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Next-Generation Gene Sequencing Differentiates Hypoplastic 
Myelodysplastic Syndrome from Aplastic Anemia
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Abstract
Hypoplastic Myelodysplastic Syndrome (h-MDS) comprises 15% of all MDS 
and has traditionally been difficult to distinguish from aplastic anemia (AA) by 
current testing. Accurate differentiation is important because treatment and 
prognosis differ. Since the publication of the 2008 World Health Organization 
classification of MDS, next-generation DNA sequencing has discovered novel 
mutations strongly associated with AA and MDS. Recent research supports 
the utility of identifying these mutations in the diagnosis and management of 
MDS; however, use of next-generation sequencing is not yet recommended in 
guidelines and the study is not routinely performed. We present a case where 
next-generation sequencing performed on a peripheral blood specimen aided 
the diagnosis and management of a 74-year-old man with h-MDS. This case 
adds to the growing body of evidence supporting the utility of next-generation 
DNA sequencing in the evaluation of MDS and h-MDS, particularly when 
diagnosis remains unclear after standard testing.
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Introduction 
Approximately 15% of all myelodysplastic syndromes (MDS) 
is the hypoplastic subtype (h-MDS). H-MDS is a clini-
cally distinct entity from MDS because it is characterized by 
a hypocellular marrow rather than the hyperprolific/dysplastic 
hematopoietic cells found in MDS. The etiology of h-MDS is 
not well understood but it is related to autoimmune activity 
of increased oligoclonal T-cell expansion and suppression of 
hematopoietic precursors by cytotoxic T-cells.1 Aplastic anemia 
(AA) is a distinct clinical entity from h-MDS that can result 
in pancytopenia and severely hypocellular marrow. Morpho-
logically h-MDS and AA are very difficult to differentiate by 
pathologists. There are criteria for diagnosing and classifying 
AA, and there are 2008 WHO guidelines for diagnosis and clas-
sification of MDS, however there are not clearly defined criteria 
to diagnose the h-MDS subtype. Although some criteria have 
been proposed to diagnose h-MDS, they have not been tested 
extensively.2 As a result, dependence on morphology alone is 
prone to interobserver variability and error. This is a problem 
because accurate differentiation is important as prognosis differ 
between h-MDS and AA. h-MDS can progress to AML more 
frequently than AA. In addition, the treatments of h-MDS and 
AA are different. While first line treatment with immunosup-
pressive therapy (IST) is similar for both diseases, second and 
third-line therapies are different and the supportive therapies 
are different. Hematopoietic growth factors such as GM-CSF 
and erythropoietin can benefit patients with MDS but will not 
work for patients with AA. In addition, there is evidence sug-
gesting that response rates may be lower for IST’s in h-MDS 
compared to AA.3 

	 A large body of research the last decade has demonstrated 
cytogenetic abnormalities found in both AA and h-MDS. These 
cytogenetic abnormalities have been documented and incorpo-
rated into the IPSS-R for calculation of risk and survival for 
MDS, however new cytogenetic abnormalities, and molecular 
genetic abnormalities have been discovered since these criterions 
were established. Using targeted gene sequencing and single 
nucleotide polymorphism (SNP) multiple genes have been dis-
covered that are related to MDS showing different prognostic 
information independent of the IPSS-R scoring system. The 
prognostic information of these gene mutations can range from 
benign to poor overall survival. For example, mutations in MDS 
driver genes (TP53, ASXL1, DNMT3A, EZH2 and RUNX1) 
were associated with lower overall survival.4 In addition, some 
mutations can help classify the subtype of MDS because they 
are associated with clinical phenotypes such as SF3B1 which 
is strongly associated with ringed sideroblasts.
	 Next-generation DNA Sequencing is a molecular genetic 
tool that uses probes to sequence specific targeted areas. This 
technology has previously discovered novel AA and MDS 
associated mutations, but their utility in the clinical setting 
remains unclear. We present a case where next-generation 
sequencing performed on a peripheral blood specimen aided 
the diagnosis and management of a patient with h-MDS. 

Case
A 74-year-old man with three-year history of asymptomatic 
pancytopenia presented with fatigue, anorexia, and 10 lb. weight 
loss over 6-months. Vital signs and physical exam were unre-
markable. CBC revealed progression of pancytopenia compared 
to previously stable three-year ranges. A new mild normocytic 
anemia with reticulocyte index indicative of inappropriate mar-
row response was noted. Blood smear showed rare teardrop 
cells and elliptocytes without dysplasia. Bone marrow evalu-
ation revealed low normal cellularity at 25% with diminished 
myeloid maturation, erythroid hyperplasia, and decreased and 
dysmorphic megakaryocytes. These findings raised concern for 
aplastic anemia or hypoplastic MDS, but neither were defini-
tively diagnosed. Chromosome analysis and MDS panel (FISH) 
were normal. Infectious, autoimmune, nutritional, metabolic 
and other malignant etiologies of pancytopenia were also ex-
cluded. Repeat bone marrow showed a progressive decline in 
cellularity (10%) compared to the study 6-months earlier with 
otherwise similar cellular characteristics. Repeat MDS panel 
was normal and additional testing for MDS/AML associated 
gene mutations was negative (table 1). 
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Table 1: Summary of patient’s studies to include CBC, Marrow exam, cytogenetic 
studies, molecular studies.

At this point, an evolving AA was favored over h-MDS, but 
diagnostic criteria were not met for either condition. A periph-
eral blood specimen was submitted for next-generation DNA 
sequencing of 42 leukemia associated genes (Table 2). These 
genes were known to have associations with leukemia, prognostic 

information, and response to therapy. Pathologic mutations in 
the RUNX1 and SF3B1 genes were identified which strongly 
favored h-MDS over AA. Treatment with immunosuppressive 
therapy was then selected based on likelihood of response in 
h-MDS patients with HLA-DR15 subtype which the patient had. 

Table 2. List of 42 target genes sequenced by Next 
Generation Sequencing

ABL1 GATA2 NPM1
ASXL1 HRAS NRAS
BCOR IDH1 PAX5
CBL IDH2 PTPN11

CBLB IKZF1 RUNX1
CEBPA IL7R SF3B1

CREBBP JAK1 SRSF2
CSF3R JAK2 STAT3
DNMt3A JAK3 SUZ12

ETV6 KDM6A TET2
E2H2 Kit TP53

FBXW7 KRAS U2AF1
FLT3 MPL WT1

GATA1 NOTCH1 ZRSR2

Figure 1. First Marrow Biopsy showing hypocellular bone marrow 
mostly composed of myeloid cells. Figure 2. High powered view of first marrow biopsy showing paucity 

of megakaryocytes and one multinucleated dysmorphic megakaryo-
cyte slightly favoring MDS over AA.
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Discussion
Modern molecular genetics has dramatically advanced our 
understanding of MDS. Dozens of MDS-associated genes 
have been identified since the publication of the 2008 WHO 
guidelines. However, its use in the clinical setting has been 
unclear. Currently, diagnosis of MDS hinges on morphologic 
assessment, which relies on subjectively assessing for dysplasia 
and quantification of blast forms. This contributes to diagnostic 
uncertainty and error in morphologically similar processes 
that cannot be ruled out such as nutrition deficiencies, toxin 
exposures, other myeloid neoplasms, h-MDS and AA.5, 6 Recent 
studies identified at least one MDS-related mutation in 50% of 
suspected MDS cases that failed to meet morphologic criteria. 
When morphologic assessment cannot diagnose MDS then cy-
togenetic tests are utilized to help distinguish MDS from other 
processes that may mimic MDS, however it is well documented 
that there are cases of MDS without blasts or chromosomal 
abnormalities on karyotype as presented in our case. When 
morphologic assessment fails to differentiate a patient with 
h-MDS versus AA, then molecular genetic techniques should 
be considered to aid in the diagnosis. 
	 Next-generation sequencing will undoubtedly become a part 
of routine MDS care and opens the door for possible targeted 
therapies and agents to avoid during therapy. It has already 
been demonstrated that MDS patients with TP53 mutations and 
del(5q) have poor responses to lenalidomide therapy.7 It was 
also found that patients with TP53 mutations have increased 
risk of mortality and relapse after Hematopoietic Stem Cell 
Transplantation.8 Our case is an example of next-generation 
sequencing as a powerful diagnostic, prognostic, and therapeu-
tic planning tool in the management of a patient with h-MDS. 
Treatment with Immunosuppressive therapy and supportive 
therapy with hematopoietic growth factors were initiated based 
on this patient’s MDS mutations.

Conclusion 
The differentiation of AA and h-MDS using mainstream histo-
pathologic evaluation and cytogenetic studies alone is difficult, 
prone to interobserver variability and error. Next generation gene 
sequencing for MDS/AML associated mutations may signifi-
cantly improve diagnostic accuracy and should be considered 
when diagnosis remains unclear after standard evaluation.
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