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Comparison of clinical outcomes and prognostic utility of risk
stratification tools in patients with therapy-related vs de novo
myelodysplastic syndromes: a report on behalf of the MDS
Clinical Research Consortium
AM Zeidan1, N Al Ali2, J Barnard3, E Padron2, JE Lancet2, MA Sekeres3, DP Steensma4, A DeZern5, G Roboz6, E Jabbour7,
G Garcia-Manero7, A List2 and R Komrokji2

While therapy-related (t)-myelodysplastic syndromes (MDS) have worse outcomes than de novo MDS (d-MDS), some t-MDS patients
have an indolent course. Most MDS prognostic models excluded t-MDS patients during development. The performances of the
International Prognostic Scoring System (IPSS), revised IPSS (IPSS-R), MD Anderson Global Prognostic System (MPSS), WHO
Prognostic Scoring System (WPSS) and t-MDS Prognostic System (TPSS) were compared among patients with t-MDS. Akaike
information criteria (AIC) assessed the relative goodness of fit of the models. We identified 370 t-MDS patients (19%) among 1950
MDS patients. Prior therapy included chemotherapy alone (48%), chemoradiation (31%), and radiation alone in 21%. Median
survival for t-MDS patients was significantly shorter than for d-MDS (19 vs 46 months, Po0.005). All models discriminated survival
in t-MDS (Po0.005 for each model). Patients with t-MDS had a significantly higher hazard of death relative to d-MDS in every risk
model, and had inferior survival compared to patients with d-MDS within all risk group categories. AIC Scores (lower is better) were
2316 (MPSS), 2343 (TPSS), 2343 (IPSS-R), 2361 (WPSS) and 2364 (IPSS). In conclusion, subsets of t-MDS patients with varying clinical
outcomes can be identified using conventional risk stratification models. The MPSS, TPSS and IPSS-R provide the best
predictive power.
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INTRODUCTION
Myelodysplastic syndromes (MDS) include a number of biologi-
cally and clinically heterogeneous clonal hematologic entities
that are collectively characterized by varying degrees of bone
marrow failure, dysplastic maturation of myeloid elements, and
a tendency for progression into more aggressive phenotypes,
that is, acute myeloid leukemia (AML).1 Therapy-related (t)-MDS
represent a subset of all MDS diagnoses that are descriptively
defined when the diagnosis of MDS is made subsequent to DNA-
damaging chemotherapy or radiotherapy administered for a
prior non-myeloid malignancy or medical condition.2,3 Although
it is difficult to accurately ascertain the prevalence of t-MDS,
different reports estimate that 6–20% of all MDS cases meet
these criteria.4 Secondary MDS is another classification of
myeloid neoplasms that is at times used interchangeably with
t-MDS; however, this is not correct as the term secondary MDS is
a broader, more inclusive diagnosis that refers to cases of MDS
for which the cause is known including cases that evolve from
antecedent hematologic disorders, genetic diseases, and envir-
onmental/occupational exposures (for example, benzene or
radiation) in addition to cases with a history of exposure to prior

iatrogenic or occupational chemotherapy or radiotherapy.5 As
the number of cancer survivors increases with time, more
patients will be diagnosed with t-MDS.5–7

Patients with MDS have been well recognized to exhibit wide
variability in their clinical course and disease aggressiveness. As
such, accurate risk stratification has a paramount role in directing
appropriate recommendation of risk-adaptive therapies.8,9 Among
the commonly used prognostic tools for de novo (d)-MDS in
clinical practice are the International Prognostic Scoring System
(IPSS) reported in 1997 and its revised version (IPSS-R), which was
published 25 years later.10,11 Other risk stratification tools used in
the clinic include the World Health Organization (WHO)-based
Prognostic Scoring System (WPSS) and the MD Anderson Global
Prognostic Scoring System (MPSS).12,13 These tools use standard
clinicopathologic and laboratory parameters such as bone marrow
blast percentage, number and severity of blood cytopenias,
cytogenetic aberrations and/or transfusion dependence to pro-
vide prognostic information to be used in the process of clinical
decision-making.14 Patients with higher-risk MDS are generally
recommended to undergo aggressive interventions such allo-
geneic hematopoietic stem cell transplantation (alloHSCT) if
possible or/and therapy with hypomethylating agents (HMAs)
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or, rarely, intensive chemotherapy.15 Patients with lower-risk
(LR)-MDS are treated generally with supportive measures focused
at improving quality of life.
Historically t-MDS were associated with a poor prognosis due to

the high prevalence of adverse prognostic factors, such as poor
risk karyotypes and higher BM blast percentages.2,16 One study
found that morphologic subclassification and percentage of bone
marrow blasts may not be even clinically relevant among patients
with t-MDS as such patients experience a uniformly poor
outcome.16 There has been a tendency to treat patients with
t-MDS as a group with more aggressive interventions when
feasible in an attempt to alter the natural history of the disease
and prolong survival. However, it has become increasingly
apparent that patients with t-MDS exhibit significant heterogene-
ity in clinical outcomes with a subset of patients having a more
indolent disease course and who might not necessarily benefit
from aggressive therapeutic interventions.17

Although the previously mentioned prognostic tools may be
commonly used in the clinic for risk stratification of patients with
t-MDS, the IPSS, IPSS-R and the WPSS were actually developed
from databases that excluded patients with t-MDS, whereas the
MPSS data set included a small proportion of patients with
t-MDS.10–13 Therefore, the prognostic utility of these tools remains
uncertain in this setting. The MD Anderson group recently
reported a risk stratification developed specifically for patients
with t-MDS, the t-MDS Prognostic Scoring System (TPSS).17

However, the TPSS has only been validated externally in a small
single-institution European analysis among azacitidine-treated
patients, and its prognostic utility has not been directly compared
to the other risk stratification tools.18 To better identify variation in
the natural history of t-MDS, we compared the clinical outcomes
and assessed the performance of several risk models in patients
with t-MDS and d-MDS in one of the largest cohorts reported
to date.

MATERIALS AND METHODS
Study population and procedures
We identified patients diagnosed with t-MDS and those with d-MDS in the
Moffitt Cancer Center MDS Clinical database. This study was performed
under the umbrella of the MDS Clinical Research Consortium. We defined
patients with t-MDS as any patient with a pathologically confirmed
diagnosis of MDS who had a prior history of exposure to chemotherapy
and/or radiotherapy for a malignancy or a medical condition regardless of
latency period. The risk stratification models including the IPSS, IPSS-R,
MPSS, WPSS and the TPSS were calculated as previously reported at the
time of presentation.10–13,17 The study protocol was reviewed and
approved by the Moffitt Institutional Review Board.

Statistical considerations
Baseline characteristics were summarized for both groups (t-MDS and
d-MDS) using the means, medians and proportions, and were compared
using analysis of variance (ANOVA), Kruskal–Wallis test, and Pearson’s
χ2-test as appropriate. Responses were evaluated using the International
Working Group 2006 criteria (IWG-2006).19 Overall survival (OS) was
calculated from time of diagnosis. Kaplan–Meier estimates were used to
depict OS curves and estimate median OS. Log-rank tests were used to
assess survival differences across groups. Cox proportional hazards models
were used to estimate adjusted hazard ratios of t-MDS relative to d-MDS
while likelihood ratio tests from these models were used to assess
interaction effects of MDS type with risk model. Akaike information criteria
(AIC) were used to assess the relative goodness fit of the various Cox
models where the lower the AIC, the better the fit. Two sided P-values
o0.05 defined significance.

RESULTS
Study cohort
We identified 370 patients diagnosed with t-MDS (19%) and 1576
patients diagnosed with d-MDS (81%). Table 1 summarizes the
baseline characteristics and demographics of patients in both of
these groups. More than three quarters of patients were 60 years
old at diagnosis or older (76% vs 81% for t-MDS vs d-MDS,
respectively). More than half of the patients had previously been
treated for a solid tumor. Prior therapy included chemotherapy
alone (48%), chemoradiation (31%) and radiation alone in 21%.
More patients with t-MDS had refractory anemia with excess blasts
1 (RAEB-1) and 2 (RAEB-2) than did patients with d-MDS (43% vs

Table 1. Demographics and baseline characteristics of the study
cohort as stratified by the type of MDS (t-MDS vs d-MDS)

Therapy-related
MDS (n = 370)

De novo MDS
(n = 1576)

P-value

Age460 years 281 (76%) 1283 (81%) 0.02

Gender: female 166 (45%) 515 (33%) o0.005

WHO subtype
RA/RARS/RCMD 180 (48%) 778 (49%) o0.005
RAEB-1/RAEB-2 157 (43%) 572 (36%)
other 33 (9%) 226 (15%)

Karyotype
Poor risk 177 (49%) 272 (18%) o0.005
Complex (43
abnormalities)

101 (28%) 162 (11%)

Del 5/− 5 106 (30%) 214 (14%)
Del 7/− 7 106 (30%) 142 (9%)

Circulating myeloblasts 61 (17%) 199 (13%) 0.05

IPSS
Low 52 (14%) 449 (30%) o0.005
Int-1 134 (37%) 659 (43%)
Int-2 132 (37%) 322 (21%)
High 42 (12%) 112 (7%)

IPSS-R
Very low 30 (9%) 215 (14%) o0.005
Low 87 (25%) 509 (34%)
Intermediate 71 (20%) 337 (22%)
High 71 (20%) 236 (16%)
Very high 94 (26%) 217 (14%)

MPSS
Low 41 (11%) 329 (21%) o0.005
Int-1 103 (29%) 611 (40%)
Int-2 89 (25%) 318 (21%)
High 127 (35%) 278 (18%)

TPSS
Low 92 (25%) NA
Intermediate 200 (55%)
High 75 (20%)

WPSS
Very low 9 (3%) 112 (8%) o0.005
Low 40 (12%) 307 (22%)
Intermediate 57 (17%) 303 (22%)
High 140 (42%) 460 (33%)
Very high 84 (25%) 193 (14%)

Abbreviations: d-MDS, de novo MDS; IPSS, International Prognostic Scoring
System; IPSS-R, revised IPSS; MDS, myelodysplastic syndromes; MPSS, MD
Anderson Global Prognostic System; t-MDS, therapy-related MDS; TPSS,
t-MDS Prognostic System; WPSS, WHO Prognostic Scoring System.
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36%, respectively, o0.005). In addition, there was a significantly
higher prevalence of adverse prognostic factors among patients
with t-MDS than d-MDS (poor risk karyotypes including complex
cytogenetics and chromosome 7 abnormalities, and circulating
blasts, Table 1). As a result, more patients with t-MDS had higher-
risk categories when applying the different prognostic tools than
those with d-MDS (Table 1). Nonetheless, a significant subset of
patients with t-MDS had LR-MDS by the IPSS (low (14%),
intermediate-1 (37%)), the IPSS very low (9%), low (25%)) and
the MPSS (low (11%), intermediate-1 (29%)).

Treatment patterns and clinical outcomes
The median OS for patients with t-MDS cases was significantly
shorter than those with d-MDS (19 vs 46 months, respectively,
Po0.005). The rates of documented progression to AML
transformation, though, were not significantly different between
t-MDS and d-MDS (30% vs 28%, respectively). Among patients
with t-MDS, there was no significant statistical difference in OS
based on prior therapy received in unadjusted analysis (median
OS for prior chemotherapy alone, 18.5 months (95% confidence
interval (CI), 13.7–23.3 months); for prior radiotherapy alone,
27.6 months (95% CI, 19.9–35.3 months); and for prior combined
chemo-radiotherapy 17.0 months (95%CI, 14.5–19.5 months;
P= 0.27, Figure 1). There was also no difference in OS based on
type of the prior malignancy (Supplementary Information). When
we analyzed the effect of inclusion of alkylating agents in the
regimens, we found no overall effect on survival though there
was a trend of inferior survival in the first year in landmark
analyses that disappeared in subsequent years (Supplementary
Information).
Similarly, the rates of use of HMA were not different between

t-MDS and d-MDS (63 vs 60%, respectively). Among patients who
received HMAs, patients with t-MDS received a significantly lower
number of cycles (median, 5 vs 6 cycles, Po0.001) compared to
patients with d-MDS (Supplementary Information). Of t-MDS
patients treated with HMAs, 34% responded according to

IWG-2006 criteria with no difference in the complete remission
(CR) from patients with d-MDS who receive HMAs.
Although a higher proportion of patients with t-MDS underwent

alloHSCT compared to those with d-MDS (21.5% vs 12.2%,
Po0.001), there were no significant differences in survival at
6 months, 1 year and 2 years from time of transplantation
(Supplementary Information). However, there was a statistically
insignificant trend for inferior 2-year survival probability for
patients with t-MDS compared to d-MDS (38.6% vs 47.3%).

Prognostic utility of the risk stratification tools for survival
prediction
All prognostic models discriminated OS based on risk group
among t-MDS patients (Table 2, Figures 2a–c and 3a and b) with
log-rank P-values o0.001 for every risk model. Patients with
t-MDS had a significantly higher hazard of death relative to d-MDS
in every risk model (Table 3) and had inferior OS compared to
patients with d-MDS within all risk group categories (Table 2). No
significant evidence was found that the hazard ratio for t-MDS vs
d-MDS varied with risk category for any risk model (Table 3). The
scores generated using AIC to assess the relative goodness of fit
(lower is better) on the subset of patients for which there were
observed risk categories across all models (n= 323) were 2316
(MDSS), 2343 (TPSS), 2343 (IPSS-R), 2361 (WPSS) and 2364 (IPSS).
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Figure 1. Comparison of overall survival among patients with t-MDS
(n= 370) based on prior therapy received (chemotherapy, radio-
therapy, combined chemotherapy/radiotherapy).

Table 2. Median OS of therapy-related (t)-MDS compared to de novo
(d)-MDS according to the risk group categories in each of the MDS risk
stratification tools

Risk model Median OS (months)

t-MDS (n = 370) d-MDS (n = 1576)

IPSS
Low 58 90
Int-1 28 51
Int-2 15 20
High risk 14 16

IPSS-R
Very low 58 104
Low 41 74
Intermediate 24 40
High 16 25
Very high 12 15

MPSS
Low 97 125
Int-1 34 60
Int-2 17 27
High 12 16

WPSS
Very low NA NA
Low 36 84
Intermediate 36 54
High 17 30
Very high 13 15

TPSS
Low 46 NA
Intermediate 22 NA
High risk 11 NA

Abbreviations: d-MDS, de novo MDS; IPSS, International Prognostic Scoring
System; IPSS-R, revised IPSS; MDS, myelodysplastic syndromes; MPSS, MD
Anderson Global Prognostic System; NA, not applicable; OS, ovaerall
survival; t-MDS, therapy-related MDS; TPSS, t-MDS Prognostic System;
WPSS, WHO Prognostic Scoring System.
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DISCUSSION AND CONCLUSIONS
Formally, t-MDS is recognized within the WHO-defined spectrum
of therapy-related myeloid neoplasms (t-MN), which are diag-
nosed following exposure to DNA damaging agents in patients
with a prior non-myeloid malignancy.2,3,16 In this study, we have
specifically evaluated t-MDS rather than the broader category of
t-MN to appropriately apply MDS risk stratification tools.17 We
report one of the largest series of patients with t-MDS (n= 370)
and compare their outcomes to patients with d-MDS (n= 1576).
We confirm that, as a group, patients with t-MDS have significantly
inferior survival than d-MDS (median, 19 vs 46 months, respec-
tively, Po0.005). We also confirm that patients with t-MDS have a
higher prevalence of adverse prognostic factors such as poor risk
cytogenetics and higher blast percentages.
For every risk category in the different stratification tools,

patients with t-MDS had comparatively worse survival than d-MDS
(although not reaching statistical significance for IPSS-R very low
and MPSS low risk groups). This finding suggests that factors
beyond the standard parameters captured by the traditional
prognostic tools might be involved in the inferior outcomes of
t-MDS (for example, higher prevalence of adverse genetic

mutations such as TP53). The lack of difference in rates of
progression to AML between t-MDS (30%) and d-MDS (28%)
suggests that shorter survival among the t-MDS patients could be
related to worse cytopenias, more comorbidities, prior malignan-
cies, or higher toxicity with MDS therapies
It is possible that patients who are diagnosed with t-MDS soon

after finishing chemotherapy or radiotherapy for the original
malignancy could be dying from reasons related to their original
malignancy rather than complications of t-MDS. As we did not
have causes of death for individual patients available in our data
set, we conducted a multivariable Cox proportional hazards
analysis for effect on survival based on time of diagnosis of t-MDS
from completing prior cancer-directed therapy and found that a
diagnosis of t-MDS within 2 years of completing therapy (whether
chemotherapy, radiation or chemoradiation) was not associated
with worse survival compared to those who developed t-MDS
more than 2 years from finishing prior therapy (Supplementary
Information).
Our findings also suggest that worse transplant-related

mortality (TRM) and inferior survival after alloHSCT for patients
with t-MDS compared to those with d-MDS do not account for the
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Figure 2. Estimates of overall survival among patients with t-MDS (n= 370) by the risk group categories of the (a) IPSS-R, (b) IPSS, and
(c) WPSS.
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worse survival of patients with t-MDS as a group compared to
those with d-MDS (Supplementary Information).
The rates of HMAs use were similar but median number of

cycles was lower for t-MDS patients compared to d-MDS. It is
unclear whether this was due to higher rates of intolerance or
resistance among patients with t-MDS. We confirmed activity of
HMAs as a treatment option for patients with t-MDS with a
response rate (34%) that is similar to what was previously reported
(38–43%)20–22 and without difference in CR rates from d-MDS.

The highly variable clinical course has long been recognized in
MDS. As such, risk stratification tools have played a central role in
the management paradigms. Importantly, the risk stratification
models were developed from databases that excluded (IPSS, IPSS-
R, and WPSS) or had a small proportion of patients with t-MDS
(MPSS).10,11,13 Furthermore, these tools have not been formally
validated in large cohorts of t-MDS patients and therefore the
prognostic utility of these risk systems has not been definitely
established in the setting of t-MDS.
Due to their worse outcomes, the conventional wisdom has

been that all patients with t-MDS should be offered treatments
similar to what is offered to higher-risk MDS, including aggressive
therapeutic interventions such as alloHSCT. However, it has
become been well established that subsets of patients with
t-MDS have a more indolent clinical course than expected.17 In our
report, we show that patients with t-MDS who belonged to the
lowest risk group categories in the different risk stratification tools
had reasonably favorable OS (median OS in months: IPSS low 58,
IPSS-R very low 58, IPSS-R low 41, MPSS low 97, WPSS low 36 and
TPSS low 46) in comparison to the overall median OS for patients
with t-MDS (19 months). In fact, the survival estimates for patients
with IPSS very low and MPSS low risk groups were not even
significantly different for patients with t-MDS than those with
d-MDS.
These findings provide further evidence for the significant

variation in the natural history of t-MDS and that some patients
with t-MDS have less aggressive disease phenotypes and there-
fore serve as rationale for incorporating risk stratification in the
counseling and individualizing the clinical decision-making
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Figure 3. Estimates of overall survival among patients with t-MDS (n= 370) by the risk group categories of the (a) MPSS and (b) TPSS.

Table 3. Results from Cox proportional hazards models of OS
comparing t-MDS to d-MDS adjusting for risk model (covariate
model=MDS type+risk category)

Risk
model

OS hazard ratio of t-MDS
vs d-MDS (95% CI for HR)

P-value
for HR= 1

P-value for interaction of
MDS type and risk model

IPSS 1.57 (1.37, 1.81) o0.0001 0.48
IPSS-R 1.69 (1.47, 1.94) o0.0001 0.72
MPSS 1.53 (1.33, 1.76) o0.0001 0.67
WPSS 1.52 (1.32, 1.76) o0.0001 0.35

Abbreviations: d-MDS, de novo MDS; CI, confidence interval; HR, hazard
ratio; IPSS, International Prognostic Scoring System; IPSS-R, revised IPSS;
MDS, myelodysplastic syndromes; t-MDS, therapy-related MDS; WPSS,
WHO Prognostic Scoring System. Last column gives P-value comparing
additive model (MDS type+risk category) to interactive model (MDS
type× risk category).
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process. Here we also validated the prognostic utility of the IPSS,
IPSS-R and MPSS in this setting and allowed us to compare the
performance of several risk models in t-MDS. Each of the IPSS,
IPSS-R, and MPSS retains prognostic utility in patients with t-MDS
with significantly different median OS between the risk groups of
each risk tool. We confirm the very poor survival of patients with
the highest risk categories (IPSS intermediate-2 and high, IPSS-R
high and very high, MPSS intermediate-2 and high, and WPSS high
and very high) in t-MDS supporting use of aggressive therapeutic
interventions for these patients.
Furthermore, our results provide t-MDS-specific benchmarks for

survival estimation across the risk categories for each prognostic
tool that can be used for counseling, risk-adaptive decisions, and
clinical trial design for patients with t-MDS. We also externally
validated the prognostic utility of the recently described t-MDS-
specific TPSS.17 However, the AIC scores suggest that the TPSS
does not offer significant prognostic precision beyond that
provided by the commonly used IPSS-R and MPSS. In fact, the
MPSS provided better, and the IPSS-R provided similar, predictive
power compared to the TPSS. All these systems had better
predictive power among t-MDS than the WPSS and the IPSS.
Like any retrospective analysis, this study has several limitations.

Our results come from a single center and a very small proportion
(2%) of t-MDS patients had a prior myeloid malignancy. It is
important to note that t-MDS is a descriptive designation and
does not necessarily imply causation in relation to prior therapy.3

Recent data suggest that the behavior of MDS might differ based
on the exposure with more aggressive phenotypes following
combined chemoradiation.7 It is even in doubt whether modern
radiation therapy with limited fields in the absence of chemother-
apy increases the risk of subsequent development of MDS in some
malignancies (for example, localized breast and prostate cancers)
and therefore the biology and behavior of MDS that occur in this
setting might be closer to d-MDS than t-MDS under which it is
currently classified.7,23–25 Although examination of radiation
intensity effect on outcomes is important, we were unable to
conduction this analysis due to lack of availability of the data
regarding the different variables of radiation intensity such as
dose, field, technique, use of shielding and so on.
In our cohort, we found no difference in OS among t-MDS

patients based on type of prior malignancy or modality of prior
therapy. However, this analysis was unadjusted and larger number
of patients to ensure adequate power for adjusted analyses. It
would also be of interest to compare the natural history and the
prognostic utility of risk tools among the three subgroups of
t-MDS based on prior therapeutic exposure. In addition, the
patients in this cohort were treated with different treatment
modalities and we did not account for the differential effects of
treatments on the survival predictions and risk tool comparisons.
We did not evaluate whether the use of azacitidine versus
decitabine leads to differential clinical benefit in patients with
t-MDS (or even in all patients of MDS),26–29 and this would be an
important question to address in future studies for medical and
economic reasons.
Finally, the importance of molecular mutations in driving the

pathogenesis and informing the prognostication of MDS has been
well established.24,30,31 For example, recent data suggest that the
presence of TP53mutations independently predict for significantly
inferior OS of patients regardless of the karyotypes.30–32 We did
not have molecular data in the current cohort to inform the
evaluation of the survival predictions or the risk tool comparisons.
Also, recent data suggested that patients with clonal hematopoi-
esis of indeterminate potential (CHIP) at time of their first cancer
diagnosis are at higher risk for subsequent development of
t-MN.33 However, how do the presence of of pre-existing CHIP and
specific therapy administered for the primary malignancy interact
in the subsequent development and clinical behavior of t-MN is
not yet understood. Future investigations adding genomic data

at the time of primary malignancy and/or time of t-MN diagn-
osis may improve the prognostic utility of t-MDS risk
stratification tools.
In conclusion, understanding the differences in biology

between t-MDS and d-MDS is vital to differentiate ‘true’ t-MDS
from d-MDS that is incidentally diagnosed after prior radiation
and/or chemotherapy. This in turn will help improve the risk
stratification tools by incorporating some of the independently
prognostic biomarkers to optimize the risk stratification tools
precision and accuracy. Importantly, it could also uncover targets
for therapeutics that might improve the poor outcomes of
patients with t-MDS and potentially open the door for preventive
strategies to reduce the risk of occurrence of t-MDS following
therapeutic intervention for the primary malignancy.
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