decitabine/cedazuridine) is
recommended.[15]

« If there is no response to (or there is intolerance of) treatment with hypomethylating agents,
patients can be treated with ivosidenib if they have IDH1 mutations, or considered for a clinical trial
or allogeneic SCT if they do not have IDH1 mutations.[15]

MDS-5q with erythropoietin levels >500 1U/L
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+ Lenalidomide is recommended for initial treatment of symptomatic anaemia in lower-risk patients
with MDS-5q and erythropoietin levels >500 IU/L.[15] Patients with erythropoietin levels >500 [U/L
are unlikely to benefit from treatment with ESAs.[69]

+ If there is no response to initial treatment, a clinical trial or treatment with a hypomethylating agent
is recommended.[15]

« If there is no response to (or there is intolerance of) treatment with hypomethylating agents, these
patients can be treated with ivosidenib if they have IDH1 mutations, or considered for a clinical trial
or allogeneic SCT if they do not have IDH1 mutations.[15]

MDS-SF3B1 with erythropoietin levels <500 1U/L

» Luspatercept is recommended for initial treatment of symptomatic anaemia in lower-risk patients
with MDS-SF3B1 and erythropoietin levels <500 IU/L.[15] [70]

+ If there is no response to initial treatment, imetelstat or an ESA is recommended.[15] Granulocyte
colony-stimulating factor (G-CSF; e.g., filgrastim) may be combined with an ESA to treat anaemia.
Evidence suggests that G-CSF may improve the erythroid response rate of ESAs.[71] A validated
decision model has been developed for predicting erythroid responses to ESAs plus G-CSF based
on erythropoietin level and number of previous RBC transfusions.[72]

« If there is no response to treatment with imetelstat or ESAs (with or without G-CSF), patients
can be considered for a clinical trial (if available and eligible) or treatment with a hypomethylating
agent.[15]

 Patients who do not respond to (or are intolerant of) treatment with hypomethylating agents can be
treated with ivosidenib if they have IDH1 mutations, or considered for a clinical trial or allogeneic
SCT if they do not have IDH1 mutations.[15] Patients who do not respond to ivosidenib can be
considered for a clinical trial or allogeneic SCT.[15]

MDS-SF3B1 with erythropoietin levels >500 1U/L

 Luspatercept or imetelstat is recommended for initial treatment of symptomatic anaemia in lower-
risk patients with MDS-SF3B1 and erythropoietin levels >500 IU/L.[15] [70]

» Lenalidomide can be considered if there is no response to initial treatment with luspatercept or
imetelstat.[15]

+ If there is no response to treatment with lenalidomide, patients should be considered for a clinical
trial or treatment with a hypomethylating agent.[15]

+ Patients who do not respond to (or are intolerant of) treatment with hypomethylating agents can be
treated with ivosidenib if they have IDH1 mutations, or considered for a clinical trial or allogeneic
SCT if they do not have IDH1 mutations.[15] Patients who do not respond to ivosidenib can be
considered for a clinical trial or allogeneic SCT.[15]

MDS with no del(5q) with ring sideroblasts <15% with erythropoietin levels <500 IU/L

» An ESA alone or luspatercept is recommended for initial treatment of symptomatic anaemia in
lower-risk patients with no del(5q) and ring sideroblasts <15% (or <5% with an SF3B1 mutation)
and erythropoietin levels <500 IU/L.[15] [73] Patients who fail to respond (i.e., no improvement in
haemoglobin or no reduction in RBC transfusion requirement) to an ESA prescribed first-line can
be considered for luspatercept therapy.[15]

» G-CSF or lenalidomide may be combined with an ESA if there is no response to initial treatment
with an ESA alone or luspatercept.[15] [71] [72] Imetelstat or lenalidomide alone can also be
considered if there is no response to initial treatment in these patients.

+ Patients who do not respond to treatment with an ESA (with or without G-CSF or lenalidomide) or
imetelstat can be considered for a clinical trial or treatment with a hypomethylating agent.[15]
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« If there is no response to (or there is intolerance of) treatment with hypomethylating agents,
patients can be treated with ivosidenib if they have IDH1 mutations, or considered for a clinical
trial or allogeneic SCT if they do not have IDH1 mutations.[15] Patients who do not respond to
ivosidenib can be considered for a clinical trial or allogeneic SCT.[15]

MDS with no del(5q) with ring sideroblasts <15% with erythropoietin levels >500 [U/L

+ Patients with MDS who have no del(5q) and ring sideroblasts <15% (or <5% with an
SF3B1 mutation) and erythropoietin levels >500 IU/L should be evaluated for suitability for
immunosuppressive therapy (IST). Patients who are likely to respond to IST (e.g., those with
hypocellular bone marrow) can be treated with IST comprising antithymocyte globulin (ATG) with
or without ciclosporin.[15] [74] Eltrombopag may be combined with IST. A corticosteroid should be
given alongside ATG to prevent serum sickness.

+ IST may be effective in patients aged <60 years with <5% marrow blasts, or in those who have the
following features: HLA-DR15 positivity; paroxysmal nocturnal haemoglobinuria (PNH) clone; or
STAT-3 mutant T-cell clone. However, the evidence is mixed.[74] [75] [76] [77] [78]

 Patients who are unlikely to respond to IST, or who are unresponsive to initial treatment with IST,
can be considered for a clinical trial, or treatment with a hypomethylating agent or imetelstat.[15]
[74] Lenalidomide may also be considered if absolute neutrophil count is >500/microlitre and
platelet count is >50,000/microlitre.[15]

+ If there is no response to (or there is intolerance of) treatment with hypomethylating agents,
imetelstat, or lenalidomide, patients can be treated with ivosidenib if they have IDH1 mutations, or
considered for a clinical trial or allogeneic SCT if they do not have IDH1 mutations.[15]

Lower-risk disease: clinically relevant thrombocytopenia or
neutropenia (without symptomatic anaemia)

A clinical trial or a hypomethylating agent is recommended for initial treatment of patients with lower-risk
disease who have clinically relevant thrombocytopenia or neutropenia (without symptomatic anaemia).[15]

Patients likely to respond to IST (e.g., those with hypocellular bone marrow) can be considered for initial
treatment with ATG plus ciclosporin (with or without eltrombopag).[15] [74] Eltrombopag alone can be
considered for treatment of severe or life-threatening thrombocytopenia in lower-risk patients.[15]

A hypomethylating agent (if not previously used) or ivosidenib (if patients have IDH1 mutations) can

be considered if there is disease progression or no response to initial treatment of clinically relevant
thrombocytopenia or neutropenia in lower-risk patients.[15] Romiplostim can be considered for treatment
of severe or refractory thrombocytopenia.[15] [79] Patients who do not have IDH1 mutations should be
considered for a clinical trial or allogeneic SCT.[15]

Higher-risk disease

Patients with higher-risk disease (e.g., intermediate, high, or very high risk according to IPSS-R) have a
poor prognosis (relatively increased risk of progression to AML or death).[12] [15]

Treatment for higher-risk disease is focused on delaying progression and prolonging survival, reducing
symptoms and complications, and improving quality of life.

Higher-risk patients should be promptly referred for allogeneic SCT evaluation.[12] [80] [81] Patients
should be encouraged to enrol in a clinical trial (if available and eligible), especially if they have poor
prognostic markers (e.g., TP53 mutations).
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Higher-risk disease: transplant candidate

Higher-risk patients may undergo immediate allogeneic SCT if suitable (e.g., based on age, performance
status, comorbidities, patient preference, and donor availability).[12] [15]

Pre-transplant cytoreduction (debulking) using chemotherapy or hypomethylating agents is recommended
to reduce marrow blasts to <5% in patients with high tumour burden.[12] [15] [53]

Ivosidenib can be used for cytoreduction if there is no response to chemotherapy or hypomethylating
agents, and the patient has IDH1 mutations.[15] Cytoreduction may reduce the risk of post-transplant
relapse. However, this has not yet been confirmed by prospective clinical trials.

Higher-risk disease: non-transplant candidate

Higher-risk patients who are unsuitable for allogeneic SCT can be considered for a clinical trial or initial
treatment with a hypomethylating agent.[12] [15] [82] Azacitidine improves overall survival in higher-risk
patients compared with supportive care and chemotherapy.[83] A survival benefit with decitabine has not
been shown in phase 3 trials, but a US-based registry study suggested similar survival to azacitidine.[84]

Oral decitabine/cedazuridine may be used instead of intravenous decitabine based on patient preference
and convenience. In patients with higher-risk disease, treatment with a hypomethylating agent should
continue until the patient stops responding or treatment becomes intolerable.

Patients who do not respond to initial treatment with a hypomethylating agent can be treated with
ivosidenib if they have IDH1 mutations, or considered for a clinical trial if they do not have IDH1
mutations.[15]
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Treatment algorithm overview

Please note that formulations/routes and doses may differ between drug names and brands, drug
formularies, or locations. Treatment recommendations are specific to patient groups: see disclaimer

Acute (summary)

lower-risk disease: asymptomatic

1st observation
lower-risk disease: MDS-5q (del(5q)
* one other cytogenetic abnormality
except those involving chromosome
7) with symptomatic anaemia
------ = with erythropoietin levels 1st lenalidomide or erythropoiesis-
: <500 IU/L stimulating agent (ESA)
plus supportive care
2nd clinical trial or hypomethylating agent
plus supportive care
3rd ivosidenib or clinical trial or allogeneic

stem cell transplantation (SCT)

plus supportive care
------ = with erythropoietin levels 1st lenalidomide
' >500 IU/L
plus supportive care
2nd clinical trial or hypomethylating agent
plus supportive care
3rd ivosidenib or clinical trial or allogeneic

stem cell transplantation (SCT)

: plus supportive care
lower-risk disease: MDS-SF3B1
(no del(5q) * other cytogenetic
abnormalities with ring sideroblasts
=215% [or 25% with an SF3B1
mutation]) with symptomatic
anaemia
------ = with erythropoietin levels 1st luspatercept
: <500 IU/L
plus suppotrtive care
2nd imetelstat; or erythropoiesis-stimulating

agent (ESA) £ granulocyte colony-
stimulating factor (G-CSF)
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Acute (summary)

plus suppotrtive care
3rd clinical trial or hypomethylating agent
plus suppotrtive care
4th ivosidenib or clinical trial or allogeneic
stem cell transplantation (SCT)
plus suppotrtive care
------ = with erythropoietin levels 1st luspatercept or imetelstat
>500 IU/L
plus suppotrtive care
2nd lenalidomide
plus suppotrtive care
3rd clinical trial or hypomethylating agent
plus suppotrtive care
4th ivosidenib or clinical trial or allogeneic
stem cell transplantation (SCT)

plus suppotrtive care

lower-risk disease: no del(5q) with

ring sideroblasts <15% (or <5%

with an SF3B1 mutation) with

symptomatic anaemia

------ = with erythropoietin levels 1st erythropoiesis-stimulating agent (ESA)
<500 IU/L alone or luspatercept

plus suppotrtive care

2nd erythropoiesis-stimulating agent (ESA)
t granulocyte colony-stimulating factor
(G-CSF) or lenalidomide; or imetelstat; or
lenalidomide alone

plus suppotrtive care
3rd clinical trial or hypomethylating agent
plus suppotrtive care
4th ivosidenib or clinical trial or allogeneic
stem cell transplantation (SCT)
plus suppotrtive care
------ = with erythropoietin 1st antithymocyte globulin (ATG) % ciclosporin
: levels >500 IU/L and + eltrombopag

likely to respond to
immunosuppressive
therapy
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Acute (summary)

plus suppotrtive care
2nd clinical trial or hypomethylating agent or
imetelstat or lenalidomide
plus suppotrtive care
3rd ivosidenib or clinical trial or allogeneic
stem cell transplantation (SCT)
plus suppotrtive care
------ = with erythropoietin 1st clinical trial or hypomethylating agent or
: levels >500 IU/L and imetelstat or lenalidomide
unlikely to respond to
immunosuppressive
therapy
plus suppotrtive care
2nd ivosidenib or clinical trial or allogeneic
stem cell transplantation (SCT)
plus suppotrtive care
lower-risk disease: with clinically
relevant thrombocytopenia or
neutropenia (without symptomatic
anaemia)
1st clinical trial; or hypomethylating agent; or

antithymocyte globulin (ATG) + ciclosporin
t eltrombopag; or eltrombopag alone

plus suppotrtive care

2nd hypomethylating agent or ivosidenib or
romiplostim or clinical trial or allogeneic
stem cell transplantation (SCT)

plus suppotrtive care
higher-risk disease: transplant
candidate
1st allogeneic stem cell transplant (SCT)
plus supportive care
higher-risk disease: non-transplant
candidate
1st clinical trial or hypomethylating agent
plus supportive care
2nd ivosidenib or clinical trial
plus supportive care
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Treatment algorithm

Please note that formulations/routes and doses may differ between drug names and brands, drug
formularies, or locations. Treatment recommendations are specific to patient groups: see disclaimer

lower-risk disease: asymptomatic

1st

observation

» Treatment is based on risk assessment (e.g.,
using the Revised International Prognostic
Scoring System [IPSS-R]), disease type/
characteristics (e.g., cytogenetic abnormalities,
ring sideroblasts), symptoms, and erythropoietin
levels (in patients with anaemia).[12] [15]

» Patients with lower-risk disease (e.g., very-low,
low, or intermediate risk according to IPSS-R)
have a relatively low risk of progression to acute
myeloid leukaemia (AML) and death.

» Treatment for lower-risk disease is focused on
improving quality of life by reducing symptoms,
reducing transfusion need, and preventing
complications associated with cytopenias.

» Patients with lower-risk disease who are
asymptomatic can be monitored without
treatment until symptoms, complications with
cytopenias, or disease progression occur, or are
likely to occur.[16]

lower-risk disease: MDS-5q (del(5q)
t one other cytogenetic abnormality
except those involving chromosome
7) with symptomatic anaemia

------ = with erythropoietin levels 1st
<500 IU/L

lenalidomide or erythropoiesis-
stimulating agent (ESA)

Primary options
» lenalidomide

OR

» epoetin alfa

OR

» darbepoetin alfa

» Treatment is based on risk assessment (e.g.,
using the Revised International Prognostic
Scoring System [IPSS-R]), disease type/
characteristics (e.g., cytogenetic abnormalities,
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ring sideroblasts), symptoms, and erythropoietin
levels (in patients with anaemia).[12] [15]

» Patients with lower-risk disease (e.g., very-low,
low, or intermediate risk according to IPSS-R)
have a relatively low risk of progression to acute
myeloid leukaemia (AML) and death.

» Treatment for lower-risk disease is focused on
improving quality of life by reducing symptoms,
reducing transfusion need, and preventing
complications associated with cytopenias.

» Lenalidomide (preferred) or an ESA (e.g.,
epoetin alfa, darbepoetin alfa) is recommended
for initial treatment of symptomatic anaemia in
lower-risk patients with MDS-5q (i.e., MDS with
del(5q), with or without one other cytogenetic
abnormality except those involving chromosome
7) and erythropoietin levels <500 IU/L.[15]

» Patients who fail to respond (i.e., no
improvement in haemoglobin or no reduction

in red blood cell transfusion requirement) to an
ESA prescribed first-line can be considered for
lenalidomide therapy, if absolute neutrophil count
is >500/microlitre and platelet count is >50,000/
microlitre.[15]

» See local specialist protocol for dosing
guidelines.

plus supportive care

Treatment recommended for ALL patients in
selected patient group

» Red blood cell (RBC) transfusion (with iron
chelation therapy supported if needed) is
recommended for symptomatic anaemia.[15]
Patients should be transfused with the minimum
number of units necessary to relieve symptoms
of anaemia or to return the patient to a safe
haemoglobin level.

» RBC transfusions are usually warranted

if haemoglobin falls below 7 g/dL or 8 g/
dL.[12] [67] However, transfusions should be
individualised because symptomatic anaemia
may occur at higher haemoglobin levels.

» Antibiotics are recommended for bacterial
infections and prophylaxis may be considered
when starting patients on therapy; consult local
guidance.[15]

2nd clinical trial or hypomethylating agent

Primary options

» azacitidine

|
Z
w
=
w
O]
<
=z
<
=



https://bestpractice.bmj.com

plus

3rd

OR

» decitabine

OR

» decitabine/cedazuridine

» A clinical trial or treatment with a
hypomethylating agent (azacitidine [preferred];
decitabine; or decitabine/cedazuridine) is
recommended if there is no response to initial
treatment with lenalidomide or an ESA (i.e., no
improvement in haemoglobin or no reduction

in red blood cell transfusion requirement) in
patients with MDS-5g who have symptomatic
anaemia and erythropoietin levels <500 IU/L.[15]

» See local specialist protocol for dosing
guidelines.

suppotrtive care

Treatment recommended for ALL patients in
selected patient group

» Red blood cell (RBC) transfusion

(with iron chelation therapy supported if
needed) is recommended for symptomatic
anaemia.[15] Patients should be transfused
with the minimum number of units necessary
to relieve symptoms of anaemia or to return the
patient to a safe haemoglobin level.

» RBC transfusions are usually warranted

if haemoglobin falls below 7 g/dL or 8 g/
dL.[12] [67] However, transfusions should be
individualised because symptomatic anaemia
may occur at higher haemoglobin levels.

» Antibiotics are recommended for bacterial
infections and prophylaxis may be considered
when starting patients on therapy; consult local
guidance.[15]

ivosidenib or clinical trial or allogeneic
stem cell transplantation (SCT)

Primary options
» ivosidenib

» Patients with MDS-5g and symptomatic
anaemia and erythropoietin levels <500 IU/L who
do not respond to (or are intolerant of) treatment
with hypomethylating agents can be treated with
ivosidenib if they have IDH1 mutations.[15]

» Patients who do not have IDH1 mutations
should be considered for a clinical trial (if
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= with erythropoietin levels
>500 1U/L

plus

1st

available and eligible) or allogeneic SCT (for
select patients).[15]

» Allogeneic SCT is the only potentially curative
therapy for MDS.[68]

» Patients should be assessed for suitability
for allogeneic SCT and referred for transplant
evaluation as early as possible following
diagnosis.[12] [15] [68]

» A matched sibling donor, unrelated donor,
haploidentical donor, or cord blood donor can
be used for allogeneic SCT.[68] Standard or
reduced-intensity conditioning regimens may be
considered.[68]

» See local specialist protocol for dosing
guidelines.

supportive care

Treatment recommended for ALL patients in
selected patient group

» Red blood cell (RBC) transfusion

(with iron chelation therapy supported if
needed) is recommended for symptomatic
anaemia.[15] Patients should be transfused
with the minimum number of units necessary
to relieve symptoms of anaemia or to return the
patient to a safe haemoglobin level.

» RBGC transfusions are usually warranted

if haemoglobin falls below 7 g/dL or 8 g/
dL.[12] [67] However, transfusions should be
individualised because symptomatic anaemia
may occur at higher haemoglobin levels.

» All transfused blood products should be
irradiated before use in patients who are
potential candidates for allogeneic SCT.[15]

» Antibiotics are recommended for bacterial
infections and prophylaxis may be considered
when starting patients on therapy; consult local
guidance.[15]

» Patients who have undergone allogeneic SCT
should receive antibiotic prophylaxis alongside
post-transplant immunosuppressive regimens
used to manage graft-versus-host disease.[15]

lenalidomide
Primary options
» lenalidomide

» Treatment is based on risk assessment (e.g.,
using the Revised International Prognostic
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plus

2nd

Scoring System [IPSS-R]), disease type/
characteristics (e.g., cytogenetic abnormalities,
ring sideroblasts), symptoms, and erythropoietin
levels (in patients with anaemia).[12] [15]

» Patients with lower-risk disease (e.g., very-low,
low, or intermediate risk according to IPSS-R)
have a relatively low risk of progression to acute
myeloid leukaemia (AML) and death.

» Treatment for lower-risk disease is focused on
improving quality of life by reducing symptoms,
reducing transfusion need, and preventing
complications associated with cytopenias.

» Lenalidomide is recommended for initial
treatment of symptomatic anaemia in lower-risk
patients with MDS-5q (i.e., MDS with del(5q),
with or without one other cytogenetic abnormality
except those involving chromosome 7) and
erythropoietin levels >500 IU/L.[15]

» See local specialist protocol for dosing
guidelines.

supportive care

Treatment recommended for ALL patients in
selected patient group

» Red blood cell (RBC) transfusion (with iron
chelation therapy supported if needed) is
recommended for symptomatic anaemia.[15]
Patients should be transfused with the minimum
number of units necessary to relieve symptoms
of anaemia or to return the patient to a safe
haemoglobin level.

» RBGC transfusions are usually warranted

if haemoglobin falls below 7 g/dL or 8 g/
dL.[12] [67] However, transfusions should be
individualised because symptomatic anaemia
may occur at higher haemoglobin levels.

» Antibiotics are recommended for bacterial
infections and prophylaxis may be considered
when starting patients on therapy; consult local
guidance.[15]

clinical trial or hypomethylating agent

Primary options
» azacitidine

OR

» decitabine

OR
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3rd

» decitabine/cedazuridine

» A clinical trial or treatment with a
hypomethylating agent (azacitidine [preferred];
decitabine; or decitabine/cedazuridine) is
recommended if there is no response to

initial treatment with lenalidomide (i.e., no
improvement in haemoglobin or no reduction

in red blood cell transfusion requirement) in
patients with MDS-5g who have symptomatic
anaemia and erythropoietin levels >500 1U/L.[15]

» See local specialist protocol for dosing
guidelines.

supportive care

Treatment recommended for ALL patients in
selected patient group

» Red blood cell (RBC) transfusion

(with iron chelation therapy supported if
needed) is recommended for symptomatic
anaemia.[15] Patients should be transfused
with the minimum number of units necessary
to relieve symptoms of anaemia or to return the
patient to a safe haemoglobin level.

» RBC transfusions are usually warranted

if haemoglobin falls below 7 g/dL or 8 g/
dL.[12] [67] However, transfusions should be
individualised because symptomatic anaemia
may occur at higher haemoglobin levels.

» Antibiotics are recommended for bacterial
infections and prophylaxis may be considered
when starting patients on therapy (consult local
hospital guidelines).[15]

ivosidenib or clinical trial or allogeneic
stem cell transplantation (SCT)

Primary options
» ivosidenib

» Patients with MDS-5qg and symptomatic
anaemia and erythropoietin levels >500 IU/L who
do not respond to (or are intolerant of) treatment
with hypomethylating agents can be treated with
ivosidenib if they have IDH1 mutations.[15]

» Patients who do not have IDH1 mutations
should be considered for a clinical trial (if
available and eligible) or allogeneic SCT (for
select patients).[15]

» Allogeneic SCT is the only potentially curative
therapy for MDS.[68]
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plus

» Patients should be assessed for suitability
for allogeneic SCT and referred for transplant
evaluation as early as possible following
diagnosis.[12] [15] [68]

» A matched sibling donor, unrelated donor,
haploidentical donor, or cord blood donor can
be used for allogeneic SCT.[68] Standard or
reduced-intensity conditioning regimens may be
considered.[68]

» See local specialist protocol for dosing
guidelines.

supportive care

Treatment recommended for ALL patients in
selected patient group

» Red blood cell (RBC) transfusion (with iron
chelation therapy supported if needed) is
recommended for symptomatic anaemia.[15]
Patients should be transfused with the minimum
number of units necessary to relieve symptoms
of anaemia or to return the patient to a safe
haemoglobin level.

» RBC transfusions are usually warranted

if haemoglobin falls below 7 g/dL or 8 g/
dL.[12] [67]However, transfusions should be
individualised because symptomatic anaemia
may occur at higher haemoglobin levels.

» All transfused blood products should be
irradiated before use in patients who are
potential candidates for allogeneic SCT.[15]

» Antibiotics are recommended for bacterial
infections and prophylaxis may be considered
when starting patients on therapy; consult local
guidance.[15]

» Patients who have undergone allogeneic SCT
should receive antibiotic prophylaxis alongside
post-transplant immunosuppressive regimens
used to manage graft-versus-host disease.

lower-risk disease: MDS-SF3B1

(no del(5q)  other cytogenetic
abnormalities with ring sideroblasts
215% [or 25% with an SF3B1
mutation]) with symptomatic
anaemia

------ = with erythropoietin levels 1st
<500 IU/L

luspatercept

Primary options

» luspatercept
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» Treatment is based on risk assessment (e.g.,
using the Revised International Prognostic
Scoring System [IPSS-R]), disease type/
characteristics (e.g., cytogenetic abnormalities,
ring sideroblasts), symptoms, and erythropoietin
levels (in patients with anaemia).[12] [15]

» Patients with lower-risk disease (e.g., very-low,
low, or intermediate risk according to IPSS-R)
have a relatively low risk of progression to acute
myeloid leukaemia (AML) and death.

» Treatment for lower-risk disease is focused on
improving quality of life by reducing symptoms,
reducing transfusion need, and preventing
complications associated with cytopenias.

» Luspatercept is recommended for initial
treatment of symptomatic anaemia in lower-
risk patients with MDS-SF3B1 (i.e., MDS with
no del(5q) with or without other cytogenetic
abnormalities with ring sideroblasts >215%

[or 25% with an SF3B1 mutation]) and
erythropoietin levels <500 IU/L.[15] [70]

» See local specialist protocol for dosing
guidelines.

plus supportive care

Treatment recommended for ALL patients in
selected patient group

» Red blood cell (RBC) transfusion (with iron
chelation therapy supported if needed) is
recommended for symptomatic anaemia.[15]
Patients should be transfused with the minimum
number of units necessary to relieve symptoms
of anaemia or to return the patient to a safe
haemoglobin level.

» RBC transfusions are usually warranted

if haemoglobin falls below 7 g/dL or 8 g/
dL.[12] [67] However, transfusions should be
individualised because symptomatic anaemia
may occur at higher haemoglobin levels.

» Antibiotics are recommended for bacterial
infections and prophylaxis may be considered
when starting patients on therapy; consult local
guidance.[15]

2nd imetelstat; or erythropoiesis-stimulating
agent (ESA) = granulocyte colony-
stimulating factor (G-CSF)

Primary options
» imetelstat

OR
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» epoetin alfa

OR

» darbepoetin alfa

OR

» epoetin alfa
-and-
» filgrastim

OR

» darbepoetin alfa
-and-
» filgrastim

» Imetelstat or an ESA (e.g., epoetin alfa,
darbepoetin alfa) is recommended if there is no
response to initial treatment with luspatercept
(i.e., no improvement in haemoglobin or

no reduction in red blood cell transfusion
requirement) in patients with MDS-SF3B1 who
have symptomatic anaemia and erythropoietin
levels <500 IU/L.[15]

» G-CSF (e.g., filgrastim) may be combined with
an ESA to treat anaemia. Evidence suggests
that G-CSF may improve the erythroid response
rate of ESAs.[71] A validated decision model
has been developed for predicting erythroid
responses to ESAs plus G-CSF based on
erythropoietin level and number of previous red
blood cell (RBC) transfusions.[72]

» See local specialist protocol for dosing
guidelines.

suppotrtive care

Treatment recommended for ALL patients in
selected patient group

» Red blood cell (RBC) transfusion

(with iron chelation therapy supported if
needed) is recommended for symptomatic
anaemia.[15] Patients should be transfused
with the minimum number of units necessary
to relieve symptoms of anaemia or to return the
patient to a safe haemoglobin level.

» RBC transfusions are usually warranted
if haemoglobin falls below 7 g/dL or 8 g/
dL.[12] [67] However, transfusions should be
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3rd

plus

4th

individualised because symptomatic anaemia
may occur at higher haemoglobin levels.

» Antibiotics are recommended for bacterial
infections and prophylaxis may be considered
when starting patients on therapy; consult local
guidance.[15]

clinical trial or hypomethylating agent

Primary options
» azacitidine
Secondary options
» decitabine

OR

» decitabine/cedazuridine

» Patients with MDS-SF3B1 and symptomatic
anaemia and erythropoietin levels <500 IU/L who
do not respond to treatment with imetelstat or
ESAs (with or without G-CSF) can be considered
for a clinical trial (if available and eligible)

or treatment with a hypomethylating agent
(azacitidine [preferred]; decitabine; or decitabine/
cedazuridine).[15]

» See local specialist protocol for dosing
guidelines.

suppotrtive care

Treatment recommended for ALL patients in
selected patient group

» Red blood cell (RBC) transfusion (with iron
chelation therapy supported if needed) are
recommended for symptomatic anaemia.[15]
Patients should be transfused with the minimum
number of units necessary to relieve symptoms
of anaemia or to return the patient to a safe
haemoglobin level.

» RBC transfusions are usually warranted

if haemoglobin falls below 7 g/dL or 8 g/
dL.[12] [67] However, transfusions should be
individualised because symptomatic anaemia
may occur at higher haemoglobin levels.

» Antibiotics are recommended for bacterial
infections and prophylaxis may be considered
when starting patients on therapy; consult local
guidance.[15]

ivosidenib or clinical trial or allogeneic
stem cell transplantation (SCT)
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plus

Primary options
» ivosidenib

» Patients with MDS-SF3B1 and symptomatic
anaemia and erythropoietin levels <500 1U/

L who do not respond to (or are intolerant of)
third-line treatment with hypomethylating agents
can be treated with ivosidenib if they have

IDH1 mutations, or considered for a clinical

trial or allogeneic SCT if they do not have IDH1
mutations.[15]

» Patients who do not respond to ivosidenib can
be considered for a clinical trial or allogeneic
SCT.[15]

» Allogeneic SCT is the only potentially curative
therapy for MDS.[68]

» Patients should be assessed for suitability
for allogeneic SCT and referred for transplant
evaluation as early as possible following
diagnosis.[12] [15] [68]

» A matched sibling donor, unrelated donor,
haploidentical donor, or cord blood donor can
be used for allogeneic SCT.[68] Standard or
reduced-intensity conditioning regimens may be
considered.[68]

» See local specialist protocol for dosing
guidelines.

suppotrtive care

Treatment recommended for ALL patients in
selected patient group

» Red blood cell (RBC) transfusion

(with iron chelation therapy supported if
needed) is recommended for symptomatic
anaemia.[15] Patients should be transfused
with the minimum number of units necessary
to relieve symptoms of anaemia or to return the
patient to a safe haemoglobin level.

» RBC transfusions are usually warranted

if haemoglobin falls below 7 g/dL or 8 g/
dL.[12] [67] However, transfusions should be
individualised because symptomatic anaemia
may occur at higher haemoglobin levels.

» All transfused blood products should be
irradiated before use in patients who are
potential candidates for allogeneic SCT.[15]

» Antibiotics are recommended for bacterial
infections and prophylaxis may be considered
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when starting patients on therapy; consult local
guidance.[15]

» Patients who have undergone allogeneic SCT
should receive antibiotic prophylaxis alongside
post-transplant immunosuppressive regimens
used to manage graft-versus-host disease.

------ = with erythropoietin levels 1st luspatercept or imetelstat

>500 IU/L . .
Primary options
» luspatercept
OR
» imetelstat

» Treatment is based on risk assessment (e.g.,
using the Revised International Prognostic
Scoring System [IPSS-R]), disease type/
characteristics (e.g., cytogenetic abnormalities,
ring sideroblasts), symptoms, and erythropoietin
levels (in patients with anaemia).[12] [15]

» Patients with lower-risk disease (e.g., very-low,
low, or intermediate risk according to IPSS-R)
have a relatively low risk of progression to acute
myeloid leukaemia (AML) and death.

» Treatment for lower-risk disease is focused on
improving quality of life by reducing symptoms,
reducing transfusion need, and preventing
complications associated with cytopenias.

» Luspatercept or imetelstat is recommended
for initial treatment of symptomatic anaemia

in lower-risk patients with MDS-SF3B1 (i.e.,
MDS with no del(5q) with or without other
cytogenetic abnormalities with ring sideroblasts
>15% or [25% with an SF3B1 mutation] and
erythropoietin levels >500 IU/L.[15] [70]

» See local specialist protocol for dosing
guidelines.

plus supportive care

Treatment recommended for ALL patients in
selected patient group

» Red blood cell (RBC) transfusion (with iron
chelation therapy supported if needed) is
recommended for symptomatic anaemia.[15]
Patients should be transfused with the minimum
number of units necessary to relieve symptoms
of anaemia or to return the patient to a safe
haemoglobin level.
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2nd

plus

3rd

» RBC transfusions are usually warranted

if haemoglobin falls below 7 g/dL or 8 g/
dL.[12] [67] However, transfusions should be
individualised because symptomatic anaemia
may occur at higher haemoglobin levels.

» Antibiotics are recommended for bacterial
infections and prophylaxis may be considered
when starting patients on therapy; consult local
guidance.[15]

lenalidomide

Primary options
» lenalidomide

» Lenalidomide can be considered if there is no
response to initial treatment with luspatercept or
imetelstat (i.e., no improvement in haemoglobin
or no reduction in red blood cell transfusion
requirement) in patients with MDS-SF3B1 who
have symptomatic anaemia and erythropoietin
levels >500 IU/L.[15]

» See local specialist protocol for dosing
guidelines.

suppotrtive care

Treatment recommended for ALL patients in
selected patient group

» Red blood cell (RBC) transfusion (with iron
chelation therapy supported if needed) is
recommended for symptomatic anaemia.[15]
Patients should be transfused with the minimum
number of units necessary to relieve symptoms
of anaemia or to return the patient to a safe
haemoglobin level.

» RBC transfusions are usually warranted if
haemoglobin falls below 7 g/dL or 8 g/dL[12] [67]
However, transfusions should be individualised
because symptomatic anaemia may occur at
higher haemoglobin levels.

» Antibiotics are recommended for bacterial
infections and prophylaxis may be considered
when starting patients on therapy; consult local
guidance.[15]

clinical trial or hypomethylating agent

Primary options
» azacitidine
Secondary options

» decitabine
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OR

» decitabine/cedazuridine

» Patients with MDS-SF3B1 and symptomatic
anaemia and erythropoietin levels >500 IU/L who
do not respond to treatment with lenalidomide
should be considered for a clinical trial (if
available and eligible) or treatment with a
hypomethylating agent (azacitidine [preferred];
decitabine; or decitabine/cedazuridine).[15]

» See local specialist protocol for dosing
guidelines.

plus supportive care

Treatment recommended for ALL patients in
selected patient group

» Red blood cell (RBC) transfusion (with iron
chelation therapy supported if needed) is
recommended for symptomatic anaemia.[15]
Patients should be transfused with the minimum
number of units necessary to relieve symptoms
of anaemia or to return the patient to a safe
haemoglobin level.

» RBC transfusions are usually warranted

if haemoglobin falls below 7 g/dL or 8 g/
dL.[12] [67] However, transfusions should be
individualised because symptomatic anaemia
may occur at higher haemoglobin levels.

» Antibiotics are recommended for bacterial
infections and prophylaxis may be considered
when starting patients on therapy; consult local
guidance.[15]

4th ivosidenib or clinical trial or allogeneic
stem cell transplantation (SCT)

Primary options
» ivosidenib

» Patients with MDS-SF3B1 and symptomatic
anaemia and erythropoietin levels >500 1U/

L who do not respond to (or are intolerant of)
third-line treatment with hypomethylating agents
can be treated with ivosidenib if they have

IDH1 mutations, or considered for a clinical

trial or allogeneic SCT if they do not have IDH1
mutations.[15]

» Patients who do not respond to ivosidenib can
be considered for a clinical trial or allogeneic
SCT.[15]
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» Allogeneic SCT is the only potentially curative
therapy for MDS.[68]

» Patients should be assessed for suitability
for allogeneic SCT and referred for transplant
evaluation as early as possible following
diagnosis.[12] [15] [68]

» A matched sibling donor, unrelated donor,
haploidentical donor, or cord blood donor can
be used for allogeneic SCT.[68] Standard or
reduced-intensity conditioning regimens may be
considered.[68]

» See local specialist protocol for dosing
guidelines.

suppotrtive care

Treatment recommended for ALL patients in
selected patient group

» Red blood cell (RBC) transfusion (with iron
chelation therapy supported if needed) is
recommended for symptomatic anaemia.[15]
Patients should be transfused with the minimum
number of units necessary to relieve symptoms
of anaemia or to return the patient to a safe
haemoglobin level.

» RBC transfusions are usually warranted

if haemoglobin falls below 7 g/dL or 8 g/
dL.[12] [67] However, transfusions should be
individualised because symptomatic anaemia
may occur at higher haemoglobin levels.

» All transfused blood products should be
irradiated before use in patients who are
potential candidates for allogeneic stem cell
transplantation.[15]

» Antibiotics are recommended for bacterial
infections and prophylaxis may be considered
when starting patients on therapy; consult local
guidance.[15]

» Patients who have undergone allogeneic
stem cell transplantation should receive
antibiotic prophylaxis alongside post-transplant
immunosuppressive regimens used to manage
graft-versus-host disease.

lower-risk disease: no del(5q) with
ring sideroblasts <15% (or <5%

with an

SF3B1 mutation) with

symptomatic anaemia

= with erythropoietin levels
<500 IU/L

1st

erythropoiesis-stimulating agent (ESA)
alone or luspatercept
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Primary options
» epoetin alfa

OR

» darbepoetin alfa

OR

» luspatercept

» Treatment is based on risk assessment (e.g.,
using the Revised International Prognostic
Scoring System [IPSS-R]), disease type/
characteristics (e.g., cytogenetic abnormalities,
ring sideroblasts), symptoms, and erythropoietin
levels (in patients with anaemia).[12] [15]

» Patients with lower-risk disease (e.g., very-low,
low, or intermediate risk according to IPSS-R)
have a relatively low risk of progression to acute
myeloid leukaemia (AML) and death.

» Treatment for lower-risk disease is focused on
improving quality of life by reducing symptoms,
reducing transfusion need, and preventing
complications associated with cytopenias.

» An ESA alone (e.g., epoetin alfa, darbepoetin
alfa) or luspatercept is recommended for initial
treatment of symptomatic anaemia in lower-risk
patients with no del(5q) with or without other
cytogenetic abnormalities and ring sideroblasts
<15% (or <5% with an SF3B1 mutation) and
erythropoietin levels <500 IU/L.[15] [73]

» Patients who fail to respond (i.e., no
improvement in haemoglobin or no reduction
in red blood cell transfusion requirement) to an
ESA prescribed first-line can be considered for
luspatercept therapy.[15]

» See local specialist protocol for dosing
guidelines.

plus supportive care

Treatment recommended for ALL patients in
selected patient group

» Red blood cell (RBC) transfusion (with iron
chelation therapy supported if needed) is
recommended for symptomatic anaemia.[15]
Patients should be transfused with the minimum
number of units necessary to relieve symptoms
of anaemia or to return the patient to a safe
haemoglobin level.
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2nd

» RBC transfusions are usually warranted

if haemoglobin falls below 7 g/dL or 8 g/
dL.[12] [67] However, transfusions should be
individualised because symptomatic anaemia
may occur at higher haemoglobin levels.

» Antibiotics are recommended for bacterial
infections and prophylaxis may be considered
when starting patients on therapy; consult local
guidance.[15]

erythropoiesis-stimulating agent (ESA)

t granulocyte colony-stimulating factor
(G-CSF) or lenalidomide; or imetelstat; or
lenalidomide alone

Primary options
» epoetin alfa

OR

» darbepoetin alfa

OR

» epoetin alfa
-and-
» filgrastim

OR
» epoetin alfa

-and-
» lenalidomide

OR

» darbepoetin alfa
-and-
» filgrastim

OR

» darbepoetin alfa
-and-
» lenalidomide

OR

» imetelstat

OR

» |enalidomide
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3rd

» G-CSF (e.g., filgrastim) or lenalidomide

may be combined with an ESA if there is no
response to initial treatment with an ESA

alone or luspatercept (i.e., no improvement in
haemoglobin or no reduction in red blood cell
transfusion requirement) in patients with no
del(5q) and ring sideroblasts <15% (or <5% with
an SF3B1 mutation) who have symptomatic
anaemia and erythropoietin levels <500 IU/L.[15]

» Imetelstat or lenalidomide alone can also
be considered if there is no response to initial
treatment in these patients.

» Evidence suggests that G-CSF may improve
the erythroid response rate of ESAs.[71] A
validated decision model has been developed for
predicting erythroid responses to ESAs plus G-
CSF based on erythropoietin level and number
of previous red blood cell transfusions.[72]

» See local specialist protocol for dosing
guidelines.

suppotrtive care

Treatment recommended for ALL patients in
selected patient group

» Red blood cell (RBC) transfusion (with iron
chelation therapy supported if needed) is
recommended for symptomatic anaemia.[15]
Patients should be transfused with the minimum
number of units necessary to relieve symptoms
of an\emia or to return the patient to a safe h
\emoglobin level.

» RBC transfusions are usually warranted

if haemoglobin falls below 7 g/dL or 8 g/
dL.[12] [67] However, transfusions should be
individualised because symptomatic anaemia
may occur at higher haemoglobin levels.

» Antibiotics are recommended for bacterial
infections and prophylaxis may be considered
when starting patients on therapy; consult local
guidance.[15]

clinical trial or hypomethylating agent

Primary options
» azacitidine
Secondary options

» decitabine

OR
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» decitabine/cedazuridine

» Patients with no del(5q) and ring sideroblasts
<15% (or <5% with an SF3B1 mutation) with
symptomatic anaemia and erythropoietin levels
<500 IU/L who do not respond to treatment with
an ESA (with or without G-CSF or lenalidomide)
or imetelstat can be considered for a clinical
trial (if available and eligible) or treatment with a
hypomethylating agent (azacitidine [preferred];
decitabine; or decitabine/cedazuridine).[15]

» See local specialist protocol for dosing
guidelines.

supportive care

Treatment recommended for ALL patients in
selected patient group

» Red blood cell (RBC) transfusion (with iron
chelation therapy supported if needed) is
recommended for symptomatic aneamia.[15]
Patients should be transfused with the minimum
number of units necessary to relieve symptoms
of anaemia or to return the patient to a safe
haemoglobin level.

» RBC transfusions are usually warranted

if haemoglobin falls below 7 g/dL or 8 g/
dL.[12] [67] However, transfusions should be
individualised because symptomatic anaemia
may occur at higher haemoglobin levels.

» Antibiotics are recommended for bacterial
infections and prophylaxis may be considered
when starting patients on therapy; consult local
guidance.[15]

ivosidenib or clinical trial or allogeneic
stem cell transplantation (SCT)

Primary options
» ivosidenib

» Patients with no del(5q) and ring sideroblasts
<15% (or <5% with an SF3B1 mutation) with
symptomatic anaemia and erythropoietin

levels <500 IU/L who do not respond to (or

are intolerant of) third-line treatment with
hypomethylating agents can be treated with
ivosidenib if they have IDH1 mutations, or
considered for a clinical trial or allogeneic SCT if
they do not have IDH1 mutations.[15]

» Patients who do not respond to ivosidenib can
be considered for a clinical trial or allogeneic
SCT.[15]
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plus
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» Allogeneic SCT is the only potentially curative
therapy for MDS.[68]

» Patients should be assessed for suitability
for allogeneic SCT and referred for transplant
evaluation as early as possible following
diagnosis.[12] [15] [68]

» A matched sibling donor, unrelated donor,
haploidentical donor, or cord blood donor can
be used for allogeneic SCT.[68] Standard or
reduced-intensity conditioning regimens may be
considered.[68]

» See local specialist protocol for dosing
guidelines.

suppotrtive care

Treatment recommended for ALL patients in
selected patient group

» Red blood cell (RBC) transfusion (with iron
chelation therapy supported if needed) is
recommended for symptomatic anaemia.[15]
Patients should be transfused with the minimum
number of units necessary to relieve symptoms
of anaemia or to return the patient to a safe
haemoglobin level.

» RBC transfusions are usually warranted

if haemoglobin falls below 7 g/dL or 8 g/
dL.[12] [67] However, transfusions should be
individualised because symptomatic anaemia
may occur at higher haemoglobin levels.

» All transfused blood products should be
irradiated before use in patients who are
potential candidates for allogeneic SCT.[15]

» Antibiotics are recommended for bacterial
infections and prophylaxis may be considered
when starting patients on therapy; consult local
guidance.[15]

» Patients who have undergone allogeneic SCT
should receive antibiotic prophylaxis alongside
post-transplant immunosuppressive regimens
used to manage graft-versus-host disease.

antithymocyte globulin (ATG) * ciclosporin
t eltrombopag

Primary options

» lymphocyte immunoglobulin, anti-thymocyte
globulin (equine)

-and-

» prednisolone

OR
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» lymphocyte immunoglobulin, anti-thymocyte
globulin (equine)

-and-

» prednisolone

-and-

» ciclosporin

OR

» lymphocyte immunoglobulin, anti-thymocyte
globulin (equine)

-and-

» prednisolone

-and-

» eltrombopag

OR

» lymphocyte immunoglobulin, anti-thymocyte
globulin (equine)

-and-

» prednisolone

-and-

» ciclosporin

-and-

» eltrombopag

» Treatment is based on risk assessment (e.g.,
using the Revised International Prognostic
Scoring System [IPSS-R]), disease type/
characteristics (e.g., cytogenetic abnormalities,
ring sideroblasts), symptoms, and erythropoietin
levels (in patients with anaemia).[12] [15]

» Patients with lower-risk disease (e.g., very-low,
low, or intermediate risk according to IPSS-R)
have a relatively low risk of progression to acute
myeloid leukaemia (AML) and death.

» Treatment for lower-risk disease is focused on
improving quality of life by reducing symptoms,
reducing transfusion need, and preventing
complications associated with cytopenias.

» Lower-risk patients with no del(5q) with or
without other cytogenetic abnormalities and
ring sideroblasts <15% (or <5% with an SF3B1
mutation) who have symptomatic anaemia

and erythropoietin levels >500 IU/L should be
evaluated for suitability for immunosuppressive
therapy (IST).

» Patients who are likely to respond to IST
(e.g., those with hypocellular bone marrow) can
be treated with IST comprising antithymocyte
globulin (ATG) with or without ciclosporin.[15]
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[74] Eltrombopag may be combined with IST.
A corticosteroid (e.g., prednisolone) should be
given alongside ATG to prevent serum sickness.

» IST may be effective in patients aged <60
years with £5% marrow blasts, or in those who
have the following features: HLA-DR15 positivity;
paroxysmal nocturnal haemoglobinuria (PNH)
clone; or STAT-3 mutant T-cell clone. However,
the evidence is mixed.[74] [75] [76] [77] [78]

» See local specialist protocol for dosing
guidelines.
supportive care

Treatment recommended for ALL patients in
selected patient group

» Red blood cell (RBC) transfusion (with iron
chelation therapy supported if needed) is
recommended for symptomatic anaemia.[15]
Patients should be transfused with the minimum
number of units necessary to relieve symptoms
of anaemia or to return the patient to a safe
haemoglobin level.

» RBC transfusions are usually warranted

if haemoglobin falls below 7 g/dL or 8 g/
dL.[12] [67] However, transfusions should be
individualised because symptomatic anaemia
may occur at higher haemoglobin levels.

» Antibiotics are recommended for bacterial
infections and prophylaxis may be considered
when starting patients on therapy; consult local
guidance.[15]

clinical trial or hypomethylating agent or
imetelstat or lenalidomide

Primary options
» azacitidine

OR

» imetelstat
Secondary options

» decitabine

OR

» decitabine/cedazuridine
Tertiary options

» lenalidomide
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» A clinical trial (if available) or treatment with a
hypomethylating agent (azacitidine [preferred];
decitabine; or decitabine/cedazuridine) or
imetelstat is recommended if there is no
response to initial treatment with IST (i.e., no
improvement in haemoglobin or no reduction
in red blood cell transfusion requirement) in
patients with no del(5q) and ring sideroblasts
<15% (or <5% with an SF3B1 mutation) who
have symptomatic anaemia and erythropoietin
levels >500 IU/L.[15]

» Lenalidomide may also be considered if
absolute neutrophil count is >500/microlitre and
platelet count is >50,000/microlitre.[15]

» See local specialist protocol for dosing
guidelines.

supportive care

Treatment recommended for ALL patients in
selected patient group

» Red blood cell (RBC) transfusion (with iron
chelation therapy supported if needed) is
recommended for symptomatic anaemia.[15]
Patients should be transfused with the minimum
number of units necessary to relieve symptoms
of anaemia or to return the patient to a safe
haemoglobin level.

» RBC transfusions are usually warranted

if haemoglobin falls below 7 g/dL or 8 g/
dL.[12] [67] However, transfusions should be
individualised because symptomatic anaemia
may occur at higher haemoglobin levels.

» Antibiotics are recommended for bacterial
infections and prophylaxis may be considered
when starting patients on therapy; consult local
guidance.[15]

ivosidenib or clinical trial or allogeneic
stem cell transplantation (SCT)

Primary options
» ivosidenib

» Patients with no del(5q) and ring sideroblasts
<15% (or <5% with an SF3B1 mutation) and
symptomatic anaemia and erythropoietin
levels >500 IU/L who do not respond to (or are
intolerant of) treatment with hypomethylating
agents, imetelstat, or lenalidomide can be
treated with ivosidenib if they have IDH1
mutations.[15]
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» Patients who do not have IDH1 mutations
should be considered for a clinical trial (if
available and eligible) or allogeneic SCT (for
select patients).[15]

» Allogeneic SCT is the only potentially curative
therapy for MDS.[68]

» Patients should be assessed for suitability
for allogeneic SCT and referred for transplant
evaluation as early as possible following
diagnosis.[12] [15][68]

» A matched sibling donor, unrelated donor,
haploidentical donor, or cord blood donor can
be used for allogeneic SCT.[68] Standard or
reduced-intensity conditioning regimens may be
considered.[68]

» See local specialist protocol for dosing
guidelines.

supportive care

Treatment recommended for ALL patients in
selected patient group

» Red blood cell (RBC) transfusion (with iron
chelation therapy supported if needed) is
recommended for symptomatic anaemia.[15]
Patients should be transfused with the minimum
number of units necessary to relieve symptoms
of anaemia or to return the patient to a safe
haemoglobin level.

» RBGC transfusions are usually warranted

if haemoglobin falls below 7 g/dL or 8 g/
dL.[12] [67] However, transfusions should be
individualised because symptomatic anaemia
may occur at higher haemoglobin levels.

» All transfused blood products should be
irradiated before use in patients who are
potential candidates for allogeneic SCT.[15]

» Antibiotics are recommended for bacterial
infections and prophylaxis may be considered
when starting patients on therapy; consult local
guidance.[15]

» Patients who have undergone allogeneic SCT
should receive antibiotic prophylaxis alongside
post-transplant immunosuppressive regimens
used to manage graft-versus-host disease.

clinical trial or hypomethylating agent or
imetelstat or lenalidomide

Primary options

» azacitidine
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OR

» imetelstat
Secondary options
» decitabine

OR

» decitabine/cedazuridine
Tertiary options
» |enalidomide

» Treatment is based on risk assessment (e.g.,
using the Revised International Prognostic
Scoring System [IPSS-R]), disease type/
characteristics (e.g., cytogenetic abnormalities,
ring sideroblasts), symptoms, and erythropoietin
levels (in patients with anaemia).[12] [15]

» Patients with lower-risk disease (e.g., very-low,
low, or intermediate risk according to IPSS-R)
have a relatively low risk of progression to acute
myeloid leukaemia (AML) and death.

» Treatment for lower-risk disease is focused on
improving quality of life by reducing symptoms,
reducing transfusion need, and preventing
complications associated with cytopenias.

» Lower-risk patients with no del(5q) with or
without other cytogenetic abnormalities and
ring sideroblasts <15% (or <5% with an SF3B1
mutation) who have symptomatic anaemia

and erythropoietin levels >500 IU/L should be
evaluated for suitability for immunosuppressive
therapy (IST).

» Patient who are unlikely to respond to

IST (e.g., those without hypocellular bone
marrow) can be considered for a clinical trial (if
available and eligible) or initial treatment with a
hypomethylating agent (azacitidine [preferred];
decitabine; or decitabine/cedazuridine) or
imetelstat.[15] [74]

» Lenalidomide may also be considered if
absolute neutrophil count is >500/microlitre and
platelet count is >50,000/microlitre.[15]

» See local specialist protocol for dosing
guidelines.

supportive care
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Treatment recommended for ALL patients in
selected patient group

» Red blood cell (RBC) transfusion (with iron
chelation therapy supported if needed) is
recommended for symptomatic anaemia.[15]
Patients should be transfused with the minimum
number of units necessary to relieve symptoms
of anaemia or to return the patient to a safe
haemoglobin level.

» RBC transfusions are usually warranted

if haemoglobin falls below 7 g/dL or 8 g/
dL.[12] [67] However, transfusions should be
individualised because symptomatic anaemia
may occur at higher haemoglobin levels.

» Antibiotics are recommended for bacterial
infections and prophylaxis may be considered
when starting patients on therapy; consult local
guidance.[15]

ivosidenib or clinical trial or allogeneic
stem cell transplantation (SCT)

Primary options
» ivosidenib

» Patients with no del(5q) and ring sideroblasts
<15% (or <5% with an SF3B1 mutation) and
symptomatic anaemia and erythropoietin
levels >500 IU/L who do not respond to

(or are intolerant of) initial treatment with
hypomethylating agents, imetelstat, or
lenalidomide can be treated with ivosidenib if
they have IDH1 mutations.

» Patients who do not have IDH1 mutations
should be considered for a clinical trial (if
available and eligible) or allogeneic SCT (for
select patients).[15]

» Allogeneic SCT is the only potentially curative
therapy for MDS.[68]

» Patients should be assessed for suitability
for allogeneic SCT and referred for transplant
evaluation as early as possible following
diagnosis.[12] [15][68]

» A matched sibling donor, unrelated donor,
haploidentical donor, or cord blood donor can
be used for allogeneic SCT.[68] Standard or
reduced-intensity conditioning regimens may be
considered.[68]

» See local specialist protocol for dosing
guidelines.
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suppotrtive care

Treatment recommended for ALL patients in
selected patient group

» Red blood cell (RBC) transfusion (with iron
chelation therapy supported if needed) is
recommended for symptomatic anaemia.[15]
Patients should be transfused with the minimum
number of units necessary to relieve symptoms
of anaemia or to return the patient to a safe
haemoglobin level.

» RBC transfusions are usually warranted

if haemoglobin falls below 7 g/dL or 8 g/
dL.[12] [67] However, transfusions should be
individualised because symptomatic anaemia
may occur at higher haemoglobin levels.

» All transfused blood products should be
irradiated before use in patients who are
potential candidates for allogeneic SCT.[15]

» Antibiotics are recommended for bacterial
infections and prophylaxis may be considered
when starting patients on therapy; consult local
guidance.[15]

» Patients who have undergone allogeneic SCT
should receive antibiotic prophylaxis alongside
post-transplant immunosuppressive regimens
used to manage graft-versus-host disease.

lower-risk disease: with clinically
relevant thrombocytopenia or
neutropenia (without symptomatic
anaemia)

1st

clinical trial; or hypomethylating agent; or
antithymocyte globulin (ATG) + ciclosporin
t eltrombopag; or eltrombopag alone

Primary options
» azacitidine

OR

» decitabine

OR

» decitabine/cedazuridine

OR

» lymphocyte immunoglobulin, anti-thymocyte
globulin (equine)
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-and-

» prednisolone
-and-

» ciclosporin

OR

» lymphocyte immunoglobulin, anti-thymocyte
globulin (equine)

-and-

» prednisolone

-and-

» ciclosporin

-and-

» eltrombopag

OR

» eltrombopag

» Patients with lower-risk disease (e.g., very-
low, low, or intermediate risk according to

the Revised International Prognostic Scoring
System [IPSS-R]) have a relatively low risk of
progression to acute myeloid leukaemia (AML)
and death.

» Treatment for lower-risk disease is focused on
improving quality of life by reducing symptoms,
reducing transfusion need, and preventing
complications associated with cytopenias.

» A clinical trial or a hypomethylating agent
(azacitidine [preferred]; decitabine; or decitabine/
cedazuridine) is recommended for initial
treatment of patients with lower-risk disease

who have clinically relevant thrombocytopenia or
neutropenia (without symptomatic anaemia).[15]

» Patients likely to respond to
immunosuppressive therapy (IST; e.g., those
with hypocellular bone marrow) can be
considered for initial treatment with ATG plus
ciclosporin (with or without eltrombopag).[15]
[74]

» IST may be effective in patients aged <60
years with £5% marrow blasts, or in those who
have the following features: HLA-DR15 positivity;
paroxysmal nocturnal haemoglobinuria (PNH)
clone; or STAT-3 mutant T-cell clone. However,
the evidence is mixed.[74] [75] [76] [77] [78]

» Eltrombopag alone can be considered
for treatment of severe or life-threatening
thrombocytopenia in lower-risk patients.[15]
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» See local specialist protocol for dosing
guidelines.

suppotrtive care

Treatment recommended for ALL patients in
selected patient group

» Platelet transfusions are recommended

for thrombocytopenic bleeding.[15] Platelet
transfusions should not be used routinely in
patients with thrombocytopenia in the absence
of bleeding unless platelet count is <10,000/
microlitre.[15]

» Antibiotics are recommended for bacterial
infections and prophylaxis may be considered
when starting patients on therapy; consult local
guidance.[15]

hypomethylating agent or ivosidenib or
romiplostim or clinical trial or allogeneic
stem cell transplantation (SCT)

Primary options
» azacitidine

OR

» decitabine

OR

» decitabine/cedazuridine

OR

» ivosidenib
Secondary options
» romiplostim

» A hypomethylating agent (if not previously
used) or ivosidenib (if patients have IDH1
mutations) can be considered if there is disease
progression or no response to initial treatment
of clinically relevant thrombocytopenia or
neutropenia in lower-risk patients.[15]

» Romiplostim can be considered for treatment
of severe or refractory thrombocytopenia.[15]
[79]

» Patients who do not have IDH1 mutations
should be considered for a clinical trial (if
available and eligible) or allogeneic SCT (for
select patients).[15]
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» Allogeneic SCT is the only potentially curative
therapy for MDS.[68]

» Patients should be assessed for suitability
for allogeneic SCT and referred for transplant
evaluation as early as possible following
diagnosis.[12] [15][68]

» A matched sibling donor, unrelated donor,
haploidentical donor, or cord blood donor can
be used for allogeneic SCT.[68] Standard or
reduced-intensity conditioning regimens may be
considered.[68]

» See local specialist protocol for dosing
guidelines.

suppotrtive care

Treatment recommended for ALL patients in
selected patient group

» Platelet transfusions are recommended

for thrombocytopenic bleeding.[15] Platelet
transfusions should not be used routinely in
patients with thrombocytopenia in the absence
of bleeding unless platelet count is <10,000/
microlitre.[15]

» All transfused blood products should be
irradiated before use in patients who are
potential candidates for allogeneic SCT.[15]

» Antibiotics are recommended for bacterial
infections and prophylaxis may be considered
when starting patients on therapy; consult local
guidance.[15]

» Patients who have undergone allogeneic SCT
should receive antibiotic prophylaxis alongside
post-transplant immunosuppressive regimens
used to manage graft-versus-host disease.

higher-risk disease: transplant
candidate

1st

allogeneic stem cell transplant (SCT)

» Patients with higher-risk disease (e.g.,
intermediate, high, or very-high risk according
to the Revised International Prognostic Scoring
System [IPSS-R]) have a poor prognosis
(relatively increased risk of progression to acute
myeloid leukaemia [AML] or death).[12] [15]

» Treatment for higher-risk patients is focused
on delaying progression and prolonging survival,
reducing symptoms and complications, and
improving quality of life.
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» Higher-risk patients should be promptly
referred for allogeneic SCT evaluation.[12] [80]
[81] Patients should be encouraged to enrol in a
clinical trial (if available and eligible), especially
if they have poor prognostic markers (e.g., TP53
mutations).

» Higher-risk patients may undergo immediate
allogeneic SCT if suitable (e.g., based on age,
performance status, comorbidities, patient
preference, and donor availability).[12] [15]

» Pre-transplant cytoreduction (debulking)

using chemotherapy or hypomethylating agents
(azacitidine, decitabine, decitabine/cedazuridine)
is recommended to reduce marrow blasts to
<5% in patients with high tumour burden.[12]
[15] [53]

» lvosidenib can be used for cytoreduction

if there is no response to chemotherapy or
hypomethylating agents, and the patient has
IDH1 mutations.[15] Cytoreduction may reduce
the risk of post-transplant relapse. However,
this has not yet been confirmed by prospective
clinical trials.

» Allogeneic SCT is the only potentially curative
therapy for MDS.[68]

» A matched sibling donor, unrelated donor,
haploidentical donor, or cord blood donor can
be used for allogeneic SCT.[68] Standard or
reduced-intensity conditioning regimens may be
considered.[68]

supportive care

Treatment recommended for ALL patients in
selected patient group

» All symptomatic patients should receive
supportive care as appropriate.

» Red blood cell (RBC) transfusion (with iron
chelation therapy supported if needed) is
recommended for symptomatic anaemia.[15]
Patients should be transfused with the minimum
number of units necessary to relieve symptoms
of anaemia or to return the patient to a safe
haemoglobin level.

» RBC transfusions are usually warranted

if haemoglobin falls below 7 g/dL or 8 g/
dL.[12] [67] However, transfusions should be
individualised because symptomatic anaemia
may occur at higher haemoglobin levels.

» Platelet transfusions are recommended
for thrombocytopenic bleeding.[15] Platelet
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transfusions should not be used routinely in
patients with thrombocytopenia in the absence
of bleeding unless platelet count is <10,000/
microlitre.[15]

» All transfused blood products should be
irradiated before use in patients who are
potential candidates for allogeneic SCT.[15]

» Antibiotics are recommended for bacterial
infections and prophylaxis may be considered
when starting patients on therapy; consult local
guidance.[15]

» Patients who have undergone allogeneic SCT
should receive antibiotic prophylaxis alongside
post-transplant immunosuppressive regimens
used to manage graft-versus-host disease.

higher-risk disease: non-transplant
candidate

1st clinical trial or hypomethylating agent

Primary options
» azacitidine
Secondary options
» decitabine

OR

» decitabine/cedazuridine

» Patients with higher-risk disease (e.g.,
intermediate, high, or very-high risk according
to the Revised International Prognostic Scoring
System [IPSS-R]) have a poor prognosis
(relatively increased risk of progression to acute
myeloid leukaemia [AML] or death).[12] [15]

» Treatment for higher-risk patients is focused
on delaying progression and prolonging survival,
reducing symptoms and complications, and
improving quality of life.

» Higher-risk patients should be promptly
referred for allogeneic stem cell transplantation
(SCT) evaluation.[12] [80] [81] Patients should
also be encouraged to enrol in a clinical trial (if
available and eligible), especially if they have
poor prognostic markers (e.g., TP53 mutations).

» Higher-risk patients who are unsuitable for
allogeneic SCT can be considered for a clinical
trial or initial treatment with a hypomethylating

=
=
L
=
T
O]
<
4
<
=



https://bestpractice.bmj.com

plus

2nd

agent (azacitidine [preferred]; decitabine; or
decitabine/cedazuridine).[12] [15] [82]

» Azacitidine improves overall survival in higher-
risk patients compared with supportive care

and chemotherapy.[83] A survival benefit with
decitabine has not been shown in phase 3 trials,
but a US-based registry study suggested similar
survival to azacitidine.[84]

» In patients with higher-risk disease, treatment
with a hypomethylating agent should continue
until the patient stops responding or treatment
becomes intolerable.

» See local specialist protocol for dosing
guidelines.

suppotrtive care

Treatment recommended for ALL patients in
selected patient group

» All symptomatic patients should receive
supportive care as appropriate.

» Red blood cell (RBC) transfusion (with iron
chelation therapy supported if needed) is
recommended for symptomatic anaemia.[15]
Patients should be transfused with the minimum
number of units necessary to relieve symptoms
of anaemia or to return the patient to a safe
haemoglobin level.

» RBGC transfusions are usually warranted

if haemoglobin falls below 7 g/dL or 8 g/
dL.[12] [67] However, transfusions should be
individualised because symptomatic anaemia
may occur at higher haemoglobin levels.

» Platelet transfusions are recommended

for thrombocytopenic bleeding.[15] Platelet
transfusions should not be used routinely in
patients with thrombocytopenia in the absence
of bleeding unless platelet count is <10,000/
microlitre.[15]

» Antibiotics are recommended for bacterial
infections and prophylaxis may be considered
when starting patients on therapy; consult local
guidance.[15]

ivosidenib or clinical trial
Primary options
» ivosidenib

» Patients with higher-risk disease who
do not respond to initial treatment with a
hypomethylating agent can be treated with
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ivosidenib if they have IDH1 mutations, or
considered for a clinical trial if they do not have
IDH1 mutations.[15]

» See local specialist protocol for dosing
guidelines.

supportive care

Treatment recommended for ALL patients in
selected patient group

» All symptomatic patients should receive
supportive care as appropriate.

» Red blood cell (RBC) transfusion

(with iron chelation therapy supported if
needed) is recommended for symptomatic
anaemia.[15] Patients should be transfused
with the minimum number of units necessary
to relieve symptoms of anaemia or to return the
patient to a safe haemoglobin level.

» RBC transfusions are usually warranted

if haemoglobin falls below 7 g/dL or 8 g/
dL.[12] [67] However, transfusions should be
individualised because symptomatic anaemia
may occur at higher haemoglobin levels.

» Platelet transfusions are recommended

for thrombocytopenic bleeding.[15] Platelet
transfusions should not be used routinely in
patients with thrombocytopenia in the absence
of bleeding unless platelet count is <10,000/
microlitre.[15]

» Antibiotics are recommended for bacterial
infections and prophylaxis may be considered
when starting patients on therapy; consult local
guidance.[15]
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Emerging

Venetoclax

Early studies of venetoclax (a B-cell ymphoma-2 [BCL-2] protein inhibitor) combined with azacitidine in
patients with untreated or relapsed/refractory higher-risk MDS have shown promising results.[85] [86] The
US Food and Drug Administration (FDA) has granted orphan drug designation and breakthrough therapy
designation for venetoclax in combination with azacitidine for the treatment of patients with previously
untreated higher-risk MDS.

Enasidenib

Enasidenib, an isocitrate dehydrogenase 2 (IDH2) inhibitor, is being investigated in MDS patients with IDH
mutations. A phase 2 study is ongoing.[87]

Eltanexor

Eltanexor (a second-generation, oral selective inhibitor of nuclear export) has shown promise in a phase 1/2
open-label study of patients with higher-risk MDS refractory to hypomethylating agents.[88] The FDA has
granted orphan drug designation and fast-track designation for eltanexor as monotherapy for the treatment
of patients with relapsed or refractory intermediate-, high-, or very-high-risk MDS. The European Medicines
Agency (EMA) has granted orphan drug designation to eltanexor for the treatment of MDS.

Tamibarotene

Tamibarotene (an oral selective retinoic acid receptor alpha [RARA] agonist) has been granted orphan drug
designation and fast-track designation by the FDA for the treatment of higher-risk MDS. The EMA has also
granted orphan drug designation to tamibarotene for the treatment of MDS. Tamibarotene is currently being
evaluated in a phase 3 clinical trial of patients with newly diagnosed RARA-positive higher-risk MDS (in
combination with azacitidine).[89] [90]

Magrolimab

Magrolimab (an anti-CD47 monoclonal antibody) has been granted orphan drug designation and
breakthrough designation by the FDA for the treatment of newly diagnosed MDS. The EMA has also granted
orphan drug designation to magrolimab for the treatment of MDS. Interim analysis of a phase 3 randomised
clinical trial of magrolimab plus azacitidine versus azacitidine plus placebo in untreated higher-risk MDS
demonstrated futility and increased risk of death.[91] [92] The trial has been discontinued, and the FDA has
placed all magrolimab MDS and acute myeloid leukaemia studies on hold.

Patient discussions

Patients should be advised that a fever >38.3°C (101 °F) requires urgent evaluation in the accident and
emergency department or urgent care if their usual provider is not available. This is true even in the
absence of significant neutropenia, as neutrophils can be dysfunctional. Bleeding precautions should be
advised if platelet counts have been low.

Vaccination

Patients with MDS are at increased risk of infections.[57] [97] Non-live vaccines are recommended,
according to age, comorbidities, and local guidelines, particularly against influenza and Streptococcus
pneumoniae .[98] [99]
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Monitoring

Monitoring

A full blood count should be checked routinely to monitor levels of red blood cells (RBCs), white blood
cells, and platelets. The interval between testing varies based on the patient's symptoms.
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Patients who require regular transfusion should be assessed for iron chelation therapy. Iron chelation
therapy can improve event-free survival and should be considered for patients with a favourable prognosis
with:[12] [15][16] [96]

* High transfusion burden (e.g., 15 or more RBC transfusions)
* Serum ferritin levels exceeding 1000 micrograms/L on repeat measurements.
Candidates for allogeneic stem cell transplantation should receive early chelation therapy.[16]
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Complications

Complications Timeframe Likelihood

iron overload long term medium

Liver and other organ abnormalities can result from haemochromatosis secondary to multiple
transfusions.[95] This may develop over an extended period of time, depending on the frequency of blood
transfusions, but may be prevented by the use of iron chelation therapy.

Patients who require regular transfusion should be assessed for iron chelation therapy. Iron chelation
therapy can improve event-free survival and should be considered for patients with a favourable prognosis
with high transfusion burden (e.g., 15 or more RBC transfusions); serum ferritin levels exceeding

1000 micrograms/L on repeat measurements.[12] [15] [16] [96] Candidates for allogeneic stem cell
transplantation should receive early chelation therapy.[16]

infection variable high

Neutropenia and neutrophil dysfunction predispose to recurrent infections. Bacterial infections are the
principal cause of death in patients with MDS.[5] Treatment is broad-spectrum antibiotics when these
patients are febrile.

Growth factor support with granulocyte-colony stimulating factor (G-CSF; e.g., filgrastim) may improve
neutrophil counts but does not improve long-term survival. G-CSF may be considered in patients with
recurrent infections, but is not routinely recommended (including for infection prophylaxis).[15]

bleeding variable medium

Bleeding complications are possible due to thrombocytopenia and functional defects of platelets. Platelet
transfusion may be considered if there is bleeding, or if platelet count is less than 10x109L, or before
planned procedures (e.g., if platelet count is less than 50x109/L before major surgery).[94]

progression to acute myeloid leukaemia (AML) variable medium

Once patients develop >20% undifferentiated blasts in the bone marrow, they are considered to have
progressed to acute myeloid leukaemia (AML).[65] AML arising from MDS is usually refractory to standard
therapy for MDS. Patients with secondary AML who are treated with chemotherapy regimens used for

de novo AML may achieve remission but usually relapse quickly; allogeneic stem cell transplantation is
recommended in eligible patients.

Clinical trial enrolment is appropriate if a patient with secondary AML wishes treatment and can tolerate
therapy.

Prognosis

Patients aged under 60 years have a better survival rate than older patients. Specific prognostic criteria were
defined by the International Prognostic Scoring System (IPSS) working group in 1997 after a multivariate
analysis of 816 patients with de novo MDS who were treated primarily with supportive care.[66] The IPSS
uses three factors (number of cytopenias [1, 2, or 3], percentage marrow blasts [<5, 5% to 10%, 11%

to 20%, or 21% to 30%], and cytogenetic abnormalities [good-, intermediate-, or poor-risk karyotype]) to
categorise patients into four overall risk groups for AML progression or death: low-, intermediate-1 (INT-1),
INT-2, and high-risk disease. For older patients, overall median survival by risk group ranges from less
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than 6 months for high-risk patients to 5.7 years for low-risk patients.[66] Secondary MDS has a poorer
prognosis.[3] Chromosome 5q31 deletion (del(5q)), monosomy 7, 11923, and TP53 mutations all have a
poor prognosis.[93]

One of the major drawbacks of the 1997 IPSS is that it included patients with 21% to 30% blasts in the bone
marrow, a group that is classified as having AML in the WHO classification.[65] Another limitation is that

the number of cytogenetic subgroups in the intermediate karyotype risk category is large, and the actual
prognostic significance of these is diverse. Nonetheless, the IPSS serves as a useful guide when discussing
prognosis with patients and families.

Revised International Prognostic Scoring System (IPSS-R)[63]

The IPSS-R was developed to address some of the drawbacks of the IPSS. This IPSS-R scoring system
includes five variables:

* Bone marrow blast percentage:

* <2 (0 points)
* >2to <5 (1 point)
* 5-10 (2 points)
* >10 (3 points).
* Karyotype:

* Very good (0 points): deletion Y or del(11q)

* Good (1 point): normal karyotype, del (5q), del(12p), del (20q), a double abnormality, including
del(5q)

* Intermediate (2 points): deletion 7q, +8, +19, i(17q), and any other single or double independent
clones

* Poor (3 points): deletion 7, inv(3)/t(3q)/del(3q), double abnormalities including -7/del(7q), or
three abnormalities

* Very poor (4 points): complex karyotype (=3 abnormalities).

* Haemoglobin level:

* 210 g/dL (0 points)
* 810 <10 g/dL (1 point)
* <8 g/dL (1.5 points).

* Platelet count:

* >100,000/microlitre (0 points)
* 50,000 to 100,000/microlitre (0.5 points)
* <50,000/microlitre (1 point).

* Absolute neutrophil count:

* >800/microlitre (0 points)

* <800/microlitre (0.5 points).
The IPSS-R score is calculated by adding each of these five values, and is divided into five groups based on
the risk of AML development and overall survival. The IPSS-R was first validated in a set of 7012 patients
with primary MDS. The five risk groups are:

* Very low risk: <1.5
* Low risk: >1.5t0 3.0
* Intermediate risk: >3.0 to 4.5
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* High risk: >4.510 6.0
* Very high risk: >6.
Median survival (without treatment) for the IPSS-R risk groups are:

* Very low risk: 8.8 years
* Low risk: 5.3 years
* Intermediate risk: 3 years
° High risk: 1.6 years
* Very high risk: 0.8 years.
Time to 25% AML evolution for the IPSS-R risk groups are:

dN MOT1104

* Very low risk: not reached
* Low risk: 10.8 years
* Intermediate risk: 3.2 years
* High risk: 1.4 years
* Very high risk: 0.7 years.
Molecular International Prognostic Scoring System (IPSS-M)[62]

The IPSS-M is a refined version of the IPSS and IPSS-R that combines somatic mutations (of 31 genes)

with haematological and cytogenetic parameters to risk stratify patients with MDS. The IPSS-M classifies
MDS patients into the following six risk groups based on a risk score derived from clinical (bone marrow blast
percentage, platelet count, haemoglobin level), cytogenetic, and genetic prognostic factors (calculated using
a web-based tool: [IPSS-M risk calculator] (https://mds-risk-model.com) ):

* Very low risk (risk score: <-1.5)
* Low risk (risk score: >-1.5 to -0.5)
* Moderate low risk (risk score: >-0.5 to 0)
* Moderate high risk (risk score: >0 to 0.5)
* High risk (risk score: >0.5 to 1.5)
* Very high risk (risk score: >1.5).
Median overall survival for the IPSS-M risk groups are:

* Very low risk: 10.6 years
* Low risk: 6.0 years
* Moderate low risk: 4.6 years
* Moderate high risk: 2.8 years
* High risk: 1.7 years
* Very high risk: 1.0 years.
Risk of transformation to AML by 1, 2, and 4 years for the IPSS-M risk groups are:

* Very low risk: 0%, 1.2%, and 2.8%, respectively
* Low risk: 1.7%, 3.4%, and 5.1%, respectively
* Moderate low risk: 4.9%, 8.8%, and 11.4%, respectively
* Moderate high risk: 9.5%, 14%, and 18.9%, respectively
* High risk: 14.3%, 21.2%, and 29.2%, respectively
* Very high risk: 28.2%, 38.6%, and 42.8%, respectively.
Risk of death without AML by 1, 2, and 4 years for the IPSS-M risk groups are:

* Very low risk: 2.2%, 7%, and 15.9%, respectively
* Low risk: 8.5%, 16.2%, and 29.5%, respectively
* Moderate low risk: 12%, 19.8%, and 33.6%, respectively
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* Moderate high risk: 18%, 31.1%, and 51.1%, respectively
* High risk: 19.3%, 39.8%, and 54.2%, respectively
* Very high risk: 30.6%, 45.6%, and 51.3%, respectively.
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Diagnostic guidelines

United Kingdom

British Society for Haematology guidelines for the diagnosis and evaluation
of prognosis of adult myelodysplastic syndromes (https://b-s-h.org.uk/
guidelines/?category=Haemato-oncology&fromdate=&todate=)

Published by: British Society for Haematology Last published: 2021

Good practice papers: the use of genetic tests to diagnose and manage
patients with myeloproliferative and myeloproliferative/myelodysplastic
neoplasms, and related disorders (https://b-s-h.org.uk/guidelines/?position-
paper=false&gpp=true&addenda=false&audio=false&search=#guideline-
filters__select__status)

Published by: British Society for Haematology Last published: 2021

Guidelines for the diagnosis and treatment of myelodysplastic syndrome and
chronic myelomonocytic leukemia (10th update) (https:/nmds.org/index.php/
guidelines)

Published by: Nordic MDS Group Last published: 2021

Myelodysplastic syndromes (https:/www.esmo.org/guidelines/guidelines-by-
topic/haematological-malignancies?page=2)

Published by: European Society for Medical Oncology Last published: 2020

North America

NCCN clinical practice guidelines in oncology: myelodysplastic syndromes
(https://www.nccn.org/guidelines/category_1)

Published by: National Comprehensive Cancer Network Last published: 2024

Guidelines for treating iron overload in myelodysplastic syndromes: a Taiwan
consensus statement (https:/pubmed.ncbi.nim.nih.gov/24924953)

Published by: Hematology Society of Taiwan Last published: 2014
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Online resources

1. IPSS-M risk calculator (https:/mds-risk-model.com) (external link)

2. MDS Foundation: Revised International Prognostic Scoring System (IPSS-R) for myelodysplastic
syndromes risk assessment calculator (https://www.mds-foundation.org/ipss-r-calculator) (external
link)
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Images

Figure 1: Blood film showing normal neutrophil (right) and dysplastic neutrophil with agranular cytoplasm and
hypolobated nucleus

Image used with permission from BMJ 1997,314:883
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Figure 2: Large mononuclear megakaryocyte in bone marrow of patient with MDS-del(5q)
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Disclaimer

BMJ Best Practice is intended for licensed medical professionals. BMJ Publishing Group Ltd (BMJ) does not
advocate or endorse the use of any drug or therapy contained within this publication nor does it diagnose
patients. As a medical professional you retain full responsibility for the care and treatment of your patients
and you should use your own clinical judgement and expertise when using this product.

This content is not intended to cover all possible diagnosis methods, treatments, follow up, drugs and any
contraindications or side effects. In addition, since such standards and practices in medicine change as

new data become available, you should consult a variety of sources. We strongly recommend that you
independently verify specified diagnosis, treatments and follow-up and ensure it is appropriate for your
patient within your region. In addition, with respect to prescription medication, you are advised to check the
product information sheet accompanying each drug to verify conditions of use and identify any changes in
dosage schedule or contraindications, particularly if the drug to be administered is new, infrequently used, or
has a narrow therapeutic range. You must always check that drugs referenced are licensed for the specified
use and at the specified doses in your region.

Information included in BMJ Best Practice is provided on an “as is” basis without any representations,
conditions or warranties that it is accurate and up to date. BMJ and its licensors and licensees assume no
responsibility for any aspect of treatment administered to any patients with the aid of this information. To
the fullest extent permitted by law, BMJ and its licensors and licensees shall not incur any liability, including
without limitation, liability for damages, arising from the content. All conditions, warranties and other terms
which might otherwise be implied by the law including, without limitation, the warranties of satisfactory
quality, fitness for a particular purpose, use of reasonable care and skill and non-infringement of proprietary
rights are excluded.

Where BMJ Best Practice has been translated into a language other than English, BMJ does not warrant the
accuracy and reliability of the translations or the content provided by third parties (including but not limited to
local regulations, clinical guidelines, terminology, drug names and drug dosages). BMJ is not responsible for
any errors and omissions arising from translation and adaptation or otherwise.Where BMJ Best Practice lists
drug names, it does so by recommended International Nonproprietary Names (rINNs) only. It is possible that
certain drug formularies might refer to the same drugs using different names.

Please note that recommended formulations and doses may differ between drug databases drug names and
brands, drug formularies, or locations. A local drug formulary should always be consulted for full prescribing
information.

Treatment recommendations in BMJ Best Practice are specific to patient groups. Care is advised when
selecting the integrated drug formulary as some treatment recommendations are for adults only, and external
links to a paediatric formulary do not necessarily advocate use in children (and vice-versa). Always check
that you have selected the correct drug formulary for your patient.

Where your version of BMJ Best Practice does not integrate with a local drug formulary, you should consult
a local pharmaceutical database for comprehensive drug information including contraindications, drug
interactions, and alternative dosing before prescribing.

Interpretation of numbers

Regardless of the language in which the content is displayed, numerals are displayed according to the
original English-language numerical separator standard. For example 4 digit numbers shall not include a
comma nor a decimal point; numbers of 5 or more digits shall include commas; and numbers stated to be
less than 1 shall be depicted using decimal points. See Figure 1 below for an explanatory table.

BMJ accepts no responsibility for misinterpretation of numbers which comply with this stated numerical
separator standard.

This approach is in line with the guidance of the International Bureau of Weights and Measures Service.

Figure 1 — BMJ Best Practice Numeral Style
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