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To determine the survival benefit of allogeneic hematopoietic cell transplantation (allo-HCT) in
chronic myelomonocytic leukemias (CMML), we assembled a retrospective cohort of CMML
patients 18-70 years old diagnosed between 2000 and 2014 from an international CMIML
dataset (n = 730) and the EBMT registry (n = 384). The prognostic impact of allo-HCT was
analyzed through univariable and multivariable time-dependent models and with a multistate
model, accounting for age, sex, CMML prognostic scoring system (low or intermediate-1
grouped as lower-risk, intermediate-2 or high as higherrisk) at diagnosis, and AML
transformation. In univariable analysis, lower-risk CMMLs had a 5-year overall survival (OS) of

® The survival benefit of
allo-HCT was
investigated in 1114
CMML patients with
time-dependent
analyses and
multistate models.

® Performing allo-HCT

before transformation
decreases life
expectancy in lower-
risk patients but may
be considered in

20% with allo-HCT vs 42% without allo-HCT (P < .001). In higher-risk patients, 5-year OS was
27% with allo-HCT vs 15% without allo-HCT (P = .13). With multistate models, performing
allo-HCT before AML transformation reduced OS in patients with lower-risk CMML, and a
survival benefit was predicted for men with higher-risk CMML. In a multivariable analysis of

lower-risk patients, performing allo-HCT before transformation to AML significantly increased
the risk of death within 2 years of transplantation (hazard ratio [HR], 3.19; P < .001), with no
significant change in long-term survival beyond this time point (HR, 0.98; P = .92). In higher-
risk patients, allo-HCT significantly increased the risk of death in the first 2 years after transplant (HR 1.46; P = .01) but not
beyond (HR, 0.60; P = .09). Performing allo-HCT before AML transformation decreases life expectancy in lower-risk
patients but may be considered in higher-risk patients.

higher-risk patients.
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e Describe the association of allogeneic hematopoietic cell transplantation (allo-HCT) and other factors with survival and other
outcomes in chronic myelomonocytic leukemia (CMML), according to a retrospective cohort study
e Determine the effect of timing of allo-HCT on the association of allo-HCT and other factors with survival and other outcomes

e Identify clinical implications of the association of allo-HCT and other factors with survival and other outcomes in CMML,
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Introduction

Chronic myelomonocytic leukemia (CMML) is a rare disease pre-
dominantly affecting men, with a median age of 75 years at
diagnosis. The prognosis remains unsatisfactory, with median
overall survival (OS) of 30 to 36 months.'™ Allogeneic hemato-
poietic cell transplantation (allo-HCT) is the only treatment rec-
ognized as potentially curative in CMML.®"'? However, allo-HCT
in CMML patients is associated with a 20% to 50% 3-year nonre-
lapse mortality and a 25% to 60% cumulative incidence of
relapse.®”? The benefit of upfront allo-HCT over a nontransplant
treatment thus remains questionable. Because CMML is a rare
disease, transplantation indications and procedures are largely
extrapolated from myelodysplastic syndromes (MDSs) or classi-
cal myeloproliferative neoplasms. In MDS, a first study reported
that higher-risk patients had a survival benefit when transplanted
upfront.”® More recent studies including prospective compari-
sons between allo-HCT and hypomethylating agents confirmed
this finding.”*"” In CMML where the benefit of hypomethylating
agents is less established,'®'? the question of transplantation is
only relevant in the minority of patients young and fit enough
for transplantation. Among patients younger than 65 years, Pat-
naik et al reported that 20% of them underwent transplantation,
but the benefit of allo-HCT could not be analyzed in this

series.?°

The current study leverages the international CMML dataset
(ICD)> and the EBMT registry,” applying statistical models taking

TIMING OF ALLO-HCT IN CMML

into account timing of allo-HCT to study the role of allo-HCT in
survival of CMML patients. This study, based on 2 large interna-
tional cohorts, represents the first multicentric transplantation
decision analysis in CMML.

Methods

Patients and study design

The ICD is a retrospective, multi-institution database assembled
by the International Consortium for MDS/myeloproliferative neo-
plasms under the aegis of the MDS Foundation. Data on diag-
nosis, treatment, and outcome since CMML diagnosis after
informed consent was collected from all participating centers
after approval by each institution’s review board and centrally
reviewed as previously published.®

Although ICD is informative with respect to the general progno-
sis and treatment of CMML, because these patients are rarely
transplanted, we used additional data from the EBMT registry
on survival after transplantation. EBMT is a nonprofit, scientific
society representing >600 transplant centers located mainly in
Europe. EBMT collects on a voluntary basis data on recipient
and donor characteristics, treatment, and follow-up of patients
undergoing blood and bone marrow transplantation.

To focus on allo-HCT eligible patients, the inclusion criteria for
the present study for both ICD and EBMT registry patients were

€ blood”® 22 SEPTEMBER 2022 | VOLUME 140, NUMBER 12 1409

20z AeIN 81 uo 3sanb Aq ypd €21 G10120ZPIGPO0Id/LLELZ6L/80YL/ZLIOYL/IPd-a1o1Ie/pOO|q/Jou SUOKEDIgNdysE//:d)y WOy papeojumoq


http://www.medscape.org/journal/blood

Table 1. Patient characteristics and main events

ICD cohort EBMT cohort
(n = 730) (n = 384)

Year of diagnosis 2008 (2004-2010) | 2011 (2008-2013)
Age at diagnosis, years 64.0 (58.8-67.8) 57.3 (51.0-61.9)
Sex

Male 508 (69.6) 266 (69.3)

Female 222 (30.4) 118 (30.7)
FAB subsets

CMML-MD 348 (47.7) 173 (45)

CMML-MP 382 (52.3) 211 (55)
WHO category*

CMML-1 582 (79.7) 238 (62)

CMML-2 148 (20.3) 146 (38)
Hemoglobin level

=10 gr/dl 472 (64.7) 235 (61.2)

<10 gr/dl 258 (35.3) 149 (38.8)
Cytogenetic riskt

Low 498 (68.2) 264 (68.7)

Intermediate 113 (15.5) 46 (12.0)

High 119 (16.3) 74 (19.3)
CPSS riskt

Low 159 (21.8) 61 (15.9)

Intermediate-1 227 (31.1) 116 (30.2)

Intermediate-2 286 (39.2) 162 (42.2)

High 58 (7.9) 45 (11.7)
Follow-up duration from 51.06 78.03

diagnosis, months (47.34-56.77) (67.61-84.07)

(median, 95% Cl)
Underwent allo-HCT 98 (13.4) 384 (100)
Transformation to AML 33 (33.7)8 78 (20.3)

before allo-HCT

Data are presented as median with interquartile range unless otherwise specified,
or numbers and percentages.

CMML-MP, CMML-myeloproliferative; FAB, French-American-British.

*According to Vardiman et al.'

tAccording to Such et al.?®

FAccording to Such et al.??

§Percentage of transplanted patients.

(1) CMML diagnosis according to World Health Organization
(WHO) 2008 criteria®!, (2) an age of 18 to 70 years at CMML
diagnosis, (3) an Eastern Cooperative Oncology Group perfor-
mance status <3 at CMML diagnosis, (4) CMML diagnosis
between 2000 and 2014, (5) available follow-up data, including
information on AML transformation (note that patients from the
EBMT registry that died prior to the onset of allo-HCT condition-
ing were removed from the present analysis), and (6) available
CMML Prognostic Scoring System (CPSS) risk category®® at
CMML diagnosis (flowchart in supplemental Figure 1). The time
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of closure for the ICD and EBMT datasets were June 2014 and
October 2019, respectively.

Definitions

CMML patients were stratified into myelodysplastic (CMML-MD)
and myeloproliferative subsets based on the WHO cutoff of
white blood cell > 13 X 10°/L.?' Cytogenetic risk was classified
as previously published.?® CPSS risk was calculated according to
Such et al.?? Patients with low and intermediate-1 CPSS risk
were grouped into the lower-risk category, and the remainder
(CPSS intermediate-2 and high) in the higher-risk category. HLA
matching was classified according to HLA allele high resolution
on 10 antigens, and conditioning regimen intensity is defined as
previously reported.?*2*

Multistate models

We used multistate models to study the survival before and
after allo-HCT and transformation to AML.*® The model
includes the following states: diagnosis, AML, transplantation
before transformation to AML, transplantation after transfor-
mation to AML, and death (distinguishing between death
before and after AML transformation and allo-HCT but irre-
spective of precise cause of death). The models were used to
predict probabilities for reference patients with specific com-
binations of baseline covariates. All patients start in the
“Diagnosis” state. A patient remains in the current state until
one of the modeled events (transformation to AML, allo-HCT,
or death) occurs. Depending on the current state, a patient is
at risk for subsequent events indicated by arrows from the
current state (supplemental Figure 2). At the end of their
follow-up, patients who have not reached an absorbing state
(death) are censored for all transitions they are at risk for. At
the time of an event, a patient transits from the current state
to the new state depending on the event and remains there
until a subsequent event or censoring occurs. We developed
time inhomogeneous Markov multistate models, meaning
that the hazard of transition from one state to another does
not depend on the time spent in the current state but only on
the current state and the time since diagnosis and that it is
nonconstant. The effect of age and sex on the hazard of each
transition is modeled using a semiparametric Cox propor-
tional hazards model. Schoenfeld residuals are used to
test for violations of the proportional hazards assumption.
The relative differences are expressed in terms of hazard
ratios (HRs).

Similar to predicting survival for a patient with certain risk fac-
tors from a Cox proportional hazards model, using multistate
models, we can estimate the probability of a patient being in a
certain state at a point in time, conditional on being in (possi-
bly) another state at the time the prediction is made.?®?” The
advantage of multistate models is that they can take competing
risks and series of events into account.?® By default, predictions
are made from time O, when all patients are in the initial state
(diagnosis), but the time of the prediction (the landmark time)
can be varied just as the state from which the prediction is
made. For example, when a patient comes for a follow-up visit,
the prognosis can be updated using the information that the
patient has developed transformation to AML, which is referred
to as dynamic prediction.?’ Alternatively, dynamic prediction
can be used to study different scenarios on whether or when to
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Figure 1. Simon-Makuch survival curves according to CMML risk group. Simon-Makuch survival curves representing the effect of transplantation for the hypothetical
scenario where all patients are transplanted immediately after diagnosis vs never transplanted according to the CMML risk group. Lower risk: CPSS low or
intermediate-1; higher risk: CPSS intermediate-2 or high. P values from Mantel-Byar tests.

transplant a patient by comparing the 5-year OS probability for
a patient who, 1 year after diagnosis, is still in the diagnosis
state vs a patient in the transplantation state. Note that
although both example patients are conditioned on being alive
1 year after diagnosis, we would be comparing survival of
patients not transplanted yet with the survival of patients who
have undergone transplantation within the first year after diag-
nosis and have not died between allo-HCT and 1 year.

The model includes the following states: diagnosis, AML,
transplantation before transformation to AML, transplantation
after transformation to AML, and death. Based on the cumu-
lative hazard plots, it was justified to assume that the transi-
tions from diagnosis or AML to death, from diagnosis or AML
to allo-HCT, and from allo-HCT (with and without prior trans-
formation to AML) to death are all proportional and thus
share the same baseline hazard functions. Age and sex
effects were estimated in transition-specific Cox models. To
avoid violation of the proportional hazards (PH) assumption,
we fit the multistate model separately in the 2 CPSS risk
groups.

Other statistical analyses

Unless otherwise specified, all survival times were measured
starting at the date of CMML diagnosis, and ICD and EBMT reg-
istries were merged. To prevent selection bias, EBMT patients
were included at the time of transplantation, with left truncation
of pretransplant survival. Because the ICD included European
centers that may have accrued transplanted patients to the
EBMT registry, ICD transplanted patients were censored at the
time of allo-HCT. Transplanted patients from ICD were used to
estimate the probability to be transplanted but were not used
to analyze posttransplant outcome. Hence, we assume that the
pretransplant and posttransplant disease course can only be
inferred from the ICD and the EBMT registry, respectively.

TIMING OF ALLO-HCT IN CMML

Median follow-up was calculated using the reverse Kaplan-
Meier method.*® Survival probabilities were estimated using
the Kaplan-Meier method. The log-rank test was used to
compare the survival between CPSS risk groups. Cumulative
incidences of AML transformation and allo-HCT were estimated
in a competing-risks framework, also considering death (irre-
spective of cause) as competing event. The cumulative inci-
dence of allo-HCT after AML transformation was calculated in a
new competing-risks model with death as competing event,
where the time was set to 0 at the time of AML transformation.

We used Simon-Makuch curves to visualize the (hypothetical)
effect of undergoing transplantation immediately after diagnosis
by CPSS risk group®' and tested with the Mantel-Byar method.>?

We modeled the effect of transplantation on OS in a Cox pro-
portional hazards model allowing different baseline hazards for
the 2 CPSS risk groups. The model was adjusted for age and
sex. Transformation to AML and allo-HCT were included as
time-dependent covariates, and both main effects and interac-
tions were estimated separately in the 2 risk groups. Schoenfeld
residuals were used to investigate possible violations of the PH
assumption. Because allo-HCT violated the PH assumption due
to different prognostic impact in the longer vs shorter term, dif-
ferent HRs were estimated for the first 2 years after allo-HCT
(to give an average short-/midterm effect) and the later period
(2 years after allo-HCT and beyond). All analyses were
performed in R version 3.6.2, using packages “survival,”
“prodlim,” and “mstate.”?’

Results
Patient characteristics

In total, 730 patients from ICD and 384 EBMT patients were
included in the analysis (supplemental Figure 1). Median year of
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Table 2. Transition-specific covariate effect estimates in the multistate model according to CMML risk at diagnosis

Covariates

Transition

Lower-risk CMML

HR (95% ClI)

P

Higher-risk CMML

HR (95% ClI)

P

AML vs diagnosis state To death 4.99 (3.23-7.72) <.001 3.60 (2.51-5.16) <.001
Allo-HCT from AML vs from To death 1.49 (0.86-2.59) 159 1.19 (0.68-2.07) 547
diagnosis
AML vs diagnosis state To allo- HCT 8.34 (3.97-17.50) <.001 5.48 (2.60-11.52) <.001
Female vs male Diagnosis to AML 0.78 (0.46-1.33) 367 0.72 (0.47-1.11) 135
Age at diagnosis* Diagnosis to AML 1.07 (0.77-1.49) .683 0.79 (0.66-0.94) .008
Female vs male Diagnosis to allo-HCT 1.11 (0.55-2.24) 766 1.40 (0.68-2.89) .359
Age at diagnosis* Diagnosis to allo-HCT 0.47 (0.35-0.64) <.001 0.60 (0.45-0.78) <.001
Female vs male Diagnosis to death 0.69 (0.45-1.05) .082 0.73 (0.51-1.06) .099
Age at diagnosis* Diagnosis to death 1.14 (0.87-1.48) 347 1.29 (1.01-1.64) .045
Female vs male AML to allo-HCT 0.44 (0.10-1.97) .280 0.90 (0.32-2.53) 844
Age at diagnosis* AML to allo-HCT 0.64 (0.40-1.02) .058 0.72 (0.51-1.01) .056
Female vs male AML to death 0.74 (0.37-1.46) .383 0.87 (0.52-1.44) 583
Age at diagnosis* AML to death 1.15 (0.77-1.70) 494 1.16 (0.88-1.52) .289
Female vs male Allo-HCT (prior to AML) to 0.55 (0.33-0.93) .025 1.24 (0.85-1.87) 317
death
Age at diagnosis* Allo-HCT (prior to AML) to 1.17 (0.87-1.58) .304 1.05 (0.87-1.26) .625
death
Female vs male Allo-HCT (post-AML) to death | 0.54 (0.17-1.64) 274 0.83 (0.31-2.22) .708
Age at diagnosis* Allo-HCT (post-AML) to death 1.83 (0.74-4.52) 192 1.09 (0.67-1.79) 729

Because some pairs of transitions were assumed to be proportional, they share the same baseline hazard function. The relative difference of the hazards, within a pair, is expressed
in terms of hazard ratio. For example, the hazard of death (without/before transplantation) after transformation to AML for lower-risk patients is estimated to be 5 times as high as
the hazard of death without transformation to AML. Similarly, an effect of transformation to AML was estimated on the hazard of transplantation and the hazard of death after
transplantation. Additionally, transition-specific age and sex effects were modeled. The same multistate model was estimated separately in lower- and higher-risk CMML patients as

CPSS risk violated the proportional hazards assumption.
*Age by unit of 10 years.

diagnosis was 2008 for ICD patients and 2011 for EBMT
patients (Table 1). Patients from the ICD were older (median,
64 [ICD] vs 57 [EBMT] years). Most patients were male (69.6%
and 69.3% in the ICD and EBMT registry, respectively). The
proportion of patients with CMML-MD (ICD, 47.7%; EBMT,
45.1%) and with low cytogenetic risk (ICD, 68.2%; EBMT,
68.8%) was similar in the 2 cohorts. CPSS risk at diagnosis
was lower and higher in 386 (52.9%) and in 344 (47.1%) ICD
patients, respectively; 177 (46.1%) and 207 (53.4%) EBMT
patients had lower and higher CPSS risk at diagnosis, respec-
tively. At the time of allo-HCT, 50 of 312 (16%) evaluable
EBMT patients had bone marrow blasts =10%, whereas 121
of 170 evaluable patients (71.2%) with <10% bone marrow
blasts had either red blood cell or platelet transfusion depen-
dence. Of the 78 EBMT patients having transformed to AML
before allo-HCT, 40 (51.3%) had achieved complete remission
before allo-HCT. Reassessment of CPSS at the time of allo-
HCT was only available in 172 (44.8%) EBMT patients
(detailed in supplemental Table 2) and thus could not be
accounted for. In the EBMT cohort, 140 patients (36.8%) were

1412 € blood® 22 SEPTEMBER 2022 | VOLUME 140, NUMBER 12

transplanted with an HLA-matched sibling donor, 21 (5.5%)
with an HLA-mismatched related donor, 144 (37.9%) with an
HLA-matched unrelated donor, 59 (15.5%) with an HLA-
mismatched unrelated donor, 16 (4.2%) were transplanted
with an unrelated donor without HLA information, and
information was missing for 4 (0.1%) patients (supplemental
Table 1).

Main events

Median follow-up from diagnosis was 51 months in ICD and
78 months in EBMT cohort (Table 1). Ninety-eight (13.4%)
ICD patients were transplanted, of whom 33 were trans-
formed into AML before allo-HCT. Transformation to AML
before allo-HCT occurred in 78 (20.3%) EBMT patients. In
the ICD cohort (censored at allo-HCT), the 5-year cumulative
incidences of AML were 22% (95% confidence interval [Cl],
17% to 27%) and 36% (95% Cl, 30% to 41%) in lower
and higher CMML-risk patients, respectively (supplemental
Figure 3).
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Figure 2. Transition probabilities in a 60-year-old male patient. Transition probabilities predicted from the multistate model for 60-year-old male patients in (A) the
lower-risk CMML group and (B) the higher-risk CMML group. At each point in time, the distance between 2 adjacent curves represents the probability of being in the
corresponding state. The probability of being in an intermediate state can both increase and decrease over time, whereas the probability of absorbing (death) states can
only increase over time. Additionally, the order of the states is such that the figure shows predicted OS curves: the sum of the probabilities of being in the states diagnosis,
transformation to AML (AML), and treatment with allogeneic stem cell transplantation before AML (w/o AML) and after AML (after AML) transformation to AML, indicated
by the red line, equals the probability of being alive (ie, OS). Similar transition probabilities for 60-years-old females are provided in supplemental Figure 8. w/o, without.

In the ICD, 5-year OS from diagnosis was 40% (95% Cl, 34-47)
in lower-risk patients and 20% (95% Cl, 15% to 25%) in higher

diagnosis (5-year OS, 33%; 95% Cl, 24-40; P = .76, supple-
mental Figure 5). Of note, there was no significant difference

risk (supplemental Figure 4). Five-year OS from transplantation
was similar in EBMT patients with lower-risk CMML (5-year
OS, 33%; 95% Cl, 25-41) and those with higher risk at

TIMING OF ALLO-HCT IN CMML

in posttransplant OS between patients transplanted from an
HLA-matched donor and those transplanted with other donor
types (P = .22, supplemental Figure 6) and between those
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Figure 3. Change in 5-year OS probabilities with allo-HCT prior to AML transformation, compared with no allo-HCT, derived from the multistate models with
landmarks by 6 months from diagnosis to 24 months. The multistate model was used to predict 5-year OS for reference patients defined by patient sex, age at
diagnosis, and CPSS risk group at diagnosis in (A) 40-year-old, (B) 50-year-old, (C) 60-year-old, and (D) 70-year-old patients, respectively, for landmark times 6, 12, 18,
and 24 months since diagnosis (x-axis). Predictions are conditional on surviving without transformation to AML until the landmark time. At each landmark time,
the difference between the 5-year OS predicted for patients who have undergone allo-HCT without prior transformation to AML at any time between diagnosis and
the landmark time and that of patients who have not transformed to AML and have not been transplanted (yet) is displayed in the y-axis. Positive values indicate

advantage of undergoing allo-HCT, and negative values suggest that not-transplanted patients have better prognosis.

transplanted after a standard- or a reduced-intensity condi-
tioning regiment (P = .6, supplemental Figure 7).

Univariable analysis of the impact of allo-HCT

To analyze the impact of allo-HCT according to CPSS risk, we
first considered allo-HCT as a time-dependent parameter in the
global cohort, where pretransplant data are left-truncated in
EBMT patients and posttransplant censored in ICD patients.
Figure 1 presents Simon-Makuch curves for OS after allo-HCT
according to risk category determined at CMML diagnosis.
Lower-risk patients had a 5-year OS of 20% (95% Cl, 12% to
33%) with allo-HCT vs 42% (95% ClI, 35% to 49%) without allo-
HCT (Mantel-Byar P < .001). In higher-risk patients, 5-year OS
was 27% (95% Cl, 21% to 34%) with allo-HCT vs 15% (95% Cl,
11% to 22%) without allo-HCT (Mantel-Byar P = .13, Figure 1).

Of note, patients alive 24 months after a diagnosis of lower-risk
CMML and transplanted within this time frame were significantly
younger than those alive 24 months after diagnosis without
allo-HCT (transplanted n = 79, median age 57.7 years vs

1414 &€ blood® 22 SEPTEMBER 2022 | VOLUME 140, NUMBER 12

nontransplanted n = 200, median age 64 years; P < .001), but
these 2 patients populations were otherwise comparable at
CMML diagnosis in terms of gender, WHO category, French-
American-British subset, hemoglobin level, and cytogenetic risk
(all P >.05, supplemental Table 3).

Multistate models

Multistate models were next used to estimate the potential
advantage of allo-HCT when performed at different times from
diagnosis. Supplemental Figure 2 shows the multistate model
structure along with data used to estimate each transition. The
ICD cohort was used to inform the course of the disease until
allo-HCT, including probability to be transplanted or death
before allo-HCT. EBMT data were used to estimate the transi-
tions from transplant to death. Transition-specific covariate effect
estimates are available in Table 2, where hazard ratios indicate
the relative risk of transitioning to a given state (AML transforma-
tion, allo-HCT, or death) according to current state (diagnosis,
AML transformation, or allo-HCT), age (as a continuous variable),
and sex. The same multistate model was estimated separately in
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Table 3. Multivariable analysis of OS

Hazard
ratio (95% CI)
Patient sex: female .80 (0.67-0.96) .017
vs male
Age at diagnosis* 12 (1.02-1.24) .023
Lower-risk patients
Td AML .14 (3.63-7.28) <.001
Td allo-HCT (without 19 (2.30-4.42) <.001
AML): 0-2 y
Td allo-HCT (without .98 (0.58-1.64) .924
AML): >2y
Td allo-HCT (after .89 (0.53-1.50) .675
AML): 0-2 y
Td allo-HCT (after .20 (0.0.07-0.56) .002
AML): 2+ y
Higher-risk patients
Td AML .68 (2.74-4.92) <.001
Td allo-HCT (without 46 (1.09-1.96) .012
AML): 0-2 y
Td allo-HCT (without .60 (0.34-1.08) .089
AML): 2+ y
Td allo-HCT (after 45 (0.28-0.73) .001
AML): 0-2 y
Td allo-HCT (after .08 (0.0.02-0.33) .001
AML): 2+ y

Effect estimates from multivariable Cox proportional hazards model allowing different
baseline hazards for lower and higher CPSS risk groups. The model was adjusted for
age and sex. Transformation to AML and transplantation were included as time-
dependent (Td) covariates. To overcome violations of the proportional hazards
assumption, the effect of allo-HCT was split into an average short-/midterm effect
covering the first 2 years after transplantation and an average long-term effect
covering the period beyond 2 years after allo-HCT. The latter is estimated in patients
who are alive at 2 years since allo-HCT

*Unit 10 years

lower- and higher-risk CMML patients because CMML risk vio-
lated the proportional hazards assumption. These estimates can
then be used to predict the probability for a given reference
patient to be in each state at different time points, as exempli-
fied for a 60-years-old male (Figure 2) or female (supplemental
Figure 8) patient by CPSS risk group.

Expectedly, most patients moved from diagnosis to another
state (death, AML, allo-HCT) during follow-up. The transition
probabilities from diagnosis to AML and to death were lower
in patients with lower-risk CMML at diagnosis than those with
higher risk, older patients had a higher risk of AML, AML
transformation increased the risk of dying, and most patients
died without undergoing allo-HCT. Figure 3 shows the
model-based benefit or loss of OS provided by performing
allo-HCT before transformation to AML for different reference
patients characterized by age, sex, and CPSS risk, conditional
on performing transplantation (and surviving) within the first 6,
12, 18, or 24 months from diagnosis. Performing allo-HCT
was always detrimental in patients with lower-risk disease at
diagnosis, regardless of age, sex, and interval between diag-
nosis and transplantation. The survival benefit of allo-HCT in
CMML patients with higher-risk disease at diagnosis was

TIMING OF ALLO-HCT IN CMML

mostly confined to men, without clear survival gain or loss in
women, except women 60 years or older transplanted and
alive 18 months after diagnosis or later. A similar modeling
analysis was applied to estimate the change in OS in patients
receiving allo-HCT after AML transformation (supplemental
Figure 9). Performing allo-HCT in this context always provided
a survival advantage, regardless of age, sex, and disease risk
at CMML diagnosis.

Multivariable Cox models for survival

The potential advantage of allo-HCT was further studied in Cox
models considering allo-HCT and transformation to AML as
time-dependent covariates and adjusting for CPSS risk at diag-
nosis, age (as a continuous variable), and sex. Consistent with
the multistate model, older age and male sex were significantly
associated with a higher risk of mortality (Table 3). In lower-risk
patients, performing allo-HCT before transformation to AML sig-
nificantly increased the risk of death in the first 2 years after allo-
HCT (HR, 3.19; 95% Cl, 2.30-4.42; P < .001), without providing
a significant long-term benefit beyond this time point (HR, 0.98;
95% Cl, 0.58-1.64; P = .92). In higher-risk patients, allo-HCT
performed before transformation was detrimental within 2 years
from allo-HCT (HR, 1.46; 95% CI, 1.09-1.96; P = .01), with a
nonsignificant trend toward survival benefit beyond 2 years (HR,
0.60; 95% Cl, 0.34-1.08; P = .09). Comparatively, the overall
benefit of allo-HCT was much clearer in patients transplanted
after transforming to AML, regardless of their CPSS risk category
at CMML diagnosis (Table 3). Focusing on patients transplanted
with matched related or unrelated donors led to similar results
(supplemental Table 4). When inspecting each disease-related
parameter included in the CPSS (white blood cell count, anemia,
bone marrow blast count, and cytogenetic risk), none of these
CPSS components identified by itself a subset of patients with
unequivocal survival benefit of allo-HCT (ie, lack of significant
OS loss in the first 2 years after allo-HCT) and significant OS
benefit after 2 years (supplemental Table 5).

Discussion

In this large-scale study combining 2 CMML registry cohorts, we
report that transplanting patients diagnosed with lower-risk
disease is detrimental. Univariable and multivariable time-
dependent analyses found a nonsignificant trend for improved
OS in higher-risk patients. According to our multistate model,
men with higher-risk CMML benefit from allo-HCT regardless of
its timing, whereas a survival benefit with allo-HCT is restricted
to women 60 years or older when transplant is delayed. Finally,
allo-HCT is always beneficial in patients having transformed
to AML.

A recent German multicenter study retrospectively comparing
the outcome of 119 transplanted patients to that of 142 non-
transplanted patients, adjusting for age, found a clear survival
benefit for allo-HCT in higher-risk patients but not in lower-risk
patients.®® Another single-center study of 70 transplanted
patients matched 1-to-1 with nontransplanted patients to adjust
for age and CMML risk suggested an OS benefit with allo-
HCT.>*

Compared with prior reports, our study accounted for the
time-dependent impact of allo-HCT on survival and the
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selection process from diagnosis to allo-HCT. We studied the
impact of allo-HCT by using univariable Simon-Makuch and
multivariable Cox models considering allo-HCT and transfor-
mation to AML as time-dependent covariates. This approach
allows to account for the exact timing of allo-HCT. However,
Cox models only yield relative (HR) rather than absolute
(survival probabilities) risk estimations. This limitation was
overcome by a multistate model, a method ideally suited to
study the impact of postdiagnosis events and interventions
and thus already applied to analyze outcome after allo-
HCT,?83% including in MDS.'3143¢38 Oyr multistate model
further expands on those reports by allowing flexible, time-
dependent hazards. Overall, these methods limit the biases
inherent to retrospective comparisons of transplanted vs non-
transplanted patients.*33*

Results from our models must nevertheless be interpreted
with caution. For instance, the large survival benefit associ-
ated with allo-HCT in patients having transformed to AML
could reflect the selection of patients achieving remission
prior to allo-HCT and the known high mortality of AML sec-
ondary to CMML®*? and thus the fact that the only survivors
are those who received an allogeneic transplantation, even
though few patients could receive an allo-HCT in this situa-
tion. As we and others have reported, the long-term survival
of patients who transformed from myeloproliferative disease
remains poor and should encourage transplantation before
transformation. 4’

While EBMT patients are prospectively accrued from the date of
transplantation, the ICD is a retrospective registry from diagno-
sis.>? Consequently, the ICD may underestimate mortality rate
(alive patients may have been more frequently reported) and
EBMT misses patients planned for transplantation but never
receiving it. ICD and EBMT recruited patients from different cen-
ters, even if some were overlapping. We adjusted our analysis
on the main prognostic factors to balance the potential differ-
ences between both registries. Because a proportion of ICD
patients received allo-HCT, we could estimate the probability to
be transplanted, in contrast to studies comparing transplant and
nontransplant cohort, where the transplant eligibility of patients
in the nontransplant cohort is often unknown.

Our study used CPSS to stratify patients at diagnosis because it
relies on broadly available parameters, including cytogenetics,
and has been externally validated.?? Though several other
clinical prognostic models have been applied to CMML,*#24¢
none has shown superiority over CPSS.> Future studies including
comorbidity indexes, splenomegaly, and other extramedullary
disease, as well as somatic mutations, which were available only
in a small minority of transplanted patients in the present studly,
may delineate CMML subsets benefiting from allo-HCT.2347-47
Conversely, neither donor type nor conditioning regimen inten-
sity impacted posttransplant survival overall, and these variables
were thus not accounted for in our models. Further studies will
be required to explore the potential survival with matched
donors in lower-risk patients or of haplo-identical donors in
higher-risk cases. The latter could not be captured over the time
period (2000-2014) of the present study.

The expected under-representation of females in our cohort
makes estimation of allo-HCT benefit less precise in this
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population. Moreover, the overall better outcome of females,
regardless of allo-HCT, may account for the less-robust benefit
of allo-HCT noted in females compared with males in our study.
Differences in comorbidities, pathogenesis, and response to
nontransplant therapies may also have contributed to this differ-
ential effect.”**'

Repeated assessment of disease risk during follow-up, prior
to transplantation or transformation to AML, would certainly
have refined both time-dependent Cox models and multi-
state modeling. The limited data available in the EBMT
cohort suggest that a third of lower-risk patients were
referred to transplantation because of progression to higher
risk. However, aside from younger age (accounted for in mul-
tistate and multivariable models), baseline disease character-
istics seemed comparable in transplanted vs nontransplanted
lower-risk disease. Future studies accounting for progression
to higher-risk disease before allo-HCT and not only transfor-
mation to AML may refine this analysis, though contrary to
several MDS prognostic systems,*?>3 the dynamic use (ie,
after diagnosis) of CPSS or other CMML prognostic models
has yet to be validated. Conversely, patients with higher-risk
disease may have received treatments before undergoing
transplantation. Although nontransplant therapies have yet to
show robust disease-modifying potential in CMML, future
studies will need to account for the dynamic landscape of
these options.'®1?

Our analyses highlighted the increased risk of death within
the first 2 years posttransplant. Such biphasic posttransplant
mortality has notably been reported in MDS and attributed to
transplant-related mortality caused by early complications,
including graft rejection, acute graft-versus-host disease,
infection, and organ failures in registries and in prospective
studies.”*"7>* Ongoing progresses in the management of
these complications may decrease this early mortality and
nuance our conclusions.”™ ¢3¢ Future studies should also
consider extensive chronic graft-versus-host disease in multi-
variable Cox and multistate models to account for quality of
life after allo-HCT.>’

Overall, our study supports current recommendations, largely
based on expert opinion and previous MDS studies,'**** to
defer allo-HCT in lower-risk patients and consider it carefully in
those with higher-risk disease.®® Any other practice modification
should be undertaken in the context of a clinical trial.

Acknowledgments

The authors thank the clinical consortium of the MDS Evans Foundation
and the International Working Group for Myeloproliferative Neoplasms
for serving as the platform for the development of the International
CMML Dataset. The authors acknowledge the contribution of all the
EBMT and ICD centers contributing patients to this study.

Authorship

Contribution: M.R., L.C.d.W., and R.I. designed the study and drafted
the manuscript; L.d.W. supervised the statistical analyses performed by
K.B. and D.-J.E.; LK. managed data from the EBMT registry; E.P., P.F.,
AN., RKR., RSK, SBK., ES., G.G-M., MP.M., and F.O. accrued
patients to the ICD; D.W.B., J.S., N.G., AR, JF, VP, FL, AB, VR,
P.H., and F.O. accrued patients to the EBMT registry; I.Y.-A. chairs the

ROBIN et al

20z AeIN 81 uo 3sanb Aq ypd €21 G10120ZPIGPO0Id/LLELZ6L/80YL/ZLIOYL/IPd-a1o1Ie/pOO|q/Jou SUOKEDIgNdysE//:d)y WOy papeojumoq



chronic malignancies working party of EBMT; and all authors reviewed
the manuscript and approved its final version.

Conflict-of-interest disclosure: The authors declare no competing finan-
cial interests.

ORCID profiles: M.R., 0000-0003-1388-9876; L.D.W., 0000-0002-7667-
9369; R.K., 0000-0002-1876-5269; N.G., 0000-0002-0891-1744; J.F.,
0000-0002-1799-5927; E.S., 0000-0002-8629-1341; M.P., 0000-0001-
6998-662X; 1.Y.-A., 0000-0003-4524-8782; R.I., 0000-0003-2139-6262.

Correspondence: Marie Robin, Service Hématologie Greffe de Moelle,
Hopital Saint-Louis, 1 Avenue Claude Vellefaux, F-75010 Paris, Fran-
ce; e-mail: marie.robin@aphp.fr; and Raphael ltzykson, Service
Hématologie Adultes, Hopital Saint-Louis, 1 Avenue Claude Vellefaux,
F-75010 Paris, France; e-mail: raphael.itzykson@aphp.fr.

Footnotes

Submitted 14 December 2021; accepted 5 May 2022; prepublished online
on Blood First Edition 6 June 2022. DOI 10.1182/blood.2021015173.

This study has been presented in part at the 2019 Annual Meeting of
the American Society of Hematology and the 2020 Annual Meeting of
EBMT.

Send data sharing requests via e-mail to the corresponding author.

The online version of this article contains a data supplement.

The publication costs of this article were defrayed in part by page
charge payment. Therefore, and solely to indicate this fact, this article
is hereby marked “advertisement” in accordance with 18 USC section
1734,

REFERENCES patients with chronic myelomonocytic study on behalf of SFGM-TC and GFM.
1. Srour SA Devesa SS. Morton LM et al. leukaemia. A study of the Chronic Leukemia. 2015;29(7):1496-1501.
; ' . ) ' Malignancies Working Party of the European
Incidence .Emd Patlent survival of Group for Blood and Marrow Trans Iantpation 18. Itzykson R, Santini V, Chaffaut C, et al.
myeloproliferative neoplasms and BrJ Hpaematol 2015.171(2).239_242) ' Decitabine versus hydroxyurea for advanced
myelodysplgstic/mygloproliferative ' ' ’ ' proliferative CMML: results of the Emsco
ge?jpfllasms in 7"‘;&#2'2‘;‘1?2‘;52 §821'12- 10. Kongtim P, Popat U, Jimenez A, et al. Randomized Phase 3 Dacota Trial. Blood.
rJ Haematol. i174(3):382-39¢. Treatment with hypomethylating agents 2020;136(Supplement 1):53-54.
. ’ before allogeneic stem cell transplant
2. ltzykson R, Kosmlf:ier O{ Renneville A, et al. imbroves Er;o ression-froe survivsl 19. Pleyer L, Leisch M, Kourakli A, et al.
Prognost|c score |nc|ud|ng gene mutations P A P! 9 N . : ; i
) p h » ; for patients with chronic myelomonocytic Outcomes of patients with chronic
in chronic myelomonocytic leukemia. J Clin pauents | Y Y myelomonocytic leukaemia treated with
Oncol. 2013;31(19):2428-2436. lze(;‘,lk:?;i )li{(;ISBBIood Marrow Transplant. non-curative therapies: a retrospective
3. Elena C, Galli A, Such E, et al. Integrating ) ) ) g?ggi?zufy' Lancet Haematol. 2021;8(2):
clinical features and genetic lesions in the 11. ltonaga H, Aoki K, Aoki J, et al. Prognostic ’
risk assessment of patients with chronic lhmpact of donor source“on allolgene|§ 20. Patnaik MM, Wassie EA, Padron E, et al.
myelomonocytic leukemia. Blood. 2016;128 ematopoietic stem cell transplantation Chronic myelomonocytic leukemia in
(10):1408-1417. outcomes in adults with chronic younger patients: molecular and cytogenetic
myelomonocytic leukemia: a nationwide redictors of survival and treatment
4. Patnaik MM, Padron E, LaBorde RR, et al. retrospective analysis in Japan. Biol Blood Eutcome [published correction appears in
Mayo prognostic model for WHO-defined Marrow Transplant. 2018;24(4):840-848. Blood CanF;er J. 2015;5(1):6270] pglood
chronic myelomonocytic leukemia: ASXL1 . Cancer J 2015'.5(2)'e2‘80 ’ ’
and spliceosome component mutations and 12. WO_O J, Choi DR, Storer BE, etal. Impac_t of ’ e ’
outcomes [published correction appears in clinical, cytogenetic, and molecular prof||e§ 21. Vardiman JW, Thiele J, Arber DA, et al. The
Leukemia. 2013;27(10):2112]. Leukemia. on !ong-te'rrl’: sl’L‘erv'aI afte;’ transplan'Fatllonkln 2008 revision of the World Health Organization
2013;27(7):1504-1510. patients with chronic myelomonocytic leuke- (WHO) classification of myeloid neoplasms and
. . mia. Haematologica. 2020;105(3):652-660. acute leukemia: rationale and important
5. Padron E, Garcia-Manero G, Patnaik MM, changes. Blood. 2009;114(5):937-951
et al. An international data set for CMML 13. Cutl_e_r CS, Lee _SJ, Greenberg P etal A ’ ’ ' ’ ’
validates prognostic scoring systems and decision analysis of allogeneic bone marrow 22. Such E, Germing U, Malcovati L, et al.
demonstrates a need for novel transplantation for the myelodysplasnc ) Development and validation of a prognostic
prognostication strategies. Blood Cancer J. syndromes: dglayed trar\splantcjatlo.n for low-risk scoring system for patients with chronic
2015;5(7):e333. myelodysplasia is associated with improved myelomonocytic leukemia. Blood. 2013;121
outcome. Blood. 2004;104(2):579-585. (15):3005-3015.
6. Kerbauy DMB, Chyou F, Gooley T, et al. !
Allogeneic hematopoietic cell 14. Koreth J,. P|da|§ J, Perevz‘W'S, etal Role.of 23. Such E, Cervera J, Costa D, et al.
transplantation for chronic myelomonocytic reduced-intensity conditioning allogeneic Cytogenetic risk stratification in chronic
leukemia. Biol Blood Marrow Transplant. hematopoietic stem-cell transplantation in older myelomonocytic leukemia. Haematologica.
2005;11(9):713-720. patients with de novo myelodysplastic syn- 2011;96(3):375-383.
dromes: an interational collaborative decision
7. Eissa H, Gooley TA, Sorror ML, et al. analysis. J Clin Oncol. 2013;31(21):2662-2670. 24. Saraceni F, Labopin M, Gorin NC, et al;
Allogeneic hematopoietic cell R Acute Leukemia Working Party (ALWP) of
transplantation for chronic myelomonocytic 15. Kroger N, Sockel K, Wolschke C, et al. the European society for Blood and Marrow
leukemia: relapse-free survival is determined Comparison between 5-azacytidine treat- Transplantation (EBMT). Matched and
by karyotype and comorbidities. Biol Blood ment and allogeneic stem-cell transplanta- mismatched unrelated donor compared to
Marrow Transplant. 2011;17(6):908-915. tion in elderly patients with advanced MDS autologous stem cell transplantation for
. according to donor availability (VidazaAllo acute myeloid leukemia in first complete
8. Parks, Lgbopm M, Yakoub-Agha |, et al. Study). J Clin Oncol. 2021;39(30):3318-3327. remission: a retrospective, propensity score-
Allogeneic stem cell transplantation for weighted analysis from the ALWP of the
chronic myelomonocytic leukemia: a report 16. Nakamura R, Saber W, Martens MJ, et al. EBMT. J Hematol Oncol. 2016;9(1):75.
from the Societe Francaise de Greffe de Biologic assignment trial of reduced-intensity
Moelle et de Therapie Cellulaire. Eur J hematopoietic cell transplantation based on 25. Bacigalupo A, Ballen K, Rizzo D, et al.
Haematol. 2013;90(5):355-364. donor availability in patients 50-75 years of Defining the intensity of conditioning
o ) age with advanced myelodysplastic syn- regimens: working definitions. Biol Blood
9. Symeonidis A, van Biezen A, de Wreede L, drome. J Clin Oncol. 2021;39(30):3328-3339. Marrow Transplant. 2009;15(12):1628-1633.
et al; Chronic Malignancies Working Party of
the European Group for Blood and Marrow 17. Robin M, Porcher R, Ades L, et al. HLA- 26. de Wreede LC, Fiocco M, Putter H. The
Transplantation. Achievement of complete matched allogeneic stem cell transplantation mstate package for estimation and
remission predicts outcome of allogeneic improves outcome of higher risk prediction in non- and semi-parametric
haematopoietic stem cell transplantation in myelodysplastic syndrome a prospective multi-state and competing risks models.

TIMING OF ALLO-HCT IN CMML

€ blood”® 22 SEPTEMBER 2022 | VOLUME 140, NUMBER 12 1417

20z AeIN 81 uo 3sanb Aq ypd €21 G10120ZPIGPO0Id/LLELZ6L/80YL/ZLIOYL/IPd-a1o1Ie/pOO|q/Jou SUOKEDIgNdysE//:d)y WOy papeojumoq


http://orcid.org/0000-0003-1388-9876
http://orcid.org/0000-0002-7667-9369
http://orcid.org/0000-0002-7667-9369
http://orcid.org/0000-0002-1876-5269
http://orcid.org/0000-0002-0891-1744
http://orcid.org/0000-0002-1799-5927
http://orcid.org/0000-0002-8629-1341
http://orcid.org/0000-0001-6998-662X
http://orcid.org/0000-0001-6998-662X
http://orcid.org/0000-0003-4524-8782
http://orcid.org/0000-0003-2139-6262

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Comput Methods Programs Biomed. 2010;
99(3):261-274.

de Wreede LC, Fiocco M, Putter H. mstate:
an R package for the analysis of competing
risks and multi-state models. J Stat Softw.
2011;38(7):1-30.

Logan BR. Review of multistate models in
hematopoietic cell transplantation studies. Biol
Blood Marrow Transplant. 2013;19(1 Suppl):
$84-587.

van Houwelingen H, Putter H. Dynamic
Prediction in Clinical Survival Analysis. 1st
ed. Boca Raton, Florida: CRC Press; 2012.

Shuster JJ. Median follow-up in clinical trials.
J Clin Oncol. 1991;9(1):191-192.

Simon R, Makuch RW. A non-parametric
graphical representation of the relationship
between survival and the occurrence of an
event: application to responder versus non-
responder bias. Stat Med. 1984;3(1):35-44.

Mantel N, Byar DP. Evaluation of response-
time data involving transient states: an illus-
tration using heart-transplant data. J Am Stat
Assoc. 1974;69(345):81-86.

Gagelmann N, Bogdanov R, Stolzel F, et al.
Long-term survival benefit after allogeneic
hematopoietic cell transplantation for
chronic myelomonocytic leukemia.
Transplant Cell Ther. 2021;27(1):95.e1-95.e4.

Pophali P, Matin A, Mangaonkar AA, et al.
Prognostic impact and timing considerations
for allogeneic hematopoietic stem cell
transplantation in chronic myelomonocytic
leukemia. Blood Cancer J. 2020;10(11):121.

Eefting M, de Wreede LC, Halkes CJ, et al.
Multi-state analysis illustrates treatment
success after stem cell transplantation for
acute myeloid leukemia followed by donor
lymphocyte infusion. Haematologica. 2016;
101(4):506-514.

Alessandrino EP, Porta MG, Malcovati L,
et al; Gruppo ltaliano Trapianto di Midollo
Osseo (GITMO). Optimal timing of
allogeneic hematopoietic stem cell
transplantation in patients with
myelodysplastic syndrome. Am J Hematol.
2013;88(7):581-588.

Della Porta MG, Jackson CH, Alessandrino
EP, et al. Decision analysis of allogeneic
hematopoietic stem cell transplantation for
patients with myelodysplastic syndrome
stratified according to the revised
International Prognostic Scoring System.
Leukemia. 2017;31(11):2449-2457.

Brand R, Putter H, van Biezen A, et al.
Comparison of allogeneic stem cell
transplantation and non-transplant
approaches in elderly patients with advanced
myelodysplastic syndrome: optimal statistical

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

approaches and a critical appraisal of clinical
results using non-randomized data. PLoS
One. 2013;8(10):e74368.

Patnaik MM, Pierola AA, Vallapureddy R,

et al. Blast phase chronic myelomonocytic
leukemia: Mayo-MDACC collaborative study
of 171 cases. Leukemia. 2018;32(11):
2512-2518.

Ruggiu M, Cassinat B, Kiladjian JJ, et al.
Should transplantation still be considered for
Ph1-negative myeloproliferative neoplasms
in transformation? Biol Blood Marrow Trans-
plant. 2020;26(6):1160-1170.

Kréger N, Eikema DJ, Késter L, et al; Chronic
Malignancies Working Party of the European
Society for Blood Marrow Transplantation.
Impact of primary disease on outcome after
allogeneic stem cell transplantation for
transformed secondary acute leukaemia. Br J
Haematol. 2019;185(4):725-732.

Aul C, Gattermann N, Heyll A, Germing U,
Derigs G, Schneider W. Primary
myelodysplastic syndromes: analysis of
prognostic factors in 235 patients and
proposals for an improved scoring system.
Leukemia. 1992;6(1):52-59.

Greenberg P, Cox C, LeBeau MM, et al.
International scoring system for evaluating
prognosis in myelodysplastic syndromes.
Blood. 1997,89(6):2079-2088.

Onida F, Kantarjian HM, Smith TL, et al.
Prognostic factors and scoring systems in
chronic myelomonocytic leukemia: a
retrospective analysis of 213 patients. Blood.
2002;99(3):840-849.

Kantarjian H, O'Brien S, Ravandi F, et al.
Proposal for a new risk model in
myelodysplastic syndrome that accounts for
events not considered in the original
International Prognostic Scoring System.
Cancer. 2008;113(6):1351-1361.

Greenberg PL, Tuechler H, Schanz J, et al.
Revised international prognostic scoring
system for myelodysplastic syndromes.
Blood. 2012;120(12):2454-2465.

Yoshizato T, Nannya Y, Atsuta Y, et al.
Genetic abnormalities in myelodysplasia and
secondary acute myeloid leukemia: impact
on outcome of stem cell transplantation.
Blood. 2017;129(17):2347-2358.

Carré M, Porcher R, Finke J, et al. Role of age
and hematopoietic cell transplantation-specific
comorbidity index in myelodysplastic patients
undergoing an allotransplant: a retrospective
study from the Chronic Malignancies Working
Party of the European Group for Blood and
Marrow Transplantation. Biol Blood Marrow
Transplant. 2020;26(3):451-457.

1418 & blood® 22 SEPTEMBER 2022 | VOLUME 140, NUMBER 12

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Gagelmann N, Badbaran A, Beelen DW,

et al. A prognostic score including mutation
profile and clinical features for patients with
CMML undergoing stem cell transplantation.
Blood Adv. 2021;5(6):1760-1769.

Togami K, Chung SS, Madan V, et al.
Sex-biased ZRSR2 mutations in myeloid
malignancies impair plasmacytoid dendritic
cell activation and apoptosis. Cancer Discov.
2022;12(2):522-541.

DeZern AE, Zeidan AM, Barnard J, et al;
Evans MDS Clinical Research Consortium.
Differential response to hypomethylating
agents based on sex: a report on behalf of
the MDS Clinical Research Consortium (MDS
CRC). Leuk Lymphoma. 2017;58(6):
1325-1331.

Yahng SA, Jeon YW, Yoon JH, et al. Dynamic
prognostic value of the revised international
prognostic scoring system following
pretransplant hypomethylating treatment in
myelodysplastic syndrome. Bone Marrow
Transplant. 2017;52(4):522-531.

Malcovati L, Germing U, Kuendgen A, et al.
Time-dependent prognostic scoring system
for predicting survival and leukemic
evolution in myelodysplastic syndromes.

J Clin Oncol. 2007;25(23):3503-3510.

Platzbecker U, Schetelig J, Finke J, et al;
Groupe Francophone des Myelodysplasies.
Allogeneic hematopoietic cell
transplantation in patients age 60-70 years
with de novo high-risk myelodysplastic
syndrome or secondary acute myelogenous
leukemia: comparison with patients lacking
donors who received azacitidine. Biol
Blood Marrow Transplant. 2012;18(9):
1415-1421.

Zeiser R, von Bubnoff N, Butler J, et al;
REACH?2 Trial Group. Ruxolitinib for
glucocorticoid-refractory acute graft-versus-
host disease. N Engl J Med. 2020;382(19):
1800-1810.

Marty FM, Ljungman P, Chemaly RF, et al.
Letermovir prophylaxis for cytomegalovirus
in hematopoietic-cell transplantation. N Engl
J Med. 2017;377(25):2433-2444.

Holtan SG, DeFor TE, Lazaryan A, et al.
Composite end point of graft-versus-host
disease-free, relapse-free survival after
allogeneic hematopoietic cell transplanta-
tion. Blood. 2015;125(8):1333-1338.

Itzykson R, Fenaux P, Bowen D, et al.
Diagnosis and treatment of chronic
myelomonocytic leukemias in adults:
recommendations from the European
Hematology Association and the European
LeukemiaNet. HemaSphere. 2018;2(6):e150.

© 2022 by The American Society of Hematology

ROBIN et al

20z AeIN 81 uo 3sanb Aq ypd €21 G10120ZPIGPO0Id/LLELZ6L/80YL/ZLIOYL/IPd-a1o1Ie/pOO|q/Jou SUOKEDIgNdysE//:d)y WOy papeojumoq



	TF1
	TF2
	TF3
	TF4
	TF5
	TF6
	TF7
	TF8
	TF9
	TF10

