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The cytogenetic risk category retains a pivotal role in the prediction of prognosis in acute myeloid leukemia (AML) patients
undergoing hematopoietic stem cell transplantation (HSCT), however, its impact on secondary AML (sAML) is less established. We
assessed whether the ELN 2022 cytogenetic risk score predicts outcomes in sAML patients in remission undergoing HSCT from HLA-
matched donors performed between 2010 and 2022. Among 1119 patients, 829 had intermediate and 284 had adverse
cytogenetics (6 with favorable risk were excluded). Engraftment rates was 72.4% vs. 99.5%. Acute graft-versus-host disease (GVHD)
incidence did not differ, but 2-years all grades and extensive chronic GVHD were higher in the intermediate vs. adverse
cytogenetics risk groups, hazard ratio (HR)= 0.72; p= 0.034 and HR= 0.58; p= 0.027, respectively. Two-year non-relapse mortality
(NRM) was similar. All other HSCT outcomes were inferior in the adverse risk vs. intermediate-risk patients: The HR for 2-year relapse
incidence (RI) was 2.48 (95% CI 1.95–3.15, p < 0.001). The HRs for 2-year leukemia-free survival (LFS), overall survival (OS), and GVHD-
free/relapse-free survival (GRFS) were 1.62 (95% CI 1.34–1.95, p < 0.001), 1.59 (95% CI 1.3–1.93, p < 0.001) and 1.38 (95% CI 1.15–1.65,
p < 0.001), respectively. We conclude that cytogenetic risk score predicts HSCT outcomes in sAML patients.
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INTRODUCTION
Secondary acute myeloid leukemia (sAML) comprises a hetero-
geneous group of diseases evolving from a preexisting hemato-
logic disorder, predominantly myelodysplastic syndrome (MDS) or
myeloproliferative disorders (MPD), or as a complication of prior
cytotoxic chemotherapy or radiation therapy [1–8]. sAML has been
associated with inferior outcomes compared to de novo AML due
to factors such as the antecedent hematological disorder, older
age, more aggressive biology of the leukemia with adverse
cytogenetics and a high-risk mutation profile, lower chemother-
apy susceptibility and reduced treatment tolerance, among others
[1, 6, 7, 9]. Allogeneic stem hematopoietic cell transplantation
(HSCT) remains the only known potentially curative therapy
[10–15]. While HSCT is commonly employed in fit de novo AML

patients with high-risk cytogenetics to mitigate relapse risk,
significant post-transplant relapse rates are persist in this high-risk
patient population [6–8, 16]. The cytogenetic risk category retains
a pivotal role in predicting prognosis in AML patients owing to its
tight association with survival and heightened risk of disease
relapse [6–8, 16]. Currently, the prognosis of AML patients is
determined by cytogenetic risk score and karyotypic abnormal-
ities. However, it remains unclear whether the cytogenetic risk
group, assessed at baseline, retains similar prognostic value in
patients with high risk or active disease referred for HSCT [17–19].
We previously studied the impact of baseline cytogenetic risk on
various transplantation outcomes in patients with relapsed/
refractory (R/R) de novo AML with active disease undergoing
HSCT. In multivariate analysis (MVA), the relapse incidence (RI) was
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Table 1. Patient and Transplant Characteristics.

Cytogenetic AML classification p value

Variable Overall
N= 1113

Intermediate
N= 829

Adverse
N= 284

Age of the Patient at HSCT (years) 0.20

Median 61.8 61.9 61.0

Range 18.5, 74.9 18.5, 74.9 18.6, 74.9

Sex of the Patient 0.043

Female 445 (40%) 317 (38%) 128 (45%)

Male 668 (60%) 512 (62%) 156 (55%)

Year of transplantation 0.34

Median 2018.0 2018.0 2017.0

Range 2010.0, 2022.0 2010.0, 2022.0 2010.0, 2022.0

Median Follow-up 3.3 (3–3.8) 3.1 (2.9–3.7) 4 (3–4.1)

Months between diagnosis and HSCT 0.11

Median 4.5 4.5 4.4

Range 0.6, 17.7 0.6, 17.7 0.9, 16.6

Previous diagnosis 0.12

MDS 824 (74%) 601 (72%) 223 (79%)

MPN 24 (2.2%) 20 (2.4%) 4 (1.4%)

MDS or MPN 265 (24%) 208 (25%) 57 (20%)

Karnofsky score 0.22

>=90 702 (66%) 530 (67%) 172 (63%)

<90 357 (34%) 257 (33%) 100 (37%)

Missing 54 42 12

NPM1 Mutation <0.001

Negative 286 (74%) 217 (70%) 69 (88%)

Positive 102 (26%) 93 (30%) 9 (12%)

Missing 725 519 206

FLT3-ITD Mutation 0.062

Negative 307 (74%) 232 (72%) 75 (82%)

Positive 108 (26%) 91 (28%) 17 (18%)

Missing 698 506 192

Type of donors 0.22

MSD 386 (35%) 279 (34%) 107 (38%)

UD 10/10 727 (65%) 550 (66%) 177 (62%)

Sex of the Donor 0.49

Female 373 (34%) 273 (33%) 100 (35%)

Male 735 (66%) 552 (67%) 183 (65%)

Missing 5 4 1

Female donor to male patient 0.21

No 929 (84%) 685 (83%) 244 (86%)

Yes 183 (16%) 143 (17%) 40 (14%)

Missing 1 1 0

Patient CMV 0.37

Negative 366 (33%) 279 (34%) 87 (31%)

Positive 742 (67%) 547 (66%) 195 (69%)

Missing 5 3 2

Donor CMV 0.66

Negative 516 (47%) 381 (47%) 135 (48%)

Positive 584 (53%) 438 (53%) 146 (52%)

Missing 13 10 3
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significantly higher, and leukemia-free survival (LFS) and overall
survival (OS), were significantly lower for patients with adverse-risk
cytogenetics compared to those with intermediate-risk cytoge-
netics [17]. Furthermore, we assessed the prognostic impact of
cytogenetics in patients with AML harboring FMS-like tyrosine
kinase 3 internal tandem duplication (FLT3-ITD), as it remained
unclear whether baseline cytogenetics significantly impacts the
post-HSCT outcome in these patients. Our study demonstrated
that the cytogenetic risk category retained its prognostic impact in
transplanted high-risk FLT3-ITD AML patients. In MVA, LFS and OS
were significantly lower and relapse higher in patients with
adverse risk cytogenetics, and intermediate and compared with
those with favorable risk cytogenetics [18]. Finally, we assessed
the prognostic impact of cytogenetics risk in AML patients with
positive pre-HSCT measurable residual disease (MRD). Once more,
the cytogenetic risk score retained its prognostic impact in
transplanted MRD+ AML patients [19]. However, no prior study has
evaluated the prognostic impact of cytogenetic risk in sAML
patients undergoing HSCT. This assessment is of particular clinical
importance, as sAML is a high risk leukemia and thus, in contrast
to de novo AML, with favorable risk cytogenetics is referred to
HSCT in first complete remission. We therefore assessed the
prognostic significance of the LeukemiaNet (ELN) 2022 cytoge-
netic risk score in patients with sAML undergoing HSCT from HLA
matched siblings (MSD) or matched unrelated donors (MUD) using
the dataset of the Acute Leukemia Working Party (ALWP) of the
European Society for Blood and Marrow Transplantation (EBMT).

PATIENTS AND METHODS
Study design and data collection
This was a retrospective, multicenter analysis using the dataset of the ALWP
of the EBMT. The EBMT is a voluntary working group of more than 600
transplant centers that are required to report all consecutive stem cell
transplantations and follow-ups once a year. EBMT minimum essential data
forms are submitted to the registry by transplant center personnel following
written informed consent from patients in accordance with the centers’
ethical research guidelines. Data accuracy is assured by the individual
transplant centers and by quality control measures such as regular internal
and external audits. In addition, the study protocol was approved by each
site and complied with country-specific regulatory requirements.
Eligibility criteria for this analysis included adult patients ≥18 years of

age with sAML post-MDS or MPD in first complete remission (CR1) who

underwent a first HSCT from a human leukocyte antigen (HLA) matched
sibling donor (MSD) or 10/10 HLA matched unrelated donor MUD 2010
and 2022. Exclusion criteria were HSCT from other donor types
(haploidentical or cord blood donor), prior HSCT, ex vivo T cell-depleted
hematopoietic cell graft, and disease status beyond CR1 at the time of
transplantation. Data collected included recipient and donor characteristics
(age, gender, cytomegalovirus (CMV) serostatus, and Karnofsky perfor-
mance status (KPS)), disease characteristics, year of transplant, type of
conditioning regimen, stem cell source, and GVHD prophylaxis regimen.
The conditioning regimen was defined as myeloablative (MAC) when
containing total body irradiation (TBI) with a dose >6 Gray or a total dose
of busulfan (Bu) > 8 mg/kg or >6.4 mg/kg when administered orally or
intravenously, respectively. All other regimens were defined as reduced
intensity conditioning (RIC) [20]. Grading of acute (a) GVHD was performed
using established criteria [21]. Chronic (c) GVHD was classified as limited or
extensive according to published criteria [22]. For this study, all necessary
data were collected according to the EBMT guidelines, using the EBMT
minimum essential data forms. A list of institutions contributing data to
this study is provided in the Supplemental Appendix.

Statistical analysis
The median, range, and interquartile range (IQR) were used to express
quantitative variables and frequency and percentage for categorical
variables. The study endpoints were OS, LFS, relapse incidence (RI), non-
relapsed mortality (NRM), and engraftment, aGVHD, cGVHD, and GVHD-
free, relapse-free survival (GRFS). All endpoints were measured from the
time of transplantation. Myeloid engraftment was defined as achieving an
absolute neutrophil count of ≥0.5 × 109/L at day 30 for three consecutive
days. Platelet engraftment was defined as achieving a platelet count of
≥20 × 109/L at day 60 for three consecutive days. OS was defined as time to
death from any cause. LFS was defined as survival with no evidence of
relapse or progression. NRM was defined as death from any cause without
previous relapse or progression. We used modified GRFS criteria. GRFS
events were defined as the first event among grade III-IV aGVHD, extensive
cGVHD, relapse, or death from any other cause [23]. Patient, disease, and
transplant-related characteristics were compared using the Mann–Whitney
U test for numerical variables, and the chi-squared or Fisher’s exact test for
categorical variables. The probabilities of OS, LFS, and GRFS were
calculated using the Kaplan–Meier estimate. The RI and NRM were
calculated using cumulative incidence functions in a competing risk
setting, with death in remission being treated as a competing event for
relapse. Early death was considered as a competing event for engraftment.
To estimate the cumulative incidence of aGVHD or cGVHD, relapse, and
death were considered as competing events. Multivariate analyses were
performed using the Cox proportional-hazards regression model [24].
Results were expressed as the hazard ratio (HR) with a 95% confidence

Table 1. continued

Cytogenetic AML classification p value

Variable Overall
N= 1113

Intermediate
N= 829

Adverse
N= 284

Cell source 0.084

BM 57 (5.1%) 48 (5.8%) 9 (3.2%)

PB 1056 (95%) 781 (94%) 275 (97%)

vRIC or MAC regimen 0.10

RIC 685 (62%) 503 (61%) 182 (64%)

MAC-TBI 45 (4.0%) 29 (3.5%) 16 (5.6%)

MAC-Chemo 383 (34%) 297 (36%) 86 (30%)

Main GVHD Prevention 0.68

ATG 705 (63%) 517 (62%) 188 (66%)

PTCY 68 (6.1%) 52 (6.3%) 16 (5.6%)

PTCY+ ATG 13 (1.2%) 11 (1.3%) 2 (0.7%)

Other 327 (29%) 249 (30%) 78 (27%)

HSCT hematopoietic stem cell transplantation, sAML secondary acute myeloid leukemia, MDS myelodysplastic syndrome, MPD myeloproliferative disorders,
CMV cytomegalovirus, BM bone marrow, PB mobilized peripheral blood stem cells, UD unrelated donor, MSD matched sibling donor, KPS Karnofsky
performance score (KPS), ATG T-cell depletion, PTCY post transplantation cyclophosphamide, FLT3-ITD-FMS like tyrosine kinase 3 internal tandem duplication,
NPM1 nucleophosmin -1, RIC reduced intensity conditioning, MAC myeloablative conditioning, TBI total body irradiation.
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interval (95% CI). All p values were two-sided with a type 1 error rate fixed
at 0.05. Statistical analyses were performed with SPSS 27.0 (SPSS Inc.,
Chicago, IL, USA) and R 4.3.2 (R Core Team Fifty (2020). R: A language and
environment for statistical computing. R Foundation for Statistical
Computing, Vienna, Austria. URL https://www.R-project.org/) [25].

RESULTS
Patient, disease, and transplant-related characteristics
A total of 1119 patients met the inclusion criteria. The cytogenetic
risk scores were as follows: intermediate in 829 patients and
adverse in 284. Six patients with favorable cytogenetics were not
included in the analysis. The median follow-up was 3.1 years
(range, 2.9–3.7) for patients with intermediate and 4.0 years
(range, 3–4.1) for those with adverse risk cytogenetics. The median
age was 61.9 (range 18.5–74.9) vs. 61.0 (18.6-74.9) years (p= 0.20).
Males comprised 62% and 55% of the intermediate- and adverse-
risk groups, respectively (p= 0.043). The median year of the
transplant was 2018 and 2017 (range, 2010–2021 in both)
(p= 0.34). The antecedent hematological disease for all patients
was MDS/MPD (p= 0.12). Donors were siblings in 34% vs. 38% and
unrelated in 66% and 62%, respectively (p= 0.22). The graft
source was mobilized peripheral blood stem cells (PB) in 94% and
97% of the patients with intermediate and adverse risk
cytogenetics, respectively (p= 0.084). Performance status, patient
and donor CMV seropositivity, and female-to-male combination
did not differ between the groups (Table 1). The median time from
diagnosis to HSCT was 4.5 (range 0.6–17.7) compared to 4.4
(0.9–16.6) months (p= 0.11). Sixty-one percent and 64% of the
patients in both groups received RIC (p= 0.1), with busulfan/
fludarabine (Flu) being the most frequent regimen for both groups
(45% vs. 46%) to be followed by treosulfan/Flu (17% in both)
(p= 058) (Supplementary Table S1). GVHD disease prophylaxis
was cyclosporine A (CSA)/mycophenolate mofetil in 35% if the
intermediate-risk group and 38% of the adverse-risk group, while

CSA/methotrexate was used in 33% vs. 37%, respectively. Anti-
thymocyte globulin was administered to 62% vs. 66% of patients,
while post-transplant cyclophosphamide was given to 6.3% vs.
5.6%, respectively (p= 0.68) (Supplemental Table S2).

Transplantation outcomes
The day 30 cumulative incidence of neutrophil engraftment was
96.6% (95% CI 95.1– 97.6%) in the intermediate risk group and
95.3% (95% CI 92–97.3%) in the adverse risk group (Table 2A). The
day 60 cumulative incidence of platelet engraftment was 95.3%
(95% CI 93.6–96.6%) vs. 92.9% (95% CI 88.9–95.5%) of the patients,
respectively (Table 2A). At day 180, the incidence of aGVHD grades
II-IV and III-IV was 25.8% (95% CI 22.8–28.9%) vs. 22.6% (95% CI
17.8–27.7%) and 8.5% (95% CI 6.7–10.5) vs. 6.9% (95% CI
4.3–10.4%), respectively (Table 2B, Fig. 1). The 2-year cumulative
incidence of all grades and extensive cGVHD was higher in the
intermediate compared to the adverse cytogenetics risk group:
40.5% (95% CI 36.8–44.2%) vs. 23.7% (95% CI 18.4–29.4%) and
18.3% (95% CI 15.5–21.3%) vs. 9.3% (95% CI 5.9–13.5%),
respectively (Table 2B, Fig. 1).
The 2-year NRM was 20.5% (95% CI 17.6–23.5%) in the

intermediate risk group vs. 15.5% (95% CI 11.3–20.3%) in the
adverse risk group (Table 2B, Fig. 2). All other HSCT outcomes were
inferior in the adverse risk compared to the intermediate risk
patients: The 2-year RI was 48.5% (95% CI 42.1–54.6%) vs. 24.6%
(95% CI 21.5–27.9%) (Table 2B, Fig. 2). The 2-year LFS, OS, and
GRFS were 35.9% (95% CI, 29.9–42%) vs. 54.9% (95% CI,
51.1–58.5%); 44.4% (95% CI, 38–50.6%) vs. 60.6% (95% CI,
56.8–64.2%) and 28.1% (95% CI, 22.3–33.9%) vs. 41.9% (95% CI,
38.2–45.6%), respectively (Table 2B, Fig. 2).

Multivariate analysis
The incidence of aGVHD grades II-IV and III-IV did not differ
between the intermediate risk and adverse risk groups (HR= 0.91,
95% CI: 0.68–1.23; p= 0.55 and HR= 0.83 95% CI: 0.5–1.38;

Table 2. A: Outcome—Univariate Analysis; B: Outcome—Univariate Analysis.

A

Outcomes N N: Intermediate N: Adverse Estimation Estimation:
Intermediate

Estimation:
Adverse

Poly recovery (30 d) 1097 820 277 96.2 (94.9–97.2) 96.6 (95.1–97.6) 95.3 (92–97.3)

Poly recovery (42 d) 1097 820 277 97.9 (96.8–98.6) 97.5 (96.2–98.4) 98.9 (96.3–99.7)

Poly recovery (60 d) 1097 820 277 98.2 (97.2–98.8) 97.8 (96.5–98.6) 99.3 (96.5–99.9)

Platelet recovery (>=20)
(60 d)

1032 777 255 94.7 (93.2–95.9) 95.3 (93.6–96.6) 92.9 (88.9–95.5)

Platelet recovery (>=20)
(180 d)

1032 777 255 95.4 (93.9–96.5) 96 (94.3–97.2) 93.7 (89.8–96.1)

Platelet recovery (>=50)
(60 d)

503 375 128 92.2 (89.5–94.3) 92.2 (89–94.6) 92.2 (85.7–95.8)

Platelet recovery (>=50)
(180 d)

503 375 128 93.8 (91.3–95.6) 93.3 (90.2–95.5) 95.3 (89.5–97.9)

B

Estimation NRM (2 y) RI (2 y) LFS (2 y) OS (2 y) GRFS (2 y)

Overall 19.2 (16.8–21.8) 30.8 (27.9–33.7) 50 (46.8–53.2) 56.4 (53.1–59.5) 38.4 (35.2–41.5)

Intermediate 20.5 (17.6–23.5) 24.6 (21.5–27.9) 54.9 (51.1–58.5) 60.6 (56.8–64.2) 41.9 (38.2–45.6)

Adverse 15.5 (11.3–20.3) 48.5 (42.1–54.6) 35.9 (29.9–42) 44.4 (38–50.6) 28 (22.3–33.9)

Estimation aGVH >=II (180 d) aGVH >=III (180 d) cGVH (2 y) extcGVH (2 y)

Overall 25 (22.4–27.6) 8.1 (6.5–9.8) 36.3 (33.2–39.4) 16.1 (13.7–18.5)

Intermediate 25.8 (22.8–28.9) 8.5 (6.7–10.5) 40.5 (36.8–44.2) 18.3 (15.5–21.3)

Adverse 22.6 (17.8–27.7) 6.9 (4.3–10.4) 23.7 (18.4–29.4) 9.3 (5.9–13.5)

Poly polymorphonuclears, d day.
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p= 0.47, respectively). At 2 years, the incidence of all grades and
extensive cGVHD was higher in the intermediate compared to the
adverse cytogenetics risk group (HR= 0.72, 95% CI: 0.53–0.98;
p= 0.034 and HR= 0.58, 95% CI: 0.36–0.94; p= 0.027, respec-
tively; Table 3). Myeloid engraftment was also higher in the
intermediate risk compared to the adverse risk group (HR= 0.85,
95% CI: 0.72–1; p= 0.045). Two-year NRM did not differ, HR= 0.78
(95% CI 0.55–1.11, p= 0.166). All other HSCT outcomes were
inferior in the patients with adverse risk compared to those with
intermediate-risk cytogenetics: The HR for 2-year RI was 2.48 (95%
CI 1.95–3.15, p < 0.001). The HRs for 2-year LFS, OS, and GRFS were
1.62 (95% CI 1.34–1.95, p < 0.001), 1.59 (95% CI 1.3–1.93, p < 0.001)
and 1.38 (95% CI 1.15–1.65, p < 0.001), respectively (Table 3). Other
significant prognostic factors in the MVA were KPS ≥ 90 which was
a prognostic factor for lower NRM, and better LFS, OS and GRFS.
Increasing age predicted a higher NRM and a decrease of LFS and
OS. CMV seronegativity was associated with a better myeloid
engraftment. Unrelated vs. sibling donor was associated with a
higher incidence of cGVHD and inferior LFS, GRFS, and myeloid
engraftment. Finally, RIC, compared to MAC, was associated with
higher RI and lower GRFS (Table 3).

CAUSE OF DEATH
A total of 480 patients died during the study period—324 in the
intermediate-risk patients group and 156 in the adverse-risk group
(Table 4). The primary cause of death was the original disease,
accounting for 50% and 76% of deaths in the intermediate risk

and adverse risk groups, respectively. The second most common
cause was HSCT-related complications (infection and GVHD),
occurring in 46% and 22% of deaths, respectively (Table 4).
Secondary malignancies accounted for 2.8% and 1.3% of the
deaths, respectively. Other causes of death were rare (Table 4).

DISCUSSION
In the current study we focused on a large homogenous group of
1119 patients with sAML transplanted from HLA matched sibling
or unrelated donor while in CR1. We have demonstrated better
outcomes for patients with intermediate-risk cytogenetics defined
by ELN2022 compared to outcomes of sAML patients in adverse
risk category with better LFS, OS, and GRFS primarly due to lower
relapse rate. This finding is expected, as cytogenetic abnormalities
detected at the time of diagnosis are well-known independent
predictors of the initial response to therapy, remission duration,
and OS in AML patients with conventional therapies [26, 27] as
well as post-HSCT. However, most prior studies reported the
correlation between cytogenetic risk category and post-HSCT
survival mainly in de novo AML.
Yanada M and colleagues from Japan assessed the impact of

cytogenetic risk on transplantation outcomes of a big cohort of
7812 AML patients demonstrating in MVA the significant effects
of cytogenetic risk status on survival irrespective of donor type
(related, unrelated, and umbilical cord blood) and even disease
status at the time of transplantation (first or second complete
remission, and more advanced disease status) [28]. The Center
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for International Blood and Marrow Transplant Research
(CIBMTR), in collaboration with the National Marrow Donor
Program (NMDP), assessed transplantation outcomes in 196
patients >60 years of age transplanted in second CR (CR2) (49 of
them with sAML). They demonstrated in MVA that cytogenetic
risk was the only independent risk factor for OS and relapse,
with outcomes being significantly better in patients with
intermediate-risk cytogenetics compared to those with
unfavorable-risk cytogenetics [29]. The results reported by
Tallman et al differ slighty. The authors assessed the impact of
the cytogenetic risk group on HSCT outcomes in 261 patients
with AML in CR1 and 299 patients in CR2 undergoing matched
unrelated HSCT. For patients in first CR, the disease free survival

(DFS) and OS at 5 years were similar for the favorable,
intermediate, and unfavorable risk groups. In contrast, for
patients transplanted in CR2, outcomes were modestly but not
significantly better for those with favorable cytogenetics and
relapse was somewhat more frequent in patients with unfavor-
able cytogenetics compared with favorable cytogenetics [30].
Notably, in our cohort focusing on sAML, only 6 patients had
favorable cytogenetics risk scores and were therefore not
included in the analysis, emphasizing the high risk of the
leukemia and the different biology than de novo AML [1–3].
Addressing high risk AML, we at the ALWP conducted a
retrospective analysis to determine the clinical outcomes of
AML patients undergoing HSCT with respect to specific recurring
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cytogenetic abnormalities complemented with FLT3-ITD status.
We analyzed a cohort of 8558 adult AML patients who
underwent HSCT from either a matched sibling or a matched
unrelated donor demonstrating inferior LFS and patients with
adverse cytogenetics and the added prognostic significance of
FLT3-ITD to baseline cytogenetics in AML patients undergoing
HSCT [31]. Regarding FLT3, we subsequently performed a
retrospective analysis of 1631 FLT3-ITD AML patients who
underwent HSCT demonstrating the influence of cytogenetic
risk category in transplanted FLT3-ITD AML patients. On MVA,
LFS was significantly lower in patients with intermediate and
adverse risk cytogenetics compared to those with favorable risk
cytogenetics. OS was significantly lower in patients with adverse
risk cytogenetics compared with patients with favorable risk
cytogenetics with a trend toward lower OS in patients with
intermediate risk cytogenetics compared to those with favorable
risk cytogenetics. Finally adverse risk patients and intermediate
risk patients experienced higher relapse rates compared with
favorable risk patients [18]. Similar findings were observed in the
high risk AML subset with pre HSCT positive AML: In MVA,
adverse and intermediate/FLT3-ITD3 risk patients were more
likely to experience disease relapse compared with favorable risk
patients [19]. AML patients with the poorest prognosis are those
undergoing HSCT while having active leukemia, either primary
refractory or relapsed disease. Poiani M, on behalf of the ALWP,
assessed the impact of cytogenetic risk in 2089 patients with
refractory or relapsed AML, confirming the prognostic signifi-
cance of cytogenetics in this very high-risk population.
Specifically, compared to the favorable risk group, intermediate
and adverse risk patients were associated with worse LFS and
OS, as well as a higher incidence of relapse [32]. We
subsequently confirmed these findings in AML patients under-
going non-T depleted haploidentical HSCT while having active
disease. In MVA, the relapse rate was significantly higher, and
LFS and OS significantly lower for patients with adverse risk
cytogenetics compared to those with intermediate-risk cytoge-
netics [17]. As for the sAML subgroup analysis of the MRC 10
trial, which included 1,602 adults with AML (1,797 with de novo
AML and 141 with sAML), it demonstrated that cytogenetic risk
at diagnosis retained its predictive value in both de novo as well
as sAML. Cytogenetic risk was found to be a key determinant of
outcomes following HSCT in first CR [33]. Similarly, Armand P
and colleagues assessed the prognostic significance of cytoge-
netic risk in 80 patients with therapy-related AML and reported
that cytogenetics was the strongest prognostic factor for relapse
and OS. Moreover, after accounting for cytogenetics, patients
with therapy-related AML or MDS had an equivalent outcome to
those with de novo disease [34]. Similar findings were recently
reported in a cohort focusing on MDS, including high-risk
patients [35]. Our study aligns with these initial pivotal studies
that established the field but now focuses on the impact of
cytogenetic risk, as defined by ELN 2022, in a homogenous
group of recently transplanted sAML patients, predicting post-
transplantation outcomes. Overall, cytogenetic risk predicts

transplantation outcomes in high-risk AML, including patients
harboring the FLT3+ mutation, those with positive MRD before
transplantation as well AML patients active disease at time of
transplantation. It is remarkable that, despite significant
advances in the field of transplantation [36] and improved
outcomes, cytogenetics remains the most important prognostic
factor for transplantation success. Furthermore, it is noteworthy
that cytogenetic risk is the strongest predicting factor in
transplanted sAML patients as within this population many
other predicting factors are operating including age, more
aggressive biology of the leukemia, lower susceptibility and
lower ability to tolerate chemotherapy, and others [1, 6, 7, 9].
The other prognostic factors we observed in the MVA, including

age, KPS, CMV serostatus, dose intensity, and donor type, are in
agreement with previous publications of allogeneic transplanta-
tions, including in sAML [11–15, 37–39]. Being retrospective and
registry-based, this transplantation study has several limitations,
including the risk of selection bias and the possibility of
unavailable data that could not be considered, such as frontline
therapies, molecular and MRD data. In summary, our study
demonstrated that the cytogenetic risk score defined by ELN2022
predicts HSCT outcomes in a large cohort of sAML patients
transplanted between 2010 and 2022. Patients with adverse
cytogenetics exhibited significantly higher RI and lower LFS, OS,
and GRFS compared to those with intermediate cytogenetics.
Notably, the impact of the cytogenetic risk score in sAML is similar
to that reported in de novo AML. Hopefully, with the recently
approved novel agents for sAML [40], it will be possible to further
improve outcomes including in patients with high-risk
cytogenetics.
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