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Myelodysplastic Syndrome:

An Overview

Jasmita Dass and Jyoti Kotwal

9.1 Introduction
Myelodysplastic syndrome (MDS) is clonal
hematopoietic stem cell disorders characterized
by presence of cytopenia(s), dysplasia in >1
hematopoietic cell lineage, ineffective hemato-
poiesis, and an increased risk of progression to
acute myeloid leukemia (AML) [1]. The diagno-
sis of MDS rests on the clinical features, pres-
ence of cytopenia in one or more myeloid
lineages, morphological evidence of dysplasia,
increased blasts in bone marrow and relevant
cytogenetic abnormalities and molecular muta-
tions. World Health organization (WHO) 2017
revised classification uses a combination of mor-
phology, genetic features, and immunophenotype
to assign a disease category to a case [2].
Anemia is the commonest feature, presents as
easy fatigability, feeling of tiredness, malaise and
may require blood transfusions. Severe neutrope-
nia may present with increased infections, and
moderate to severe thrombocytopenia may cause
bleeding in the form of petechiae, and ecchymo-
sis. Patients may present with a single or a com-
bination of cytopenias [3].
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9.2 Nomenclature

Since the French-American-British classification
proposed in 1982 [4], cases of MDS were referred
to as refractory anemia and refractory cytopenia.
The same was retained through the two previous
WHO classifications [5, 6]. However, this termi-
nology of “refractory anemia” and “refractory
cytopenia” has been replaced by MDS in recent
classification. The entities are further defined on
the basis of presence of single lineage/multilin-
eage dysplasia, blast counts, ring sideroblasts
(RS) into subdivisions of MDS. A comparative of
WHO 2008 and 2017 classified cases is given in
Table 9.1.

9.3  Cutoffs in MDS

The evaluation of a patient of MDS requires well-
stained cellular peripheral blood (PB) and bone
marrow aspirate (BMA) smears. WHO has rec-
ommended the use of May Grunwald Giemsa and
Wright-Giemsa stained smears for optimal
assessment of granularity [5].

9.3.1 Cutoffs for Cytopenias

The WHO 2017 classification retains the prior

cutoffs for cytopenias, a hemoglobin of <10 g/
dL, absolute neutrophils count (ANC) of
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Table 9.1 A comparison of WHO 2008 [6] and WHO 2017 [2] Nomenclatures for MDS subcategories

WHO 2008 entity [6]

WHO 2017 entity [2]

Refractory cytopenia with unilineage dysplasia
(RCUD; encompassing refractory anemia, refractory
thrombocytopenia, and refractory neutropenia)

MDS with single lineage dysplasia (MDS-SLD)

Refractory cytopenia with multilineage dysplasia
(RCMD)

MDS with multilineage dysplasia (MDS-MLD)

Refractory anemia with ring sideroblasts (RARS)

MDS with single lineage dysplasia and ring sideroblasts
(MDS-RS-SLD)

Refractory cytopenia with multilineage dysplasia and
ring sideroblasts* (RCMD-RS) (WHO 2001)

MDS with multilineage dysplasia and ring sideroblasts
(MDS-RS-MLD)

Refractory anemia with excess blasts-1 (RAEB1)

MDS with excess blasts-1 (MDS-EB1)

Refractory anemia with excess blasts-2 (RAEB2)

MDS with excess blasts-2 (MDS-EB2)

MDS with isolated del(5q)

MDS with isolated del(5q): Expanded to include cases
with one additional low-risk cytogenetic abnormality
excluding monosomy 7

MDS-unclassifiable

MDS-unclassifiable: For cases of pancytopenia with 1%
blasts, a documentation of 1% peripheral blood blasts is
required on at least two occasions

Provisional entity: Refractory cytopenia of childhood
(RCC)

Provisional entity: Refractory cytopenia of childhood
(RCC)

*The entity was a part of WHO 2001 classification but was merged with RCMD in WHO 2008 classifiaction

<1.8 x 10°/L, and platelet count of 100 x 10°/L
[7]. However, it has been recognized that some
patients may have persistent cytopenias at values
higher than the recommended thresholds [8, 9].
The WHO 2017 classification provides lower
thresholds for such cases when characteristic
morphological abnormalities or cytogenetic
abnormalities are present and hemoglobin <13 g/
dL in men and <12 g/dL in women or platelet
count is <150 x 10°/L [2]. In addition, all cases of
MDS should have an absolute monocyte count
of <1 x 10L [2, 5, 6]. A platelet count
of >450 x 10°/L may be present in patients of
MDS with del(5q) abnormality or cases associ-
ated with t(3,3)(q21.3;q26.2) or inv(3)
(q21.3;926.2) and does not warrant a classifica-
tion to myelodysplastic syndrome/myeloprolif-
erative neoplasm (MDS/MPN) [2].

9.3.2 Cutoffs for Dysplasia
and Blasts

The second hallmark of MDS is the morpho-
logical evidence of dysplasia in >1 myeloid
cell line. The WHO 2017 classification has
retained a cutoff of >10% dysplasia in either

erythroid, myeloid, or megakaryocytic lineage.
It, however, recognizes the fact that some nor-
mal individuals may harbor dysplasia in >10%
cells [2]. Parmentier et al. [10] showed that
>10% dysmyelopoiesis could be seen in 45%
marrows of normal stem cell donors, 26% have
bi-lineage, and 7% have tri-lineage dysplasia.
In contrast to the age-related increase in MDS,
it was seen that young donors were more likely
to have dysplasia in myeloid and megakaryo-
cytic lineage [10]. Certain abnormalities
like pseudo Pelger—-Huet abnormality and
megakaryocytic abnormalities (karyorrhexis,
multinuclearity, nuclear fragmentation, and
micromegakaryocytes) are more specific for
MDS [11, 12]. Reproducibility of dysplasia,
however, tends to be poor even when experi-
enced hematopathologists examine the slides
[13]. Moreover, cases with subtle dysplasia
limited to one lineage require a stringent exclu-
sion of reactive mimics of MDS [10].

Myeloblasts constitute <20% of all nucle-
ated cells. Peripheral blood and bone marrow
blast percentages decide the categorization of
MDS into individual subdivisions [2].
Morphological features of dysplasia are
described in Table 9.2.



9 Myelodysplastic Syndrome: An Overview

151

Table 9.2 Morphological features of dysplasia in MDS [2]

Dysmyelopoiesis Dyserythropoiesis Dysmegakaryopoiesis
Pseudo Pelger—Huet abnormality and Nuclear budding Micromegakaryocytes
hyposegmented neutrophils Irregular nuclear Nuclear hypolobation and monolobation
Hypogranularity membrane Multinuclear megakaryocytes with presence
Small or unusually large size Inter-nuclear bridging | of widely separated nuclei
Nuclear hypersegmentation Karyorrhexis
Dohle bodies Multinuclearity
Auer rods Megaloblastosis
Pseudo Chediak Higashi granules Ring sideroblasts
Cytoplasmic
vacuolization

positivity

Per-iodic acid Schiff

9.3.3 Cutoffs for Ring Sideroblasts

Cases of MDS may show the presence of ring
sideroblasts (RS) defined as >5 granules encir-
cling >1/3rd of the nuclear membrane [14]. The
earlier WHO 2008 classification war-
ranted >15% RS to be considered as significant
[6] but the WHO 2017 classification incorpo-
rates the genetic data for SF3B1 mutations [2].
In cases where RS are present but are 5-15%, the
presence of SF3B1 mutations should be ideally
assessed and if present, they are adequate to
classify a case as MDS-single lineage dysplasia
with RS or MDS-multilineage dysplasia with RS
[2, 15, 16]. This is the only mutation that impacts
the classification of MDS as it has been strongly
found to be associated with this subcategory of
MDS [17-19]. The RS threshold has been low-
ered as cases with SF3B1 mutations may present
with as low as 1% RS [19]. However, if the
SF3B1 mutation testing cannot be performed, a
threshold of >15% should be adhered to [2].
Clonal cytogenetic abnormalities are present
in ~50% of all patients of MDS [2, 6, 20, 21]. The
incidence is higher in patients with therapy-
related MDS at ~80% [21]. Del(5q) is the com-
monest abnormality seen in MDS with an
incidence of ~10-15%. On one extreme, it is
associated with good prognosis and a good
response to lenalidomide therapy [22, 23] and at
the other extreme, it is enriched in therapy-related
MDS and is associated with a short overall sur-
vival and high risk of progression to acute

myeloid leukemia [24-26]. Hence, for the diag-
nosis of MDS with isolated del(5q), it is impor-
tant that all therapy-related MDS be classified
first and the strict diagnostic criteria of the entity
are then adhered to. Del(5q) is associated with a
distinct clinical syndrome with presence of mac-
rocytosis, normal or high platelet count, and
presence of hypolobated or monolobated mega-
karyocytes on the BM examination [2, 6].
Trisomy 8, del(20q), and loss of chromosome Y
are seen in 10%, 5—-8%, and ~5% cases of MDS
but are not sufficient to warrant a diagnosis of
MDS as they are not specific to MDS [2]. The list
of cytogenetic abnormalities which can lead to a
classification of MDS in MDS-U is presented in
Table 9.3 [2]. These abnormalities should be
demonstrated only by conventional karyotype
and not by FISH or sequencing [2]. Loss of 17p
is associated strongly with TP53 mutations and
manifests morphologically as pseudo Pelger—
Huet anomaly and vacuolation in neutrophils [2].

9.3.4 Exclusion Criteria

A diagnosis of MDS should not be made if the
assessment is made during an acute infection.
Vitamin B12/folate, copper deficiencies should
be excluded. Patients exposed to heavy metals
such as arsenic, lead, and zinc may also show
marked dysplasia [2, 5, 6]. Copper deficiency
causes cytopenias with cytoplasmic vacuoliza-
tion in the erythroid precursors and presence of
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Table 9.3 List of unbalanced mutations and balanced translocations considered as presumptive evidence of MDS [2]

Unbalanced chromosomal Therapy-related | Balanced chromosomal Therapy-related

abnormality MDS MDS abnormality MDS MDS

—7/del (7q) 10% 50% t(11;16)(q23.3;p13.3) 3%

del(5q) 10% 40% t(3;21)(q26.2;q22.1) 2%

i(17q)/t(17p) 3-5% 25-30% 1(1;3)(p36.3;q21.2) 1%

—13/del(13q) 3% t(2;11)(p21;q23.3) 1% 3%

del(11q) 3% inv(3)(q21.3q26.2)/ 1%
t(3;3)(q21.3;q26.2)

del(12p)/t(12p) 3% ©(6;9)(p23;q34.1) 1%

del(9q) 1-2%

idic(X) (q13) 1-2%

Table 9.4 Diagnostic criteria for various subcategories of MDS according to WHO 2017 classification [2]

Lineages with PB BM
Category Number of cytopenias dysplasia Ring sideroblasts blasts | blast
MDS-SLD 1-2 1 <15%: <5%"* <1% <5%
MDS-MLD 1-3 2-3 <15%; <5%"* <1% <5%
MDS-RS-SLD 1-2 1 >15%; >5%"* <1% <5%
MDS-RS-MLD 1-3 2-3 >15%; >5%" <1% <5%
MDS with isolated 1-2 1-3 <15%/>15% <1% <5%
del(5q) Del(5q) may be present alone or in concert with one additional chromosomal anomaly

as long as it is not —7 or del(7q)
MDS-EB1 1-3 1-3 <15%/>15% 2-4% | 5-9%
MDS-EB2 1-3 1-3 <15%/>15% 5-19% | 10—
19%
Auer rods

MDS-U 1-3 1-3 <15%/>15% 1%* <5%
(a) with 1% blasts
(b) SLD and 3 1 <15%/>15% <1% <5%
pancytopenia
(c) MDS defining 1-3 0 <15% as cases with <1% >5%
cytogenetic abnormality >15% RS are MDS-SLD
RCC 1-3 1-3 None <2% <5%

25—<15% RS are acceptable for classification as MDS-RS-SLD and MDS-RS-MLD if SF3B1 mutation is present
®1% PB blasts should be documented on at least two occasions

RS [27-29]. Copper deficiency may be precipi-
tated by zinc excess and should be considered in
patients receiving supplemental zinc [30]. In
addition, tuberculosis [31] and autoimmune dis-
eases [32] may also be associated with myelo-
dysplasia on morphology and they should be
excluded if other suggestive features are present.
Mycophenolate mofetil, tacrolimus, and ganci-
clovir may cause pseudo Pelger—Huet abnormal-
ity [33, 34], and isoniazid in absence of pyridoxine
may cause ring sideroblasts [35]. Patients should
not be evaluated within a short period of chemo-
therapeutic agents or granulocyte colony stimu-
lating factor (G-CSF) therapy [2, 5, 6]. Other

clinical mimics of MDS are paroxysmal noctur-
nal hemoglobinuria (PNH), large granular lym-
phocytic leukemia, and hairy cell leukemia [2].

9.4 Diagnostic Criteria for
WHO 2017 Classification

of MDS [2]

The diagnostic criteria as per WHO 2017 to
divide MDS into various subcategories are given
in Table 9.4.

An algorithmic approach to the sub-
classification of MDS is presented in Fig. 9.1.
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Fig. 9.1 An algorithmic approach to sub-classification of de novo MDS

9.5  Evaluation of a Case of MDS
Evaluation of a patient suspected as MDS
requires a peripheral blood sample for a com-
plete blood count, reticulocyte count, and smear
evaluation. A 200 cell differential on well-
stained PB smears and 500 cell myelogram on
BM smears is mandatory [2]. Blood smears
should be prepared within 2 h of sample collec-
tion and in cases of very low counts, buffy coat
smears may be used for differential counts on the
peripheral smear [2].

A bone marrow examination procedure should
always include an aspiration and bone marrow
biopsy (BMBx), and additional samples should
be collected in heparin and EDTA to send for
karyotyping, fluorescence-in-situ hybridization
(FISH), and for molecular workup [2]. Additional
stains may be required on BMA smears to iden-
tify erythroid dysplasia. These include Perl’s

stain to look for RS and Per-iodic acid Schiff
stain (PAS) to identify dysplastic erythroid cells
[2]. Normally erythroid cells are negative for
PAS but dysplastic erythroid cells may show dif-
fuse cytoplasmic positivity or diffuse granular
positivity or block positivity [12]. BMBx is
extremely important in MDS presenting with
marrow fibrosis for evaluation of megakaryocytic
dysplasia and blast counts in borderline cases
using immunohistochemistry (IHC) for CD34
and CD117. THC for CD61 or CD42b may be
applied to identify micromegakaryocytes and
megakaryocytic dysplasia [36]. Though WHO
has not made immunophenotyping mandatory, it
should also be considered in the evaluation of
MDS as it can give objective clues in difficult
cases, especially the low-grade MDS cases with
blasts <5% and RS <15% [37-40]. The evalua-
tion for PNH clone should be done in low-grade
MDS cases [41].
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9.6 Other Changesin WHO

Classification, 2017

1. Reclassification of acute erythroleukemia

to MDS
With the proposal of the updates in WHO
2008 classification in 2016 [16] and finally
with the release of the WHO 2017 revised edi-
tion [2], a major change in the acute leukemia
classification that affects MDS directly is the
abolishment of the acute erythroid/myeloid
leukemia (AML-M6a). This entity was origi-
nally defined by French-American-British
classification [42] but was accepted by the
WHO in 2001 [5] and retained in 2008 [6].
The criteria of definition were: (a) Bone mar-
row containing >50% erythroid cells of the
total nucleated cells; (b) Myeloblasts <20%
of all nucleated cells; (c) Myeloblasts >20%
of all non-erythroid cells. The WHO 2017
classification [2] has done away with the
“non-erythroid blast count” altogether.
Therefore, most cases that were classified in
pre-2016 era as AML-M6a would now fall
into the category of MDS with excess blasts.
The prognostic similarity of AML-M6a and
MDS has been shown by two series from MD
Anderson Cancer center [43] and Grupo
Espaiiol de Sindromes Mielodisplasicos
(GESMD) [44] published in the same issue of
Modern Pathology in 2016. In the former
series, 77 AML-M6a cases were compared to
279 de novo MDS-refractory anemia with
excess blasts cases. Patients of AML-M6a
treated with intensive AML chemotherapy did
not perform better than patients treated with
lower intensity therapy or only supportive
care. In addition, on multivariate analysis, very
high R-IPSS and high R-IPSS were indepen-
dent risk factors for short overall survival
while a diagnosis of AML-M6a was not a risk
factor [43]. In the second series, AML-M6a
patients were compared to erythroid predomi-
nant refractory anemia with excess blasts 1
and 2 (RAEB1 and RAEB2) patients sepa-
rately and there was no prognostic difference
between them. Only high-risk karyotype as
defined by R-IPSS and IPSS was associated

with prognosis. Even patients of AML-M6a
diagnosed at a low blast percentage of 5—-10%
on the all nucleated cell count were prognosti-
cally similar to AML-M6a patients with higher
blast counts in all nucleated cells [44]. These
studies demonstrate the actual applicability of
the WHO 2017 classification and prove that
acute erythroleukemia is an extension of MDS
and the cases are better classified in MDS.

The reasons considered by the Clinical
Advisory Committee for this change were that
in cases with extremely high number of ery-
throid cells, the complicated calculation
would sometimes lead to a classification of a
case with <5% blasts as AML-M6a. Secondly,
the cytogenetic and mutational profile of cases
classified as AML-M6a is more similar to
MDS than de novo AML, such as the presence
of p53 mutations and rare presence of NPM1
and FLT3 mutations. Thirdly, it was seen that
diagnosis of a case as erythroleukemia did not
always predict clinically aggressive disease
course. In addition, it is very well recognized
that a slight change in percentage of erythroid
cells from <50 to >50% can alter the diagno-
sis and may result from many variables includ-
ing nutritional deficiency, erythropoietin
supplementation, or inter-/intra-observer vari-
ation. There are problems pertaining to poor
reproducibility and lack of consistency [15,
45-48]. Therefore, the entity of erythroleuke-
mia/AML-M6a has been abolished by WHO
2017 classification [2]. This change in classi-
fication means that cases with 70% erythroid
cells, 12% myeloblasts and >20% non-ery-
throid blasts will now be -classified as
MDS-EB2 and not as AML-M6a. The entity
of pure erythroid leukemia (PEL) will how-
ever continue to be a part of the AML classifi-
cation. To classify a case as PEL, there should
be >80% erythroblasts and >30% pro-eryth-
roblasts [2]. An approach to the cases with
>50% erythroblasts in the bone marrow is
being presented in Fig. 9.2.

. Identification of myeloid neoplasms with

germline mutations
This category has been incorporated by WHO
2017 to address the familial cases of MDS
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[

Erythroblasts >50%
with dysplasia

Y

WHO defined genetic [RUNX1 RUNX1T1/CBFB ]
abnormality for AML MYH11/ PML-RARA
Absent * Present * Present * Absent
(Case meets criteria for AML) AML with recurrent
with Myelodysplasia related MDS
X changes ) genetic abnormality
Present V Y Absent *

" AML with Myelodysplasia )

related changes

[

AML, NOS ] [Categorize as per blast count ]

into MDS subcategory

Fig. 9.2 Approach to a case with >50% erythroid cells and dysplasia on the bone marrow

and AML [2]. MDS/AML associated with
inherited marrow failure syndromes like
Fanconi anemia, dyskeratosis congenita, etc.
had been recognized since long but now other
disorders with an inherited predisposition to
MDS and AML have been identified [2]. Of
these, common ones are MDS/AML with
RUNX1 mutations, ETV6 mutations,
ANKRD26 and DDX41 mutations [2]. The
reported neoplasms associated with DDX41
mutations include MDS-MLD, MDS-EB, and
MDS with isolated del(5q), and they appear
to have a long latency [49]. Cases with
RUNX1 mutations have monoallelic germ-
line RUNX1 mutations and have a bleeding
tendency out of proportion to the platelet
counts [50]. The median patient age is lower
at 33 years and they exhibit the phenomenon
of anticipation with the disease manifesting at
an earlier age in the subsequent generations
[51, 52]. The other myeloid neoplasms with
germline predisposition may have ANKRD26
or ETV6 mutations [2]. Of the cases associ-
ated with organ dysfunction, germline GATA2
mutations are very interesting as they can
present with 4 syndromes—MonoMAC syn-
drome, Emberger syndrome with a predispo-

sition to MDS, familial MDS/AML, and
dendritic cell, monocyte, B- and NK-lymphoid
(DCML) deficiency with vulnerability to viral
infections [53, 54]. The patients may present
with MDS at a median age of 29 years, and
MDS may be the first manifestation of the
disease [55]. GATA2 mutations have been
found in 5% cases of RCC and were associ-
ated with monosomy 7 or trisomy 8. If all
childhood MDS cases are considered, GATA2
mutations are seen in ~15% of advanced and
~T7% of all MDS cases. Bone marrow features
in such cases include marrow hypocellularity,
multilineage dysplasia with dysmegakaryo-
poiesis and reticulin fibrosis [56]. A clue to
detection is an almost complete absence of
monocytes, B cells, and NK cells on flow
cytometry [53, 54, 57].

These disorders should be considered in
individuals presenting with MDS/acute leuke-
mia if they have either (a) a personal history of
multiple cancers or (b) pre-existent thrombo-
cytopenia, bleeding tendency or macrocytosis
or (c) a first/second-degree relative with a
hematological malignancy or (d) first/second-
degree relative with a solid tumor consistent
with germ line predisposition such as sarcoma,
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Table 9.5 R-IPSS risk scoring in MDS [8]

Variable 0 0.5 1 1.5 2 3 4
Cytogenetics Very good - Good - Intermediate High Very high
BM blast% <2% - >2%—<5% - 5-10% >10% -
Hemoglobin (g/dL) >10 - 8-10 <8 - - -
Platelets >100 50-100 - - -- - -
(x10°/L)

ANC >0.8 <0.8 - - - - -
(x10°/L)

Very low R-IPSS: <1.5; low risk: >1.5-3; intermediate risk: >3—4.5; high risk: >4.5-6; very high risk: >6

early-onset breast cancer at <50 years of age
or brain tumors or (e) abnormal nails or skin
pigmentation, oral leukoplakia, idiopathic
pulmonary fibrosis, unexplained liver disease,
lymphoedema, atypical infections, immune
deficiencies, congenital limb anomalies, or
short stature either in the patient or a first/
second-degree relative or (f) failure of mobili-
zation of a related donor using standard proto-
col or if such a donor is being considered and
the patient meets any of the criteria from a to e
[2, 58].

Recognition of these disorders is important
for the treatment, family counseling, and
anticipating other issues that might arise later
in the course of the disease.

9.7 Determining Prognosis

in MDS

Prognosis in MDS was determined using various
prognostic scoring systems. The most used was
International Prognostic Scoring System (IPSS)
that was derived from cases classified according
to FAB classification and included patients of
CMML. It could be applied only to patients at
first presentation and included categories of num-
ber of cytopenias, blast percentage, and karyo-
type [7]. After the WHO 2001 classification, a
new prognostic scoring system called WHO
classification-based prognostic scoring system
(WPSS) that incorporated WHO classification
subtype, karyotype and transfusion requirement
was validated in 2005 [59].

In 2012, Greenberg et al. analyzed over 7000
cases of MDS to derive a better prognostic system

that could differentiate five different prognostic
categories. The cytogenetic risk groups were
expanded from three to five categories. Taking
cytogenetics, BM blast percentage, hemoglobin,
neutrophil count and platelet counts, Revised
International ~ Prognostic ~ Scoring  System
(R-TIPSS) was devised and is given in Table 9.5
[8]. These risk categories correlate both with bet-
ter survival and also predict evolution to
AML. R-IPSS has shown a very good correlation
with WPSS in a large study [60]. The WHO 2017
revised classification has not lowered the blast
threshold to <2% for low-risk MDS as the repro-
ducibility would be low [2, 15, 16].

Additional scoring system for low-grade MDS
was proposed by M.D. Anderson cancer center as
M.D. Anderson Lower-Risk MDS Prognostic
Scoring System (MDA-LR). This system incor-
porates BM blast percentage, cytogenetics,
hemoglobin, platelet count, and patient age [61].

9.8 Flow Cytometry in MDS

Flow cytometry in MDS has been studied exten-
sively. The aberrant maturational patterns on
granulocytes are abnormal CD11b-CD16, abnor-
mal CD13-CD16, abnormal CD11b-CD13 pat-
terns while on monocytes, CD11b-HLADR
pattern is most frequently abnormal. A reduction
in normally expressed antigen like CDI10 on
granulocytes and CD33 on monocytes is also
considered as an abnormality [62, 63]. The sec-
ond set of abnormalities pertains to aberrant anti-
gen expression like CD7, CD2, CD56, and CD5
on either granulocyte, monocytes, or myeloblasts
[39, 63]. A different approach was utilized by
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Ogata et al. who limited the study to myeloblasts
and B-cell progenitors in low-grade MDS
patients. Their study explored percentage of
CD34 positive myeloblasts, percentage of CD34
positive B-cell progenitors in all CD34 positive
cells, lymphocyte/myeloblast CD45 mean fluo-
rescent intensity, and granulocyte/lymphocyte
SSC peak channel ratio to come to the Ogata
score. A score of >2 is associated with MDS
[37]. This Ogata mini-panel has a high positive
predictive value and specificity for MDS at ~90%
but the sensitivity and negative predictive value is
relatively lower at ~70% to identify low-grade
MDS and differentiate them from non-clonal
cytopenias [38].

Flow cytometry has been applied extensively
to MDS but is still not considered mandatory in a
patient’s evaluation as there is a lack of standard-
ization in the panels used. An attempt to bring
about this standardization was taken up by
European leukemia Net with the first guideline in
2012 [64] and the most recent in 2014 [65]. These
guidelines require >3 abnormalities in the set of
markers affecting granulocytic or monocytic
maturation and also the Ogata parameters. Flow
cytometry findings if studied should always be
reported as a part of an integrated report incorpo-
rating morphology and cytogenetic data [65].

9.9 Genetic Landscape of MDS

Over the last 5 years, there has been a massive
surge in publications pertaining to mutations in
MDS using next generation sequencing (NGS)
[17-19, 34, 66-71]. The mutations described
affect the epigenetic regulation and spliceosome
machinery, and others affect the cohesin complex
while some are the mutations of the transcription
factors [66, 67]. Using NGS, mutations have
been discovered in ~90% of all MDS cases. The
epigenetic pathway comprises of two main subdi-
visions—the CpG islands and hypermethylation
and the histone modification. The methylation
pathway is controlled by the methyltransferase
DNMT3A and DNA hydroxymethylation genes
TET2, IDH1, and IDH2. Histone pathway com-
prises genes EZH2, ASXL1, and UTX. The tran-

scription factor mutations affect RUNX1, ETV6,
GATA2, and PHF6. Kinase signaling mutations
affect KRAS, NRAS, JAK2, and CBL. Cohesin
complex mutations occur in STAG2, SMC3, and
RADI1 genes [66—68]. Mutations in the epigene-
tic regulators occur in ~45% of all cases of MDS
while spliceosome pathway is affected in ~50%
of all cases of MDS. About 25% patients exhibit
mutations both in the spliceosome machinery and
in the epigenetic pathway [69]. TP53 is affected
in ~5% cases and is consistently associated with
a poor prognosis [69]. TP53 mutations are also
associated with complex karyotype, monoso-
mies, and abnormalities of chromosome 7 [70].
Patients of MDS with isolated del(5q) may also
harbor p53 mutations at diagnosis and such
patients show a higher rate of progression in
lenalidomide therapy. Even subclonal TP53
mutations impact prognosis and in the setting of
del(5q), even IHC has been used to pick up TP53
mutations using a cutoff of >2% positive cells.
This cutoff correlated with TP53 mutations
detected by NGS could predict evolution to AML
and was associated with lower overall survival
[34]. Therefore, testing for TP53 in patients with
del(5q), a low or intermediate-1 IPSS score has
been recommended by European Leukemia Net
guidelines in 2013 as these patients may not per-
form well on lenalidomide therapy [72].

Patients with 3 or more than 3 driver muta-
tions have a lower leukemia-free survival than
patients with 0-2 mutations. This impact on
leukemia-free survival is regardless of whether
the mutation is subclonal or clonal [66].
Mutations affecting TP53, ASXLI1, RUNXI,
ETV6, and EZH2 have a negative impact on
overall survival even in very low risk, low-risk,
and intermediate R-IPSS risk categories [70]. A
few papers have explored the impact of these
mutations with response to hypomethylating
agents. The most data exists for TET2 mutations
as a predictor of better response to hypomethylat-
ing agent therapy [71, 73, 74]. In one series,
patients who were TET2+/ASXL1 negative were
shown to have the best chance of responding to
hypomethylating agents [71]. These mutations
also affect overall survival in patients who
undergo stem cell transplantation. In a series of



158

J. Dass and J. Kotwal

Table 9.6 A comparison of the characteristics of ICUS, CCUS and MDS

ICUS CCUS Low-grade MDS High-grade MDS
Clonality Absent Present Present Present
Cytopenias Present Present Present Present
Dysplasia Absent Absent Present Present
BM blast % <5 <5 <5 5-19%

~87 patients who underwent stem cell transplan-
tation, ~46% patients had mutations in TP53,
TET2 and DNMT3A mutations, and the overall
survival in these patients was ~19% compared to
~59% in patients who lacked these mutations.
Among these mutations, TP53 had the worst
impact on overall survival [68]. In contrast,
SF3B1 mutations are associated with good
overall survival and fewer cytopenias [17-19].
These mutations are strongly associated with RS,
and SF3B1 mutations are the only ones that have
been incorporated in WHO 2017 classification to
classify a patient as MDS-RS-SLD and MDS-
RS-MLD in presence of 5-<15% RS [2]. In addi-
tion, these are also a target for small molecule
inhibitors like luspatercept that are in trial and
have shown an excellent response if a patient
shows the SF3B1 mutation [75].

Since these mutations have also been described
in normal individuals without MDS [Clonal
hematopoiesis of indeterminate potential
(CHIP)] [76-79], the presence of these alone is
not sufficient to classify a patient as MDS. This is
also applicable to patients who have unexplained
cytopenias and do not meet the diagnostic criteria
for MDS [2, 80]. With the advent of NGS, three
large series of patients were found to have age-
related clonal hematopoiesis designated as CHIP
[76-78]. This was found to be associated with
all-cause mortality but all patients do not prog-
ress to MDS or AML.

Idiopathic cytopenia of undetermined sig-
nificance (ICUS): The term ICUS was proposed
for those patients in whom a diagnosis of MDS
could not be established but is possible. An indi-
vidual case can be classified as ICUS if there are
cytopenias including hemoglobin of <11 g/dL,
ANC of <1.5 x 10%L, and platelet count of
<150 x 10°L that persist for a minimum of
6 months, do not meet diagnostic criteria for
MDS and cannot be explained by any other pos-

sible causes. The patient requires extensive eval-
uation to establish this diagnosis. There is a
subset of ICUS patients who can be shown to
have clonal hematopoiesis if genetic mutations
can be demonstrated [80]. These cases can be
called as clonal cytopenia of undetermined sig-
nificance (CCUS) [81]. It is understandable that
with the wide application of newer tools like flow
cytometry and application of NGS, many cases
of ICUS would move to categories of MDS and
CCUS. Based on the presence of cytopenias,
clonality, BM blast percentage, and dysplasia, the
spectrum of these disorders and MDS is given in
Table 9.6.

9.10 Conclusions

The WHO 2017 classification has revamped
MDS and each entity is being described as MDS
with rather than “refractory anemia” or “refrac-
tory cytopenia”. There have been important
changes specially pertaining to MDS-RS-SLD,
and there has been a re-recognition of the entity
of MDS-RS-MLD which derives from the earlier
RCMD-RS in WHO 2001 classification. This
has been possible due to incorporation of SF3B1
mutations for identification of these categories if
there are 5-<15% RS. Another important change
has been inclusion of one additional chromo-
somal anomaly in del(5q) as long as it is not —7
or del(7q). Minor changes are that PB blasts
~1% have to be documented on two separate
occasions if considering a diagnosis of MDS-
U. In addition, the entity of acute erythroleuke-
mia has been abolished and most of these cases
would now be classified as MDS. There is now a
recognition that many myeloid neoplasms with
germline mutations exist and that these have an
important impact on patient outcome. Flow
cytometry although not mandatory to the patient
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evaluation in MDS should be considered espe-
cially in patients with low-grade MDS lacking
RS. There has been a massive surge in the genetic
knowledge of MDS with the advent of NGS. This
information has an impact on prognosis and pos-
sibly on response to hypomethylating agent ther-
apy and may form a part of every patient’s
evaluation if the cost of the testing reduces in the
future. The advent of NGS has also led to the
discovery of CHIP adding to the complexity
associated around MDS.
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