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Simple Summary: Trisomy 8 (+8) is one of the most frequent cytogenetic alterations found in
myelodysplastic syndromes (MDS). MDS patients harboring isolated +8 show clinical heterogeneity,
and life expectancy varies between several months and several years after diagnosis. We aimed
to investigate whether the mutational profile of isolated +8 MDS patients could help to clarify the
heterogeneous prognosis of these patients. In fact, we found that mutations in STAG2, SRSF2 and
RUNX1 are independent prognostic factors, enough to define the course of the disease in terms of
overall survival and leukemic transformation in isolated +8 MDS. Therefore, these findings might
help to identify patients at a high risk of evolving disease and open new horizons by changes in the
management of a high subset of patients within MDS with isolated +8.

Abstract: Trisomy 8 (+8) is the most frequent trisomy in myelodysplastic syndromes (MDS) and is
associated with clinical heterogeneity and intermediate cytogenetic risk when found in isolation.
The presence of gene mutations in this group of patients and the prognostic significance has not
been extensively analyzed. Targeted deep sequencing was performed in a cohort of 79 MDS patients
showing isolated +8. The most frequently mutated genes were: TET2 (38%), STAG2 (34.2%), SRSF2
(29.1%) and RUNX1 (26.6%). The mutational profile identified a high-risk subgroup with mutations
in STAG2, SRSF2 and/or RUNX1, resulting in shorter time to acute myeloid leukemia progression
(14 months while not reached in patients without these mutations, p < 0.0001) and shorter overall
survival (23.7 vs. 46.3 months, p = 0.001). Multivariate analyses revealed the presence of mutations
in these genes as an independent prognostic factor in MDS showing +8 isolated (HR: 3.1; p < 0.01).
Moreover, 39.5% and 15.4% of patients classified as low/intermediate risk by the IPSS-R and IPSS-M,
respectively, were re-stratified as a high-risk subgroup based on the mutational status of STAG2,
SRSF2 and RUNX1. Results were validated in an external cohort (n = 2494). In summary, this study
validates the prognosis significance of somatic mutations shown in IPSS-M and adds STAG2 as an
important mutated gene to consider in this specific subgroup of patients. The mutational profile in
isolated +8 MDS patients could, therefore, offer new insights for the correct management of patients
with a higher risk of leukemic transformation.
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1. Introduction

Myelodysplastic syndromes (MDSs) are a group of clonal hematological disorders
characterized by clinical heterogeneity and genetic diversity [1,2]. MDSs display peripheral
cytopenias due to ineffective hematopoiesis, morphologic dysplasia in one or more cell
lineages and an increased risk of leukemia transformation. In fact, more than 30% of MDS
patients progress to acute myeloid leukemia (AML). Approximately, 50% of patients show
cytogenetic alterations and more than 90% have at least one genetic lesion at diagnosis [2–5].

In the last decade, the identification of genetic alterations by next-generation sequenc-
ing (NGS) has changed the understanding of MDS pathogenesis [1,6]. In fact, in 2017 the
presence of somatic mutations was incorporated for the first time as a new parameter for a
better diagnosis of morphological subtypes [3]. Moreover, the recently published update
of the diagnosis classification by both the World Health Organization (WHO) and the
International Consensus Classification (ICC), defines the presence of genetic abnormalities
as an important feature to consider in diagnosis of myeloid malignancies [7,8].

Until now, the Revised International Prognostic Scoring System (IPSS-R) was the
most commonly used tool for prognostic assessment of primary untreated MDSs in adults.
Cytogenetic alterations are one of the most important features that have an impact on risk-
stratification [9]. In fact, a cytogenetic IPSS scoring system was implemented to determine
the risk of each karyotypic alteration in order to incorporate this molecular information
into the IPSS-R [10]. In addition, a role for somatic mutations in the outcome of MDS
patients has been described and genetic variants have been incorporated into the recently
published International Molecular Prognostic Scoring System (IPSS-M). The classification
of MDS patients by the IPSS-M shows improved discrimination between risk subgroups by
including information from alterations in 31 recurrently mutated genes in MDSs [11].

One of the most common cytogenetic alterations found in MDSs is trisomy 8 (+8),
which is present in 10% of patients with chromosomal abnormalities [12,13]. Patients with
isolated +8 have an intermediate cytogenetic risk and are also characterized by clinical
heterogeneity: life expectancy is different among patients, varying between several months
and several years after diagnosis. Two subgroups of MDS patients with isolated +8 have
been described, showing differences in overall survival (OS) based on myeloproliferative
features [14]. Some of these patients showed a higher number of mutations. In that way,
some studies have described the presence of mutated genes in MDS displaying +8, such as
ASXL1, EZH2, STAG2, SRSF2 or U2AF1 [14–17]. Furthermore, only one study described a
group of genes worsening the prognosis of MDS patients, but those cases were associated
with myeloproliferative features [14]. Thus, the role of somatic mutations in isolated
+8 MDS is still undefined, as there is no evidence of its impact in the outcome of isolated
+8 in large cohorts of MDS patients without features such as myeloproliferation.

Given the clinical heterogeneity of MDS patients with isolated +8, accurate survival
prediction and risk stratification are critical for the proper management of and treatment
decision-making for these patients. Therefore, the aim of the study herein was to evaluate
the mutational landscape of isolated +8 and to determine whether specific somatic mutations
might help to identify patients with adverse outcomes in this heterogeneous group of MDS.

2. Patients and Methods
2.1. Patients Cohort and Validation Cohort

A total of 2602 patients with de novo MDS, diagnosed between 1997 and 2022, were
analyzed for incidence of trisomy 8. There were 94 patients (3.6%) who showed isolated +8,
while 30 cases (1.1%) showed +8 in combination with additional cytogenetic alterations.
Most of these combinations (80%) were complex karyotypes (CKs) and, consequently, were
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not included in the study. Clinical and biological data are shown in Table 1. Patients
with isolated +8 were compared to IPSS-R-based matched MDS controls without +8 in a
3:1 ratio (282 patients). NGS data were available in a total of 187 patients: 79 out of 94 MDS
patients with isolated +8 and in 108 out of the 282 control patients. The procedures followed
were in accordance with the ethical standards of the Institutional Committee on Human
Experimentation and with the Helsinki Declaration of 1975. The research was approved by
the Local Ethics Committee from the University Hospital of Salamanca, Spain.

Table 1. Clinical and biological features of isolated +8 MDS cohort.

MDS with Isolated +8 (n = 94)

Demographics
Age at diagnosis, years (range) 75 (33–94)
Gender, n (%)

Female 30 (31.9%)
Male 64 (68.1%)

MDS diagnosis and risk stratification
2017 WHO classification, n (%)

MDS-SLD 3 (3.3%)
MDS-MLD 29 (31.5%)
MDS-RS 11 (12%)
MDS-del(5q) 0 (0%)
MDS-EB-1 27 (29.3%)
MDS-EB-2 19 (20.6%)
Hypoplastic MDS 3 (3.3%)

Cytogenetic risk, n (%)
Intermediate 94 (100%)

IPSS-R category, n (%)
Low 24 (32.9%)
Intermediate 1–2 21 (28.8%)
High 21 (28.8%)
Very high 7 (9.6%)

Blood and bone marrow counts at diagnosis
Hemoglobin, g/dL (range) 9.9 (5.4–14.6)
Platelets 95 (2–520)
Neutrophils 1.7 (0.2–11.8)
Bone marrow blasts, % 4 (0–16)
Circulating blasts, % 0 (0–13)
Ring sideroblasts, % 0 (0–72)
NGS data, n (%) 79 (84%)

MDS-SLD: MDS with single lineage dysplasia; MDS-MLD: MDS with multilineage dysplasia; MDS-RS: MDS with
ring sideroblasts; MDS-del(5q): MDS with deletion of 5q; MDS-EB-1: MDS with excess of blasts type 1; MDS-EB-2:
MDS with excess of blasts type 2.

In addition, an external cohort comprising 2494 MDS patients from the International
Working Group for the Prognosis of MDS was also analyzed to validate the results [11].
A total of 94 patients showing isolated +8 were compared to 2311 MDS cases as controls
without +8, while 89 cases were excluded due to the presence of additional cytogenetic
alterations together with +8 (n = 81) or because the status of chromosome 8 could not be
ascertained (n = 8).

2.2. Sample Procedure and DNA Extraction

Bone marrow (BM) and peripheral blood (PB) samples were obtained from patients at
diagnosis. Mononuclear cells were isolated by gradient density using Ficoll.

Genomic DNA was obtained using QIAamp DNA Mini Kit (Qiagen, Hilden, Germany)
following manufacturer’s standard protocol. The concentration of the extracted DNA was
assessed by Qubit 2.0 Fluorometer system (Life Technologies, Carlsbad, CA, USA) and the
integrity was analyzed using a TapeStation 4200 (Agilent Technologies, Santa Clara, CA,
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USA) and a Nanodrop spectrophotometer (ND-1000, NanoDrop Technologies, Wilmington,
DE, USA) by measuring absorbance ratio at 260/230 and 260/280 nm.

2.3. Cytogenetics and FISH

Conventional G-banding analysis (CBA) data were available for all patients, and kary-
otypes were described in accordance with the International System for Human Cytogenetic
Nomenclature [18].

Karyotype information was confirmed in all patients by interphase fluorescence in
situ hybridization (FISH).

2.4. Next-Generation Sequencing

Samples from 187 patients underwent targeted deep sequencing using an update of a
previously validated in-house custom capture-enrichment panel [19] (SureSelect XT HS
Target Enrichment System, Agilent Technologies, Santa Clara, CA, USA) of 92 genes related
to the pathogenesis of myeloid malignancies (Table S1). Sequencing libraries were prepared
according to manufacturer’s instructions and sequenced on Illumina MiSeq or NexSeq
500 sequencers.

The mean coverage of TDS was 665× (range 251–1198) and 99.5% of target regions
were captured at a level higher than 100×.

For true oncogenic somatic variant calling, a severe criterion for variant filtering was
applied. Variants were considered candidate somatic mutations based on the following
criteria: (i) variants with ≥10 mutated reads; (ii) described in COSMIC and/or ClinVar as
being cancer-associated and known hotspot mutations; and (iii) classified as deleterious
and/or probably damaging by PolyPhen-2 and SIFT web-based platforms, as previously
described [19].

2.5. Statistical Analysis

Dichotomous variables were compared between different groups using the χ2 test
and continuous variables by the Student’s t-test, Mann–Whitney and Kruskal–Wallis tests.
Results were considered significant at p < 0.05.

Multivariate Cox regression analysis was applied to compare clinical and molecular
characteristics of patients. Survival and disease progression analyses were performed with
Kaplan–Meier method and groups were compared using two-sided log-rank test. OS was
defined as the period from the date of initial diagnosis to the date of death regardless of
the cause. Data were censored at the last follow-up in (a) patients with loss of follow-up
and (b) patients undergoing hematopoietic stem cell transplantation (HSCT), with date of
HSCT as the last point of time considered. Time to AML progression were considered as
the time from the MDS to the secondary AML diagnoses and censored in patients without
transformation at last follow-up or date of death.

Statistical analyses were performed using SPSS Statistics version 25 (IBM Corporation,
Amonk, NY, USA), Graphpad prism version 5.03 for Windows, (Graphpad software, San
Diego, CA, USA) and R version 4.0.2 with biostatistical packages (https://cran.r-project.
org/ accesed on 25 May 2022).

3. Results
3.1. MDS with Isolated Trisomy 8 Have a Differential Mutational Pattern

A total of 289 oncogenic mutations were identified in 43 genes in isolated +8 MDS
patients. TET2 was the most frequently mutated gene in isolated +8 MDS patients (38%).
Interestingly, STAG2 (34.2%), SRSF2 (29.1%) and RUNX1 (26.6%) were also frequently
mutated in MDS patients displaying isolated +8. Nine genes were mutated in more than
10% of patients, with an additional ten genes carrying mutations in 5 to 10% of patients
(Figure 1a; Table S2). The mean number of mutations per patient was 3.7 (0–10). Seventy-
one (89.8%) patients had at least one mutated gene: nine patients (11.4%) had only one

https://cran.r-project.org/
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mutated gene while nine patients (11.4%) showed two mutated genes, and the remaining
fifty-three cases (67.1%) had three or more mutated genes.
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Figure 1. Mutational pattern of patients with MDS and isolated +8. (a) Mutational profile of patients
with MDS and isolated +8 MDS of most frequently mutated genes (>5%); (b) comparison of top
15 most frequently mutated genes in isolated +8 and the control cohort (non-trisomy 8 MDS); and
(c) mean number of mutations per patient in isolated +8 compared to the non-trisomy 8 MDS group.
* p < 0.05; ** p < 0.01; *** p < 0.001.

To investigate whether the pattern of recurrently mutated genes was different in this
set of patients, mutational profiles were compared between isolated +8 MDS patients
and the 282 IPSS-R-matched MDS patients without +8, defined as the control group. A
differential mutational pattern on isolated +8 patients was found compared to the controls
(Figure 1b). Thus, the incidence of mutations in STAG2, SRSF2, RUNX1, EZH2, ASXL1,
ZRSR2 and IDH2 was higher in the isolated +8 MDS group than in the control cohort
(p < 0.05). By contrast, mutations in SF3B1 and DNMT3A were more frequent in non-
trisomy 8 MDS group (p < 0.001). In addition, the median number of mutations per patient
was higher in isolated +8 patients compared to those MDS patients without +8 (4 vs. 3,
p < 0.001; Figure 1c).

3.2. Mutational Profile Allows the Distinction of a Worse Prognosis High-Risk-Like Subgroup in
MDS with Isolated Trisomy 8

The presence of mutations in STAG2, SRSF2 and RUNX1 in isolated +8 MDS patients
was significantly associated with shorter time to AML (p < 0.05; Figure 2a, Table S3).
Mutations in either STAG2, SRSF2 and/or RUNX1 were, therefore, considered as an entire
group of alterations worsening the prognosis among patients with MDS and isolated
+8 (Table S4). In fact, isolated +8 MDS with mutations in at least one of these three genes,
showed a median time to AML progression and OS similar to high/very high-risk patients
from the control group without +8 stratified by the IPSS-R (AML: 14 vs. 11.4 months; OS:
23.7 vs. 10.1 months, respectively; p > 0.05; Figure 2b,c). By contrast, isolated +8 MDS
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patients without mutations in STAG2, SRSF2 and RUNX1 showed a longer time to AML
progression (comparable to very low/low-risk MDS patients without +8 classified by IPSS-
R) and remained as MDS patients with a low–intermediate IPSS-R risk in terms of OS
(Figure 2b,c).
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Moreover, time to AML progression in isolated +8 patients with mutations in STAG2,
SRSF2 and/or RUNX1 was similar to CK (14 vs. 11.7 months; p > 0.05; Figure S1a) and
tended to have a comparable OS to those patients (Figure S1b). In addition, time to AML
progression in isolated +8 with no mutations in these genes was even longer than in MDS
control patients with good cytogenetic risk (median not reached vs. 29.3 months; p < 0.05;
Figure S1a) and a similar OS was observed between them (46.3 vs. 34.9 months, respectively;
p > 0.05; Figure S1b).

Clinical features of patients with isolated +8 and the presence of mutations in STAG2,
SRSF2 or RUNX1 differed from MDS patients without +8 classified as high/very high risk
by the IPSS-R in levels of hemoglobin and percentage of BM blasts (Table S5). Interestingly,
despite having higher hemoglobin levels and lower counts of blast in BM, no differences
were found in patient’s outcome in terms of both AML progression and OS (Figure 2b,c).
Otherwise, patients with isolated +8 and without mutations in neither STAG2, SRSF2 nor
RUNX1, showed a similar age, hemoglobin level, absolute neutrophils count and outcome
to MDS patients without +8, classified as low risk by the IPSS-R, but a higher percentage of
BM blasts and lower levels of platelets and ring sideroblasts (Figure 2b,c, Table S6).

3.3. Mutational Status of STAG2, SRSF2 and/or RUNX1 Is an Independent Prognostic Factor
Associated with Shorter Time to Progression to AML and Overall Survival in MDS with Isolated
Trisomy 8

In a multivariate Cox regression analysis, clinical parameters included in the IPSS-R
were separately evaluated. In this regard, age (≥75 years), percentage of BM blasts (≥5%),
number of cytopenias (>2) and the mutational status of STAG2, SRSF2 or RUNX1 were
considered. Alterations in these genes were associated with shorter time to AML (p < 0.01;
Table 2). Interestingly, the number of mutations per patient was not associated with time
to AML (p > 0.05; Figure S2a), indicating that mutations in either STAG2, SRSF2 and/or
RUNX1 are enough to predict early disease progression in isolated +8 MDS patients.

Table 2. Multivariate analysis of time to AML progression and OS in isolated +8 MDS patients
including STAG2, SRSF2 and RUNX1 mutations.

AML Progression

Variable Hazard Ratio (Range) p Value

Presence of mutations
(STAG2, SRSF2 and/or RUNX1) 15.46 (2.7–88.7) 0.002 **

Age (≥75 years) 0.28 (0.07–1.1) 0.075
BM blasts (≥5%) 0.75 (0.2–3) 0.685

Number of cytopenias (>2) 1.72 (0.4–7.3) 0.462

OS

Variable Hazard ratio (range) p value
Presence of mutations

(STAG2, SRSF2 and/or RUNX1) 3.1 (1.3–7.7) 0.012 *

Age (≥75 years) 1.6 (0.7–3.6) 0.243
BM blasts (≥5%) 1.3 (0.5–3.6) 0.586

Number of cytopenias (>2) 1.2 (0.4–3.1) 0.743
* p < 0.05; ** p < 0.01.

OS was also evaluated in a similar multivariate analysis considering age (≥75 years),
percentage of BM blasts (≥5%), number of cytopenias (>2) and the mutational status of
STAG2, SRSF2 and RUNX1. Only mutations in these genes remained as independent
predictors of worse outcomes (p = 0.01; Table 2). By contrast, the number of mutations per
patient (>4) was not associated with shorter OS (Figure S2b). Furthermore, multivariate
analyses also revealed that when considering a percentage of BM blasts higher than 10%,
the mutational status of STAG2, SRSF2 and RUNX1 was still an independent prognostic
factor of shorter OS, together with >10% blast counts and age (Figure S2c,d).
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3.4. The Newly Defined Prognostic Mutations Could Refine Prognosis of Patients with Isolated
Trisomy 8 within the IPSS-R and the IPSS-M Systems

Patients with MDS and isolated +8 were classified within both IPSS-R and IPSS-M.
A comparison between our defined mutational prognostic signature and both the IPSS-R
and IPSS-M was assessed to evaluate whether the mutational status of STAG2, SRSF2
and RUNX1 could add value to these prognostic scoring systems in isolated +8 MDS.
Remarkably, 39.5% of patients categorized as low/intermediate risk by the IPSS-R showed a
high-risk mutational profile (this is, mutations in either STAG2, SRSF2 or RUNX1) (Figure 3).
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Otherwise, 15.4% of low/moderate–low-risk patients as categorized by the IPSS-M
were classified as high risk by the mutational profile (Figure 3).

As a result, most of the patients showing mutations in STAG2, SRSF2 and/or RUNX1
were categorized as moderate–high, high or very high risk by the IPSS-M (88.9%) while
only 51.6% were categorized as high or very high by the IPSS-R. Consequently, the risk of
isolated +8 patients with mutations in STAG2, SRSF2 and/or RUNX1 was refined in a total
of 11.1% of patients by the IPSS-M and in 48.4% of cases by the IPSS-R (Figure S3).

3.5. STAG2, SRSF2 and RUNX1 Differentiate a Subgroup of Isolated Trisomy 8 MDS with Worse
Outcome in an Independent Validation Cohort

Finally, to further characterize the mutational landscape associated with isolated +8
in MDS, additional analyses were carried out in an external validation cohort. Thus, a
previously published MDS population comprising 2494 patients from the International
Working Group for the Prognosis of MDS was evaluated [11].

A total of 94 MDS patients presented isolated +8 (3.8%) and clinical characteristics
were similar to those of the discovery cohort (Table S7). In this set of patients, the most
frequently mutated genes were ASXL1 (44.7%), TET2 (39.4%) and STAG2 (36.2%). The
mutational incidence observed in most of the genes were similar to those of our cohort of
MDS with isolated +8 patients (Figure S4). Twenty-three (24.5%) and twenty-one (22.3%)
patients showed mutations in SRSF2 and RUNX1, respectively. In addition, the median
number of mutations per patient was higher in isolated +8 patients compared to MDS
without +8 (four vs. three, respectively; p < 0.0001), as in our discovery cohort.

As in our own cohort, the presence of mutations in STAG2, SRSF2 and/or RUNX1
was able to distinguish a worse prognosis subgroup of patients. In fact, patients with
mutations in these genes showed a similar time to AML and OS to high/very high-risk
IPSS-R MDS patients (2.2 years of AML transformation in the high-risk patients without +8
and 1.6 and 1.2 years of OS, respectively; p > 0.05; Figure S5a,b). Multivariate analysis also
revealed an independent prognostic value for these mutations in isolated +8 MDS (p < 0.05;
Figures S5c and S6).
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4. Discussion

MDS patients are characterized by clinical and genetic heterogeneity that generally
translate into varied outcomes. In fact, some cases with isolated +8 progress quickly to AML
while others remain stable for years. Some studies have analyzed the clinical variability in
patients with MDS and isolated +8, precluding any clear-cut conclusions [20,21]. However,
most of this research was carried out before the implementation of NGS into clinics and
evidence a lack in understanding of the pathogenesis of isolated +8 patients. In view of the
limited evidence on the specific impact of mutational landscape in the isolated +8 MDS
setting, the present study was undertaken to determine whether the mutational profile
might help to stratify patients with isolated +8. The deeply targeted gene sequencing
reported in this work provides an unprecedented overview of the genomic landscape of
MDS in a context of isolated +8 and provides evidence on how genetic lesions play a role
in the differential outcome of MDS patients with isolated +8.

The comparison of mutational landscape between isolated +8 and non-trisomy 8 MDS
showed that patients with isolated +8 displayed a differential mutational profile charac-
terized by a slight increase in the mean number of mutations per patient (Figure 1c). In
addition, mutations in STAG2, RUNX1, EZH2, ZRSR2 and IDH2 were more frequent in
the isolated +8 MDS than in the control group (Figure 1b). Remarkably, the proportion of
patients with isolated +8 MDS and mutations in STAG2 was nearly three times more than in
the control MDS group as previously reported [14]. As expected, the incidence of mutations
in SF3B1 was lower in the isolated +8 cohort compared to the control MDS group due to
these mutations being extensively associated with MDS with ring sideroblasts [22–24] or
normal karyotypes [25], which is concordant to the low incidence of these alterations in
our cohort. By contrast, our results did not show TP53 as frequently mutated in MDS with
isolated +8, which was consistent with the high association of mutations in this gene to
both complex karyotype and 5q deletion previously described in MDS [26–28]. All this data
together could indicate a specific spectrum of genetic lesions associated with isolated +8.

The presence of STAG2, SRSF2 and RUNX1 mutations, alone or in combination,
shortening both the time to leukemia transformation and the OS within MDS patients with
isolated +8. Consequently, the presence of mutations in STAG2, SRSF2 and/or RUNX1
distinguishes between two different prognostic subgroups displaying specific clinical
characteristics and outcomes similar to high-risk (with at least one mutation in these genes)
and low-risk (without any of these genes altered) MDS patients without +8. Despite the
well-known key prognostic significance that percentage of BM blasts plays in MDS, patients
with isolated +8 and mutations in STAG2, SRSF2 and/or RUNX1 showed similar outcomes
to high/very high-risk control patients, even with significant lower levels of blasts in
BM (Table S5). By contrast, higher levels of BM blasts were observed in isolated +8 MDS
without these mutations, when compared to low-risk MDS controls. In addition, the low
frequency of SF3B1 mutations in isolated +8 patients might explain the lower levels of
ring sideroblasts and platelets (of which high levels have been associated with SF3B1
mutants [20]) observed in these patients (Table S6). All these data suggest that not clinical,
but genetic information might have an essential role in the prognosis of patients with
isolated +8.

In fact, it is not the number of mutations but the number of alterations in these genes
that has become an independent prognostic factor within isolated +8 MDS patients with
a low percentage of blasts, as shown in the multivariate analysis in both the discovery
and the validation cohorts (Table 2, Figure S5c). Otherwise, when patients showed a
higher percentage of blasts (>10%), as described, this clinical feature also plays a role in the
prognosis of MDS [21], together with mutational status of STAG2, SRSF2 and/or RUNX1
in the specific context of isolated +8 (Figure S2c).

When IPSS-R was applied to our cohort of MDS with isolated +8, 23.5% of patients
included in the low-risk category and 52.4% of intermediate-risk cases categorized by the
IPSS-R, showed worse outcomes and were described as high-risk isolated +8 patients due to
the presence of mutations in STAG2, SRSF2 and/or RUNX1 (Figure 3a). In addition, 30.4%
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of patients categorized as high and very high risk by the IPSS-R were considered as low
risk by the mutational profile. Therefore, our results suggest that comprehensive genomic
analyses might refine the risk classification in a subset of MDS patients with isolated +8.

Otherwise, these isolated +8 differentiated subgroups were validated by the new
IPSS-M classification, as a high number of patients (88.9%) with mutations in STAG2, SRSF2
and/or RUNX1 were classified as moderate–high, high and very high risk by the IPSS-
M (Figure 3b). Of note, 37.5% of patients with moderate–low risk based on the IPSS-M
showed a high risk based on the status of STAG2, SRSF2 and RUNX1. In this regard, while
SRSF2 and RUNX1 are genes considered as relevant factors increasing the score, STAG2
shows less relevance in the IPSS-M [11]. However, STAG2 is the second most frequent
mutated gene in isolated +8 MDS patients and plays a role in disease progression and
OS [19,29], as has been demonstrated in this work. Therefore, the score associated with each
somatic mutation might vary depending on the subset of MDS patients studied. Specifically,
analysis of mutations in STAG2, SRSF2 and/or RUNX1, in addition to the IPSS-M, could
refine prognostic information of patients presenting isolated +8. In addition, our results
could be of special interest in patients classified as moderate–low risk by the IPSS-M, where
STAG2 mutations might be worsening the prognosis.

It is well known that the heterogeneity of hematological diseases such as MDS makes
the management of patients difficult. Indeed, only high-risk MDS patients are eligible
to receive HSCT or be treated with HMA agents due to the increasing risk of leukemia
transformation [30]. The identification of patients likely to be treated in the earliest stages of
the disease would enable the anticipation of clinical deterioration in patients and increase
the options for stabilizing the disease when the patient’s health is in a good state. In
fact, both a shorter time to initiating HMA treatment and immediate HSCT at the time of
diagnosis maximized OS and complete responses in high-risk MDS patients [31–33], while
delays during the first cycles of therapy adversely affect OS, independently of the IPSS-R
status of the patient [34]. Consequently, identifying a subgroup of isolated +8 MDS with
higher risk could transform the therapeutic approach of these patients.

In summary, the identification of somatic mutations has shown to be useful in dis-
tinguishing different risks within the isolated +8 MDS patients. In fact, the presence of
mutations in three genes (STAG2, SRSF2 and RUNX1) would be enough to define the course
of the disease in terms of OS and AML progression. This study validates the prognosis
value of the IPSS-M in the specific isolated +8 MDS subgroup, adding prognostic value
to STAG2. Overall, these data could lead to new opportunities in the management of a
high-risk subset of patients with isolated +8 MDS.

5. Conclusions

The mutational profile may help to correctly stratify patients with MDS and isolated
+8 when clinical features identify them as intermediate risk. Indeed, mutations in STAG2,
SRSF2 and/or RUNX1 distinguish a high-risk subgroup of patients with isolated +8 in
terms of OS and AML transformation.

In view of these results and given the high heterogeneity of MDS, an independent
mutational evaluation of each distinct biological subgroup may be helpful for a better
understanding of the outcome of the disease.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/cancers15153822/s1, Table S1: Genes included in the in-house
custom capture-enrichment panel used in the study. Table S2: Somatic mutations found in patients
with MDS and isolated trisomy 8 (+8). Table S3: Univariate analyses of mutation status for AML
progression of patients with isolated +8. Table S4: Clinical characteristic of patients with low-risk-like
and high-risk-like MDS and isolated trisomy 8. Table S5: Clinical features of isolated +8 MDS patients
with mutations in STAG2, SRSF2 and/or RUNX1 compared to high-risk IPSS-R and high-risk IPSS-R
MDS controls. Table S6: Clinical characteristic of patients with isolated +8 MDS without mutations
in STAG2, SRSF2 and RUNX1 compared to low-risk IPSS-R control patients. Table S7: Clinical
and biological features of isolated +8 MDS cohorts. Figure S1: (a) Time to AML progression in

https://www.mdpi.com/article/10.3390/cancers15153822/s1
https://www.mdpi.com/article/10.3390/cancers15153822/s1


Cancers 2023, 15, 3822 11 of 13

newly described isolated +8 MDS subgroups compared to non-trisomy 8 MDS patients with normal
and complex karyotypes; (b) overall survival in newly defined risk subgroups in isolated +8 MDS
patients compared to non-trisomy 8 MDS patients with normal and complex karyotypes. Figure S2:
(a) Multivariate analysis of patients with isolated +8 depending on number of mutations per patient
(≥4) in AML progression; (b) multivariate analysis of OS in isolated +8 MDS patients depending on
the number of mutations per patient; (c) multivariate analysis of OS in isolated +8 MDS considering
10% of BM blasts in patients with mutations in STAG2, SRSF2 and/or RUNX1; (d) multivariate
analysis of patients with isolated +8 MDS regarding percentage of BM blasts (>10%) and the number
of mutations per patient (≥4). Figure S3: (a) Percentage of patients with isolated +8 MDS with
and without mutations in STAG2, SRSF2 and/or RUNX1 stratified by the IPSS-R; (b) percentage of
patients with MDS and isolated +8 with and without mutations in STAG2, SRSF2 and/or RUNX1
stratified by the IPSS-M. Figure S4: Mutational pattern of mutated genes in more than 5% of isolated
+8 MDS patients of the International Working Group for the Prognosis of MDS. Figure S5: (a) Time to
AML progression in newly defined prognostic subgroups in isolated +8 compared to the control MDS
without +8 stratified by IPSS-R risk subgroups; (b) OS of isolated +8 MDS patients reclassified in
prognostic groups according to mutational profile within IPSS-R MDS control groups; (c) multivariate
analysis for OS in isolated +8 patients of the validation cohort. Figure S6: (a) Percentage of patients
from the validation cohort stratified within IPSS-R and IPSS-M categories reconsidered as low risk and
high risk based on mutational profile; (b) percentage of patients classified by the IPSS-R and IPSS-M
in patients with isolated +8 MDS depending on mutational status of STAG2, SRSF2 and RUNX1.

Author Contributions: J.M.H.-R. and T.G. conceptualized the study and designed research. S.T.-C.,
S.C. and Á.V.-R. performed the research and analyzed the data. S.T.-C. undertook the methodology.
S.T.-C. and M.d.R. wrote the paper. M.D.-C., M.d.R., T.G. and J.M.H.-R. contributed to the scientific
discussion, data interpretation, and paper revision. S.C., E.S., M.A., F.S., M.D.-B. and T.G. provided
patient samples and clinical data. M.D.-C. and J.M.H.-R. supervised the study and acquired the
funding. All authors have read and agreed to the published version of the manuscript.

Funding: The research leading to these results has mainly received funding from “Gerencia Regional
de Salud de Castilla y León, GRS 2341/A/21”. In addition, the NEMHESYS project (Grant Agreement
612639-EPP-1-2019-1-ES-EPPKA2-KA), co-funded by the Erasmus+ Programme of the European
Union, has trained some of the researchers involved in the work. S.T.C. is a recipient of a predoctoral
fellowship from the “Consejería de Educación de la Junta de Castilla y León, EDU/601/2020” and M.D.R is
supported by a fellowship from the Spanish Society of Hematology (FEHH).

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Local Ethics Committee from the University Hospital of
Salamanca, Spain.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to privacy and ethical restrictions.

Acknowledgments: We are grateful to I. Rodríguez, S. González, S. Santos, C. Miguel, T. Prieto, M.
Á. Ramos, A. Martín, A. Díaz, A. Simón, M. del Pozo, V. Gutiérrez and S. Pujante from Centro de
Investigación del Cáncer, Salamanca, for their technical assistance.

Conflicts of Interest: All authors have no conflict of interest.

References
1. Haferlach, T.; Nagata, Y.; Grossmann, V.; Okuno, Y.; Bacher, U.; Nagae, G.; Schnittger, S.; Sanada, M.; Kon, A.; Alpermann, T.; et al.

Landscape of Genetic Lesions in 944 Patients with Myelodysplastic Syndromes. Leukemia 2014, 28, 241–247. [CrossRef] [PubMed]
2. Papaemmanuil, E.; Gerstung, M.; Malcovati, L.; Tauro, S.; Gundem, G.; Van Loo, P.; Yoon, C.J.; Ellis, P.; Wedge, D.C.; Pellagatti,

A.; et al. Clinical and Biological Implications of Driver Mutations in Myelodysplastic Syndromes. Blood 2013, 122, 3616–3627.
[CrossRef] [PubMed]

3. Arber, D.A.; Orazi, A.; Hasserjian, R.; Thiele, J.; Borowitz, M.J.; Le Beau, M.M.; Bloomfield, C.D.; Cazzola, M.; Vardiman, J.W.
The 2016 Revision to the World Health Organization Classification of Myeloid Neoplasms and Acute Leukemia. Blood 2016, 127,
2391–2405. [CrossRef] [PubMed]

https://doi.org/10.1038/leu.2013.336
https://www.ncbi.nlm.nih.gov/pubmed/24220272
https://doi.org/10.1182/blood-2013-08-518886
https://www.ncbi.nlm.nih.gov/pubmed/24030381
https://doi.org/10.1182/blood-2016-03-643544
https://www.ncbi.nlm.nih.gov/pubmed/27069254


Cancers 2023, 15, 3822 12 of 13

4. Solé, F.; Luño, E.; Sanzo, C.; Espinet, B.; Sanz, G.F.; Cervera, J.; Calasanz, M.J.; Cigudosa, J.C.; Millà, F.; Ribera, J.M.; et al.
Identification of Novel Cytogenetic Markers with Prognostic Significance in a Series of 968 Patients with Primary Myelodysplastic
Syndromes. Haematologica 2005, 90, 1168–1178. [PubMed]

5. Haase, D.; Germing, U.; Schanz, J.; Pfeilstöcker, M.; Nösslinger, T.; Hildebrandt, B.; Kundgen, A.; Lübbert, M.; Kunzmann, R.;
Giagounidis, A.A.N.; et al. New Insights into the Prognostic Impact of the Karyotype in MDS and Correlation with Subtypes:
Evidence from a Core Dataset of 2124 Patients. Blood 2007, 110, 4385–4395. [CrossRef]

6. Cazzola, M.; Della Porta, M.G.; Malcovati, L. The Genetic Basis of Myelodysplasia and Its Clinical Relevance. Blood 2013, 122,
4021–4034. [CrossRef]

7. Khoury, J.D.; Solary, E.; Abla, O.; Akkari, Y.; Alaggio, R.; Apperley, J.F.; Bejar, R.; Berti, E.; Busque, L.; Chan, J.K.C.; et al. The 5th
Edition of the World Health Organization Classification of Haematolymphoid Tumours: Myeloid and Histiocytic/Dendritic
Neoplasms. Leukemia 2022, 36, 1703–1719. [CrossRef]

8. Arber, D.A.; Orazi, A.; Hasserjian, R.P.; Borowitz, M.J.; Calvo, K.R.; Kvasnicka, H.M.; Wang, S.A.; Bagg, A.; Barbui, T.; Branford,
S.; et al. International Consensus Classification of Myeloid Neoplasms and Acute Leukemias: Integrating Morphologic, Clinical,
and Genomic Data. Blood 2022, 140, 1200–1228. [CrossRef]

9. Greenberg, P.L.; Tuechler, H.; Schanz, J.; Sanz, G.; Garcia-Manero, G.; Solé, F.; Bennett, J.M.; Bowen, D.; Fenaux, P.; Dreyfus, F.;
et al. Revised International Prognostic Scoring System for Myelodysplastic Syndromes. Blood 2012, 120, 2454–2465. [CrossRef]

10. Schanz, J.; Tüchler, H.; Solé, F.; Mallo, M.; Luño, E.; Cervera, J.; Granada, I.; Hildebrandt, B.; Slovak, M.L.; Ohyashiki, K.;
et al. New Comprehensive Cytogenetic Scoring System for Primary Myelodysplastic Syndromes (MDS) and Oligoblastic Acute
Myeloid Leukemia after MDS Derived from an International Database Merge. J. Clin. Oncol. 2012, 30, 820–829. [CrossRef]

11. Bernard, E.; Tuechler, H.; Greenberg, P.L.; Hasserjian, R.P.; Arango Ossa, J.E.; Nannya, Y.; Devlin, S.M.; Creignou, M.; Pinel,
P.; Monnier, L.; et al. Molecular International Prognostic Scoring System for Myelodysplastic Syndromes. NEJM Evid. 2022, 1.
[CrossRef]

12. Solé, F.; Espinet, B.; Sanz, G.F.; Cervera, J.; Calasanz, M.J.; Luño, E.; Prieto, F.; Granada, I.; Hernández, J.M.A.; Cigudosa, J.C.;
et al. Incidence, Characterization and Prognostic Significance of Chromosomal Abnormalities in 640 Patients with Primary
Myelodysplastic Syndromes. Br. J. Haematol. 2000, 108, 346–356. [CrossRef]

13. Paulsson, K.; Säll, T.; Fioretos, T.; Mitelman, F.; Johansson, B. The Incidence of Trisomy 8 as a Sole Chromosomal Aberration in
Myeloid Malignancies Varies in Relation to Gender, Age, Prior Iatrogenic Genotoxic Exposure, and Morphology. Cancer Genet.
Cytogenet. 2001, 130, 160–165. [CrossRef]

14. Drevon, L.; Marceau, A.; Maarek, O.; Cuccuini, W.; Clappier, E.; Eclache, V.; Cluzeau, T.; Richez, V.; Berkaoui, I.; Dimicoli-
Salazar, S.; et al. Myelodysplastic Syndrome (MDS) with Isolated Trisomy 8: A Type of MDS Frequently Associated with
Myeloproliferative Features? A Report by the Groupe Francophone Des Myélodysplasies. Br. J. Haematol. 2018, 182, 843–850.
[CrossRef]

15. Kim, S.Y.; Kim, K.; Hwang, B.; Im, K.; Park, S.N.; Kim, J.A.; Hwang, S.M.; Bang, D.; Lee, D.S. The High Frequency of the U2AF1
S34Y Mutation and Its Association with Isolated Trisomy 8 in Myelodysplastic Syndrome in Asians, but Not in Caucasians. Leuk.
Res. 2017, 61, 96–103. [CrossRef]

16. Bersanelli, M.; Travaglino, E.; Meggendorfer, M.; Matteuzzi, T.; Sala, C.; Mosca, E.; Chiereghin, C.; Di Nanni, N.; Gnocchi, M.;
Zampini, M.; et al. Classification and Personalized Prognostic Assessment on the Basis of Clinical and Genomic Features in
Myelodysplastic Syndromes. J. Clin. Oncol. 2021, 39, 1223–1233. [CrossRef]

17. Xu, F.; Wu, L.Y.; He, Q.; Wu, D.; Zhang, Z.; Song, L.X.; Zhao, Y.S.; Su, J.Y.; Zhou, L.Y.; Guo, J.; et al. Exploration of the Role of Gene
Mutations in Myelodysplastic Syndromes through a Sequencing Design Involving a Small Number of Target Genes. Sci. Rep.
2017, 7, srep43113. [CrossRef]

18. International Standard Committee on Human Cytogenetic Nomenclature; McGowan-Jordan, J.; Hastings, R.J.; Moore, S. ISCN
2020: An International System for Human Cytogenomic Nomenclature (2020); Karger: Basel, Switzerland, 2020; ISBN 9783318067040.

19. Martín-Izquierdo, M.; Abáigar, M.; Hernández-Sánchez, J.M.; Tamborero, D.; López-Cadenas, F.; Ramos, F.; Lumbreras, E.;
Madinaveitia-Ochoa, A.; Megido, M.; Labrador, J.; et al. Co-Occurrence of Cohesin Complex and Ras Signaling Mutations
during Progression from Myelodysplastic Syndromes to Secondary Acute Myeloid Leukemia. Haematologica 2021, 106, 2215–2223.
[CrossRef]

20. Petrova-Drus, K.; Hasserjian, R.; Pozdnyakova, O.; Dal Cin, P.; Mathew, S.; Margolskee, E.; Orazi, A.; Geyer, J.T. Clinicopathologic
Evaluation of Cytopenic Patients with Isolated Trisomy 8: A Detailed Comparison between Idiopathic Cytopenia of Unknown
Significance and Low-Grade Myelodysplastic Syndrome. Leuk. Lymphoma 2017, 58, 569–577. [CrossRef]

21. Saumell, S.; Florensa, L.; Luño, E.; Sanzo, C.; Cañizo, C.; Hernández, J.M.; Cervera, J.; Gallart, M.A.; Carbonell, F.; Collado, R.;
et al. Prognostic Value of Trisomy 8 as a Single Anomaly and the Influence of Additional Cytogenetic Aberrations in Primary
Myelodysplastic Syndromes. Br. J. Haematol. 2012, 159, 311–321. [CrossRef]

22. Malcovati, L.; Stevenson, K.; Papaemmanuil, E.; Neuberg, D.; Bejar, R.; Boultwood, J.; Bowen, D.T.; Campbell, P.J.; Ebert, B.L.;
Fenaux, P.; et al. SF3B1-Mutant MDS as a Distinct Disease Subtype: A Proposal from the International Working Group for the
Prognosis of MDS. Blood 2020, 136, 157–170. [CrossRef] [PubMed]

23. Malcovati, L.; Karimi, M.; Papaemmanuil, E.; Ambaglio, I.; Jädersten, M.; Jansson, M.; Elena, C.; Gallì, A.; Walldin, G.; Porta,
M.G.D.; et al. SF3B1 Mutation Identifies a Distinct Subset of Myelodysplastic Syndrome with Ring Sideroblasts. Blood 2015, 126,
233–241. [CrossRef] [PubMed]

https://www.ncbi.nlm.nih.gov/pubmed/16154839
https://doi.org/10.1182/blood-2007-03-082404
https://doi.org/10.1182/blood-2013-09-381665
https://doi.org/10.1038/s41375-022-01613-1
https://doi.org/10.1182/blood.2022015850
https://doi.org/10.1182/blood-2012-03-420489
https://doi.org/10.1200/JCO.2011.35.6394
https://doi.org/10.1056/EVIDoa2200008
https://doi.org/10.1046/j.1365-2141.2000.01868.x
https://doi.org/10.1016/S0165-4608(01)00486-1
https://doi.org/10.1111/bjh.15490
https://doi.org/10.1016/j.leukres.2017.09.001
https://doi.org/10.1200/JCO.20.01659
https://doi.org/10.1038/srep43113
https://doi.org/10.3324/haematol.2020.248807
https://doi.org/10.1080/10428194.2016.1203432
https://doi.org/10.1111/bjh.12035
https://doi.org/10.1182/blood.2020004850
https://www.ncbi.nlm.nih.gov/pubmed/32347921
https://doi.org/10.1182/blood-2015-03-633537
https://www.ncbi.nlm.nih.gov/pubmed/25957392


Cancers 2023, 15, 3822 13 of 13

24. Janusz, K.; Izquierdo, M.M.; Cadenas, F.L.; Ramos, F.; Sánchez, J.M.H.; Lumbreras, E.; Robledo, C.; del Real, J.S.; Caballero, J.C.;
Collado, R.; et al. Clinical, Biological, and Prognostic Implications of SF3B1 Co-Occurrence Mutations in Very Low/Low- and
Intermediate-Risk MDS Patients. Ann. Hematol. 2021, 100, 1995–2004. [CrossRef] [PubMed]

25. Huber, S.; Haferlach, T.; Meggendorfer, M.; Hutter, S.; Hoermann, G.; Baer, C.; Kern, W.; Haferlach, C. SF3B1 Mutated MDS: Blast
Count, Genetic Co-Abnormalities and Their Impact on Classification and Prognosis. Leukemia 2022, 36, 2894–2902. [CrossRef]

26. Jädersten, M.; Saft, L.; Smith, A.; Kulasekararaj, A.; Pomplun, S.; Göhring, G.; Hedlund, A.; Hast, R.; Schlegelberger, B.; Porwit,
A.; et al. TP53 Mutations in Low-Risk Myelodysplastic Syndromes with Del(5q) Predict Disease Progression. J. Clin. Oncol. 2011,
29, 1971–1979. [CrossRef]

27. Haase, D.; Stevenson, K.E.; Neuberg, D.; Maciejewski, J.P.; Nazha, A.; Sekeres, M.A.; Ebert, B.L.; Garcia-Manero, G.; Haferlach, C.;
Haferlach, T.; et al. TP53 Mutation Status Divides Myelodysplastic Syndromes with Complex Karyotypes into Distinct Prognostic
Subgroups. Leukemia 2019, 33, 1747–1758. [CrossRef]

28. Bernard, E.; Nannya, Y.; Hasserjian, R.P.; Devlin, S.M.; Tuechler, H.; Medina-Martinez, J.S.; Yoshizato, T.; Shiozawa, Y.; Saiki, R.;
Malcovati, L.; et al. Implications of TP53 Allelic State for Genome Stability, Clinical Presentation and Outcomes in Myelodysplastic
Syndromes. Nat. Med. 2020, 26, 1549–1556. [CrossRef]

29. Makishima, H.; Yoshizato, T.; Yoshida, K.; Sekeres, M.A.; Radivoyevitch, T.; Suzuki, H.; Przychodzen, B.J.; Nagata, Y.; Meggen-
dorfer, M.; Sanada, M.; et al. Dynamics of Clonal Evolution in Myelodysplastic Syndromes. Nat. Genet. 2017, 49, 204–212.
[CrossRef]

30. Malcovati, L.; Hellström-Lindberg, E.; Bowen, D.; Adès, L.; Cermak, J.; Del Cañizo, C.; Della Porta, M.G.; Fenaux, P.; Gattermann,
N.; Germing, U.; et al. Diagnosis and Treatment of Primary Myelodysplastic Syndromes in Adults: Recommendations from the
European LeukemiaNet. Blood 2013, 122, 2943–2964. [CrossRef]

31. Cutler, C.S.; Lee, S.J.; Greenberg, P.; Deeg, H.J.; Párez, W.S.; Anasetti, C.; Bolwell, B.J.; Cairo, M.S.; Gale, R.P.; Klein, J.P.; et al. A
Decision Analysis of Allogeneic Bone Marrow Transplantation for the Myelodysplastic Syndromes: Delayed Transplantation for
Low-Risk Myelodysplasia Is Associated with Improved Outcome. Blood 2004, 104, 579–585. [CrossRef]

32. Komrokji, R.; Al Ali, N.; Padron, E.; Lancet, J.; Nazha, A.; Steensma, D.; DeZern, A.; Roboz, G.; Garcia-Manero, G.; Sekeres, M.A.;
et al. What Is the Optimal Time to Initiate Hypomethylating Agents (HMAs) in Higher Risk Myelodysplastic Syndromes (MDSs)?
Leuk. Lymphoma 2021, 62, 2762–2767. [CrossRef]

33. Konuma, T.; Miyazaki, Y.; Uchida, N.; Ohashi, K.; Kondo, T.; Nakamae, H.; Takahashi, S.; Mori, T.; Ozawa, Y.; Kato, C.; et al.
Outcomes of Allogeneic Hematopoietic Stem Cell Transplantation in Adult Patients with Myelodysplastic Syndrome Harboring
Trisomy 8. Biol. Blood Marrow Transplant. 2017, 23, 75–80. [CrossRef]

34. Diamantopoulos, P.T.; Symeonidis, A.; Pappa, V.; Kotsianidis, I.; Galanopoulos, A.; Pontikoglou, C.; Anagnostopoulos, A.;
Vassilopoulos, G.; Zikos, P.; Hatzimichael, E.; et al. The Effect of 5-Azacytidine Treatment Delays and Dose Reductions on the
Prognosis of Patients with Myelodysplastic Syndrome: How to Optimize Treatment Results and Outcomes. Br. J. Haematol. 2021,
192, 978–987. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1007/s00277-020-04360-4
https://www.ncbi.nlm.nih.gov/pubmed/33409621
https://doi.org/10.1038/s41375-022-01728-5
https://doi.org/10.1200/JCO.2010.31.8576
https://doi.org/10.1038/s41375-018-0351-2
https://doi.org/10.1038/s41591-020-1008-z
https://doi.org/10.1038/ng.3742
https://doi.org/10.1182/blood-2013-03-492884
https://doi.org/10.1182/blood-2004-01-0338
https://doi.org/10.1080/10428194.2021.1938028
https://doi.org/10.1016/j.bbmt.2016.10.015
https://doi.org/10.1111/bjh.17062

	Introduction 
	Patients and Methods 
	Patients Cohort and Validation Cohort 
	Sample Procedure and DNA Extraction 
	Cytogenetics and FISH 
	Next-Generation Sequencing 
	Statistical Analysis 

	Results 
	MDS with Isolated Trisomy 8 Have a Differential Mutational Pattern 
	Mutational Profile Allows the Distinction of a Worse Prognosis High-Risk-Like Subgroup in MDS with Isolated Trisomy 8 
	Mutational Status of STAG2, SRSF2 and/or RUNX1 Is an Independent Prognostic Factor Associated with Shorter Time to Progression to AML and Overall Survival in MDS with Isolated Trisomy 8 
	The Newly Defined Prognostic Mutations Could Refine Prognosis of Patients with Isolated Trisomy 8 within the IPSS-R and the IPSS-M Systems 
	STAG2, SRSF2 and RUNX1 Differentiate a Subgroup of Isolated Trisomy 8 MDS with Worse Outcome in an Independent Validation Cohort 

	Discussion 
	Conclusions 
	References

