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206 Myelodysplastic Syndromes (MDS), Aplastic Anemia, and Other Bone Marrow Failure States 
 
Myelodysplastic syndromes (MDS) are a group of clonal hematopoietic stem cell diseases characterized by 
cytopenias, dysplasia, ineffective hematopoiesis, and an increased risk of acute leukemia in ~30% of cases. 
MDS shows overlapping clinical features with aplastic anemia, paroxysmal nocturnal hemoglobinuria (PNH), 
and certain lymphomas, such as T-cell large granular lymphocytic leukemia. Therefore, when working up a 
potential case of MDS, other causes of cytopenias, namely nutritional deficiencies or excess, medications, viral 
infections, and lymphoproliferative disorders need to be considered in the differential diagnosis.  Using case 
presentations the presenters will illustrate typical cases of MDS and aplastic anemia, as well as disease 
conditions that mimic MDS or aplastic anemia. This session will offer a systematic approach to the work-up of 
patients with cytopenias integrating clinical, laboratory, immunophenotypic, and genetic features into final 
diagnosis. The course is designed for practicing pathologists, pathology trainees, and technologists interested in 
hematopathology and it will provide a complete review of the current WHO classification of MDS, as well as 
the underlying pathogenesis of aplastic anemia, with particular attention to mimickers of these disease entities.  
 

• Describe the diagnostic criteria delineated by the current World Health Organization in the 
subclassification of myelodysplastic syndromes, and focus on differential diagnostic considerations 
mimicking myelodysplasia. Outline a systemic approach to ancillary studies needed in the distinction of 
the different entities. 

• Describe the diagnostic criteria for aplastic anemia and guidelines for adequacy of a specimen for 
interpretation, as well as outline a systemic approach to ancillary studies needed in the distinction of 
aplastic anemia and other bone marrow failures mimicking aplastic anemia. 

• Upon completion of this course, participants should be able to develop a systematic diagnostic algorithm 
for pancytopenia and isolated cytopenias integrating clinical, laboratory, morphologic, 
immunophenotypic, and genetic features. 
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Accreditation Statement: The American Society for Clinical Pathology (ASCP) is accredited by the 
Accreditation Council for Continuing Medical Education to provide continuing medical education (CME) for 
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of the Accreditation Council for Continuing Medical Education (ACCME). 
 
Credit Designation: The ASCP designates this enduring material for a maximum of 1 AMA PRA Category 1 
Credits™. Physicians should only claim credit commensurate with the extent of their participation in the 
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Myelodysplastic Syndromes (MDS)

• Cytopenia(s)
• Dysplasia in one or more myeloid lines
• Ineffective hematopoiesis• Ineffective hematopoiesis
• Increased risk of development of acute 

myeloid leukemia (~30% of cases)
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Pathophysiology of MDS
• Genetic alterations

– Isolated del(5q) affects the RPS14 (encodes a 
component of 40S ribosomal unit) and SPARC (tumor 
suppressor gene) genes

– Patients with chromosomal abnormalities of ch5 and 
ch7 often acquire additional mutations in the RAS or 
TP53 genes or promoter methylation changes in 
CDKN2B

• Epigenetic alterations
– DNA methylation – regulates gene transcription by 

methylation of cytosines in CpG islands – silencing of 
tumor suppressor genes 

Pathophysiology of MDS, cont’d

– Histone deacetylation leading to reduced 
transcriptional activity

• BM microenvironment
– Stromal cells take part in the regulation of– Stromal cells take part in the regulation of 

hematopoiesis by secreting cytokines
– Angiogenesis – mediated by macrophages 

which produce proinflammatory cytokines and 
VEGF – these are elevated in high-risk MDS 
as compared to low-risk MDS 

Myelodysplastic Syndromes (MDS)
• Incidence has increased from 3.3 per 

100,000 in 2001 to 3.8 per 100,000 in 
2006

• The increase has been attributed to 
– Enhanced awareness
– Aging population
– Availability of more effective therapies, 

making hematologists more likely to pursue 
the diagnosis  
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Case #1

• 69-year old female with pancytopenia:
– WBC: 2.2 (4.5-11 K/cumm)

Hemoglobin: 10 6 (13 0 17 0 g/dl)– Hemoglobin: 10.6 (13.0-17.0 g/dl)
– Platelets: 103 (140-400 K/cumm)

Patient #1 Peripheral Blood

Monocyte

Pseudo-Pelger Huet

Normal

Neutrophils

Patient #1

Pseudo Pelger Huet 

Pseudo-Pelger Huet 

Patient #1 Bone Marrow

Normal Patient #1



4

Normal, H&E

Normal, Leder

Patient #1, Leder

Patient #1, H&E

Spicules

Normal

Patient #1

Spicules
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Pronormoblast Myelocyte

Normal

Megakaryocyte

Promyelocyte

Erythroid precursors

Neutrophils

Erythroid precursors

Patient #1

Megakaryocytes

Patient #1
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Erythroid precursor 
with nuclear budding

Metamyelocyte

Myeloblast

Megakaryocyte

Patient #1

Ring sideroblast

Patient #1

Ring sideroblasts

Patient #1
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Cytogenetics
• Fluorescence in situ hybridization for MDS 

panel:
– -7/del7q (D7S486): negative
– -5/del5q (EGR1): negative
– del20q (D20s108): negative
– 12p13 (ETV6): negative
– +8 (CEP8): negative
– del13q (D13S319): negative

• Normal conventional karyotype 

Diagnosis
Hypercellular marrow for age with multilineage 
dysplasia; no excess blasts seen

Comment: Dyspoiesis is a morphologic change that 
can be due to myelotoxic / myelosuppressive 
drugs nutritional deficiency chronic viral infectiondrugs, nutritional deficiency, chronic viral infection, 
severe or sustained inflammatory conditions, or 
primary myelodysplastic syndrome (MDS). 
Diagnosis of MDS, specifically, refractory 
cytopenia with multilineage dysplasia may be 
considered if all secondary causes are excluded.

Peripheral Blood and Bone Marrow 
Findings in MDS 

Disease Blood Bone marrow
Refractory cytopenia 

with unilineage 
dysplasia (RCUD)

Uni- or bicytopenia, 
<1% blasts

Unilineage dysplasia, 
<5% blasts, <15% ring 
sideroblasts

Refractory anemia Anemia, <1% blasts ≥15% ring sideroblasts,Refractory anemia 
with ring sideroblasts

(RARS)

Anemia, 1% blasts ≥15% ring sideroblasts, 
dyserythropoiesis only, 
<5% blasts

Refractory cytopenia 
with multilineage 

dysplasia (RCMD)

Cytopenias, <1% 
blasts, no Auer rods

Dysplasia (≥10% of cells)
in at least two lineages, 
<5% blasts, no Auer rods 

Refractory anemia 
with excess blasts – 1

(RAEB-1)

Cytopenia(s), <5% 
blasts, no Auer rods 

Uni- or multilineage 
dysplasia, 5-9% blasts, 
no Auer rods 

Modified: 2008 WHO Classification of Tumors of Hematopoietic and Lymphoid Tissue
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Peripheral Blood and Bone Marrow 
Findings in MDS, cont’d 

Disease Blood Bone marrow
Refractory anemia with 

excess blasts – 2 
(RAEB-2)

Cytopenia(s), 5-19% 
blasts, +/- Auer rods

Uni- or multilineage 
dysplasia,10-19% blasts, 
+/- Auer rods

Myelodysplastic 
syndrome –

unclassified (MDS-U)

Cytopenias, ≤1% 
blasts

Unequivocal dysplasia 
<10% of cells and 
cytogenetic abnormality, 
<5% blasts

MDS with isolated 
del(5q)

Anemia, usually 
normal or ↑ platelet 
count, <1% blasts

Normal to ↑ megs with 
hypolobation, <5% blasts, 
no Auer rods, isolated 
del(5q) by cytogenetics  

Modified: 2008 WHO Classification of Tumors of Hematopoietic and Lymphoid Tissue

MDS associated with isolated del(5q)

Monolobated megakaryocytes

CD61

Blast % in the Subclassification of 
MDS

• If BM myeloblast % is <5% but there are 
2-4% myeloblasts in PB → RAEB – 1

• If BM myeloblast % is <10% and• If BM myeloblast % is <10% and 
myeloblasts in PB <5%, but Auer rods 
present → RAEB – 2

• If BM or PB ≥20% → AML with 
myelodysplasia-related changes 
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WHO Criteria for AML with 
Myelodysplasia-Related Features

• ≥20% blood or marrow blasts
AND
• Previous history of MDS and/or
• MDS related cytogenetic abnormality and/or• MDS-related cytogenetic abnormality and/or
• Multilineage dysplasia (>10% of cells)
AND absence of
• Prior cytotoxic therapy for an unrelated 

disease
• AML-related cytogenetic abnormality 

Blasts

Neutrophil

Blast

AML with 
myelodysplasia-related 
changes

Blasts Blast
Neutrophil

Blasts

AML with myelodysplasia-related changes 
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Erythroid precursors
Blasts

Mitotic figure

AML with myelodysplasia-related changes

Blasts

Myeloblasts

PromyelocytesPromyelocytes

Work-up of a Suspected MDS  
• Correlate with CBC (cytopenia or 

cytosis?) 
• Perform an iron stain on aspirate, 

core or clot section
– Ringed sideroblasts can be found in

• Sideroblastic anemia
• Alcoholism
• Hyposplenism
• Lead poisoning
• Cooper deficiency
• Zinc intoxication
• Drugs (isoniazid, chloramphenicol)

From Color Atlas
of Hematology, 
E. Glassy
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Work-up of a Suspected MDS
• Check laboratory values for

– Reticulocytes
– Cooper
– Vit. B12 and folate

• Correlate with clinical presentation• Correlate with clinical presentation 
(splenomegaly?, HIV status?, age, sudden or 
insidious onset of symptoms, medications: 
cotrimoxazole, zinc containing cold remedies)

• Perform flow cytometry to assess for clonal B-cell 
population or abnormal T-cells (hairy cell 
leukemia?, T-cell LGL leukemia?)

Work-up of a Suspected MDS

• Correlate with cytogenetics
– Fluorescence in situ hybridization for MDS 

panel (fast turn-around-time 24-48hrs):
• -7/del7q (D7S486)7/del7q (D7S486)
• -5/del5q (EGR1)
• del20q (D20s108)
• 12p13 (ETV6)
• +8 (CEP8)
• del13q (D13S319)

Case #2 

• 31-year old male who was transferred to 
the hematology/oncology service with 
chief complaint of pancytopenia, fatigue, 
and dyspnea on exertion:and dyspnea on exertion:

• Complete blood count:
– WBC: 2.9 (4.5-11 K/cumm)
– Hemoglobin: 7.7 (13.0-17.0 g/dl)
– Platelets: 62 (140-400 K/cumm)
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Patient #2

Patient #2

Leder

H&E

Patient #2
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Sideroblast

Diagnosis

Hypercellular marrow with erythroid 
hyperplasia and megaloblastic changes; 
no excess blasts seen

Review of laboratory data revealed a B12 
deficiency of 77 (211-911 pg/ml).

Diagnosis (without clinical or 
laboratory information)

Hypercellular marrow with erythroid hyperplasia 
and megaloblastic changes; no excess blasts 
seen
Comment: Dyspoiesis is a morphologic change 
that can be due to myelotoxic /that can be due to myelotoxic / 
myelosuppressive drugs, nutritional deficiency, 
chronic viral infection, severe or sustained 
inflammatory conditions, or primary 
myelodysplastic syndrome (MDS). Diagnosis of 
MDS may be considered if all secondary causes 
are excluded.
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Conditions Mimicking MDS 
Clinically and Morphologically

– Viral infections (HIV, Parvovirus B19)
– Vit. B12 and folate deficiency
– Toxic agents (lead, chemotherapy, arsenic, 

zinc)
– Cooper deficiency
– T-cell large granular lymphocytic leukemia
– Hairy cell leukemia
– Medication ((e.g. Cotrimoxazole)

Case #3

• 66-year old male with long-standing 
anemia

• Complete blood count:
WBC 14 6 (4 5 11 K/ )– WBC: 14.6 (4.5-11 K/cumm)

– Hemoglobin: 7.7 (13.0-17.0 g/dl)
– Platelets: 274 (140-400 K/cumm)

Patient #3
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H&E

Leder

Patient #3

Erythroid cluster
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Groups of ringed 
sideroblasts

Diagnosis

Hypercellular marrow with erythroid 
hyperplasia and atypia, including frequent 
(>15%) ringed sideroblasts

Review of laboratory data revealed a cooper 
deficiency of 0.55 (0.75-1.45 pg/ml). Vit. B12 
and folate levels were normal at 882 pg/ml 
and 18.9 mcg/L, respectively. 
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Diagnosis (without clinical or laboratory 
information)

Hypercellular marrow with erythroid hyperplasia 
and atypia, including frequent (>15%) ringed 
sideroblasts
Comment: Dyspoiesis is a morphologic change 
that can be due to myelotoxic / 
myelosuppressive drugs, nutritional deficiency, 
chronic viral infection, severe or sustained 
inflammatory conditions, or primary 
myelodysplastic syndrome (MDS). Diagnosis of 
MDS, specifically refractory anemia with ringed 
sideroblasts may be considered if all secondary 
causes are excluded.

Differential Diagnoses of Ringed 
Sideroblasts

– Myelodysplastic syndrome
– Sideroblastic anemia
– Alcoholism

H l i– Hyposplenism
– Lead poisoning
– Cooper deficiency
– Zinc intoxication
– Drugs (isoniazid, chloramphenicol)

Conditions Mimicking MDS 
Clinically and Morphologically

– Viral infections (HIV, Parvovirus B19)
– Vit. B12 and folate deficiency
– Toxic agents (lead, chemotherapy, arsenic, 

zinc)
– Cooper deficiency
– T-cell large granular lymphocytic leukemia
– Hairy cell leukemia
– Medications (e.g. Cotrimoxazole)
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HIV-Infection Related BM Changes

Leder

Megakaryocytes
H&E

HIV-Infection Related BM Changes

• Plasmacytosis
• Lymphocytosis
• Lymphohistiocytic

Plasma cells
Megakaryocyte

• Lymphohistiocytic 
infiltrate

• Dysplastic 
features are not 
clonal!

Hairy Cell Leukemia

• Splenomegaly, 
cytopenias (mono-
cytopenia) and “hairy 
cells” in blood

• BM with interstitial 
infiltrate of CD20+ B-
cells causing fibrosis

CD20

PB

Hairy cells
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T-Cell Large Granular Lymphocytic 
Leukemia

T-Cell Large Granular Lymphocytic 
Leukemia 

T-Cell Large Granular Lymphocytic 
Leukemia
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T-Cell Large Granular Lymphocytic 
Leukemia

CD8

CD4

CD7

• Splenomegaly
• Anemia and leukopenia, 
often with severe neutropenia
• ?History of rheumatoid arthritis
• PB with increased LGLs

Conclusions
• Diagnosis of MDS can be established if 

MDS-associated clone is present:
– Unbalanced: +8, -7/del(7), -5/del(5), del(20q), -

Y, i(17q) or t(17p), -13/del(13q), der(11q), 
del(11q), del(12p) or t(12p), del(9q), 
idic(X)(q13)

– Balanced: t(11;16)(q23;p13.3), 
t(3;21)(q26.2;q22.1), t(1;3)(p36.3;q21.2), 
t(2;11)(p21;q23), inv(3)(q21q26.2), 
t(6;9)(p23;q34)    

Conclusions (cont’d)
• If no clinical history, laboratory data, or 

cytogenetics available, but dysplastic 
features present and no increase in blasts 
sign out as:
– Dyspoiesis is a morphologic change that can be 

due to myelotoxic / myelosuppressive drugsdue to myelotoxic / myelosuppressive drugs, 
nutritional deficiency, chronic viral infection, 
severe or sustained inflammatory conditions, or 
primary myelodysplastic syndrome (MDS). 
Diagnosis of MDS may be considered if all 
secondary causes are excluded and established 
if an appropriate cytogenetic abnormality is 
identified.
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Conclusions (cont’d)

• If dysplastic features and increase in blasts:
– Refractory anemia with excess blasts - 1 

(RAEB-1)
Refractory anemia with excess blasts 2– Refractory anemia with excess blasts – 2 
(RAEB-2)

– Acute myeloid leukemia with myelodysplasia-
related changes 
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