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To the editor.

Sideroblastic anemias (SA) is a group of inherited
and acquired bone marrow (BM) disorders defined by
pathological iron accumulation in the mitochondria of
erythroid precursors.%?> SA pathogenesis mechanisms
can be primarily linked to impaired heme biosynthesis,
defect in Fe-S biogenesis pathways, and impaired
synthesis of mitochondrial and cytosolic proteins
essential for heme synthesis.

According to the International Working Group on
Morphology of Myelodysplastic Syndrome (IWGM-
MDS); ring sideroblasts (RS) are defined as
erythroblasts in which there is a minimum of five
siderotic granules covering at least one-third of the
circumference of the nucleus.®* SA is a rare
disease affecting fewer than 200,000 people in the US.*
Due to the low incidence and prevalence and the
heterogeneity of the causative factors, no certain
statistical data on the epidemiology of this disorder.

The SA is traditionally classified into congenital
sideroblastic anemia (CSA) and acquired forms (ASA).
ASA is further subclassified into two groups, clonal
neoplastic disorders and benign disorders due to
reversible metabolic factors.

Acquired clonal SA comprises myeloid stem cell
disorders associated with RS, which was classified
according to the 2016 revised World Health
Organization (WHQO) Classification into three
categories: Myelodysplastic syndrome (MDS) with ring
sideroblasts and single-lineage dysplasia (MDS-RS-
SLD), MDS with ring sideroblasts and multilineage
dysplasia (MDS-RS-MLD), and MDS/MPN with ring
sideroblasts and thrombocytosis (MDS/MPN-RS-T). As
their names suggest, the classification is based on
detecting RS accompanied by dysplasia in one or
multiple  hematopoietic  lineages, or anemia,
thrombocytosis, and features of a myeloproliferative
neoplasm.?

Conferring to WHO criteria: MDS-RS-SLD, MDS-

RS-MLD, and MDS/MPN-RS-T ring sideroblasts
should be >15% of the BM erythroid precursors;
however, if SF3B1 mutation is detected, the diagnosis
can be made with >5% ring sideroblasts marrow
erythroid precursors.? For other listed categories of
myeloid neoplasms, no specific cut-off RS percentage is
required.

Mutations in the spliceosome that mediates the
maturation of primary mRNA transcripts to mature
MRNAs lacking introns have been identified as common
in MDS-RS. Specifically, the acquired heterozygous
somatic mutations in SF3b1 are the strongest molecular
correlate of MDS-RS. SF3B1 mutations are present in
between 70% and 90% of MDS-RS and, in many, it is
the single detectable clonal marker.®

Non-neoplastic causes of RS include copper
deficiency (which may be induced by a high dose of zinc
administration), alcohol, toxins, and drugs (e.g.,
isoniazid).® Unlike in MDS-RS, patients with CSA tend
to present at a much younger age and with microcytic
(rather than macrocytic) anaemia.’

The design of this study is mixed (retrospective and
prospective); we have analysed the clinical, pathologic,
and molecular data of 15 cases of ASA diagnosed in
Hamad Medical Corporate, in Qatar, between March
2015 and March 2022. The next generation sequence
(NGS) panel designed to study targeted regions in 30
genes recurrently mutated in myeloid neoplasia
(including SF3B1 mutations and TP53) was then
performed (according to specimens' availability) and
consequently analysed.

The study had ethical approval from IRB
(Institutional research board; # MRC-04-22-209).
Patients were waived from consent as it is a
retrospective study.

ASA diagnosis was established by the presence of
RS detected by Prussian blue staining (Perls' reaction)
on BM aspirate smears (Figure 1). All included cases
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Figure 1. Composite image of iron stain (Prussian blue stain) on BM aspirate showing multiple ring sideroblasts with siderotic granules

encircling the nuclei (1000x).

were examined independently by two experienced
hematopathologists. Diagnosis and subclassification of
ASA were made on BM specimens according to WHO
2016 classification. Relevant clinical, hematologic, and
BM pathologic findings, including assessment of the
percentage of trilineage dysplasia (a cut-off of 10%),
flow cytometry immunophenotyping for myeloid
neoplasms and cytogenetics data, were analysed. NGS
panel for myeloid neoplasia was performed (according
to specimens' availability) and consequently analysed.
Clinical and laboratory data, including the disease
course and outcome, were also retrieved and analyzed.

Associations between two or more qualitative
variables across two independent groups (clonal and
non-clonal SA) were assessed using the Fisher Exact
Chi-square test or Pearson Chi-square as appropriate.
Quantitative data and outcomes measured across two
groups were analysed using the Mann-Whitney U test
(due to skewed or non-normal data distribution). All P
values presented were two-tailed, and P values <0.05
were considered statistically significant. All Statistical
analyses were performed using statistical packages
SPSS version 27.0 (Armonk, NY: IBM Corp) and Epi-
info (Center for Disease Control and Prevention,
Atlanta, GA) software.

Fifteen patients of ASA were detected and clustered
into two main groups: clonal SA (associated with a
hematologic neoplasm) (10 cases, 66.7%) and SA
secondary to non-clonal causes (5 cases, 33.3%). The
latter included: SA Secondary to copper deficiency (two
cases), SA secondary to pyridoxine deficiency, and the
last group included two patients where the exact cause
of SA remained unrevealed and classified accordingly
as idiopathic SA (Tables 1 and 2).

ASA in our cohort was diagnosed in all age groups,
with a median age of 65 years (IQR 37- 69 years), and
almost equally represented between male and female
gender. All patients had a significant degree of anemia;
the median hemoglobin was 8.5 g/dL (IQR 8-10.2), 6
cases were macrocytic, and 8 were normocytic

normochromic anemia. None of the cases in our cohort
showed microcytic hypochromic anemia. The median
white blood cell count (WBC) was 5x10° /L (IQR 2.5-
6.9), and the median platelets count was 235 x10° /L
(IQR 39.0- 454).

Dyserythropoiesis was the most striking finding (in
14/15 (93.3%), mostly represented by cytoplasmic
abnormalities:  cytoplasmic irregularities/inclusions
with prominent cytoplasmic vacuolation in 9/15 cases
(60%). Dysmegakaryopoiesis was found in 9/15 patients
(60%). Dysgranulopoiesis was detected in 8/15 (53.3%).

RS were detected at variable percentages ranging
between 7-66% (median 20, IQR 13-33). Abnormal
karyotype (KT) was detected in 5/14 (35.7%) myeloid
neoplasms with RS. No cytogenetic abnormality was
detected within the group of non-clonal SA.

NGS was performed in 8 out of 15 cases, including
3/5 of the non-clonal cases. SF3B1 mutatin was found in
2/8 patines (25%), one with MDS-SLD-RS and the other
with MDS/MPN-RS-T. In six cases, SF3B1 was wild
type. Further genetic mutations detected by NGS
included the TP53 gene (case 9 & case 14), PHF6,
FLT3-itd, and BCOR mutations.

Clinically, 60% (9/15) of ASA in our cohort had
significant anemia that required regular blood
transfusions. In addition, 6/15 (40%) cases had a
concurrent low serum Bl12/folate.  Associated
autoimmune  disorders, including DAT-positive
autoimmune hemolytic anemia (two cases), adult Still's
disease, and autoimmune arthritis, were observed in
4/15 patients (26.6%).

Comparison between acquired clonal (neoplastic) cases
and non-clonal SA (Table 3). SA secondary to an
associated myeloid neoplasm was predominant among
the elderly, with 8 out of 9 cases diagnosed at an age >
60. The median age was 65 (IQR 60.75- 73.25 years),
while non-clonal SA was more represented within the
younger age group, with a median age of 34 (16.5-52.5
years). This difference was statistically significant
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Table 1. Clinical and hematological features of cases of acquired sideroblastic anemia.

Case Type of Copper Zine Need to B12/folate
No Age | Sex Hb azgmia WBCs | PLT Cause Diagnosis (umol/L) (umol/L) Transfusion level AID Other findings
' n: 14.1-29.8 n: 9.1-18.3 Yes/ No
1 1 F 6.3 | Macrocytic 10.9 1130| Copper deficiency ASA Low, <7.0 8.51 No Normal No Failure to thrive, exclusive breast fed
Diagnosed Koolen-De Vries Syndrome
2 34 F 6.6 | Normocytic 5.5 34 | Copper deficiency ASA Low, 8.1 12.1 Normal No with 17921.31 deletion, nephrotic
syndrome, learning disabilities
. S - Anemia aggravated during pregnancy,
3 32 F 8.5 | Normocytic 6.3 161 | Pyridoxine deficienc ASA 37.1 11.3 Yes Low No Low vitamin B6 (8 nmol/L)(20-120)
. Acquired, Pneumonia, myopathy, ? adult still's
4 40 F 9.6 | Normocytic 14.5 454 Idiopathic ASA ND ND No Low Yes disease. On hydroxychloroquine
5 65 M 10.2| Macrocytic 55 253 | Acquired Idiopathic ASA ND ND No Low Yes | Acute hemolysis, DAT positive, psoriasis
Multiple comorbidities including heart
. - MDS/MPN- transplant on immunosuppressants
6 72 F 8 Macrocytic 7.4 675 Acquired, Clonal RS-T ND ND Yes Normal Yes (Tacrolimus), Thrombocytosis, increase
reticulin fibrosis (MF1-2), DAT positive
. - MDS/MPN- Persistent macrocytic anemia and
7 60 M 10.6 | Macrocytic 45 500 Acquired, Clonal RS-T ND ND No Normal No thrombocytosis
MDS -SLD- Positive rheumatoid factor, Bilateral
8 69 F 8.5 | Normocytic 6.9 450 Acquired, Clonal RS ND ND Yes High Yes knee severe arthritis on NSAID,
reticulocytopenia
MDS-RS- Pancytopenia, vaginal bleeding, sepsis,
9 65 F 8.4 | Normocytic 24 8 Acquired, Clonal ND ND Yes Low No prominent proerythroblasts, increase
MLD AL A
reticulin fibrosis (MF1)
i -Q80,
10 | 37 | M | 93 | Normocytic | 2.5 85 | Acquired, Clonal | AML-RS No No No Low No Pancytopenia, FCM:88% blasts of
myeloid phenotype
. . ) Pancytopenia, FCM:12% myeloblasts
11 65 F 8.9 Macrocytic 3.6 308 Acquired, Clonal RAEB2-RS No No Yes Normal No with aberrant CD7and partial TdT.
12 61 M 10.4 | Macrocytic 5 166 Acquired, Clonal MD%—SSLD_ No No Yes Normal No Macrocytic anemia for 2Yrs
13 82 M 11 | Normocytic 1.9 39 Acquired, Clonal MDSF;';/ILD' No No Yes Low No Chronic kidney disease
14 65 M 9.3 | Normocytic 25 85 Acquired, Clonal t-MDS-RS No No No High No t-MN, post treatment of T-ALL
. . MDS-RS- . . Chronic HBV positive, High zinc,
15 77 M 8.3 | Normocytic 18 235 Acquired, Clonal MLD High High Yes Normal No Chronic kidney disease, Bicytopenia.

Hb: haemoglobin, WBCs: White blood cells, PLT: Platelets, AID: autoimmune disorder, ND: not done, DAT: direct antiglobulin test.
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Table 2. Bone marrow findings, cytogenetics and molecular genetics results and disease outcome.

. . Cyt Blast % |Siderobl-
Case| Diagnosis | Dyserth| Dygran | Dysmeg vacuolation (BM) asts % SF3B-1 NGS data Cytogenetics Management/ Out come
1| Asa Yes Yes No Yes 3 9 ND ND Normal KT Copper multivitamin, Counts
improved
Microarray: 6,XX, arr (GRCh37)
. . 17921.31(1-1,048,528)X3, arr A
2 ASA Yes Yes Yes Yes 1 48 Wild type Negative (GRCh37) 17021.31(43,593 454- Copper m;Jrgl\::)t\e;gzjm, Counts
44.207,944)X1 [1] P
3 ASA Yes Mild No Yes 1 31 Wild type No cllnlsglrliir?tlsgmflcant Normal KT B6 supplements, anemia improved
4 ASA No No No No 0 10 Wild type No cllnlgglrli);stlsgmflcant Normal KT Spontaneous recovery
5 ASA Mild Mild Yes No 3 >15 ND ND Normal KT Lost follow-up
MDS/MP €.1866G>C
6 Yes No Yes Yes 1 33 p.Glu622Asp (39%) JAK?2 -ve Normal KT Died one year after diagnosis
N-RS-T E622D
7| MDS/MP |y No No Yes 0 66 Not done JAK2 & CALR -ve Normal KT Darbepoetin Alfa injection & BE.
N-RS-T No improvement for 2y follow-up
MDS-RS- €.1866G>T,p.Glu622As On EPO, No improvement for 3Y
8 SLD Yes No Yes Yes 0 60 b (43%) E622D - Normal KT FU
MDS-RS C?IS'EIS'@;?? %;isgg/mg 7+86;;8)élg();21+g+59++611de| Progressive, died one month after
9 T Yes Yes No Yes 1 28 Wild Type : gene (17%). (12)(p11.2),+13,+15,+18,- gressive, died on
MLD BCOR ¢.3649CT 19,420,-21,+22[cp15]/46,XX diagnosis
p.Arg1217Ter (6%) R P '
- Positive for 30bp, 60bp &
- 0,
10| AML-RS Yes No No No 87% 20 Wild type 102bp FLT3-itd mutations 48,XY,+8,+8[32]/46,XY[3] Under treatment
11 MDS-EB Yes Mild Yes No 13 15 ND ND 46,XX,add(3)(q29)[20]/46,XX[1 Starte_:d on Azacytidine, Erogreg.swe,
2 0] died one year after diagnosis
MDS-RS- EPO injections, pyridoxine,
12 SLD Yes Mild Mild Yes 1 20 ND ND Normal KT Azacitidine, Progressive, died two
years after diagnosis
MDS-RS- . 47,XY,+8[11]/45,X,- R .
13 MLD Yes No Mild No 1 16 ND ND Y[19]/46,XY[10] No significant improvement
PHF6 c.125_126insGCGCA
: - p.His42fs (79%) , TP53 46,XY,del(20)(q11.2q13.3)[10]/ -
14| t-MDS Yes Yes Yes No 6 7 Wild type ¢.799C>T p.Arg267Trp 45,idem,-7[6]/46, X Y[17] Refractory on palliative therapy
(29%)
15 M,'\D/ISI’_'SS' Yes Yes Yes No 1 33 ND ND Normal KT

ASA: Acquired sideroblastic anemia, KT: Karyotype, ND: not done.
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Table 3. Demographic, clinicopathologic, cytogenomic characteristics and disease outcomes and their association with clonal and non-clonal

sideroblastic anemia.

Variable All cases of SA Non-(cr:ggz)ell SA Cl(cr)]r;allo\?A P-Value
Frequency, n (%) 15 (100%) 5 (33.3%) 10 (66.7%)
Age, median (IQR range), years 65 (37-69) 34 (16.5-52.5) 65 (60.75-73.25) 0.016
Gender

Male 7 (46.7%) 1/5(20%) 6/10 (60%) 0.280

Female 8 (53.3%) 4/5 (80%) 4/10 (40%)
Hemoglobin, median (IQR range), g/dL 8.5 (8-10.2) 8.5 (6.45-9.9) 8.7 (8.2-10.4) 0.500
WBC, median (IQR range), x10° /L 5 (2.5-6.9) 6.3 (5.5-12.7) 3.1(2.2-5.4) 0.020
Platelet count, median (IQR range), x10° /L 235 (39.0- 454) 253 (97.5-792) 200.5 (31.2- 366.5) 0.540
Ring sideroblasts, median (IQR range), % 20 (13-33) 20 (9.5-39.5) 24 (14.5-39.8) 0.581
Blasts, median (IQR range), % 1.0 (0.03-1.0) 0.03 (0.02-1.0) 1.0 (0.65-2.25) 0.243
Macrocytic anemia 6/15 (40%) 2/5(40%) 4/10 (40%) 0.999
Normocytic anemia 9/15 (60%) 3/5 (60%) 6/10 (60%) 0.999
Low serum B12/folate level 6/15 (40%) 3/5 (60%) 3/10 (30%) 0.329
Autoimmune disorder 4/15 (26.6%) 2/5 (40%) 2/10 (20%) 0.560
Dyserythropiesis 14/15 (93.3%) 4/5(80%) 10/10 (100%) 0.333
Dysgranulopoiesis 8/15 (53.3%) 3/5 (60%) 5/10 (50%) 0.999
Dymegakaryopoiesis 9/15 (60%) 1/5 (20%) 8/10 (80%) 0.089
Cytoplasmic vacuolation 9/15 (60%) 3/5(60%) 6/10 (60%) 0.999
SF3B1 mutation 2/8 (25%) 0/3 (0%) 2/5 (40%) 0.464
Abnormal karyotype 5/14 (35.7%) 0/5 (0%) 5/9 (55.5%) 0.086
Need to Transfusion 9/15 (60%) 2/5 (40%) 7/10 (70%) 0.329
Reversible anemia 4/15 (26.6%) 4/4 (100%) 0/10(0%) 0.001
Progressive course/death 8/15 (53.3%) 0/4 (0%) 8/8 (100%) 0.002

Categorical data values are presented in n (%) and quantitative data values in median and inter-quartile range (IQR) due to skewed or non-
normal data distribution. This is a retrospective study design and for some parameters, the data values were incomplete due to the unavailability
of the information in the patients’ record files and thus all the percentages values were computed using non-missing values. IQR =inter-quartile

range.

(P=0.016). Interestingly, most non-clonal SA (80%)
were female patients.

No statistically significant difference (P>0.05) was
observed between the two groups regarding the
haemoglobin, platelets count, or the type of anemia.
However, WBC was significantly higher in non-clonal
SA (median 6.3, IQR 5.5- 12.7) compared to the clonal
SA group (median 3.1, IQR 2.2-5.4), P=0.020.

Dyserythropoiesis and dysgranulopoiesis were
equally present, with no significant morphologic
difference between both groups regarding the type of
dyserythropoietic changes. However, the cytoplasmic
vacuolations were well defined and numerous in non-
clonal SA (Figure 2A), while in clonal SA, there was a
focal clearing of the cytoplasm rather than definitive
vacuoles (Figure 3B). It is worth noting that the
granulocytes in the group of non- clonal SA (especially
those secondary to copper or pyridoxine deficiency)
showed significant  nuclear  holes/well-defined
defect/vacuolation within the nuclear chromatin (Figure
2B), in addition to the cytoplasmic vacuolations which
were previously described in cases of copper deficiency.
The latter finding was not appreciated within the MDS-

associated SA, which showed abnormal granulation
&/abnormal segmentation (Figure 3A).

Dysmegakaryopoiesis (Figure 3C) was most
frequently detected among cases of clonal SA (8/10,
80%) compared to non-clonal cases (1/5, 20%).
However, this difference was statistically insignificant
(P=0.089). On the other hand, RS percentage tends to be
higher in clonal SA, with no statistically significant
difference (P=0.581).

Clinically, not much difference between both groups
regarding the need for blood transfusion. However,
anemia was reversible in all cases with non-clonal SA,
while none of the subjects with clonal SA had significant
improvement (P=0.001). Vice versa, all of them with
clonal SA had progressive disease and fatal course
(100% vs. 0%, P=0.002). Due to the smaller number of
cases, all comparative analyses were performed above
as an exploratory statistical analysis; therefore, the
derived statistical inferences might limit their
conclusiveness and generalizability.

Acquired copper deficiency is a rare disorder
associated with gastric bypass surgery or in cases with
total parenteral nutrition or exclusively breastfed babies
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Figure 2. Bone marrow Aspirate morphologic changes in non-clonal SA: A Prominent cytoplasmic vacuolization in granulocytic precursors
and in early erythroid precursors, with partial maturation arrest and significant dysgranulopoiesis in an infant with copper deficiency [A].
Dysgranulopoiesis with prominent hypogranulation and nuclear holes/defects in an adult with copper deficiency [B]; (Wright-Giemsa. x500,
1000).

(as seen in case 1).2 clonality was detected, with normal KT, negative SF3B-
In this patient, the prominent cytoplasmic 1, and no clinically significant variants identified using
vacuolization was the key to the diagnosis, confirmedby ~ NGS. Additionally, it was observed that the CBC
low serum copper. Furthermore, a positive therapeutic =~ parameters improved significantly after hemodialysis.
trial of copper (in high concentration) led to a significant ~ Copper serum level was then measured and found to be
improvement of the peripheral blood counts, which  extremely low; hence, SA secondary to copper
again dropped after copper supplements had been  deficiency was concluded. Pancytopenia due to copper
stopped. Finally, FCM analysis on BM aspirate of this  deficiency in a haemodialysis patient has been
baby showed an aberrant loss /down-regulation of CD33  previously reported by Melero et al.° Furthermore,
on blasts, granulocytes, and monocytes, which isarare  excessive zinc intake and copper deficiency-induced
occurrence of uncertain significance and might be asign ~ SA/pancytopenia during maintenance haemodialysis
of dysmyelopoiesis. has also been reported by Marumo A and his group.°
In case number 2, the patient was initially SA diagnosed during pregnancy is even a rarer event.
misdiagnosed as MDS-RS based on the prominent In Case 3, the anemia was aggravated during
multilineage dysplasia. However, no evidence of  pregnancies and normalized in between. This behaviour
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had pointed to possible vitamin/trace element deficiency
owed to increase demand during pregnancy, especially
since she had an associated B12 defect. Although CSA
could not be entirely ruled out in this patient (as familial
mutations were not done), however, the type of anemia
(normocytic rather than microcytic), a lacking family
history, absence of dysplasia, and detection of wild-type
SF3B-1 gene, had all favoured an acquired cause.

Because of the crucial role of pyridoxal phosphate
(the active form of vitamin B6) as an essential cofactor
for ALAS2, a severe deficiency in vitamin B6 due to
alcohol intoxication, increased demands, malnutrition/
malabsorption could lead to SA.*!

It is worth noting that 4 out of 14 cases (28%) had an
associated autoimmune disorder with DAT-positive
hemolytic anemia found in two patients.

In cases (4 & 5), the exact cause of SA remained
unrevealed, and there was no evidence of clonality
detected. Interestingly, both patients had associated
autoimmune disorder, with one patient having an adult
Still's disease on hydroxychloroquine (case 4); in the
other patient, SA was associated with DAT-positive
autoimmune hemolytic anemia. We did not find a
reported association between hydroxychloroquine and
SA.

This association between SA and autoimmune
disorders was rarely documented in the literature;
however, a transient appearance of RS in the acute phase

&

Figure 3. BM Aspirate of a case of clonal sideroblastic anemia (case 6) showing dysgranulopoiesis, mostly hypogranular forms with few
hyposegmented neutrophils [A]. Dyserythropoiesis in the form megaloblastoid chromatin, irregular cytoplasmic projections, multinucleation
and clearing of the cytoplasm (arrow)[B]. Dysmegakaryopoiesis in the form of hypolobulation [C], (Wright-Giemsa. x 1000).

of secondary hemolytic anemia was reported by Wang
and his group.*2

Interestingly, an associated megaloblastic anemia
was found in 6/15 cases (40%) of ASA; including 3 non-
clonal cases and 3 cases associated with myeloid
neoplasms.

AML with RS is rarely encountered and can be seen
in de novo AML and secondary AML on top of MDS.
We had a single case of a male patient diagnosed at a
relatively younger age (37 years old) and considered the
youngest among all groups of myeloid neoplasms with
RS in our cohort. Martin-Cabrera et al.® recently
reported that AML with RS shows a unique molecular
signature straddling secondary AML and de novo AML.

In our cohort, NGS (including SF3B-1 mutation) was
performed in 8 out of 15 cases, including 3/5 of the non-
clonal cases. Within the group of clonal SA, clonality
was established in 7/10 cases either by abnormal KT
and/or detection of clinically significant variant using
the NGS technique. Although molecular testing could
not be performed in the remaining three cases (Case # 7,
12 and 15) due to lack of material, those cases had
convincing evidence of MDS based on the striking
morphologic findings and the aggressive disease
course. TP53 mutation was detected in two cases in our
cohort (cases 9 and 14). According to a recent large-
scale genetic profiling study on MDS with RS, focusing
on SF3B1-wild type (WT) patients, the group found that
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in SF3B1-wt patients, the most frequent mutation was
TP53 at 61% (n = 92).1

The treatment of SA relies on the underlying
aetiology but remains principally supportive with
packed red cell transfusion for symptomatic patients,
vitamin B6 supplementation, and iron chelation therapy
for iron overload. Unlike SA due to myeloid neoplasms,
the prognosis was favourable in all cases of non-
neoplastic SA (in our series), with recovery of anemia
either after replenishment of the deficient element
(copper/pyridoxine) or spontaneous recovery in cases
with idiopathic SA.

In conclusion, Although SA is uncommon and some
forms are rare, it should be considered in patients with
unexplained persistent anemia of any severity. It is
sometimes difficult to distinguish congenital from
acquired causes or to reach the exact cause of acquired

SA and differentiate clonal from benign. The latter
differentiation is crucial since acquired SA may have
significant myelodysplasia, which could not be
distinguished from MDS based solely on morphologic
findings. Compared to the non-clonal group, the
neoplastic SA presents in the elderly and tends to have
lower WBC, higher blasts and RS, more frequent
dysmegakaryopoiesis, and a more aggressive clinical
course with fatal outcome.

Reaching a specific diagnosis requires a
multiparametric approach relying on multiple factors,
including the age of clinical onset, type of anemia
(microcytic  versus  normocytic/macrocytic), an
associated syndromic/dysmorphic feature, the degree of
myelodysplasia, blasts percentage and most important
the detection of clonal cytogenetics/molecular genetic
marker.
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