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Abstract

Aplastic anemia (AA) transformation into myelodysplastic syndromes (MDS) or acute
myeloid leukemia (AML) is associated with a dismal prognosis. Hematopoietic stem
cell transplant offers the sole possibility of cure, but data on long-term survival are
scarce. We retrospectively analyzed 270 patients transplanted for MDS, AML, or an
isolated cytogenetic abnormality after a diagnosis of AA or paroxysmal nocturnal
hemoglobinuria reported to the EBMT. The median age at transplantation was 39
years. The 5-year overall survival (OS) rate was 64%, unaffected by chromosome 7
abnormalities, age at transplant, sex, interval from clonal evolution to transplant, and
intensity of conditioning regimen. The 5-year non-relapse mortality rates were 34%
(95% CI, 25-42%) for MDS patients and 19% (95% CI, 7-31%) for AML patients and
were higher following a myeloablative conditioning regimen. The five-year relapse
rate was 12% (95% CI, 6-19%) for MDS and 22% (95% CI, 9-35%) for AML. Our
study’'s survival estimates reflect a younger cohort of patients, considering the
bimodal distribution of aplastic anemia. Conditioning regimen intensity did not affect
relapse. For MDS patients, pretreating before transplant did not improve survival nor
reduce relapse. Transplantation is feasible and effective in achieving long-term
survival for transplant-eligible post-AA myeloid neoplasm patients. MDS patients may
benefit from upfront RIC transplant, limiting toxicity without higher relapse. Post-
transplant maintenance therapies to reduce the relapse incidence among AML
patients might be warranted.



Introduction

Clonal evolution into myelodysplastic syndromes (MDS) or acute myeloid leukemia
(AML) represents a feared complication for patients with immune-mediated aplastic
anemia (AA) or paroxysmal nocturnal hemoglobinuria (PNH), affecting approximately
10 to 15% of non-transplanted individuals within the first decade from diagnosis.*?
This progression is often associated with a dismal prognosis due to high-risk
features, including excess blasts, monosomy 7, and adverse molecular profiles.***

Allogeneic hematopoietic stem cell transplantation (HSCT) is currently the only
curative treatment for these post-AA MDS/AML cases. One previous EBMT Severe
Aplastic Anemia Working Party study found a 5-year overall survival of around 45%.°
Patients in remission or receiving upfront transplantation presented better outcomes
than those with refractory disease. However, the use of standard chemotherapy or
hypomethylating agents before transplant is often limited by severe hematologic
toxicity,® given the already compromised state of the hematopoietic stem cell pool in
these patients.

Today, data on long-term survival following transplant for post-AA MDS/AML are
scarce because of the rarity of the disease. Therefore, the predictors of good
outcomes are unknown. This study describes the most significant published cohort to
date and evaluates the 5-year overall survival of patients transplanted for myeloid
neoplasms secondary to AML.

Methods

Study design

Following the scientific committee’s approval, we carried out a retrospective,
multicenter cohort study among centers participating in the EBMT Severe Aplastic
Anemia Working Party to address this question. EBMT centers are committed to
obtaining informed consent in accordance with local regulations and IRB approvals
and reporting pseudonymized data to the EBMT. We conducted this study in
agreement with the Declaration of Helsinki. We report our results in accordance with
the STROBE recommendations.

Patient selection and data collection

We included all consecutive patients reported to the EBMT who received an HSCT
for clonal evolution, defined as the diagnosis of a myeloid neoplasm or the
acquisition of any cytogenetic abnormality after a previous diagnosis of acquired
aplastic anemia or PNH. We have reclassified patients lacking a myeloid neoplasm
diagnosis but bearing a WHO 2016 MDS-defining cytogenetic abnormalities as MDS.
Transplants were carried out between January 1%, 2001, and December 31%, 2021.
We excluded patients who had presented a WHO 2016-defining cytogenetic
abnormality at aplastic anemia diagnosis, had developed aplastic anemia following
chemotherapy for other hematological malignancies, had received HSCT before
clonal evolution, had a diagnosis of inherited marrow failure syndrome, and those
with missing essential data (Supplementary Figure 1).

Endpoints and Definitions

All outcomes in this study are calculated from the time of the first HSCT. The primary
endpoint of this study was the 5-year overall survival. Secondary endpoints included



engraftment, acute and chronic graft versus host disease (GvHD), non-relapse
mortality (NRM), and graft failure, GvHD, and relapse-free- survival (GGRFS).
GGRFS was defined as survival without myeloid neoplasm relapse, graft failure, and
grade lll to IV acute or chronic extensive GvHD. NRM was defined as death from any
cause without relapse of the neoplastic disease or graft failure or any death before
D+100. Myeloid and platelet engraftment and conditioning regimen intensity were
defined according to the EBMT guidelines.

Statistical analysis

OS and GGRFS were estimated using the Kaplan-Meier product limit estimation
method, and differences in subgroups were assessed by the log-rank test. Median
follow-up was determined using the reverse Kaplan-Meier method. Competing risk
methods were used to estimate the cumulative incidences of grade Il-IV and IlI-IV
aGvHD, cGVHD, platelet and neutrophil engraftment, and graft failure; the competing
events were death, graft failure, relapse, and second transplant. Cumulative
incidences of MDS/AML relapse and non-relapse mortality (NRM) were similarly
analyzed in the subset of patients who developed MDS or AML before HSCT. Gray’'s
test evaluated any subgroup differences in cumulative incidences of interest.

Multivariable Cox proportional hazards regression was applied to investigate the
simultaneous impact of multiple covariates on OS. The covariate constellation was
predefined based on clinical considerations. It included the clonal evolution group
(AML, isolated abnormalities, and MDS), the interval between clonal evolution and
HCT (in months), patient sex (female vs. male), age at HCT (in years), and
conditioning intensity (RIC vs. MAC).

Continuous variables are presented in the text, summarized as median and
interquartile range (IQR), and categorical variables as percentages within the group
of patients with available data. Subgroup differences in baseline variables are
investigated with X? tests for categorical variables and the Kruskal-Wallis test for
continuous variables. All estimates and hazard ratios are reported with corresponding
95% confidence intervals in parentheses. All p-values were two-sided. Statistical
analyses were performed in R version 3.6.0 (R Development Core Team, Vienna,
Austria), using packages ‘survival’, ‘prodlim’, and ‘cmprsk’.

Results
Cohort description

Patients and transplant characteristics

We have included 270 patients from 113 different EBMT centers across 28 countries.
Of these patients, 16 were already included in a previous EBMT study.® The primary
diagnosis was aplastic anemia for 246 patients and PNH for 24. The median age at
this first diagnosis was 34.7 years (20 -51.4). At clonal evolution, 46 patients were
diagnosed with AML, 155 with MDS, and 69 had acquired an isolated cytogenetic
abnormality without morphological criteria for MDS. The median time from AA
diagnosis to clonal evolution was 30.5 months (8.7-68.4) for MDS and 39.8 months
(21.5-82.6) for AML; the median follow-up was 5 (4.36-5.9) years. Table 1
summarizes patients’ and transplants’ characteristics.



Aplastic anemia treatment

No patient received an HSCT for SAA/PNH before the clonal evolution diagnosis.
Initial treatment combinations for SAA included cyclosporine in 90, ATG in 83 (with
cyclosporine in 71, with other drugs in 8 and 4 ATGs monotherapy), and 13 received
eltrombopag (5 with ATG and cyclosporine and one as monotherapy). For 159
patients, primary treatment was unknown.

Cytogenetic abnormalities

We retrieved cytogenetic data at clonal evolution diagnosis for 200/270 patients (74%
of data completeness). 149 (74.5%) patients had at least one abnormality.
Supplementary Figure 2 presents the cytogenetics distribution across the three
groups.

Myeloid neoplasm treatment

Data was available for 156/201 patients (77.6% of data completeness). Fifty-three
(34%) patients received upfront transplantation after the myeloid neoplasm diagnosis,
whereas 88 (56.4%) patients received intensive chemotherapy, 11 (7.1%)
hypomethylating agents, and 4 (2.6%) both chemotherapy and hypomethylating
agents.

Data was available for 126 MDS patients, of whom 48 received upfront
transplantation. Five AML patients received upfront HSCT (data available for 30/46).

Clinical outcomes

Overall survival:

The 5-year OS for the entire cohort was 64% (95%CI 58-70%) (Figure la). The
primary cause of death was transplant-related, accounting for 58 (66.7%) events,
followed by relapse with 19 (21.8%) events. We then performed a multivariable
analysis on overall survival adjusting for the clonal evolution group, the interval from
clonal evolution diagnosis and transplant, the patient’'s biological sex, age at
transplant, and conditioning regimen intensity. None of these factors affected survival
(Table 2).

Secondly, we studied the impact of clonal evolution category and cytogenetics at
clonal evolution diagnosis on survival following HSCT. The 5-year OS was not
different among the three clonal evolution groups: 60% (95%CI 52-68%) for MDS,
61% (95%CI 45-76%) for AML, and 74% (63-85%) for isolated cytogenetic
abnormality (p=0.19), respectively (Figure 1b). The 1- and 5-year OS were not
different among patients with normal cytogenetics (80% (95%CI 69-91%) and 67%
(95%CI 54-81%)) chromosome 7 abnormalities (70% (95%CI 58-82) and 58% (45-
72)) and other cytogenetic abnormalities (79% (95%CI 70-88%) and 71% (95%CI 60-
81)), p=0.2, respectively (Figure 1c). Four patients had 23 cytogenetic abnormalities,
not including chromosome 7 (1-year OS 75% (95%CI 33-100%))).

Next, we studied the impact of pretreatment for MDS. The 5-year overall survival was
not different between upfront transplantation and pretreated patients, 71% (95%ClI
58-84%) and 56% (95%CI 45-66%), respectively, p=0.19 (Figure 1d).

Then, we studied the impact of the conditioning regimen intensity for MDS/AML
patients. Myeloablative or reduced-intensity regimens did not affect survival in the
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overall cohort (5-year OS 61% (95%CI 53-70%) and 65% (95%CI 56-74%),
respectively, p=0.6 - Supplementary Figure 3). In addition, the year of transplant did
not affect the OS either (Supplementary Figure 4).

Engraftment

The overall cumulative incidence of neutrophil engraftment by D+28 was 85%
(95%CI 81-89%), and platelet engraftment by D+60 was 84% (79-89%). The median
time for neutrophil and platelet engraftment were 17 (95%CI 16 - 19) and 19 (95%ClI
18 - 21) respectively. Clonal evolution category and conditioning regimen intensity did
not affect neutrophil engraftment by day +28 or platelet engraftment by day +60
(Supplementary Table 1).

Graft-versus-host disease

The cumulative incidence of grades II/IV aGvHD by day+100 was 24% (95%CI 19-
29%). Patients with an AML diagnosis presented a higher cumulative incidence of
aGVvHD (35%(95% CI 21-49)) compared to MDS (26% (95% CI 19-33%)) or isolated
cytogenetic abnormality 12% (95%CI 4-21%) p=0.013 (Figure 2a). Conditioning
regimen intensity and year of transplant had no impact on aGvHD (data not shown).

The cumulative incidence of chronic GvHD by 5 years was higher in AML than MDS
or isolated cytogenetics patients (42% (95%CI 26-57%), 32% (95% CI 24-41%) and
22% (95%CI 10-34%) respectively, p=0.019 — Figure 2b).

Relapse and non-relapse mortality

The overall 1-year cumulative incidence of relapse for MDS and AML was 7%
(95%CI 3-11%) and 15% (95%CI 9-21%), respectively. By 5 years, the cumulative
incidence of relapse was 12% (95%CI 6-19%) for MDS and 22% (95%CI 9-35%) for
AML, p=0.09 (Figure 3a). Neither the conditioning regimen intensity
(Supplementary Figure 3a) nor cytogenetics affected the relapse rate. Treatment
before HSCT did not affect relapse of MDS (Supplementary Figure 4a).

The cumulative incidence of NRM by one and five years was 26% (95%CI 20-33%)
and 30% (95%CI 23-37%), respectively. By five years, the NRM was 34% (25-42%)
and 19% (7-31%) for MDS and AML patients, respectively, p=0.06 (Figure 3b). The
use of a myeloablative conditioning regimen (MAC) was associated with higher NRM
than a reduced intensity conditioning regimen (RIC) (Supplementary Figure 3b) (1-
year NRM of 34% (95% CI 24-44%) versus 19% (95%CI 10-27%) respectively, p =
0.026). In MDS, treatment before HSCT did not affect NRM (Supplementary Figure
4b).

Graft failure, GvHD, and relapse-free survival

The overall 1- and 5-year GGRFS was 60% (54-66) and 52% (46-59). GGRFS was
51% (43-60) for MDS and 38% (23-53) for AML patients (Figure 4a). For MDS
patients, upfront HSCT yielded a 67% (53-80) GGRFS by one year versus 54% (43-
66) for pretreated patients, p = 0.2 (Figure 4b).

Neither the year of the transplant nor the intensity of the conditioning regimen
affected the GGRFS.



Supplementary Table 2 summarizes the univariate analyses conducted for each
studied clinical outcome.

Discussion

Although post-AA MDS/AML presents high-risk characteristics, herein, we show that
transplantation could potentially cure eligible patients. In this most extensive study
ever performed in this setting, the 5-year overall survival was 64% for the entire
cohort, i.e., above 60% in all three clonal evolution scenarios (cytogenetic
abnormality insufficient for an MDS diagnosis, MDS, and AML), higher than the 45%
previously published by the SAA WP for post-AA MDS/AML (median age 29 years).”
The improvement in supportive care, HLA typing, and donor choice from one study’s
inclusion period to another might explain the survival difference. Noteworthy, the
median age of patients we present is 39 (22-56) years at transplantation. Therefore,
survival estimates reflect a younger cohort of patients considering the bimodal
distribution of aplastic anemia (second peak among older patients).

An NIH study found a 5-year OS of 57% with a median age of 19 years.* In the
current study, the overall survival is comparable to studies for all coming AML"® or
MDS,**° but patients were younger than the average MDS/AML. High disease
burden has been associated with poorer survival."** Our data is inconclusive about
the effect of MDS pretreatment before HSCT. Although survival estimates seems
different, the log-rank test was not significant. While a difference might exist, the
evidence is insufficient to conclude. All AML patients were pretreated; therefore, we
cannot draw any conclusions for this subgroup. Patients with post-AA MDS/AML
seem more prone to present severe hematopoietic toxicity even to hypomethylating
agents,® perhaps because of a frail and reduced state of non-malignant
hematopoietic stem cell pool in these patients. In consonance with previous data,>*?
our findings suggest that post-AA MDS patients may not benefit from prior treatment
before transplantation.

We have found very high non-relapse mortality, particularly for MDS patients and
those receiving a myeloablative conditioning regimen. Importantly, NRM was the
leading cause of death in this study. NRM occurred chiefly in the first months
following the transplant, which is more evident in the MDS group. Reduced-intensity
conditioning could be adequate for MDS patients, aiming to mitigate the very high
NRM observed.

Relapse was the second most frequent cause of death. The use of MAC did not
reduce the relapse incidence. Notably, half of relapses occurred after the first year
post-transplant, highlighting the need for post-transplant maintenance, such as
targeted therapies or donor lymphocyte infusions for eligible patients. In the era of
novel agents, alternative pre-transplant treatments might also be considered, such as
the association of venetoclax with hypomethylating agents.

Patients with chromosome 7 abnormalities did not present worse survival following
transplantation than the other subgroups. This study is the first to investigate the
impact of conventional cytogenetics on transplant outcomes for this specific
population. Chromosome 7 abnormalities are the most frequent cytogenetic
abnormality among post-AA/MDS patients and have been associated with poor
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0S.2*13 A multicentric retrospective study conducted a multivariable analysis on 94
patients with post-AA secondary myeloid neoplasia and found that bone marrow
excess blasts negatively impacted survival. In contrast, high-risk cytogenetics
showed no significant effect.* In contrast, transplant studies on myeloid malignancies
have reported higher relapse and disease progression rates among patients with
unfavorable cytogenetics. However, most transplanted patients in these studies had
excess blasts at diagnosis.**™° Notably, patients with chromosome 7 abnormalities
who underwent transplantation before progressing to a higher disease stage had the
best outcomes, particularly in the absence of complex or monosomal karyotypes. In
our study, complex karyotypes were rare, and data on blast counts at the time of
transplantation were unavailable. The traditionally poor prognosis associated with
high-risk cytogenetic abnormalities in prior transplantation studies may primarily
reflect the impact of complex or monosomal cytogenetics or excess blasts rather than
an isolated chromosome 7 abnormality—the most common finding in post-AA MDS
patients. In other words, poor-risk cytogenetics often coincide with advanced disease,
increasing susceptibility to treatment toxicity and myeloid malignancy relapse.
Notably, routine hematologic surveillance in AA patients might enable early detection
of chromosome 7 abnormalities, allowing for timely transplantation before the
acquisition of additional high-risk features such as excess blasts or complex
karyotypes.

The median time from AA to myeloid neoplasm diagnosis, around three years, was
similar to that of previously published studies.™” Although previous data suggested
post-AA MDS/AML as a long-term complication,**® the median interval elapsed
between AA and MDS/AML found in recent studies demonstrates that clonal
evolution may be a mid-term complication.

Our data showed that most transplanted patients were between their fourth and fifth
decades of life. Notably, aplastic anemia is a disease with a bimodal incidence
distribution that increases with age.’® Older age is also a risk factor for clonal
evolution into myeloid neoplasms.™*’ Therefore, our results suggest that many
patients presenting with post-AA MDS/AML were not eligible for transplantation.
Besides its retrospective nature, other study’s limitations are the lack of disease
status at transplantation and response to previous treatments, comorbidities, precise
data on conditioning regimens, and blast count at transplantation. Furthermore, we
were underpowered to perform some analyses, and although the difference between
groups was sometimes as high as 15%, the statistical test was non-significant. The
rarity of aplastic anemia renders it improbable to gather a more sizeable cohort or to
perform a prospective study on transplanted post-AA myeloid neoplasms.

Our data showed that transplant is both feasible and effective in achieving long-term
survival for transplant-eligible post-AA myeloid neoplasm patients. These real-world
data provide valuable insights for optimizing HSCT strategies and long-term
management in this challenging and rare patient population. Transplantation using a
reduced-intensity conditioning regimen for MDS patients could help mitigate the high
NRM we observed, and our data did not favor pretreating these patients before
transplantation. AML patients present a higher risk of relapse and might benefit from
post-transplant maintenance strategies.
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Tables and Figures

Table 1: Patients characteristics

Isolated
Group Total MDS AML abnormality p
N (%) N (%) N (%) N (%)

Total 270 (100%) 155 (57.4%) 46 (17.0%) 69 (25.6%)

Sex Male 151 (55.9%) 91 (58.7%) 27 (58.7%) 33 (47.8%) 0.291
Female 119 (44.1%) 64 (41.3%) 19 (41.3%) 36 (52.2%)

Age at this treatment Median (IQR) 39.1(22.3-56.2) 38.3(22.3-57.6) 45.2(29.3-57.2) 32.3(18-49) 0.034

Cytogenetics Abnormal 181 (76.7%) 97 (72.4%) 20 (60.6%) 64 (92.8%) <0.001
Normall 55 (23.3%) 37 (27.6%) 13 (39.4%) 5 (7.2%)
Missing 34 (12.6%) 21 (13.5%) 13 (28.3%) 0 (0.0%)

Regimen intended to be

myeloablative No 132 (49.8%) 67 (44.1%) 25 (55.6%) 40 (58.8%) 0.091
Yes 133 (50.2%) 85 (55.9%) 20 (44.4%) 28 (41.2%)
Missing 5 (1.9%) 3 (1.9%) 1 (2.2%) 1 (1.4%)

Donor type MSD 86 (32.3%) 39 (25.5%) 15(33.3%) 32 (47.1%) 0.035
Haploidentical 20 (7.5%) 12 (7.8%) 3 (6.7%) 5 (7.4%)
Unrelated 160 (60.2%) 102 (66.7%) 27 (60.0%) 31 (45.6%)
Missing 4 (1.5%) 2 (1.3%) 1 (2.2%) 1 (1.4%)

Stem cell source PB 147 (55.3%) 90 (58.8%) 34 (75.6%) 23 (33.8%) <0.001
BM 98 (36.8%) 51 (33.3%) 7 (15.6%) 40 (58.8%)
CB 16 (6.0%) 10 (6.5%) 4 (8.9%) 2 (2.9%)
Mixed
sources 5 (1.9%) 2 (1.3%) 0 (0.0%) 3 (4.4%)
Missing 4 (1.5%) 2 (1.3%) 1(2.2%) 1 (1.4%)

Table 1: Patient characteristics overall and stratified by clonal evolution. Results are
based on available data. P-values are based on X? tests for categorical variables and
Kruskal-Wallis test for continuous variables. The count and percentage of missing
data is indicated in the last row per variable, where applicable.

MDS: myelodysplastic syndromes; AML: acute myeloid leukemia; IQR: interquartile
range; MSD: matched sibling donor; PB: peripheral blood; BM: bone marrow; CB:

cord blood.
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Table 2: Multivariable analysis for overall survival

Risk factor Group HR (95% CI) p
Clonal evolution (categorized) MDS 150 56

AML 44 18 0.98 (0.57-1.69) 0.9

Isolated abnormality 68 19 0.68 (0.40-1.16) 0.15
Interval clonal evo. and HSCT or BMF and HSCT 262 93 1(0.99-1.01) 0.8
Sex Male 145 51

Female 117 42 1.11 (0.73-1.68) 0.6
Age at HSCT (decades) 262 93 1.1(0.97-1.24) 0.13
Conditioning standard 126 46

reduced 136 47 0.86 (0.54-1.38) 05

Table 2: Multivariable analysis of overall survival. The humber of patients at risk and
that died during follow-up are indicated in the N and D columns respectively. P-

values are based on unadjusted Wald tests.

MDS: myelodysplastic syndromes; AML: acute myeloid leukemia; HR: hazard ratio;
Cl: confidence interval; HSCT: hematopoietic stem cell transplant; BMF: bone

marrow failure.
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Figures

Figure 1: Kaplan Meier curves for Overall Survival (OS) in different patient
subgroups. (A) the whole cohort, (B) stratified by clonal evolution, (C) stratified by
cytogenetic abnormality and (D) stratified by pretreatment. The shaded regions
indicate 95% confidence intervals. Numbers below the graphs show the number of
patients at risk. Indicated p-values are calculated by logrank test.

Figure 2: Cumulative incidence curves stratified by clonal evolution category.
(A) acute graft versus host disease (GvHD) grade II-1IV and (B) chronic GvHD. The
shaded regions indicate 95% confidence intervals. Numbers below the graphs show
the number of patients at risk. Indicated p-values are calculated by Gray’s test.

Figure 3: Cumulative incidence curves of Relapse and Non-Relapse Mortality
stratified by clonal evolution category. (A) myelodysplastic syndromes or acute
myeloid leukemia relapse and (B) non-relapse mortality. The shaded regions indicate
95% confidence intervals. Numbers below the graphs show the number of patients at
risk. Indicated p-values are calculated by Gray’s test.

Figure 4: Kaplan Meier curves for Graft Failure, acute Graft-versus-host
disease (GvHD) llI-IV, chronic GvHD, and relapse-free survival (GGRFS).
Estimates are stratified by (A) clonal evolution and (B) in the myelodysplastic
syndromes cohort, stratified by pretreatment. The shaded regions indicate 95%
confidence intervals. Numbers below the graphs show the number of patients at risk.
Indicated p-values are calculated by log-rank test.
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Supplementary Figure 1: Patients’ study inclusion flow diagram
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Supplementary Figure 2
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Supplementary Figure 3a and b: Cumulative incidences of relapse and
nonrelapse mortality by conditioning regiment intensity
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Supplementary Figure 3: Cumulative incidence curves of (A) MDS/AML relapse and
(B) non-relapse mortality, stratified by conditioning intensity. The shaded regions
indicate 95% confidence intervals. Numbers below the graphs show the number of
patients at risk. Indicated p-values are calculated by Gray’s test.



Supplementary Figure 4a and b: Cumulative incidences of relapse and
nonrelapse mortality by MDS pretreatment status
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Supplementary Figure 4: Cumulative incidence curves of (A) MDS relapse and (B) non-
relapse mortality, stratified by pretreatment, in MDS patients. The shaded regions
indicate 95% confidence intervals. Numbers below the graphs show the number of
patients at risk. Indicated p-values are calculated by Gray’s test.



Supplementary Table 1

‘ Meutrophil engraftment Platalet racovery
Risk factor Group N D+2B (95%Cl) p N D+60 (95%Cl) p
Total All patients 264 BSW(B1-89%) 227 B4A%(79-89%)
Clonal evolution MDS 153 B9% (B4-94%) 0.01 135 B4A% [77-90%) =0.99
AML 45 B4% (74-95%) 34 B2% (70-95%)
Isolated abnormality 66 76% (65-86%) 58 BE%(77-95%)
Conditioning RIC 131 B5%(79-91%) 0.2 117 87%(8193%) 0.07
MAC 131 B5% (79-91%) 110 81% (74-88%)

Supplementary Table 1: Cumulative incidences of neutrophil engraftment by day 28
and platelet recovery by day 60, overall and stratified by clonal evolution and
conditioning. P-values are based Gray’s tests.



Supplementary Table 2

os

GGRFS

aGvHD IV

cGvHD Relapse NRM
N 5 year [ 5 year P N day 100 P N 5 year [ N 5 year [ N 5 year P
Overall Al patients 270 64% (58-70%) 239 52% (45-59%) 257 24% (19-29%) 246 31% (25-38%) 169 15% (9-21%) 169 30% (23-37%)
Clonal evolution MDS 155 60% (52-68%) 0.19 135 51% (43-60%) 0.09 147 26% (19-33%) 0.013 137 32% (24-41%) 0.019 125 12% (6-19%) 0.09 125 34% (25-42%) 0.06
AML 46 61% (45-76%) 41 38% (23-53%) 46 35% (21-49%) 43 42% (26-57%) 44 22% (9-35%) 44 19% (7-31%)
Isolated abnormality 69 74% (63-85%) 63 61% (48-74%) 64 12% (4-21%) 66 22% (10-34%)
Cytogenetics Normal 51 67% (54-81%) 0.2 46 49% (34-64%) 0.6 49 24% (12-37%) 0.3 47 34% (19-48%) 0.18 44 9% (0-18%)  0.035 44 28% (14-41%) 0.006
Abnormality 7 61 58% (45-72%) 54 50% (36-64%) 58 33% (21-45%) 56 34% (20-48%) 43 13% (2-24%) 43 42% (27-57%)
Other 81 71% (60-81%) 77 58% (46-70%) 77 22% (13-31%) 80 23% (13-34%) 16 38% (9-66%) 16 0% (0-0%)
Prefreatment (MDS) Upfront 48 70% (55-84%) 0.2 44 57% (41-72%) 0.3 47 28% (15-40%) 0.6 46 39% (23-54%) 0.3 44 12% (1-23%) 0.6 44 27% (13-40%) 0.5
Pretreated 78 56% (44-68%) 71 45% (33-57%) 75 24% (14-34%) 71 33% (20-45%) 65 14% (5-23%) 65 32% (20-43%)
Conditioning RIC 132 65% (56-74%) 0.6 119 50% (40-59%) 0.5 129 20% (13-27%) 0.14 123 37% (27-46%) 0.2 81 19% (9-29%) 0.3 81 22% (13-31%) 0.026
MAC 133 61% (53-70%) 119 54% (44-63%) 126 28% (20-36%) 121 27% (18-35%) 86 11% (4-19%) 86 38% (28-49%)

Supplementary Table 2: Univariate analysis for clinical outcomes according to pré-

established clinical variables.
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Centers who have reported patients to the EBMT that were included in this study:
A.E.C. Broers, Erasmus MC Cancer Institute, Rotterdam, Netherlands; Claude Eric
Bulabois, CHU Grenoble Alpes, Grenoble, France; Virginie Gandemer, Centre
Hospitalier Universitaire de Rennes, Rennes, France; Romain Gounot, Hopital Henri
Mondor, Creteil, France; Anna Paola lori, Univ. La Sapienza, Rome, Italy; Francesca
Kinsella, Birmingham Centre for Cellular Therapy and Transplant, Birmingham, United
Kingdom; Alexander Kulagin, RM Gorbacheva Research Institute, Paviov University,
St. Petersburg, Russian Federation; Mi Kwon, Hospital Gregorio Maranon, Madrid,
Spain; Bruno Lioure, Institut de cancerologie Strasbourg Europe, Strasbourg, France;
Anna Proia, Ospedale S. Camillo-Forlanini, Rome, ltaly; Peter Remenyi, Del-pesti
Centrumkorhaz, Budapest, Hungary; Mieke Roeven, Nijmegen Medical Centre,
Nijmegen, Netherlands; Jacques-Olivier Bay, CHU Estaing, Clermont-Ferrand,
France; Martin Bornhauser, Universitaetsklinikum Dresden, Dresden, Germany;
Amandine Charbonnier, CHU Amiens, Amiens, France; Katherine Clesham, University
College London Hospital, London, United Kingdom; Thomas Cluzeau, CHU Nice, Nice,
France; Nathalie Contentin, Centre Henri Becquerel, Rouen, France; Gandhi Damaj,
CHU Caen, Caen, France; Eric Deconinck, Hopital Jean Minjoz, Besancon, France;
Matthias Eder, Hannover Medical School, Hannover, Germany; Edouard Forcade,
CHU Bordeaux, Pessac, France; Olivier Hermine, Hopital Necker, Paris, France;
Charlotte Jubert, CHU Bordeaux, Bordeaux, France; Christian Junghanss, Universitaet
Rostock, Rostock, Germany; Matthias Klammer, St. George’s Hospital London,
London, United Kingdom; Lucia Lopez Corral, Hospital Clinico, Salamanca, Spain;
Mohamad Mohty, Hopital Saint Antoine, Paris, France; Alberto Mussetti, Institut Catala
d’Oncologia, Hospital Duran i Reynals, Barcelona, Spain; Yana Novis, Hospital Sirio-
Libanes, Sao Paulo, Brazil; Zubeyde Nur Ozkurt, Gazi University Faculty of Medicine,
Ankara, Turkey; Elisa Sala, Klinik fuer Innere Medzin Ill, Ulm, Germany; Anne Sirvent,
CHU Lapeyronie, Montpellier, France; John Snowden, Sheffield Royal Hallamshire,
Sheffield, United Kingdom; lbrahim Yakoub-Agha, CHU de Lille, Lille, France;
Emanuele Angelucci, IRCCS Ospedale Policlinico San Martino, Genova, Italy; Adriana
Balduzzi, Fondazione IRCCS San Gerardo dei Tintori, Monza, Italy; Frederic Baron,
University of Liege, Liege, Belgium; Arancha Bermudez Rodriguez, Hospital U.
Marques de Valdecilla, Santander, Spain; Caroline Besley, University Hospitals Bristol
and Weston, Bristol, United Kingdom; Francesca Bonifazi, S.Orsola-Malpighi Hospital,
Bologna, Italy; Carlo Borghero, S. Bortolo Hospital, Vicenza, Italy; Alessandro Busca,
S.S.C.V.D Trapianto di Cellule Staminali, Torino, ltaly; Alessandra Carotti, Sezione di
Ematologia, Perugia, Italy; Raffaella Cerretti, Tor Vergata University of Rome, Rome,
Italy; Goda Choi, University Medical Center Groningen (UMCG), Groningen,
Netherlands; Jennifer Clay, St James University Hospital Leeds, Leeds, United
Kingdom; Jean-Hugues Dalle, Hopital Robert Debre, Paris, France; Rafael Duarte,
Clinica Puerta de Hierro, Madrid, Spain; Jaroslaw Dybko, Department of Hematology
and Transplantology of Lower Silesian Center of Oncology, Wroclaw, Poland; Damian
Finnegan, Belfast City Hospital, Belfast, United Kingdom; Tunc Fisgin, Altinbas
University, Faculty of Medicine, Bahcelievler Medicalpark Hospital, Pediatric BMT Unit,
Istanbul, Turkey; Alain Gadisseur, Antwerp University Hospital, Antwerp, Belgium;



Hildegard Greinix, LKH - University Hospital Graz, Graz, Austria; Hildegard Greinix,
LKH - University Hospital Graz, Graz, Austria; Gaelle Guillerm, C.H.R.U de Brest,
Brest, France; Kazimierz Halaburda, Institute of Hematology and Transfusion
Medicine, Warsaw, Poland; Anne Huynh, CHU de Toulouse, Toulouse, France; Cecilia
Isaksson, Umea University Hospital, Umeo, Sweden; Maija ltala-Remes, Turku
University Hospital, Turku, Finland; Sarah Lawson, Birmingham Children’s Hospital,
Birmingham, United Kingdom; Stig Lenhoff, Skanes University Hospital, Lund,
Sweden; Philippe Lewalle, Institut Jules Bordet, Brussels, Belgium; Jiri Mayer,
University Hospital Brno, Brno, Czech Republic; Patrick Medd, Derriford Hospital
Plymouth, Plymouth, United Kingdom; Gerard Michel, Hopital d’Enfants de la Timone,
CHU, Marseille, France; Nuno Miranda, Inst. Portugues Oncologia, Lisboa, Portugal,
Alexander Murray Martin, Leicester Royal Infirmary, Leicester, United Kingdom; Adam
Nelson, Sydney Children's Hospital, Sydney, Australia; Benedicte Neven, Hopital
Necker, Paris, France; Chiara Nozzoli, Azienda Ospedaliera Universitaria Careggi,
Firenze, ltaly; Francesco Onida, Fondazione IRCCS - Ca Granda, Milano, ltaly;
Fabrizio Pane, University of Napoli, Napoli, Italy; Shankara Paneesha, Birmingham
Heartlands Hospital, Birmingham, United Kingdom; Katharine Patrick, Sheffield
Childrens NHS Foundation Trust, Sheffield, United Kingdom; Jose Antonio Perez-
Simon, Hospital Universitario Virgen del Rocio, Sevilla, Spain; Cecile Renard, Institut
d'Hematologie et d'Oncologie Pediatrique, Lyon, France; Marie Therese Rubio, CHRU
Nancy, Vandoeuvre les Nancy, France; Jaime Sanz Caballer, University Hospital La
Fe, Valencia, Spain; Matjaz Sever, University Med. Center, Ljubljana, Slovenia; Polina
Stepensky, Hadassah University Hospital, Jerusalem, lIsrael; Johanna Tischer,
Klinikum Grosshadern, Munich, Germany; Keith Wilson, Cardiff University Hospital of
Wales & Swansea, Cardiff, United Kingdom; Dominik Wolf, University Hospital
Innsbruck, Innsbruck, Austria; Depei Wu, First Affiliated Hospital of Soochow
University, Suzhou, China; Marco Zecca, San Matteo Pavia Transplant Programme,
Pavia, Italy.



