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Given the heterogeneity of acute myeloid leukemia patients, it is necessary to identify patients considered fit for intensive therapy
but who will perform poorly, and in whom alternative approaches deserve investigation. We analyzed 1034 fit adults ≤70 years
intensively treated between 2012 and 2022 in the CETLAM group. Young adults ( ≤ 60 years) presented higher remission rates and
improved survival than older adults above that age (CR 79% vs. 73%; p= 0.03 and 4-yr OS 53% vs. 33%; p < 0.001). Remission and
survival outcomes varied among different genetic subsets. An especially adverse genetic group included complex, monosomal
karyotype, TP53 alterations (deleted/mutated), and MECOMr. Transplant feasibility in this very adverse risk group was low, and OS
and EFS at 4 years were 14% and 12%, in contrast to 70% and 57% in the favorable group and 38% and 32% in all other patients.
We integrated clinical and genetic data into the Intensive Chemotherapy Score for AML (ICSA) with 6-risk categories with
significantly different remission rates and OS, validated in another cohort of 581 AML patients from a previous CETLAM protocol. In
summary, we identified groups of fit patients that benefit differently from an intensive approach which may be helpful in future
treatment decisions.
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INTRODUCTION
Acute myeloid leukemia (AML) is clinically and genetically hetero-
geneous, and the prognosis is variable. Leukemia progression or
relapse is the major drawback for long-term survival. Median age at
diagnosis of AML is 64–67 years [1, 2]. Older AML patients
frequently present with the higher number of comorbidities,
adverse genetic lesions, and worse response to treatment [3–5].
The treatment approach varies according to the patient’s fitness

to tolerate the toxicities of intensive chemotherapy (CT) regimens
and allogeneic stem cell transplant (alloHCT) [6–8]. Age per se is
not a criterion of unfitness [9–11]. The advent of venetoclax plus
hypomethylating (HMA) combination has improved the survival of
patients not candidates for CT [12, 13]. The remarkable proportion
of complete remissions (CR) achieved and, in a proportion of
patients, the subsequent feasibility of alloHCT is challenging the
indication of front-line intensive CT even in fit older adults
( > 55–60 years old) [14–17]. In this regard, prospective rando-
mized trials comparing CT vs. venetoclax-azacitidine are ongoing
(#NCT04801797, #NCT03573024). Awaiting these results, it is of
interest to investigate the factors that impact the outcome of

patients that were considered fit for CT to identify those with
good survival perspectives and others that are poor candidates in
which less intensive and novel approaches may be justified.
The present work reflects the outcome of intensive therapy in

more than 1000 AML patients uniformly treated and gives
information on the feasibility of the treatment plan in a
multicenter experience.

METHODS
Patients with newly diagnosed AML aged 18 to 70 who were fit for intensive
CT were consecutively enrolled into the AML-12 protocol, a prospective post-
approval study of the Spanish CETLAM group fully described in the
supplementary file and available at www.clinicaltrials.gov (NCT04687098).

Ethics approval and consent to participate
The present study was reviewed and approved by the ethics committee of
the Hospital de la Santa Creu i Sant Pau (Comité ètic d’Investigació Clínica,
registration number 11/2012). All methods were performed in accordance
with the relevant guidelines and regulations. Informed consent for both
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bone marrow analysis and treatment was obtained in all cases according
to the Declaration of Helsinki.

Treatment description
Induction CT included idarubicin 12mg/m2 IV, days 1,2,3 and cytarabine
200mg/m2 days 1 to 7. Since 2017, 45% of patients with FLT3 mutation also
received midostaurin as in the RATIFY trial [18]. A second induction was
administered in patients not in CR after the first CT course who showed
chemo-sensitivity. Patients with less than 50% blast reduction after first
induction or without a CR after two induction courses were considered
refractory. Death during induction was the event when occurred regardless
of the bone marrow status. If CR was achieved, the patient received
consolidation therapy with high-dose cytarabine at (HDAC) 3 g/m2/12 h IV,
days 1,3,5 [19]. Genetic risk was established throughout the protocol
according to the European LeukemiaNet (ELN) 2010, and 2017 criteria
[20, 21]. Since 2013, we included NPM1mutation with a low FLT3-ITD allelic
ratio ( < 0.5; FLT3low) into the favorable category [22, 23]. In the current
report, patients have been retrospectively classified according to the ELN-
2022 risk stratification, with the limitation that until 2017 Next Generation
Sequencing was not available routinely, and several patients from this series
who are allocated to the intermediate risk category lacked studies on
dysplasia-related mutations, and TP53 mutations. In patients with favorable
genetics, after the first consolidation (Cons-1) two additional HDAC courses
were planned, and alloHCT in first complete remission (CR1) was avoided
unless MRD persisted or reappeared. In the remaining patients, the intention
was alloHCT in CR1 after Cons-1, with a second consolidation allowed when
required due to transplantation delay.

Laboratory testing
Diagnostic tests were performed on bone marrow (BM) samples. Centralized
molecular characterization included polymerase chain reaction studies of
mutations needed to classify the leukemia into risk groups, as described in
the supplementary material. Since 2017, the diagnostic workup incorporated
next-generation sequencing (NGS) with a targeted panel of 42 genes. BM
MRD was assessed by multiparameter flow cytometry or molecular
monitoring of NPM1 transcripts (as described by Gorello et al. and reported
in our group by Bataller et al. [24].), rearrangements RUNX1::RUNX1T1 and
CBFB::MYH11. MFC studies were not centralized, although standard protocols
were recommended to the participating laboratories.

Statistical analyses
Categoric variables were compared with Chi-square and Fisher exact tests,
and the Student-T test or the Mann-Whitney method was used for numeric
parameters. All tests were two-sided and considered significant if p < 0.05.
Outcomes such as overall survival (OS), event-free survival (EFS), relapse,
and non-leukemic death were defined per standard criteria [25]. Early
leukemia relapse was AML recurrence before the intended treatment (CT
or alloHCT). Survival probabilities were calculated according to the Kaplan-
Meier method, and cumulative incidences were estimated considering the
competing risks. Survival probabilities were compared using the log-rank
test and cumulative incidences with the Gray method.
To develop a new scoring system, we performed an exploratory

univariate analysis of the impact on OS of the main clinical and biological
parameters at diagnosis (supplementary Table 1). We integrated those with
p < 0.1 in multivariable Cox regression models. The variables that retained
significance in the multivariable analysis were included in the model and
were assigned integer scores of 0, 1, or 2 based on their hazard ratios, with
higher scores indicating greater risk. To assess multicollinearity and verify
the viability of the model, the variance inflation factor (VIF) was calculated
using the vif() function in R. The discriminative power of the model was
assessed using Harrell’s concordance index [26], calculated with the
survConcordance function in R. To evaluate survival predictions based on
MRD status or alloHCT, we included patients in CR1 at Cons-1 (second
course of CT in most cases) and performed a landmark analysis censored at
Cons-1 or at the time of transplantation, respectively. All statistical analyses
were performed with SPSS (version 29) and R statistics version 4.4.0 (R core
Team, R Foundation for Statistical Computing, Vienna, Austria).

RESULTS
Patient characteristics
Between January 2012 and July 2022, 1054 patients were
assessed, and 1034 received at least one dose of induction CT at

15 university hospitals; of them, 49% were women, the median
age at diagnosis was 55 years (range 18–70). Other characteristics
are described in Table 1. Patients above 60 years (from now
considered the older cohort) presented a less proliferative disease
(lower WBC, BM blasts, and LDH), and higher creatinine and
bilirubin levels. Cytogenetic characterization was available in 95%
of patients (n= 979); in the remaining 55 patients, metaphases
were not optimal. According to the ELN-22 cytogenetic classifica-
tion, 115 (12%) patients were favorable-risk, 657 (67%) inter-
mediate-risk, and 207 (21%) cases had an adverse karyotype. Of
the latter, 127 had a complex karyotype (CK), monosomal
karyotype (MK) or both. Core binding factor (CBF) AML was two
times more frequent in younger patients (14% vs. 7% for young
and older groups, respectively, p < 0.001). NGS was performed in
296 patients, and the most frequently mutated genes were FLT3
(34%), NPM1 (34%), and DNMT3A (33%), followed by TET2 (16%),
NRAS (14%), IDH2 (13%), and IDH1 (13%) (supplementary Fig. 1).
TP53 alterations (deleted or mutated; TP53alt) were observed in
9% of cases analyzed. Patients above 60 years predominantly
presented mutations in dysplasia-related genes and epigenetic
regulators. Thus, the proportion of patients with either DNMT3A,
TET2 or ASXL1, mutation (DTA) was 65% (71/109) in older adults vs.
42% (78/186) in younger patients (p < 0.001), and splicing
mutations appeared in 22% of patients above 60 years of age in
contrast to 11% of younger patients (p= 0.009). Further distribu-
tion of patients is depicted in the consort diagram (Fig. 1).
According to the ELN-22 cytogenetic and molecular risk classifica-
tion, 328 patients (32%) were considered favorable, while 405
(39%) were intermediate, and 301 (29%) adverse-risk with similar
distribution in both age groups (p= 0.3).

Induction therapy
CR was achieved in 792 (77%) of the 1034 patients. In 708 (89%) of
the patients that achieved remission, only one course of induction
CT was needed. A total of 124 (12%) patients were refractory, and
112 (11%) died due to complications during induction. Patients up
to the age of 60 years presented a higher CR1 rate than those above
that age (79% vs. 73%, respectively; p= 0.03) due to a higher
induction death rate in the older cohort (8% in the young vs. 15% in
the older cohort; p < 0.001). CR1 rates also differed according to
genetics (Fig. 2 and supplementary Fig. 2) and ranged between
100% (17/17) in patients with biallelic CEBPA (CEBPAbi) mutation to
56% (74/132) and 33% (7/21) in patients with CK/MK/TP53alt and
MECOM rearrangements (MECOMr), respectively.

Post-remission therapy
Ninety-five percent of patients who achieved CR1 (751 out of 792)
proceeded to Cons-1. The consort diagram illustrates the causes of
protocol discontinuation before this point.
Death during Cons-1 occurred in 4 patients ( < 1%) and 718

(96%) patients remained in remission afterwards, whereas an early
leukemia relapse was observed in 3% (7/282), 5% (13/289), and 5%
(9/180) of favorable, intermediate, and adverse ELN-22 genetic risk
patients respectively (p= 0.6) without significant differences
among the two age groups. The outcome of patients in remission
according to their ELN-22 genetic risk will be discussed next. Of
note, given that our group considers NPM1mut/FLT3low patients as
favorable-risk (thus not transplanted in CR1 but only in the case of
a molecular relapse or in CR2), the outcome of NPM1mut/FLT3low

cases will be described among the favorable category (from now
CETLAM-fav) and not in the intermediate group, in all others, the
ELN-22 classification was retrospectively applied.

Patients with favorable genetics. Two additional HDAC courses
were feasible in 261 (68%) of the 383 initially diagnosed CETLAM-
fav patients, 74% of the younger (187/252) and 57% (74/131) of
the older adults (p < 0.001), and in 80% and 69% of the young and
older patients in CR1 (p= 0.03).
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Causes for protocol discontinuation during consolidations are
described in the consort diagram. Among them, 18 patients in
CR1 were bridged directly to alloHCT due to MRD positivity
(n= 12), sustained aplasia (n= 3), or protocol deviation (n= 3).
By the end of Cons-3, 218 (88%) of 249 patients with data
available remained MRD negative and continued close mon-
itoring [24].

Per protocol, in patients with MRD persistence after Cons-3,
the intention was alloHCT in CR1. MRD positive status at this
point was infrequent (n= 31, 12%), and alloHCT was performed
in 17 (55%) of them.

Patients with intermediate and adverse genetics with indication of
alloHCT in CR1. One-hundred seventy (49%) of the 350 initially

Table 1. Patient characteristics in the overall cohort and in each age group (younger and older patients).

Variable Whole series N= 1034 18-60 yrs. N= 660 61-70 yrs. N= 374 p

Age (years) median (range) 55 (18–70) 48 (18–60) 65 (61–70) –

Gender (female) n (%) 503 (49) 331 (50) 172 (46) 0.22

ECOG n (%) <0.001

0–1 725 (81) 478 (72) 247 (66)

2 135 (15) 78 (12) 57 (15)

3–4 42 (4) 24 (4) 18 (5)

Creatinine mg/dL median (range) 0.78 (0.23–8.80) 0.75 (0.23–5.85) 0.82 (0.37–8.80) <0.001

>1,2mg/dL n (%) 129 (13) 65 (10) 64 (17)

Bilirubin mg/dl median (range) 0.58 (0.10–6.00) 0.54 (0.10–6.00) 0.60 (0.14–5.00) 0.008

>1,2mg/dL n (%) 104 (11) 68 (10) 36 (10)

Leukocytes x109/L median (range) 10.38 (0.08–530) 12.8 (0.08–447) 7.4 (0.47–530) 0.004

≤20X109/L 636 (62) 388 (59) 248 (66)

21–99X109/L 261 (25) 175 (27) 86 (23)

>99×109/L 135 (13) 96 (15) 39 (10)

Platelets x109/L median (range) 61 (2–742) 60 (2–625) 62 (6–742) 0.82

BM blasts median (range) 64 (12–100) 67 (12–100) 59 (14–100) 0.003

Hemoglobin (g/L) median (range) 89 (26–161) 88 (26–161) 89 (29–140) 0.61

LDH IU/L median (range) 498 (5.38–9903) 535.5 (13.3–9903) 421 (5.38–8299) 0.008

Cytogenetics (ELN 2022) <0.003

Favorable 115 (11) 90 (14) 25 (7) < 0.001

Intermediate 657 (64) 415 (63) 242 (65) 0.60

Adverse 207 (20) 125 (19) 82 (22) 0.28

No Metaphases 55 (5) 30 (5) 25 (7) 0.18

CBF-AML n (%) 117 (11) 92 (14) 25 (7) <0.001

RUNX1::RUNX1T1 n 59 48 11

CBFB::MYH11 n 58 44 14

CEBPA biallelic n (%) 17 (2) 13 (2) 4 (1) 0.43

NPM1 mutation n (%) 346 (33) 214 (32) 132 (35) 0.33

FLT3 mutation 0.04

ITD n (%) 218 (21) 155 (23) 63 (17)

Low /High allelic ratio 74/144 50/105 24/39

TKD n (%) 32 (3) 16 (2) 16 (4)

TP53 mutations

% (n mut / n analyzed) 9 (35/378) 8 (18/236) 12 (17/142) 0.28

Induction outcome 0.003

CR1 n (%) 792 (77) 520 (79) 272 (73)

Refractory disease 62 (12) 81 (12) 43 (11)

Death 112 (11) 55 (8) 57 (15)

AlloHCT 488 (48) 356 (54) 132 (35) <0.001

OS <0.001

Median months (95%CI) 33 (25–46) 74 (46, NA) 17 (13–22)

4yr-OS, % (95% CI) 45.8 (42.6–49.4) 53.2 (49.1–57.6) 33 (28.1–38.9)

EFS <0.001

Median months (95% CI) 15 (13–19) 22 (16–37) 11 (9–13)

4yr-EFS, % (95% CI) 38.3 (35.2–41.7) 43.8 (39.8–48.2) 28.7 (24–34.2)
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CETLAM AML-12 protocol for fit patients up to 70 years (n=1034)
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Fig. 1 Consort diagram of the AML-12 protocol. Each level represents a treatment cycle. Colors refer to ELN-22 risk category (blue: favorable,
yellow: intermediate and red: adverse), and within them patients are distributed according to different genetic categories and age groups
(n ≤ 60 | n > 60 years). Smaller squares between cycles show n of patients who discontinued protocol and their causes. CETLAM-fav includes
ELN-22 favorable genetic categories plus NPM1mut/FLT3low. AlloHCT allogeneic stem cell transplant, CR1 first complete remission, CEBPAbi
CEBPAbzip.
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diagnosed intermediate-risk AML and 66% of the patients in CR1
from this group completed the protocol from diagnosis to alloHCT in
CR1. This procedure was performed in 71% (119/167) and 57% (51/
89) of the patients in remission in the younger and older cohorts,
respectively (p= 0.02). Forty-nine (21%) of 229 intermediate-risk
patients in CR1 following Cons-1 did not reach alloHCT in CR1. This
was mainly attributed to early leukemia relapse (41%; n= 20) or
because they were considered unfit for the procedure due to CT
toxicities (33%, n= 16). The latter was more frequent in the older
adult cohort (n= 13) than in younger patients (n= 3).
Concerning the adverse category, 123 patients received an

alloHCT in CR1. This represented 41% of the patients initially
considered adverse-risk according to ELN-22 genetics and 64% of
these patients in remission. When stratified by age, alloHCT in CR1
was achieved in 85 (47%) of 180 younger and 38 (31%) of 121 older
adult adverse-risk patients (p= 0.006); if restricted to patients in CR1,
this represented 72% (85/118) and 51% (38/75) of the young and
older adults (p= 0.003). Different genetic subsets had an impact on
the transplant feasibility: alloHCT was performed in CR1 in 3 (14%) of
21 MECOM-AML patients, 41 (31%) of 132 CK/MK/TP53alt cases, and
79 (53%) of 148 patients with other adverse genomic lesions
(p < 0.001). Forty-six (27%) of the 170 adverse genetics patients in
CR1 following Cons-1 were not transplanted in CR1; in 48% of these
cases (n= 22), the reason was an early relapse, most of which
happened in patients with CK/MK/TP53alt AML (50%, n= 11).
Toxicities during CT precluded alloHCT in 10 cases, 7 of them older
adults. Finally, 5 adverse-risk patients died during the Cons phase,
and all but one belonged to the CK/MK/TP53alt category.

Time-dependent outcomes
After a median follow-up of 45 months (95%CI 40-50), the median
OS of the whole cohort was 33 months, and the 4-year (4-yr) OS,
cumulative incidence of relapse (CIR), and EFS were 46 ± 2%,
37 ± 3%, and 38 ± 2% respectively. Among each age group, 4-yr
OS was 53 ± 2% vs 33 ± 3% for patients ≤ or > 60 years (p < 0.001,
Fig. 3). Survival curves for other age subgroups are available in
supplementary Fig. 3.
Overall, patients ≤60 years had a lower relapse incidence; 4-yr

CIR 34 ± 2% vs. 43 ± 3% for the young and older cohorts,
respectively (p= 0.017), and older patients presented higher 4-yr
non-leukemic death (NLD): 12 ± 2% vs 18 ± 3% in young and older
adults, respectively (p= 0.024, Fig. 3).
Survival outcomes of each genetic subset and in the two age

groups appear in Table 2. When stratified according to ELN-2022
classification, OS and EFS for each risk group was 68 ± 3% and
56 ± 3% in favorable patients, 41 ± 3% and 35 ± 3% for inter-
mediate and 28 ± 3% and 24 ± 3% for the adverse-risk group,
albeit with clear differences among younger and older patients
(Fig. 4 and supplementary Fig. 4).
Of note, in the series reported here, the three genetic groups

showing the best clinical discrimination were favorable (as in
CETLAM-fav, which included favorable genetics according to ELN-
2022 plus patients with NPM1mut/FLT3low), adverse (with either CK/
MK/TP53alt/MECOMr), and intermediate including the remaining
patients. OS and EFS in these categories at 4-years were 70 ± 3%
and 57 ± 3%; 15 ± 3% and 11 ± 3%; and 38 ± 3% and 32 ± 2%,
respectively, (p < 0.001 for both OS and EFS, Fig. 4).

Fig. 3 Survival outcomes of the AML-12 overall cohort. Overall survival (OS) and event-free survival (EFS) are shown on the left and middle
figures, respectively. In these, the overall cohort outcome is shown in black, younger patients in red and older patients in blue. The right figure
shows cumulative incidence of relapse (CIR) and non-relapse mortality (NRM) of the older (blue) and younger (red) patients.

Fig. 2 Induction results according to genetics in the overall AML-12 protocol (n= 1034). Each bar shows the percentage of patients within
a genetic category (legend on the left) who achieved complete remission (green), refractory disease (yellow) or induction death (red).
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Table 2. Survival outcomes according to each genetic subset in both age groups.

OS EFS

Genetic group Overall
cohort

18–60 yrs. 61–70 yrs. p Overall
cohort

18–60 yrs 61–70 yrs. p

CBFB::MYH11 (n) 58 44 14

4-year rate (% ± sd) 60 ± 7 66 ± 8 43 ± 13 0.016 48 ± 7 52 ± 8 36 ± 13 0.034

Median time (months) NR NR 4 41 NR 4

RUNX1::RUNX1T1 (n) 59 48 11

4-year rate (% ± sd) 73 ± 7 75 ± 7 66 ± 16 0.39 57 ± 7 58 ± 8 51 ± 16 0.47

Median time (months) NR NR NR NR NR NR

CEBPAbi (n) 17 13 4

4-year rate (% ± sd) 86 ± 10 81 ± 13 100 ± 0 0.41 68 ± 12 59 ± 14 100 ± 0 0.17

Median time (months) NR NR NR NR NR NR

NPM1mut/FLT3wt (n) 194 108 86

4-year rate (% ± sd) 68 ± 4 76 ± 5 58 ± 6 0.033 57 ± 4 61 ± 5 50 ± 6 0.087

Median time (months) NR NR 72 70 NR 49

NPM1mut/FLT3low (n) 55 39 16

4-year rate (% ± sd) 77 ± 6 81 ± 7 68 ± 12 0.23 65 ± 7 70 ± 8 55 ± 13 0.16

Median time (months) NR NR NR NR NR NR

Normal karyotype (n) 123 68 55

4-year rate (% ± sd) 34 ± 5 47 ± 7 20 ± 6 0.02 29 ± 4 39 ± 6 15 ± 6 0.079

Median time (months) 22 33 19 12 16 12

Other intermediate (n) 140 96 44

4-year rate (% ± sd) 33 ± 4 36 ± 5 26 ± 7 0.15 28 ± 4 29 ± 5 26 ± 7 0.29

Median time (months) 16 19 12 12 15 9

NPM1mut/FLT3high (n) 87 64 23

4-year rate (% ± sd) 43 ± 6 49 ± 7 30 ± 10 0.05 37 ± 6 41 ± 7 26 ± 9 0.14

Median time (months) 20 45 10 13 19 9

t(6;9); DEK::NUP214 (n) 9 9 0

4-year rate (% ± sd) 56 ± 17 56 ± 17 — 56 ± 17 56 ± 17 —

Median time (months) NR NR NR NR

t(v;11q23.3); KMT2A (n) 21 15 6

4-year rate (% ± sd) 43 ± 12 59 ± 13 0 0.033 24 ± 12 35 ± 14 0 0.35

Median time (months) 28 98 10 13 16 9

-5/del(5q)/-7 no CK (n) 22 13 9

4-year rate (% ± sd) 44 ± 11 51 ± 15 33 ± 16 0.52 36 ± 10 39 ± 14 33 ± 16 0.78

Median time (months) 33 74 21 14 8 16

Dysplasia-related
mutations (n)

89 49 40

4-year rate (% ± sd) 41 ± 7 58 ± 7 18 ± 9 <0.001 37 ± 6 52 ± 7 19 ± 7 0.0015

Median time (months) 25 NR 17 15 56 8

MECOMr (n) 21 14 7

4-year rate (% ± sd) 20 ± 9 23 ± 12 14 ± 13 0.9 16 ± 8 17 ± 11 14 ± 13 0.76

Median time (months) 7 7 9 5 4 5

CK/MK/TP53alt (n) 132 74 58

4-year rate (% ± sd) 14 ± 3 17 ± 4 10 ± 4 0.21 10 ± 3 13 ± 4 7 ± 4 0.49

Median time (months) 9 10 9 7 7 7

Other adverse (n) 7 6 1

4-year rate (% ± sd) 57 ± 19 67 ± 19 0 0.18 57 ± 19 67 ± 19 0 0.18

Median time (months) NR NR 0.5 NR NR 0.5

mut mutated, wt wild-type, low: 0.5, CK complex karyotype, MK monosomal karyotype.
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Median OS was not reached in patients with RUNX1::RUNX1T1 or
CEBPAbi, regardless of age (supplementary Fig. 5). Lower OS was
observed in older adults with CBFB::MYH11 (4-yr OS 66 ± 8% vs
43 ± 13% for young and older, respectively; p= 0.016) due to the
high toxic death rate in the older group (7 [50%] of 14 cases)
compared to younger patients (4 [9%] out of 44 patients; p < 0.001),
whereas no differences in relapse rates were found (4-yr CIR 33% vs
26% in the same groups respectively, p= 0.5). In NPM1mut/FLT3low

patients, survival was high in both age groups and matched or even
surpassed that of NPM1mut/FLT3wt patients. Patients older than 60
years with CETLAM-fav genetics had a remarkable 4-yr OS of
59 ± 5%, in contrast to the poor outcome of this age group in the
presence of intermediate and adverse genetics (4-yr OS 23 ± 4%
and 10 ± 3%, median OS of 16 and 9 months, respectively;
p < 0.001). Older adults had worse survival in the presence of
KMT2A rearrangements (median OS of 98 months in younger vs.
8 months in older patients p= 0.033) and in those with dysplasia-
related mutations (median OS not reached vs 17 months,
respectively, p= 0.009, Table 2). Finally, the survival of adverse-risk
patients with either CK/MK/TP53alt/MECOMr was dismal for both age
groups: 4-yr OS 18 ± 5% in younger vs 10 ± 4% in older adults
(p= 0.2, median OS of 9 months for both groups). Further outcomes
regarding EFS are shown in supplementary Fig. 5.

MRD
MRD data were available in 629 (88%) of 718 patients in CR1
following Cons-1. MRDneg status was achieved in 459 evaluable
patients (73%), with no differences in rates of MRDneg in each age
group (MRDneg in 314 (75%) patients ≤60 yrs and 145 (69%) in >60
years, p= 0.15). In the landmark analysis, MRDneg status was
associated with improved OS compared to MRDpos patients (4-yr
OS 64 ± 3% vs. 53 ± 4% in MRDneg and MRDpos; p= 0.015). MRDneg

patients also presented with higher EFS (4-yr EFS 55 ± 3% vs.
48 ± 4%, p= 0.039) and lower CIR (4-yr CIR 32 ± 2% vs. 40 ± 2% for
the same groups respectively, p= 0.029; supplementary Fig. 6).

Outcomes of alloHCT in CR1 for intermediate and adverse-risk
patients
Among 293 non-favorable patients transplanted after consolida-
tion as per protocol, 70% were ≤60 years old, and 30% were older
adults (supplementary Table 2). Non-relapse mortality at 100 days,
6 months, and 1 year from transplant was 3%, 9%, and 14% in
patients ≤ 60 years and 5%, 14%, and 15% in those >60 years
(p= 0.3). There were no differences in outcome after alloHCT for
intermediate risk-patients depending on age with a 4-yr OS from
transplant of 58 ± 5% and 49 ± 8% in young and older groups,
respectively (p= 0.1). Older adults with ELN2022 adverse genetics
had a 4 yr OS from transplant of 34 ± 8%, compared to younger
adults who presented 4-yr OS of 48 ± 6%, respectively (p= 0.06).
In the most adverse subgroup (CK/MK/TP53alt/MECOMr), 4-yr OS
from transplant was dismal regardless of age, in younger patients
was 20 ± 8 (with identical 4-yr EFS) and older adults presented 4-yr
OS and EFS of 18 ± 9%.

Prognostic factors and ICSA risk score
The variables that retained an independent prognostic impact in
the multivariable analysis for OS were age ( ≤ 60 vs. >60 years),
gender (female/male), ECOG (0–2, ≥3), WBC counts ( ≤ 20, 21-99,
>99×109/L), increased creatinine ( > 1,2 mg/dL), bilirubin above
average ( > 1.2 mg/dL), and genetic category (CETLAM-fav, CK/MK/
TP53alt/MECOMr, other). Multicollinearity among these variables
was minimal according to VIF values (range 1.05-2.11) hence they
were integrated into a scoring system (ICSA: Intensive Chemother-
apy Score for AML, Fig. 5). Each patient’s total score was calculated
(range 0–9) and, based on their survival impact, six risk groups
were defined: very low (0 points), low (1 points), intermediate-low
(2 points), intermediate-high (3 points), high (4–5 points), and very
high (6–9 points). The C-index for the model was 0.71, and the 4-yr
OS for each risk category was 85 ± 6%, 70 ± 4%, 55 ± 4%, 36 ± 4%,
18 ± 4%, and 0%, respectively (p < 0.001). Regarding EFS, the score
identified five groups since very-low and low categories had

ELN-22 gene�c risk

ICSA gene�c risk Favorable          Other intermediate CK/MK/TP53alt/MECOMr

Favorable          Intermediate Adverse

Fig. 4 Outcomes according to ELN-22 risk classification (above) and ICSA genetic groups (below). For the latter the favorable group
includes ELN-22 favorable-risk genetics and NPM1mut/FLT3low, the very adverse group refers to CK/MK/TP53alt/MECOMr and the intermediate
group contains all other patients.
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comparable outcomes. Of note, we confirmed that the score
discriminated survival risk groups equally well for younger and
older patients separately, and also that the ICSA risk groups
correlated with induction results: very low risk patients had CR1
rates of 100% (46 out of 46 patients), that progressively decreased
in each risk category. Similarly, the number of refractory patients
and induction deaths ascended progressively as the patient risk
increased (supplementary material).
Finally, this model was validated using an external retrospective

cohort of 581 AML patients treated intensively within a previous
CETLAM protocol (AML-03, NCT01723657). Patient characteristics
from this series are available in supplementary Table 3; limited
molecular analyses were available, and patients were mostly risk-
stratified by cytogenetics, NPM1, and FLT3 mutations. In the
validation cohort, ICSA segregated patients in 5 risk groups both
for OS (4-yr OS in each risk category of 75%, 67%, 37%, 32%, 21%,
and 0%; p < 0.001) and for EFS (p < 0.001; Fig. 6) and the model
yielded a C-index of 0.66.

DISCUSSION
Intensive CT, followed when possible by alloHCT, has remained the
treatment of choice for adult AML in fit patients for more than 45
years. Recently, it has been demonstrated that specific subsets of
patients benefit from the addition to CT of FLT3 inhibitors [18, 27],
conjugated monoclonal antibodies [28], or the use of novel forms
of chemotherapy delivery [29]. Retrospective studies and ongoing
trials are exploring BCL2 inhibitors to further improve the results of
intensive CT [15–17, 30, 31]. The field of alloHCT has also evolved
with the increased availability of donors, stem cell sources and
technique refinements improving their results.
It is known that intensive therapy for AML leads to toxicity,

requires prolonged hospitalization and a meaningful proportion of
patients will die due to therapy-related complications. Treatment
efficacy varies broadly, mainly depending on the patient’s age and
genetic characteristics of the AML cells [32]. The study results
reported here reflect the heterogeneity of fit patients with AML
and how clinical and biological features impact on the outcome.
Also, the current report shows in an extensive series over 10 years
that the treatment plan is not always feasible, primarily due to
toxicities, early leukemia recurrence, or even protocol deviations in
real life. We also observed that a high proportion of patients with
favorable features may be cured with CT only, without the need
for an alloHCT. We, similarly to other groups [33–36], confirmed
that MRD persistence after CT leads to increased relapse incidence
and worse survival even when MRD assessment was not
centralized. Since data on MRD just before alloHCT was

unavailable, we could not analyze the impact of this feature on
post-transplant outcomes.
Chronological age strongly impacted CR achievement, relapse,

survival, and EFS. Sixty years is the most frequent cut-off for
considering patients as “older fit” due to their higher prevalence of
adverse-risk genetics, increased comorbidities and overall worse
outcome to standard chemotherapy [3, 10]. In our cohort, patients
under 60 years achieved a remarkable CR rate of 79%; only 8%
died during induction, and their 4-year OS was 53%; in contrast,
the values in the older adult group were 73%, 15%, and 33%,
respectively. Hence, although all patients were initially considered
fit, the likelihood of long-term survival for older adults was
compromised in our series due to more frequent death during
consolidation, early relapses, and less feasibility of allogeneic
transplantation. Therefore, alternative approaches are needed to
overcome these drawbacks.
Genetics of AML also had an evident influence on outcome. Our

report provides a detailed description of response and evolution
depending on genetic characterization at diagnosis and is shown
in Table 2 and Figs. 1 and 2 and the additional material in the
supplement; it is remarkable that patients with favorable genetics
according to ELN-2022 had very low chemoresistance (less than
6%). In contrast, patients with AML and MECOMr or TP53alt, even
in the absence of monosomal or complex karyotype, had low CR
rates, which emphasizes that investigational approaches for first-
line treatment are needed in this poor-risk population. One
limitation of our study is that only 37% (378/1034) of patients had
molecular TP53 testing. However, 73% of the 656 cases with
unknown TP53 mutational status were genetically classified with
either karyotype or ELN-22 risk mutations which allowed for 77%
of the whole cohort to be comprehensively stratified.
Our report validated in a larger cohort of patients a previous

observation made by our group [23] that the best prognostic
discrimination in newly diagnosed AML appeared when grouping
genetics as CETLAM-fav, very adverse as in CK/MK/TP53alt/
MECOMr, and other genetics regardless of belonging to the
intermediate or adverse ELN-2022. The 4-yr OS in these three
groups was 70%, 15%, and 38%, respectively. Regarding the
favorable genetics category, the results were very good in the
whole cohort, including patients with NPM1 mutation and low
allelic ratio of FLT3-ITD [37]. Remarkably, older adults with
favorable genetics had a 4-year OS around 60%, supporting
intensive CT in favorable patients up to the age of 70. In
concordance with other groups, a dismal outcome was observed
in patients with CK/MK/TP53alt/MECOMr [38–43]. In contrast to
other reports, we were able to extensively compile causes that
precluded alloHCT, mostly low CR rate, frequent early relapse, and

Fig. 5 Multivariate cox-regression and ICSA score. WBC white blood cells, CK complex karyotype, MK monosomal karyotype.
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treatment-related toxicities. For the time being, alloHCT remains
the only option, supported by the fact that in our report, 44% of
younger ELN-22 adverse-risk transplanted patients remained
event-free at 4 years, albeit 4-yr EFS from transplant was only
20% in the younger most adverse subset (CK/MK/TP53alt/
MECOMr). In-depth discussion with patients is recommended
before performing alloHCT in this situation, and novel strategies
are, therefore, needed in these very adverse patients.
Clinical status and laboratory findings at diagnosis impacted

survival in the univariate and multivariate analyses; ECOG > 2, high
leukocyte counts, creatinine and/or bilirubin above the normal
value were associated with worse survival. Females had better
outcomes than males due to less mortality and relapses; in fact,
adverse clinical features such as age >60 years, elevated creatinine
and/or bilirubin, and adverse genetics were more frequent in
males (data not shown). The influence of gender on the results of
treatment for AML has also been reported in other series [44, 45]
and a recent report suggests that there may be sex-specific cell
programs influencing leukemogenesis and leukemic cell
responses [46].
Based on these baseline characteristics, it was possible to

establish a score that defined risk groups regarding induction
response, OS and EFS and was validated in an independent
cohort. Although other scores have been described in AML, most
of them focus on comorbidities to define fitness and estimate the
mortality related to induction chemotherapy [9, 11, 47] but lack
prediction on OS and EFS [48, 49]. Others are exclusively for older
patients ( > 70 years) [50] or predict survival once CR1 is achieved
[51]. In this regard, a recent score for patients above 60 years
eligible for intensive CT has been developed which segregates

patients into 4 risk groups according to genetics (AML60+ ) and
improved the ELN-22 stratification in older patients [52]. In our
cohort, the AML60+ score segregated patients >60 years into
three risk groups, possibly because median age of this group was
younger compared to the study by Versluis, and the proportion of
adverse-risk cases was lower. Similarly to our study, MK and
TP53mut conferred patients the highest risk and worse outcome
independently of age (supplementary material).
ICSA applies to the adult population most frequently suscep-

tible to receive intensive chemotherapy (18–70 years), it is easy to
calculate, and gives simultaneous information of response rate, OS
and EFS based on clinical and genetic diagnostic features,
therefore orienting clinicians on which route of treatment to
consider at initial diagnosis. Overall, the ICSA score identifies
patients with a high likelihood of being cured with an intensive
approach (CT +/- alloHCT) and, in contrast, others that despite
being initially considered “fit for IC”, alternative strategies of
treatment deserve investigation.
In summary, in a cohort of more than 1000 patients with AML

receiving a homogeneous CT protocol, we identified a consider-
able proportion of patients with favorable outcomes who do not
need an alloHCT in CR1. In contrast, there is another group of
patients harboring very adverse genetic features with low CR
rates, frequent chemoresistance, and early relapses in which
transplantation was frequently not feasible where investigational
approaches are needed. In between, a large proportion of patients
benefit from an alloHCT that, in our hands, was performed in
around 70% of patients that achieved remission. We observed that
results were different depending on age, with poorer prognosis
with CT in patients above 60 years of age. In this group, CT vs. less

ICSA VALIDATION COHORT (CETLAM AML-03)

ICSA risk-group

Training set (AML-12)
n=855

Valida�on set (AML-03)
n=582

n (%) 4-year OS, %
(95% CI)

n (%) 4-year OS, %
(95% CI)

Very low (0 pts.) 46 (5) 85 (73.9-96.8) 33 (6) 75 (61.6-91.8)

Low (1 pts.) 189 (22) 70 (62.6-77.5) 126 (22) 67 (59.0-75.7)

Intermediate-low (2 pts.) 230 (27) 55 (48.1-62.6) 152 (26) 37 (29.7-45.6)

Intermediate-high (3 pts.) 213 (25) 36 (29.4-43.5) 154 (26) 32 (25.0-39.9)

High (4 pts.) 156 (18) 18 (11.5-26.6) 101 (17) 21 (14.6-31.1)

Very high (5 pts.) 21 (3) 0 16 (3) 0

C-index 0.71 0.66

Fig. 6 OS and EFS of the validation cohort according to the ICSA score. The table shows for each ICSA risk group the distribution of
patients, the OS and the c-index for both the model-building cohort (AML-12 protocol) and the validation cohort (AML-03 protocol).
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intensive treatment as the combination of venetoclax and
hypomethylating agents deserves investigation in prospective
randomized studies. Finally, a reproducible and simple scoring
system was developed to predict survival based on the patient
baseline characteristics, which may be useful in informing patients
and supporting treatment decisions.

DATA AVAILABILITY
The datasets generated during and/or analysed during the current study are available
from the corresponding author on reasonable request.
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