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Abstract

Here we studied 260 patients with myelodysplastic neoplasms (MDS) focusing on thrombocytopenic patients with
PLT<50x10%L. Clinical and laboratory features, bone marrow data, therapies and outcomes were compared with
MDS without thrombocytopenia. Thirty-five subjects (13.5%) had moderate to severe thrombocytopenia (median PLT
38x 10%/L, range: 9-50x 10%/L) and 20% displayed signs of bleeding, mostly grade 1-2. At diagnosis, thrombocytopenic
MDS were mostly low- or very low- risk IPSS-R, a higher frequency of 40% belonged to intermediate IPSS-R group.
Bone marrow evaluation showed hypocellularity (26% vs. 8.4%) and abnormal karyotype (46% vs. 27%), with trisomy
8 and complex karyotype as the most frequent alterations. Eighteen patients (51%) underwent NGS for genes commonly
mutated in myeloid neoplasms, detecting at least a mutation in 11 (61%), with 7P53 and STAG2 as most frequent. In a
subgroup analysis immune-histochemistry on bone marrow biopsies highlighted deposits of IgG, IgM, and complement
fractions C3 and C4d in most cases. AML transformation and mortality rates were superior in thrombocytopenic versus
non-thrombocytopenic patients. Two distinct phenotypes of thrombocytopenic MDS could be hypothesized, one closer to
immune thrombocytopenia marked by trisomy 8 and S74G2 mutation, responsive to immunosuppressive treatment and
the other more similar to higher-risk MDS with complex karyotypes and 7P53 mutations showing a worsen outcome.

Key Points

1.Thirty-five MDS subjects (13.5%) had thrombocytopenia<50x10"9/L, had more frequent anti-PLT antibodies, bone
marrow hypocellularity, karyotype aberrations, and deposits of IgG, IgM, and complement fractions.

2.Trisomy 8 and STAG2 mutations associated with a better response to immunosuppressive therapy, while complex karyo-
type and TP53 predicted higher AML transformation.
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Introduction

Myelodysplastic syndromes (MDS) are characterized by
ineffective haematopoiesis, peripheral cytopenias and
potential transformation into acute leukaemia [1]. Throm-
bocytopenia may be present in about half of patients, being
severe in a minority of subjects only. It has been associated
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with higher-risk international prognostic scoring system
(IPSS) subsets, increased risk of leukemic evolution and
worse overall survival.

Clinically, thrombocytopenia increases the risk of haem-
orrhagic complications, from minor to life-threatening ones
[2, 3, 4].

The pathophysiologic mechanisms of thrombocytopenia
in MDS include a defective megakaryocytic differentiation
of the dysplastic clones, the inhibition of megakaryopoiesis
by inhibitory cytokines [5, 6], the increase of apoptosis via
Fas/FasL pathway [7, 8], and an abnormal thrombopoietin
signalling transduction [9]. Additionally, the role of an auto-
immune attack against platelets and bone marrow precur-
sors has been reported [10, 11].

@ Springer


https://doi.org/10.1007/s00277-025-06421-y
http://crossmark.crossref.org/dialog/?doi=10.1007/s00277-025-06421-y&domain=pdf&date_stamp=2025-6-4

3262

Annals of Hematology (2025) 104:3261-3269

There is no consensus on a specific treatment approach
for thrombocytopenic MDS representing an unmet need in
clinical practice. Suggested options range from supportive
care with platelet transfusions, to medical treatment with
immunosuppressive agents such as cyclosporine and anti-
thymocyte globulin (ATG) [12], or thrombopoietin receptor
agonists [13, 14], to intensive chemotherapy and allogeneic
bone marrow transplantation [15, 16].

In this study we aimed at defining the clinical and haema-
tological features of thrombocytopenic MDS, with a focus
on their treatment patterns and outcome.

Patients and methods

We retrospectively evaluated patients diagnosed with MDS
at single institution in Milan, Italy, from January 2001 until
the time of writing. We systematically collected clinical
and laboratory features, including positivity of anti-platelet
autoantibodies, bone marrow and molecular data, phar-
macological therapies and outcome of patients. The study
was conducted according to the Declaration of Helsinki,
within the observational study CYTOPAN approved by
the local Ethical Committee Milano Area 2, and patients
gave informed consent. All patients with a diagnosis of
MDS according to most recent recommendations [17] were
included. Patients were stratified according to platelet lev-
els into non-thrombocytopenic (i.e. PLT>100x10"9/L),
with mild thrombocytopenia (PLT <100 and >50 % 10"9/L),
and those with moderate to severe thrombocytopenia (i.e.
PLT<50x10%L). Exclusion criteria were presence of
another active hematologic malignancy or immunological
disorders, and patients with suspected secondary causes of
dysplasia (e.g. nutritional deficiencies, medications, alcohol
and infections).

Bone marrow evaluation

Histologic parameters were first assessed on H/E, Giemsa
and Gomori stains and supplemented, in a subgroup of
patients, with a panel of antibodies for the following anti-
gens: CD8 (clone C8, Dako Agilent), C3 (polyclonal,
Merck), C4d (polyclonal, Cell Marque), IgM (polyclonal,
Dako Agilent), IgG (polyclonal, Dako Agilent), and cleaved-
Caspase 3 (Aspl75 clone, Cell Signaling). Cellularity was
considered as reduced if below the normal range according
to recent literature (up to 20 years old: range 45-85%; 2040
years-old: 40-70%; 40—-60 years old: 35-65%; > 60 years
old: 30-60%) [18]. C3 and C4d were assessed as surrogates
of complement activation at the tissue level, while IgM and
IgG as indicators of humoral immune activation. A 4-tiered,
semi-quantitative scoring was provided (0, lack of staining;
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1, faint, mostly focal staining; 2, moderate intensity, mostly
diffuse; 3, intense staining, diffuse). The involved compart-
ments were recorded, as observed in a serous pattern (i.e.
finely granular / diffuse staining present on the non-cellular
component of the vascular lumina and sinusoids) or stain-
ing red blood cells and nucleated cells of the hematopoietic
tissue.

Next generation sequencing

Next generation sequencing assay (Ion Torrents5), Ion
Reporter software 5.2, was used to evaluate the mutational
status of the following genes on peripheral blood leukocytes,
as by the Oncomine Myeloid Research Assay: hotspot genes
(ABLI, BRAF, CBL, CSFR3, DNMT3A, FLT3, GATA2,
HRAS, IDHI, IDH2, JAK2, KIT, KRAS, MOL, MYDSS,
NPM1, NRAS, PTPN11, SETPBI, SF3B1, SRSF2, U2AF1,
WT1), full genes (ASXLI, BCOR, CALR, CEBPA, ETV6,
EZH2, IKZF1, NF1, PHF6, PRPFS8, RB1, RUNXI, SH2B3,
STAG2, TET2, TP53, ZRSR2), fusion genes (ABLI, ALK,
BCL2, BRAF, CCDNI, CREBBP, EGFR, ETV6, FGFRI,
FGFR2, FUS, HMGA2, JAK2, KMT2A, MECOM, MET,
MLLTI0, MLLT3, MYBLI, MYHII, NTRK3, NUP2I4,
PDGFRA, PDGFRB, RARA, RBMI15, RUNXI, TCF3,
TFE3).

Statistical analysis

Numerical variables were summarized by median and range;
categorical variables were described with count and rela-
tive frequency (%) of subjects in each category. Continuous
variables were compared by Student’s t-test and categorical
ones by chi-square or Fisher test as appropriate. Statistical
significance in all tests was concluded for values of p<0.05.

Results
Clinical features

Within the entire cohort of 260 MDS patients, 35 sub-
jects (13.5%) presented with moderate to severe throm-
bocytopenia (median PLT at diagnosis 38x 10%/L, range
9-50x 10°/L). Only 13/35 thrombocytopenic patients had
isolated thrombocytopenia, while the others had Hb<11 g/
dL and/or neutrophils< 1.5 x 10°/L. Main clinical and hema-
tologic features are shown in Table 1. Median age at diag-
nosis was 77 years (IQR 52-92) with a male predominance
(63%). Median Hb at diagnosis was higher in patients with
thrombocytopenia versus non-thrombocytopenic ones [10.7
(7-16.4) vs. 9.9 (5.5-15.5), p=0.01], as did LDH levels
[227 (151-472) vs. 193 (85-703), p=0.006], while other
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Table 1 Main features of the 260 patients with MDS included in the study. Hb: haemoglobin, PLT: platelets, N: neutrophil, LDH: lactate dehydro-
genase, NGS: next generation sequencing, NS: not significant, AML: acute myeloid leukaemia; *»<0.05

ALL (N=260) PLT<50x 10"9/L (N=35) PLT>50x 10"9/L (N=225) *p value

Median Age, years (range) 76 (41-101) 77 (52-92) 76 (41-101) NS
M/F 150/110 22/13 128/97 NS
IPSS-R VL/L//H/VR 90/119/42/6/3 5/11/14*/4/1 85/108/28*/2/2 0.0001
Hb, gr/dl, median (range) 10 (5.5-16.4) 10.7 (7.0-16.4)* 9.9 (5.5-15.5)* 0.01
PLT, 10"9/L, median (range) 145 (9-1.024) 38 (9-50) 167 (54-1.024) NS
N, 10"9/L, median (range) 2.15(0.21-12.12) 2.08 (0.63-12.12) 2.16 (0.21-11.65) NS
LDH, UI/L, median (range) 197 (85-703) 227 (151-472)* 193 (85-703)* 0.006
Reticulocytes, 10"9/L, median (range) 51 (6-1020) 56 (24-220) 50 (6-1020) NS
Indirect Bilirubin, mg/dl, median (range) 0.6 (0.1-3.3) 0.6 (0.2-1.0) 0.6 (0.1-3.3) NS
Erythropoietin, mg/dl, median (range) 49 (6.1-4368) 61.2 (6.1-566) 48.9 (7,9-4368) NS
Creatinine, mg/dl, median (range) 0.97 (0.23-4.30) 1.0 (0.54.3)* 0,96 (0.23-2.46)* 0.01
Antiplatelet antibodies, N (%) 29 (11) 17 (48)* 12 (5)* <0.0001
Marrow cellularity, % (range) 40 (10-95) 40 (10-90) 40 (10-95) NS
Hypocellularity, N (%) 27 (10) 9 (26)* 19 (8.4)* 0.005
Cytogenetic

Normal (%) 183 (70) 19 (54) 164 (73) 0.04

Del5q (%) 17(7) 1(3) 16 (7) 0.55

Del20 (%) 73) 1(3) 6(3) 0.61

DelY (%) 14 (5) 309 11 (5) 0.61

Tris8 (%) 10 (4) 5 (14)* 5(2)* 0.002

Complex karyotype (%) 703) 5 (14)* 2 (H* <0.0001

Others (%) 22 (8) 1(3) 21(9) 0.34
NGS mut./unmut. 89/40 11/7 78/33 NS

1 mutation (%) 41 (32) 7(39) 34 (31)

2 mutations (%) 26 (21) 2(11) 24 (22)

> or =3 mutation (%) 22 (17) 2(11) 20 (18)
AML transformation, N (%) 8(3) 4 (11.4)* 6 (2.6)* 0.04
Mortality, N (%) 68 (26) 14 (40) 54 (24) 0.07

hematologic markers were similar between the two groups.
Anti-platelet autoantibodies were present in 29 patients,
48% thrombocytopenic versus 5% non-thrombocytopenic
(»<0.0001). Thrombocytopenic MDS displayed a higher
prevalence of intermediate IPSS-R risk group as compared
to non-thrombocytopenic ones (40% vs. 12%, p=0.0001).
Overall, 20% of patients with thrombocytopenia showed
signs of bleeding either at diagnosis or during the fol-
low up, mostly grade 1-2 (e.g. petechiae, bruises). Acute
myeloid leukemia (AML) transformation rates were supe-
rior in thrombocytopenic MDS patients as compared to non-
thrombocytopenic ones (11.4% vs. 2.6%, p=0.04). Over a
median follow up of 40 months (0-256), a difference in mor-
tality rate was also noted between the two groups, although
not statistically significant (40% vs. 24%, p=0.07); notably,
no one of the patients died because of bleeding. The analysis
of the dataset by considering a cut-off of 100 x 10%/L plate-
lets, didn’t reveal significant associations.

Bone marrow studies

At bone marrow trephine, thrombocytopenic patients had a
higher prevalence of hypoplasia (26% vs. 8.4%, p=0.005)
and abnormal karyotypes (46% vs. 27%, p=0.04) compared
to non-thrombocytopenic subjects. The most common alter-
ations were trisomy 8 (14% vs. 2%, p=0.002) and complex
karyotype (14% vs. 1%, p<0.0001). The other bone marrow
features at morphology and flow cytometry were compara-
ble between the two groups.

In a subgroup analysis, with clinical features represen-
tative of the two cohorts (i.e. thrombocytopenic and not),
we evaluated immunoglobulin and complement deposits
by immunohistochemistry. In thrombocytopenic patients,
by utilizing a semiquantitative score, significant (score>3)
IgM and IgG deposits were present as serous positivity in
75% and 62% respectively and on megakaryocytes in 55%;
C3 and C4 serous deposits were present in 50% and 25%
respectively (score>2) and on megakaryocytes in 50%. In
non-thrombocytopenic group, IgM and IgG deposits were
identified in a smaller percentage of cases (56% and 43%,
respectively), whilst complement deposits were present at
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a similar rate (53% and 47%, respectively), but fewer on
megakaryocytes. Typical examples of immunoglobulin and
complement deposits on megakaryocytes are depicted in
Fig. 1.

NGS analysis

Eighteen thrombocytopenic patients (51%) and 111 non-
thrombocytopenic patients (49%) underwent NGS for
genes commonly mutated in myeloid neoplasms, detecting
at least one mutation in 11 (61%) and 78 (70%) respectively,
including STAG2, TET2, TP53, SF3B1, RUNXI, DNMT3A,
SRSF?2. The majority of thrombocytopenic patients had only
one mutation and the most common were 7P53 and STAG2
(Fig. 2a). Additionally, all patient with TP53 mutation had
complex karyotype (100%) and among patients with STAG2
mutation the majority had trisomy 8 (50%). Whereas among
non-thrombocytopenic patients the most frequent mutations
found were SF3B1 and TET2 (Fig. 2b).

Therapies

Concerning treatment (Table 2), thrombocytopenic MDS
patients more frequently received steroids (69% vs. 15%),
eltrombopag (20% vs. 0%), danazol (14% vs. 2%), and
cyclosporine (9% vs. 1%) as compared to non-thrombocy-
topenic ones. Thrombocytopenic patients showed at least a
partial PLT response (>50x 10"9/L) to eltrombopag (4/7),
to cyclosporine (2/3), and to steroids (8/24); only one patient
responded to danazol. Regarding erythroid responses,
thrombocytopenic patients had a lower response rate to
erythropoiesis stimulating agents (33% vs. 69%, p=0.02)
versus non-thrombocytopenic ones.

Finally, thrombocytopenic patients were divided in three
groups according to the presence of autoimmune (i.e. posi-
tive anti-PLT, trisomy 8, and STAG2 mutations), higher
risk features (i.e. higher IPSS-R score, complex karyotype
and TP53 mutations) or neither (Table 3). The former were
treated more frequently with immunosuppressive therapy,
like steroids (90% vs. 42%, p=0.02), achieving good results
in most cases (41%), and the second showed an increased
risk of developing AML (43% vs. 5%, p=0.01), whilst dif-
ference in mortality was not significant.

Discussion

In this study moderate to severe thrombocytopenia was
present in 13.5% of MDS patients and was associated with
mild bleeding tendency (mainly grade 1-2) in 20% of sub-
jects. Only two patients required platelet transfusions, and
none died because of haemorrhagic complications. This
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prevalence was similar to other reports that however used
different platelet cutoffs (i.e. PLT<100x1079/L) [19, 20].
Thrombocytopenia was also associated with positivity of
anti-PLT autoantibodies in about 50% of cases, more fre-
quently than in non-thrombocytopenic MDS, confirming the
immune mediated physiopathology in a group of patients. In
keeping with this observation, we reported the presence of
bone marrow hypocellularity in 26% of cases (namely hypo-
cellular MDS), and of complement and immunoglobulin
deposits on megakaryocytes in thrombocytopenic patients,
highlighting the contribution of humoral autoimmunity to
thrombocytopenia. Furthermore, thrombocytopenic patients
had a higher frequency of trisomy 8 at karyotype analysis,
and of STAG2 mutation at NGS, as compared to non-throm-
bocytopenic ones; these alterations have been previously
associated with autoimmune diseases (e.g. Behcet’s disease,
inflammatory arthritis, vasculitis) [21-23]. The second
most frequent cytogenetic aberration in thrombocytopenic
patients was complex karyotype, known to be associated
with worse prognosis and leukemic evolution. Additionally,
TP53 mutation was prevalent in this cohort as compared to
non-thrombocytopenic one.

Overall, thrombocytopenic low-risk MDS patients were
more frequently treated with cyclosporine (CyA) and ste-
roids as compared to non-thrombocytopenic ones, with
responses in about half of cases, in line with other reports
and with data on hypoplastic MDS [24-32].

Interestingly, eltrombopag yielded a response in more
than 30% of subjects, and some improvement in bleeding
tendency might be observed even in patients lacking an
increase in PLT count.

Concerning androgen therapy, danazol has recently been
shown promising results in treating thrombocytopenia in
MDS or myelodysplastic/myeloproliferative neoplasms
(MDS/MPN) [33]. Finally, anemia response to erythropoi-
esis-stimulating agents (ESA) was worse in thrombocyto-
penic patients (33% vs. 70%), in line with previous studies
[34].

This study carries some limitations, particularly the ret-
rospective nature and the limited number of patients tested
by NGS. However, the detailed clinical data collected at a
single centre allowed some interesting findings.

All in all, two different phenotypes of thrombocytopenic
MDS emerged: one more “autoimmune”, including positive
anti-PLT, trisomy 8, and ST4G2 mutations, and one with
“higher risk features”, i.e. higher IPSS-R score, complex
karyotype and TP53 mutations. The former is more respon-
sive to immunosuppressive therapy, the second showed a
higher rate of AML transformation.
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Fig. 1 Immunoglobulin and complement deposits by immunohisto-
chemistry. A prototypic case of MDS displaying mildly hypocellular
bone marrow with prominent megakaryocytic atypia (a. H/E, 200x).
Anti-IgM (b. 400x) and IgG (c. 400x) highlight abundant immuno-

globulin deposits in the serum and in the cytoplasm of scattered mega-
karyocytes (arrows). Few deposits of complement fractions C3 (d.
400x) and C4d (e. 400x) are also observed on nucleated cells (arrow)
and in the serum
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Fig. 2 Molecular studies by next generation sequencing assay. A. The histogram columns show the frequency of mutations (left vertical

Results of NGS evaluation on 18 thrombocytopenic patients. B. axis), while median VAF is reported by red dots (right vertical axis)
Results of NGS evaluation on 111 non-thrombocytopenic patients.
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Table 2 Therapies of the 260 patients with MDS included in the study. NS: not significant, *p<0.05

ALL (N=260) PLT<50.000 (N=35) PLT>50.000 (N=225) *p value
Erythropoietin, N (%) 138 (53,1) 12 (34)* 126 (56)* *0,02
Response YES (%) 91 (65,9) 4 (33)* 87 (69)* *0,02
Luspatercept, N (%) 23(9) 1(3) 22 (10) NS
Response YES (%) 11 (55) 0 11 (50)
Lenalidomide, N (%) 9(3.5) 0 9(4) NS
Response YES (%) 4 (44,5) 0 4 (44)
Cyclosporine, N (%) 5(1,9) 309 2(1) NS
Response YES (%) 3 (60) 2 (67) 1 (50)
Steroids, N (%) 57 (22) 24 (69)* 33 (15)* *< 10,0001
Response YES (%) 25 (44) 8(33) 17 (52) 0,27
Danazol, N (%) 8(3,1) 5 (14)* 3(2)* *0,0003
Response YES (%) 2 (25) 1 (20) 1(33) 0,67
Eltrombopag, N (%) 703) 7 (20)* 0* *<0,0001
Response YES (%) 4(57) 4 (57) 0 *<0,0001

Table 3 Main features of the 35 thrombocytopenic MDS included in the study. Hb: haemoglobin, PLT: platelets, N: neutrophil, LDH: lactate
dehydrogenase, NGS: next generation sequencing, AML: acute myeloid leukaemia. NS: not significant, *p<0.05

MDS with high-risk fea- MDS with autoimmune Others (N=9) *p
tures (N=7) features (N=19) value
Median Age, years (range) 76 (60-82) 81 (64-92) 76 (52-92) 0.08
M/F 4/3 12/7 6/3 NS
Hb, gr/dl, median (range) 9 (7-14) 11 (9-16) 11 (8-15) 0.08
PLT, 10"9/L, median (range) 38 (11-50) 27 (9-50) 43 (25-50) NS
N, 10"9/L, median (range) 1.79 (0.63-3.91) 2.28 (0.84-12.12) 2.50 (0.67-5.11) NS
LDH, UI/L, median (range) 227 (151-456) 213 (166-314) 250 (158-472) NS
Reticulocytes, 1079/L, median (range) 53 (32-220) 57 (28-145) 60 (24-168) NS
Indirect Bilirubin, mg/dl, median (range) 0.6 (0.3-0.9) 0.6 (0.2-0.8) 0.6 (0.2-0.96) NS
Erythropoietin, mg/dl, median (range) 69.4 (25-85) 62.4 (6.1-566) 61 (8-284) NS
Creatinine, mg/dl, median (range) 0,9 (0.7-1.07) 1.0 (0.6-4.3) 1.0 (0.5-2.21) NS
Marrow cellularity, % (range) 70 (15-90) 40 (10-85) 33 (10-60) 0.08
Hypocellularity, N (%) 1(14) 5(26) 3(33) NS
Cyclosporine, N (%) 0 2 (10) 1(11) NS
Response YES (%) 2 (50) 0
Steroids, N (%) 3 (42)* 17 (90)* 4 (44) #0.02
Response YES (%) 0 7 (41) 1 (25)
Danazol, N (%) 0 3(16) 2(22) NS
Response YES (%) 1(33) 0
Eltrombopag, N (%) 2(29) 5(26) 0 NS
Response YES (%) 1 (50) 3 (60)
Erythropoietin, N (%) 2(29) 7(37) 3 (33) NS
Response YES (%) 1 (50) 1(14) 2(67)
Luspatercept, N (%) 0 0 1(11) NS
Response YES (%) 0
Azacitidine, N (%) 4 (57)* 0* 0 *0.001
Response YES (%) 2 (50)
AML transformation, N (%) 3 (43)* 1 (5)* 0 *0.01
Mortality, N (%) 2 (29) 8 (42) 4 (44) NS
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