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ABSTRACT

PURPOSE Allogeneic hematopoietic stem-cell transplantation (HSCT) is the only po-
tentially curative treatment for patients with myelodysplastic syndromes
(MDS). Several issuesmust be consideredwhen evaluating the benefits and risks
of HSCT for patients with MDS, with the timing of transplantation being a
crucial question. Here, we aimed to develop and validate a decision support
system to define the optimal timing of HSCT for patients with MDS on the basis
of clinical and genomic information as provided by the Molecular International
Prognostic Scoring System (IPSS-M).

PATIENTS AND
METHODS

We studied a retrospective population of 7,118 patients, stratified into training
and validation cohorts. A decision strategy was built to estimate the average
survival over an 8-year time horizon (restrictedmean survival time [RMST]) for
each combination of clinical and genomic covariates and to determine the
optimal transplantation policy by comparing different strategies.

RESULTS Under an IPSS-M based policy, patients with either low and moderate-low risk
benefited from a delayed transplantation policy, whereas in those belonging to
moderately high-, high- and very high-risk categories, immediate trans-
plantation was associated with a prolonged life expectancy (RMST). Modeling
decision analysis on IPSS-M versus conventional Revised IPSS (IPSS-R)
changed the transplantation policy in a significant proportion of patients (15%
of patient candidate to be immediately transplanted under an IPSS-R–based
policy would benefit from a delayed strategy by IPSS-M, whereas 19% of
candidates to delayed transplantation by IPSS-R would benefit from immediate
HSCT by IPSS-M), resulting in a significant gain-in-life expectancy under an
IPSS-M–based policy (P 5 .001).

CONCLUSION These results provide evidence for the clinical relevance of including genomic
features into the transplantation decision making process, allowing person-
alizing the hazards and effectiveness of HSCT in patients with MDS.

INTRODUCTION

Despite recent therapeutic progress, the only potentially cu-
rative treatment for patients with myelodysplastic syndromes
(MDS) is allogeneic hematopoietic stem-cell transplantation

(HSCT), which is considered as a therapeutic option until age
70-75 years in eligible patients.1 Its efficacy, however, is
considerably limited by a non-negligible morbidity and
mortality associated with the procedure, and therefore, an
accurate patient selection is needed.1 Several issues must be
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would change by introducing molecular information in the
decision process.

PATIENTS AND METHODS

Study Populations and Procedures

The study was conducted by GenoMed4All17 and Synthema18

consortiums, with the support of EuroBloodNET19 and In-
ternational Consortium on MDS. The Humanitas Ethics
Committee approved the study (ClinicalTrials.gov Identifier:
NCT04889729). Informed consent was obtained from each
participant.

Inclusion criteria were age ≥18 years, a diagnosis of primary
MDS by WHO 201620 criteria, and available information on
IPSS-M–related variables13 collected at diagnosis for pa-
tients who did not undergo HSCT, before HSCT for patients
whowere transplanted up front, and before starting disease-
modifying treatments for patients who underwent pre-
HSCT cytoreduction.

Karyotypes were classified using International System for
Cytogenetic Nomenclature Criteria. Mutation screening of
MDS-related genes was performed on DNA from bone
marrow mononuclear cells or blood granulocytes (Data
Supplement, File S1 [online only]).

Patients were reclassified according to WHO 2022 and In-
ternational Consensus Classification of Myeloid Neoplasms
criteria.21,22 IPSS-M score was calculated according to the
original publication.13

Statistical Analysis

Numerical variables were summarized bymedian and range;
categorical variables were described with count and relative

CONTEXT

Key Objective
Are gene mutations relevant to improve the transplantation decision making process in patients with myelodysplastic
syndromes (MDS) with respect to the definition of the optimal timing of the procedure?

Knowledge Generated
In patients eligible for allogeneic hematopoietic stem-cell transplantation (HSCT), the Molecular International Prognostic
Scoring System (IPSS-M, including both clinical and genomic features) improves the capability to define the optimal timing of
the procedure compared with the currently available scores, thus allowing more effective personalized treatment strategies.

Relevance (C.F. Craddock)
The IPSS-M provides important new information to guide both the role and optimal timing of allogeneic HSCT in the
management of adults with MDS.*

*Relevance section written by JCO Associate Editor Charles F. Craddock, MD.

taken into account when considering HSCT and evaluating its 
benefits in individual patients with MDS, with the optimal 
timing of the procedure being a crucial question.2

Clinical decisions in MDS are currently based on the Revised 
International Prognostic Scoring System (IPSS-R), which 
includes clinical features and cytogenetic abnormalities.3 

There is clinical consensus to immediately perform HSCT in 
patients with higher-risk disease.4-6 Conversely, as patients 
with lower-risk disease may experience long periods with 
stable disease after diagnosis, the morbidity and mortality 
related to HSCT would be unacceptably high for many of them. 
On the other hand, a number of studies have shown that 
advanced disease stage at transplantation is associated with 
inferior survival.1,6 One of the major challenges in applying 
these evidences to make practical decisions is the large het-
erogeneity of the disease clinical course, especially in those 
patients diagnosed with lower-risk disease.3,7 This hetero-
geneity is not efficiently captured by IPSS-R in all cases.7

In MDS, increasing efforts are ongoing to include somatic 
mutations that were shown to be valuable prognostic/
predictive markers to improve clinical decision making.8-12 

Recently, a clinical-molecular prognostic model (Molecular 
IPSS, IPSS-M) was proposed, on the basis of hematologic 
parameters, cytogenetic abnormalities, and mutations of 
31 MDS-related genes.13 IPSS-M improves prognostic dis-
crimination compared with IPSS-R and better predicts post-
transplantation outcomes.14,15

In this study, we aimed to develop and validate a decision 
support system (DSS) to define the optimal timing of HSCT 
in patients with MDS on the basis of clinical and genomic 
information as provided by IPSS-M.16 Moreover, we aimed to 
compare the outcome of transplantation policies on the basis 
of IPSS-M versus original IPSS-R and to measure the pro-
portion of patients in which the optimal timing for HSCT
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Microsimulation was conducted over an 8-year time hori-
zon. Results were used to estimate the average survival time
for each combination of covariates, known as restricted
mean survival time (RMST). In our context, RMST represents
the expected time a patient spends in the model before
reaching the death state and the RMST estimates were
compared among different transplantation policies.26 Fi-
nally, the optimal transplantation policy conditioned on the
covariates of interest was defined as the 95% CI for the
timing that maximized the average survival time. CIs were
obtained incorporating probability sensitivity analysis
within the microsimulation. In the probability sensitivity
analysis, the parameters regulating the transition hazards
were generated from a multivariate normal distribution, in
accordance with the Maximum Likelihood Estimator the-
ory. The results of the decision model were operationalized
from a clinical perspective into two strategies: immediate
HSCT if the lower bound of the optimumHSCT (95%CI) was
below 12 months and delayed HSCT otherwise.

Average survival time was also estimated accounting for
quality of life (QoL), using quality-adjusted life years (QALY).
QoL adjustments were made by incorporating utilities into
the estimation of life expectancy.5,27 Utilities are numerical
representations of the perceived value of a given health state
and are expressed as values between 0 (equivalent to being
dead) and 1 (perfect health). To account for worsening of QoL
because of disease progression or transplant-related com-
plications, we defined plausible utilities on the basis of
previously published data. A QALY value of 0.85 was assigned
to the evolution to AML. In patients receiving transplanta-
tion, the onset of chronic graft versus host disease resulted
in a QoL reduction to 0.85. Therefore, a QALY value of 0.90
was set for post-HSCT survival.5,27

To compare the transplantation policies obtained using
different scoring systems (IPSS-R/IPSS-M), we considered
the samples of average survival times (RMST) for each
replicated curve computed at the optimal transplantation
timing conditioned on age and risk category. The two
samples derived from analyses on the basis of IPSS-M and
IPSS-R were compared using the t-test.

Statistical analyses were performed in the R software en-
vironment (Data Supplement, File S2).

RESULTS

Clinical Characteristics of Patients and Stratification
According to IPSS-M Criteria

Overall, 7,118 patients from 26 institutions across Europe
and United States matched study inclusion criteria. Study
participants included 4,397 men (62%) and 2,721 women
(38%). The date range of diagnosis was from 2000 to 2018.
Follow-up was updated on December 2020. Patients were
stratified into a training cohort (n 5 4,627, 65%) and a
validation cohort (n 5 2,491, 35%) balanced by age, sex,

frequency of patients in each category. Survival curves were 
estimated using the Kaplan-Meier method and compared 
using the log-rank test. Multivariable analyses were per-
formed using Cox’s proportional hazards regression models.

Development of the DSS

The strategy to build the DSS is illustrated in Figure 1 and 
described in detail in the companion methodologic paper.23 

First, we built cause-specific flexible parametric survival 
models in the study population to examine transition haz-
ards for the risk of AML evolution, the risk of death without 
performing HSCT, the risk of relapse after HSCT, and the risk 
of death after HSCT in the absence of disease relapse and 
after relapse.24,25 In the pre-HSCT models, the timescale 
used was time since the diagnosis of MDS, whereas for the 
post-HSCT models, it was defined as the time since HSCT. In 
both cases, age and disease risk category (by IPSS-M/IPSS-
R) were used as explanatory variables. The time elapsed 
between the diagnosis of MDS and HSCT was considered as 
covariate in the post-HSCT models, which were further 
adjusted for disease-modifying therapies (hypomethylating 
agents, AML-like chemotherapy, or other) using the inverse 
probability of treatment weights.

The second part of the analysis involved the use of the cause-
specific survival model estimates to develop a Semi-Markov 
multistate decision model on the basis of microsimulation.26 

This model compared various transplantation strategies on 
the basis of different timing of HSCT, conditionally on 
covariates of interest. A range of possible timings for HSCT, 
spanning from 1 to 36 months from the time of diagnosis, 
were considered. The decision model consisted of five states: 
MDS pre-HSCT, AML pre-HSCT, post-HSCT, disease relapse 
post-HSCT, and death. This microsimulation allowed us to 
simulate individual trajectories in continuous time between 
these health states, using random number generation. Given 
the profile of each patient (as a combination of age and IPSS-
M/IPSS-R risk category), the probabilistic law used by the 
random number generator was determined by the transition 
hazards estimated from the data. The only exception was the 
transition from MDS pre-HSCT to post-HSCT, which was 
contingent on the specific transplantation strategy scenario. 
Only transplantation policies from MDS were studied, so the 
transition from AML pre-HSCT to post-HSCT was not 
considered.

The decision model on the basis of microsimulation can be 
thought of as simulating a hypothetical randomized clinical 
trial where patients are randomly assigned to receive HSCT 
at different time points since the diagnosis of MDS. In each 
trial arm (ie, a scenario within the microsimulation), 
transplant is performed on the basis of the assigned timing if 
the patient has not progressed to AML and is still alive.26 In 
the decision model, this translates to all individuals tran-
sitioning to the post-HSCT state at the designated time 
determined by the simulation scenario, as long as they are 
not in the AML or death state.
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Select covariates of interest: Define time-to-event models

Step 1: Natural history disease model

Pre-HSCT
MDS

Pre-HSCT
and AML

Death

Step 3: Scenario analysis

Estimating risk over time and relative effect of covariates

Decision model through microsimulation

Step 2: Simulation of the target trial

IPSS-M to age groups Define patient profiles Define trial arms

Timing of HSCT:
from 1 to 36

months

Randomly assign each patient at MDS
diagnosis to receive HSCT after x 
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patient is still in MDS;
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Step 4: Optimal timing for HSCT
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FIG 1. DSS to define optimal timing of HSCT in patients with MDS stratified according to IPSS-M criteria. DSS, decision
support system; HSCT, allogeneic hematopoietic stem-cell transplantation; IPSS-M, Molecular International Prognostic
Scoring System; MDS, myelodysplastic syndromes; QALY, quality-adjusted life years.
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were adjusted for pretransplantation disease-modifying
therapies (hypomethylating agents, AML-like chemo-
therapy, or other) and for QoL using QALY (the results
before QUALY adjustment are available in the Data Sup-
plement, File S4).

In the training cohort (Fig 3A; Data Supplement, File S4),
immediate transplantation was associated with a prolonged
RMST in patients with moderate-high, high- and very-high
IPSS-M risk categories across all age groups. These results
were confirmed in the validation cohort (Fig 3B; Data Sup-
plement, File S4). Patients in the training cohort with either
low and moderate low IPSS-M risk benefited from a delayed
transplantation policy (except for patients 61 years and older
with a moderate-low risk). These results were partially
replicated in the validation cohort (primarily encompassing
patients age 40-55 years with low risk and 61 years and older
with moderate risk, as outlined in the Data Supplement,
File S4).

We performed a decision analysis focused on MDS with TP53
mutations presenting a significant challenge for transplant
decision making. We applied the 2022 WHO classification
criteria21 to categorize these patients into MDS with mon-
oallelic (n 5 372) and biallelic TP53 inactivation (n 5 409).
The decision model was executed to determine the optimal
timing of HSCT in these two categories. As illustrated in the
Data Supplement (File S5), RMST was higher for patients
with monoallelic TP53 inactivation compared with biallelic
inactivation, and in both populations, an immediate
transplantation policy was associated with a prolonged life
expectancy.

Then, we compared the outcome of transplantation policies
on the basis of IPSS-M versus original IPSS-R and we
measured the proportion of patients in which the optimal
timing for HSCT would change by introducing molecular
information in the decision analysis. Under an IPSS-R
based policy, HSCT was not considered as valuable option
for those patients belonging to very-low risk category. In
the training cohort (as shown in Fig 4A; Data Supplement,
File S4), immediate transplantation was associated with a
prolonged RMST in patients belonging to high- or very
high-risk categories (regardless of age) and in those
classified as intermediate risk (with the exception of pa-
tients age 40-55 years). These findings were confirmed in
the validation cohort, except for younger patients with
intermediate IPSS-R risk (Fig 4B; Data Supplement, File
S4). Regarding patients with low-risk IPSS-R, results from
the training cohort indicated that most patients benefited
from a delayed transplantation policy (except for those
61 years and older), whereas in the validation cohort, im-
mediate transplantation seems to be more advantageous
for these patients.

A five-to-five comparison of IPSS-R and IPSS-M in the
whole study population (in which we merged moderate-low
and moderate-high to moderate risk in IPSS-M) resulted in

country (EU v United States), disease category (by WHO 2016 
criteria), and treatment (ie, receiving v not receiving HSCT). 
Clinical features of patients are reported in Table 1. Considering  
IPSS-M–related genomic features, 6,043 patients (85%) had 
one or more somatic mutations on the 31 IPSS-M–related 
genes (Data Supplement, File S3).

We analyzed the clinical outcomes for all IPSS-M categories 
in both training and validation cohorts. In patients who did 
not receive HSCT, IPSS-M categories showed significantly 
different probabilities of overall and leukemia-free survival 
(P < .001); in patients who received HSCT, IPSS-M categories 
showed significantly different probabilities of post-
transplantation overall survival and risk of disease relapse 
(P < .001; Fig 2).

We then focused on patients treated with HSCT. In a 
multivariable analysis with probability of relapse as the end 
point, the following factors showed independent prog-
nostic value: disease status at transplant (refractoriness to 
induction chemotherapy v complete remission, hazard 
ratio [HR], 1.28 [1.12-1.47]; P 5 .003) and type of condi-
tioning regimen (patients receiving standard conditioning 
regimens showed a reduced probability of relapse, HR, 0.67 
[0.52-0.89]; P < .001). Recipient age and human leukocyte 
antigen (HLA) match (≤7 of 8 v 8 of  8) were significant risk 
factors for transplant-related mortality (HR, 1.02 [1.01-
1.03]; P < .001 and HR, 1.37 [1.18-1.94]; P 5 .005). IPSS-M 
maintained an independent prognostic effect in predicting 
the probability of survival (HR, 1.21 [1.12-1.48]; P < .0001) 
and of relapse (HR, 1.36 [1.14-1.77]; P < .0001). In all these 
analyses, the variable cohort (training v validation) did not 
show any significant statistical effect. Overall, these results 
serve as a proof of concept that the integration of somatic 
mutations may improve the transplantation decision 
process in this clinical setting.

Decision Analysis

A decision analysis for transplantation in MDS was devel-
oped on the training cohort, and its reliability was inde-
pendently tested on the validation cohort.

We fitted a decision strategy in which patients with MDS 
were stratified according to IPSS-M. HSCT was not con-
sidered as a valuable option for those patients belonging to 
very low-risk category. The following patient age groups 
were considered: 40-55 years, 56-60 years, and ≥61 years. In 
our model, patients lost the eligibility to transplantation at 
age 70 years (because of few available information on HSCT 
outcome for older patients).

A detailed description of the optimal timing of HSCT (and 
95% CI) in patients with MDS classified according to IPSS-
M criteria is reported in the Data Supplement (File S4). In 
instances where the outcomes observed in the training 
cohort were not entirely replicated in the validation co-
hort, a caution in their interpretation is needed. Analyses
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TABLE 1. Clinical and Hematologic Characteristics and Transplant-Related Features of the Study Population, Stratified Into Training and Validation
Cohorts (n 5 4,627 and n 5 2,491, respectively)

Characteristic Training Cohort Validation Cohort P

MDS natural history (no HSCT), No. (%) (n 5 3,502) (n 5 1,878)

Demographic

Male sex 2,177 (62.1) 1,132 (60.3) NS

Age at diagnosis, years, range 73 (18-98) 72 (19-97) NS

WHO 2022 category NS

MDS-LB-5q- 203 (5.8) 113 (6)

MDS-LB-SF3B1 686 (19.6) 331 (17.6)

MDS-LB-RS 112 (3.2) 85 (4.5)

MDS-LB 1,278 (36.5) 682 (36.3)

MDS-IB1 473 (13.5) 267 (14.2)

MDS-IB2 438 (12.5) 197 (10.5)

MDS-biTP53 179 (5.1) 103 (5.5)

MDS, with fibrosis 56 (1.6) 38 (2)

MDS, hypoplastic 42 (1.2) 38 (2)

AML 35 (1) 24 (1.3)

IPSS-R risk group NS

Very low 566 (16.2) 301 (16)

Low 1,396 (39.9) 753 (40.1)

Intermediate 685 (19.6) 370 (19.7)

High 423 (12.1) 226 (12)

Very high 432 (12.3) 228 (12.1)

IPSS-M risk group NS

Very low 352 (10.1) 182 (9.7)

Low 1,196 (34.2) 646 (34.4)

Moderately low 451 (12.9) 258 (13.7)

Moderately high 369 (10.5) 184 (9.8)

High 508 (14.5) 287 (15.3)

Very high 626 (17.9) 321 (17.1)

Disease-modifying treatment NS

Yes 1,235 (35.3) 644 (34.3)

No 2,267 (64.7) 1,234 (65.7)

MDS Receiving HSCT, No. (%) (n 5 1,125) (n 5 613) P

Clinical and hematologic characteristics

Demographic

Male sex 695 (61.7) 393 (64.1) NS

Age at diagnosis, years, range 59.9 (18-77) 59 (18-78) NS

WHO 2022 category NS

MDS-LB-5q- 18 (1.6) 10 (1.6)

MDS-LB-SF3B1 34 (3) 26 (4.2)

MDS-LB-RS 21 (1.9) 12 (1.9)

MDS-LB 297 (26.4) 144 (23.5)

MDS-IB1 243 (21.5) 140 (22.8)

MDS-IB2 368 (32.7) 193 (31.5)

MDS-biTP53 59 (5.2) 53 (8.7)

MDS with fibrosis 26 (2.3) 9 (1.4)

MDS, hypoplastic 21 (1.9) 6 (0.9)

AML 38 (3.4) 20 (3.3)

IPSS-R risk group NS

Very low — —

Low 232 (20.6) 125 (20.4)

Intermediate 284 (25.2) 138 (22.5)

High 326 (29) 180 (29.4)

Very high 283 (25.2) 170 (27.7)

(continued on following page)
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disease status (bone marrow blasts <10%, 1.8 years;
P < .001).

Prototype Web Portal of the DSS for Transplantation
in MDS

We have created a dedicated, publicly available tool to allow
clinicians to become familiar with the DDS (HSCT Optimal
Timing Calculator28), intended for research purpose only.
This allows us to define the best timing for HSCT predicted
on the whole study population on the basis of individual
patient demographics, IPSS-R and IPSS-M information.

DISCUSSION

A growing number of elderly patients with MDS are un-
dergoing disease-modifying treatments, including HSCT.1

Findings from prospective biologic assignment studies
according to donor availability suggest that HSCT can
improve the survival of patients with advanced MDS age
50-75 years compared with nontransplant strategies.29-31

Furthermore, the introduction of reduced-intensity

TABLE 1. Clinical and Hematologic Characteristics and Transplant-Related Features of the Study Population, Stratified Into Training and Validation
Cohorts (n 5 4,627 and n 5 2,491, respectively) (continued)

Characteristic Training Cohort Validation Cohort P

IPSS-M risk group NS

Very low — —

Low 271 (24.1) 137 (22.3)

Moderately low 136 (12.1) 69 (11.3)

Moderately high 169 (15) 86 (14)

High 272 (24.2) 153 (25)

Very high 277 (24.6) 168 (27.4)

Pre-HSCT disease-modifying treatment NS

Yes 696 (61.9) 409 (66.7)

No 429 (38.1) 204 (33.3)

Transplant-related features

Time to HSCT, months, range 7.1 (1-226) 7.6 (1-185) NS

Donor type, No. (%) NS

HLA-identical sibling 361 (32.1) 170 (27.6)

Matched unrelated donor 409 (36.4) 241 (39.4)

Mismatched unrelated donor 239 (21.3) 149 (24.3)

Mismatched related donor 103 (9.1) 46 (7.6)

Cord blood 13 (1.1) 7 (1.1)

Disease status at HSCT, No. (%) NS

Up-front HSCT 423 (37.6) 207 (33.8)

Complete response 309 (27.5) 194 (31.7)

Active disease 393 (34.9) 211 (34.4)

Conditioning regimen, No. (%) NS

Standard conditioning regimen 682 (60.6) 368 (60.1)

Reduced-intensity conditioning 443 (39.4) 245 (39.9)

Abbreviations: HLA, human leukocyte antigen; HSCT, allogeneic hematopoietic stem-cell transplantation; IPSS-M, Molecular International
Prognostic Scoring System; IPSS-R, Revised IPSS; MDS, myelodysplastic syndromes; MDS-5q, MDS with low blasts and isolated 5q deletion;
MDS-biTP53, MDS with biallelic TP53 inactivation; MDS-IB1, MDS-IB2, MDS with increased blasts; MDS-LB, MDS with low blast; MDS-SF3B1, MDS
with low blasts and SF3B1 mutation; NS, not significant.

the restratification of 44% of patients. Of these, 29% were 
upstaged and 15% were downstaged.

We focused on patients younger than 70 years not be-
longing to IPSS-M very-low risk category, who were 
considered to be potentially eligible for HSCT (n 5 3,172). 
Modeling decision analysis on IPSS-M (considering all risk 
categories) versus original IPSS-R in this population 
changed transplantation policy in a significant proportion 
of patients. Specifically, 15% of candidates to be immedi-
ately transplanted under an IPSS-R–based policy would 
benefit from a delayed strategy under an IPSS-M–based 
policy, whereas 19% of candidates to delayed transplan-
tation by IPSS-R would benefit from immediate HSCT  by  
IPSS-M. Overall, transplantation policy changed in 17% of 
cases after incorporating molecular features in the decision 
analysis (Fig 5). The comparison of the average conditional 
survival time for the optimal transplantation policies ob-
tained using different scoring systems (IPSS-R/IPSS-M) 
resulted in a significant gain of RMST under an IPSS-M–
based policy across all age groups (1.2 years; P 5 .001), with 
an effect that was more relevant in patients with early
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been a rise in the use of HLA-mismatched related donors,
taking advantage of improvements such as the administra-
tion of post-transplant cyclophosphamide as a graft-versus-
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FIG 2. (A-D) Probability of overall survival and risk of leukemia evolution in the nontransplant study population stratified into training (A,B)
and validation (C,D) cohorts. (E-H) Probability of post-transplantation survival and risk of disease relapse after transplant in the study
population stratified into training (E,F) and validation (G,H) cohorts. OS, overall survival. (continued on following page)

conditioning regimens has notably reduced transplant-
related mortality, providing valuable clinical benefit in  
patients older than 60 years.32,33 In recent years, there has
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of stable disease.13-15 Moreover, patients with intermediate
IPSS-R may benefit from a more efficient stratification by
IPSS-M,13-15 providing a clearer distinction between those who
should immediately transplanted if eligible (ie,moderate high/
high IPSS-M) and those for whom a delayed procedure is
suitable (ie, moderate-low IPSS-M). In higher-risk patient
categories defined by molecular features (such as TP53-
mutated MDS),9,21,22 prospective biologic assignment studies
suggested that HSCT can improve the survival in comparison
with hypomethylating agents.30 Our analysis indicates in ad-
dition that in these patients, irrespective of the presence of
mono-versus biallelic inactivation, blast count, and severity of
cytopenia, HSCT should be performed immediately to maxi-
mize the effectiveness of the procedure.

Overall, modeling decision analysis on IPSS-M versus
IPSS-R changed the transplantation policy for a consid-
erable proportion of patients (17%), resulting in a signif-
icant gain in life expectancy under an IPSS-M–based policy
across all age groups. This underscores the clinical rele-
vance of including genomic screening information in the
transplantation decision making process. The clinical im-
portance of the IPSS-M implementation is underlined in
addition by previous observations that it efficiently cap-
tures the probability of relapse after HSCT, potentially
refining the choice of the optimal conditioning regimen at
an individual patient level and improving the identification
of patients who can be considered for pre-emptive treat-
ments of disease recurrence.14,15

We acknowledge that molecular testing is not yet routine
globally because of cost, infrastructure, and reimbursement
considerations; in this context, in a previous work, we an-
alyzed the accuracy of IPSS-M prediction when one or more
molecular features are missing and defined a minimum data
set of 15 relevant genes associated with high accuracy of
IPSS-M prediction, thus facilitating the implementation of
the score into a real-world clinical setting.14
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FIG 2. (Continued).

host disease prophylaxis; according to available clinical evi-
dence, haploidentical HSCT is a suitable option for patients 
with MDS lacking an HLA-matched donor.34 Despite these 
advances increasing the eligibility for transplantation, certain 
issues still need to be addressed to maximize the effectiveness 
of HSCT in MDS and a crucial question revolves around de-
termining the optimal timing of the procedure, especially in 
patients without advanced disease.1,35

The development of a more accurate prognostic system is 
essential to improve personalized medicine strategies for 
patients with MDS.1,2,10,13 Accordingly, there is currently a shift 
from conventional prognostic models on the basis of clinical/
hematologic parameters (IPSS-R) to next-generation tools 
complemented by the introduction of molecular features 
(IPSS-M), which better capture the heterogeneous disease 
biology and patient clinical outcomes.13-15 The clinical 
implementation of IPSS-M is expected to result in a more 
effective selection of candidates to disease-modifying ther-
apies (including HSCT) and to refine the optimal timing of 
intervention at the individual patient level.13-15

This study specifically addressed the issue of defining the 
optimal timing of HSCT, by incorporating molecular infor-
mation (as assessed by IPSS-M) in the decision process. 
Using an innovative DSS, we provided evidence that IPSS-M 
may allow for a more precise and effective treatment 
strategy compared with the conventional IPSS-R. Impor-
tantly, all the results were validated in an independent pa-
tient population.

Among patients diagnosed in an early disease stage (low-risk 
IPSS-R), those with higher-risk mutational profiles according 
to IPSS-M should be considered for an earlier transplant 
procedure than those suggested by the conventional scoring 
system (IPSS-R). Conversely, delayed HSCT may maximize life 
expectancy for patients with lower-risk mutational profiles 
according to IPSS-M, who may experience a prolonged period

Transplantation Decision Strategy by IPSS-M
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FIG 3. IPSS-M–based transplantation policy in patients with MDS ((A) training cohort; (B) validation cohort). The decision model on the
basis of microsimulation can be thought of as simulating a hypothetical randomized clinical trial where patients are randomly assigned to
receive HSCT at different time points on diagnosis of MDS (in the x-axis). Results were used to estimate the average survival time (RMST, in
the y-axis) over an 8-year time horizon. The primary emphasis in our decision analysis is on the shape of the curves, which captures the
underlying relationship between HSCT timing and the corresponding RMST for different patient profiles. Hence, the width of the 95% CIs
depicted as the colored area on the y-axis provides essential information about the overall probability of survival for a patient with a specific
age andmolecular profile but is of lesser significance for the final results and interpretation of the decision analysis. The interpretation of the
figure is centered around the shape of the curves rather than the height or range of the curves themselves. It is therefore important to
consider the 95% CI with respect to the optimal policies (on the x-axis), which, for each age group and IPSS-M category, defines the optimal
transplantation policy (denoted with a solid line). QoL adjustments were made by incorporating utilities into the estimation of average
survival time. The optimal timing for HSCT and the corresponding 95% CI from the model are presented in tabular format in the Data
Supplement (File S4). HSCT, allogeneic hematopoietic stem-cell transplantation; IPSS-M, Molecular International Prognostic Scoring
System; MDS, myelodysplastic syndromes; QoL, quality of life; RMST, restricted mean survival time.
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FIG 4. IPSS-R–based transplantation policy in patients with MDS ((A) training cohort; (B) validation cohort). The decision model on the basis of
microsimulation can be thought of as simulating a hypothetical randomized clinical trial where patients are randomly assigned to receive HSCT
at different time points on diagnosis of MDS (in the x-axis). Results were used to estimate the average survival time (RMST, in the y-axis) over an
8-year time horizon. The primary emphasis in our decision analysis is on the shape of the curves, which captures the underlying relationship
between HSCT timing and the corresponding RMST for different patient profiles. Hence, the width of the 95% CIs depicted as the colored area on
the y-axis provides essential information about the overall probability of survival for a patient with a specific age and molecular profile but is of
lesser significance for the final results and interpretation of the decision analysis. The interpretation of the figure is centered around the shape of
the curves rather than the height or range of the curves themselves. It is therefore important to consider the 95% CI with respect to the optimal
policies (on the x-axis), which, for each age group and IPSS-R category, defines the optimal transplantation policy (denotedwith a solid line). QoL
adjustments were made by incorporating utilities into the estimation of average survival time. HSCT, allogeneic hematopoietic stem-cell
transplantation; IPSS-R, Revised International Prognostic Scoring System; MDS, myelodysplastic syndromes; QoL, quality of life; RMST, re-
stricted mean survival time.
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represent a significant challenge for transplant decision
making. The clinical implementation of such a system is
expected to improve the objectivity of clinical decisions and
adherence to clinical evidence by health care providers.16,36

Finally, we would like to address the possible limitations of
the study. A dynamic validation of IPSS-M is still lacking,13

and in our analysis, clinical and genomic features of the
nontransplantation cohort were only available at diagnosis.
Consequently, the model did not account for disease pro-
gression from lower- to higher-risk MDS, which is typical of
the natural course of the disease. Moreover, the existing DSS
could be refined by incorporating additional information
potentially relevant for transplantation decisions such as
comorbidity, HLA-matching, conditioning regimen, and
donor-related features.1
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FIG 5. Comparison of IPSS-R versus IPSS-M transplantation policy. (A) Whole MDS population po-
tentially eligible for HSCT (n 5 3,172); (B) detailed description of change of transplantation policy at the
individual patient level, according to the risk restratification by IPSS-M criteria. HSCT, allogeneic he-
matopoietic stem-cell transplantation; IPSS-M, Molecular International Prognostic Scoring System;
IPSS-R, Revised IPSS; MDS, myelodysplastic syndromes.

Health care on the basis of the best available clinical evidence 
can lead to a higher quality of care. While randomized clinical 
trials provide the highest level of evidence for comparing 
different treatment policies, the optimal timing of HSCT 
cannot be addressed by randomized studies.1 Clinical DSS 
is a technology that uses patient-specific data to provide 
medical knowledge at the point of care. It is considered an 
important quality improvement intervention to cover areas 
of the decision making process where conclusive evidence 
from a trial is lacking.16,36 Our DSS uses data from a large 
patient population to define the best timing for HSCT on the 
basis of patient demographics and IPSS-R/IPSS-M infor-
mation. It provides a proof of concept for the clinical rele-
vance of including molecular features for a personalized 
assessment of the hazards and effectiveness of HSCT, with a 
clinical value that is maximized in elderly patients who
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