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Intensive chemotherapy followed by allogeneic stem cell transplantation (ASCT) remains the mainstay
for the treatment of fit patients with de novo acute myeloid leukemia (AML) aged <60 years.1,2 For
patients who achieve remission with induction, appropriate selection of postremission therapy
(including ASCT) using tools such as the European LeukemiaNet (ELN) risk stratification is essential to
determine the patients’ risk of relapse and ASCT candidacy,1 to balance treatment-related mortality
(primarily associated with ASCT), and the risk of relapse itself. Patients with a favorable genetic/
cytogenetic profile are generally offered postconsolidation chemotherapy, whereas patients with
adverse characteristics are offered ASCT. For those in the intermediate category, no consensus exists
about the optimal postremission therapy. Still, there is agreement that measurable residual disease
(MRD) assessment can be a reliable tool to assist decision-making in these patients.1,3

The Gruppo Italiano Malattie EMatologiche dell’Adulto (GIMEMA) AML1310 trial aimed to determine
whether delivering a postremission therapy with risk-driven intensity, integrating upfront genetics and
postconsolidation MRD status, improved antileukemic efficacy and reduced therapy-related toxicity.
These trials were registered at ClinicalTrials.gov (identifier: NCT01452646) and EudraCT (identifier:
2010-023809-36). The patients’ risk assignment incorporated pretreatment cytogenetic/genetic fea-
tures (in this study, National Comprehensive Cancer Network [NCCN] 2009)4 and postconsolidation
assessment of MRD assessed by multiparameter flow cytometry (MFC). The results showed that a risk-
stratified therapeutic approach was feasible, with a 2-year overall survival (OS) and disease-free survival
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Two-year follow-up data are available at https://doi.org/10.1182/blood.2018886960.
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(DFS) of 56% and 54%, respectively. It also showed that in
selected situations (favorable-risk [FR] category and intermediate-
risk [IR] category MRD negative), autologous stem cell trans-
plantation (AuSCT) might still have a role in the postremission
treatment of patients with AML, and using all the available sources
of stem cells, ASCT was delivered to 67% of patients in the high-
risk categories (adverse-risk category and intermediate MRD-
positive risk category).5 Here, we report the results of this study
after a prolonged follow-up of 6 years.

GIMEMA AML 1310 was a multicenter, prospective, risk-adapted,
MRD-oriented phase 2 study that relied on pretreatment cytoge-
netic/genetic features and postconsolidation assessment of MRD
to establish the final risk assignment and treatment of younger
patients (aged ≤60 years) with AML. This clinical trial aimed to
verify whether delivering a postremission therapy whose intensity
was risk driven would improve the outcome in terms of both
increased antileukemic efficacy and reduced therapy-related
toxicity.5

To participate in this study, among other eligibility criteria, the
patients had to give informed consent and have previously
untreated, de novo AML. The study was approved by the ethics
committees of the participating hospitals/academic institutions and
was conducted following the Declaration of Helsinki.6

The primary objective of this study was the percentage of OS at 2
years. The initial sample size of 213 participants to accomplish this
objective was expanded to 515 participants via a protocol
amendment to reach the target of 150 participants in the IR
category. The efficacy analysis was performed per treatment
received, including individuals who commenced induction therapy
and censored patients when they received a nonassigned treat-
ment. OS and DFS were calculated using the Kaplan-Meier
product limit estimator. Differences in OS and DFS were evalu-
ated by log-rank test in univariate analysis and by Cox regression
model in multivariate analysis, after assessment of proportionality of
hazards. MRD was assessed by MFC, adopting a threshold of
positivity of ≥0.035% residual leukemic cells (supplemental
Materials).

Between January 2012 and June 2015, a total of 515 patients with
untreated AML, aged 18 to 60 years, were enrolled in the study.
The patients’ demographics and clinical characteristics are shown
in supplemental Table 1, and their disposition is depicted in
supplemental Figure 1. All patients received induction and
Table 1. 2- and 6-year OS and DFS

OS (95% CI)

2-y 6

Overall 56% (52-61) 42.7% (3

NCCN-FR 74% (67-82) 58.5% (5

NCCN-IR 58% (50-68) 41.4% (3

NCCN-IR MRD negative 79% (66-94) 57.8% (3

NCCN-IR MRD positive 70% (57-86) 57% (4

NCCN-PR 42% (36-50) 34.1% (2

IR-No-LAIP 50% (37-67) 32.5% (2

95% CI, 95% confidence interval.
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consolidation chemotherapy according to the GIMEMA AML1310
trial.5 Postconsolidation therapy was based on risk allocation, in
general: FR patients (NPM1+ FLT3-ITD– or CBF+ without c-Kit
mutations) received AuSCT; poor-risk (PR) or adverse-risk patients
(adverse karyotype or FLT3-ITD+) received ASCT; IR patients
(intermediate karyotype or FLT3-TKD+ or c-kit mutated CBF+)
received AuSCT or ASCT depending on the levels of post-
consolidation MRD, as measured by MFC; lastly, the IR patients
with no leukemia-associated immunophenotype (IR-no-LAIP)
received AuSCT. Five-hundred patients were evaluable. High-risk
patients were offered allogeneic transplantation options (HLA
identical sibling, matched unrelated donor from international reg-
istries, unrelated cord blood, and haploidentical family donor).

As shown in Table 1, the 2-year OS and DFS for the whole cohort
were 56% and 54%, respectively. Two-year OS and DFS, by
category, were 74% and 61% for FR, 42% and 45% for PR, 58%
and 61% for IR (IR MRD negative, 79% and 61%; IR MRD positive,
70% and 67%), 50% and 48% for IR-no-LAIP, respectively. After 6
years, the OS and DFS for the whole cohort were 42.7% and
41.9%, respectively. Six-year OS and DFS, by category, were FR,
58.5% and 50.1%; PR, 34.1% and 34.8%; IR, 41.4% and 45%;
and IR-no-LAIP, 32.5% and 29.1%, respectively (Figure 1 A-B).
Remarkably, IR MRD-positive and MRD-negative patients, whose
transplant allocation was decided according to the MRD status,
showed an identical 6-year OS (57.8% vs 57%; P = NS) and DFS
(52.7% vs 46.6%; P = NS; Figure 1 C-D).

The 6-year OS and DFS results show that a modern approach to
treating AML should consider both pretreatment (genetics/cyto-
genetics) and posttreatment factors (MRD).6 This integrated
approach appears to have a powerful prognostic role across all the
genetic/cytogenetic NCCN categories. For patients belonging to
the FR or IR MRD-negative category, excess of toxicity was pre-
vented by delivering an AuSCT. On the contrary, most of the PR
and IR MRD-positive patients received ASCT and had remarkable
6-year OS and DFS.7 However, the 6-year OS and DFS of the IR-
no-LAIP patients demonstrated that the choice of AuSCT was
suboptimal for them, and in this situation, ASCT should have been
preferred.

In this study, risk categorization was originally conducted according
to the 2009 NCCN recommendations. However, we conducted a
post hoc analysis of AML 1310 to determine the applicability of the
ELN 2017 risk stratification to the study population and to re-
DFS (95% CI)

-y 2-y 6-y

8.3-47.6) 54% (49-60) 41.9% (36.8-47.6)

0.3-68.2) 61% (52-71) 50.1% (41.4-60.6)

3-51.8) 61% (52-73) 45% (34.6-58.6)

9.8-83.8) 61% (47-80) 52.7% (35.9-77.3)

2.9-75.6) 67% (53-83) 46.6% (32.8-66.1)

7.8-41.9) 45% (37-55) 34.8% (27.3-44.4)

0.1-52.7) 48% (33-70) 29.1% (16.2-52.3)
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Figure 1. OS and DFS of the study population and of IR patients. (A-B) Six-year OS (A) and DFS (B) by risk category. (C-D) 6-year OS (C) and DFS (D) in IR patients MRD-

negative (<0.035%) for the blue curve and MRD-positive (>0.035%) for the yellow one.
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evaluate the study results.6,8 However, 55 of 500 patients were not
classifiable due to lack of molecular data (eg, FLT3 allelic ratio).
Furthermore, next-generation sequencing for high-risk mutated
genes (eg, RUNX1 and ASXL1) was not available. Nevertheless,
we found an overall concordance of 65.4% between ELN 2017
and the per-protocol NCCN 2009 categorization. The overlap was
more evident for the NCCN-FR/ELN2017-FR and NCCN-IR/
ELN2017-IR groups, with less concordance between NCCN-PR/
ELN2017-AR cases. We also found that postconsolidation MRD
assessment remained critical in the IR category to inform transplant
allocation decision-making.8

The 6-year update of this post hoc analysis confirms the capability
of ELN 2017 risk classification in predicting outcome in the context
of a risk-based, MRD-driven strategy (supplemental Figure 4;
supplemental Table 2). By category, OS and DFS were 56.7%
and 51.6% ELN2017-FR; 36.6% and 36.1% for ELN2017-IR; and
35.3% and 37.8% for ELN2017-AR, respectively (P < .001 and
.031). Furthermore, when analyzing the prognostic impact of MRD
status (supplemental Figure 5) in the ELN2017-IR category, we
confirmed a superimposable 6-year outcome both for OS (57.2%
and 53.4%) and DFS (52.7% and 46.6%) in MRD negative and
MRD positive, respectively (supplemental Figure 5).

In conclusion, the extended 6-year analysis confirms the long-term
advantage of a risk-adapted, MRD-driven strategy to determine
postremission therapeutic decisions. For FR or IR MRD-negative
categories, an excess of mortality was prevented by delivering an
AuSCT (supplemental Figures 2 and 3). The vast majority of PR
and IR MRD-positive patients received an ASCT, with a remarkable
4412 RESEARCH LETTER
6-year OS and DFS benefit. Based on the present knowledge, an
MRD-directed approach is being prospectively explored also in FR
patients in the GIMEMA AML1819 trial.
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