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Validation of the ALFA-1200 model in older patients with AML
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The European Leukemia Network (ELN) classification, which is based on molecular and cytogenetic
findings,1 and the Knowledge Bank approach, which is based on machine learning,2 are 2 recognized
models that predict outcomes in acute myeloid leukemia (AML). However, there is discordance
between these 2 prediction models, with a 20% difference in risk stratification between the Knowledge
Bank approach and ELN model in one third of patients.2 Because AML is prevalent in older patients,
there is a considerable need to develop robust stratification models to inform therapeutic decisions in
the older population of patients with AML.

To address this gap, the Acute Leukemia French Association 1200 (ALFA-1200) group developed a
model based on cytogenetics and 7 mutations to predict responses and outcomes of older patients
(age 60 years or older) with AML who are receiving intensive chemotherapy with cytarabine continu-
ously for 7 days, along with short infusions of an anthracycline on each of the first 3 days (7 + 3).3

Itzykson et al3 used an adaptive least absolute shrinkage and selection operator (LASSO)–penalized
Cox model to screen out mutations in genes that are significantly associated with overall survival (OS)
status. By rounding up the coefficients and summarizing the overall impact, their analysis classified
patients with AML into 3 groups in order of decreasing benefit from intensive chemotherapy: “go-go,”
“slow-go,” and “no-go.” We therefore sought to investigate whether the ALFA-1200 predictive model
applied to 7 + 3 could also be validated in newly diagnosed patients with AML age 60 years or older
and treated at our institution with intensive chemotherapy induction regimens (supplemental Table 1).
This study has an institutional review board approval from the MD Anderson Cancer Center (MDACC)
and was conducted in accordance with the Declaration of Helsinki.

At our institution, older patients with AML are usually treated with nonintensive chemotherapy. Nevertheless,
we retrospectively identified 130 consecutive patients with AML who were age 60 years or older who did
not receive myeloid-directed therapy (ie, hypomethylating agents, JAK2 inhibitors, or lenalidomide) before
their diagnosis of AML and were treated at MDACC between January 2010 and October 2020. By
focusing on patients who did not receive previous myeloid-directed therapy, we aimed to discern treatment
responses independent of resistance to previous therapies. All 130 (100%) of 130 patients had complete
cytogenetic, molecular, and clinical information, which allowed us to apply the ALFA-1200 model.
Supplemental Table 2 summarizes the clinical and demographic characteristics of these patients. Briefly, the
median age of the population was 64 years (range, 60-86 years); 60 (46%) of 130 were females, and
30 (23%) of 130 had secondary AML. ELN stratification was favorable in 37 (28%) of 130, intermediate in
64 (49%) of 130, or adverse in 29 (22%) of 130 patients. Core binding factor (CBF)–defining conventional
cytogenetics, defined as patients who harbored any of t(8;21), inv(16), or t(16;16), were evident in 37 (28%)
of 130 patients, whereas 16 (12%) of 130 patients had TP53mutations. A total of 31 (24%) of 130 patients
received allogeneic stem cell transplantation after their first-line intensive chemotherapy treatment. The
median OS for the total population was 14.76 months.
rch 2022; prepublished online on Blood
version published online 3 March 2023.
007172.

work.

data supplement.

© 2023 by The American Society of Hematology. Licensed under Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0),
permitting only noncommercial, nonderivative use with attribution. All other rights
reserved.

14 MARCH 2023 • VOLUME 7, NUMBER 5

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
https://doi.org/10.1182/bloodadvances.2022007172
https://creativecommons.org/licenses/by-nc-nd/4.0/legalcode
https://creativecommons.org/licenses/by-nc-nd/4.0/legalcode
https://crossmark.crossref.org/dialog/?doi=10.1182/bloodadvances.2022007172&domain=pdf&date_stamp=2023-03-03


NPM1 0.55(0.2, 1.51)
0.57(0.41, 0.77)

2.66(1.12, 6.31)
1.85(1.31, 2.62)

2.2(0.81, 6)
3.51(2.03, 6.08)

0.78(0.35, 1.72)
1.54(1.07, 2.2)

2.63(1.11, 6.21)
1.89(1.34, 2.67)

1.06(0.46, 2.43)
1.86(1.4, 2.47)

0.56(0.07, 4.18)
3.6(1.68, 7.72)

2.16(0.94, 4.99)
2.49(1.53, 4.04)

25%

OncoPrint plot of mutations for patients receiving intensive chemotherapy (n=130)
3-tiered grouping
CBF
Cytogenetic risk 0 10 20 30

MUT

# of patients

DNMT3A

NRAS

NPM1

ASXL1

FLT3–ITD low ratio

FLT3–ITD high ratio

TP53

KRAS

100%

75%

50%

25%

0%
0 6 12 18 24 30 36 42

Months

Ov
er

all
 su

rv
iva

l p
ro

ba
bil

ity

48 54

Go–go (N=56)
Slow–go (N=61)

P=0.10

P=6.6�10–4
No–go (N=13)

60 66 72

56
Number at risk

45 37 25 21 14 7 5 4 3 2 1 1
61 46 37 22 9 7 5 4 2 1 0 0 0
13

Go–go
Slow–go

No–go 5 3 1 1 0 0 0 0 0 0 0 0

20%

15%

9%

8%

8%

12%

8%

0 1 2 3 4 5

Odds ratio (95% CI)

No
n–

po
or

Po
or

6 7 8

0.24
p–valueOdds ratio (95% CI)

A

B

C D

4e–04

0.03
5e–04

0.12
�1e–04

0.53
0.019

0.03
3e–04

0.89
�1e–04

0.57
0.001

0.07
3e–04

FLT3–ITD low ratio

FLT3–ITD high ratio

NRAS

ASXL1

DNMT3A

KRAS

TP53

Go–go (N=39)
Slow–go (N=41)

P=0.19

P=0.01No–go (N=13)

100%

75%

50%

25%

0%
0 6 12 18 24 30 36 42

Months

Ov
er

all
 su

rv
iva

l p
ro

ba
bil

ity

48 54 60 66 72

39
Number at risk

30 23 15 12 8 4 3 2 2 1 1 1
41 30 22 11 6 5 3 2 0 0 0 0 0
13

Go–go
Slow–go

No–go 5 3 1 1 0 0 0 0 0 0 0 0

3-tiered grouping
Go–go
Slow–go
No–go

CBF
No
Yes

Cytogenetic risk
Non–poor
Poor

MDA ALFA

Figure 1. Outcomes of MD Anderson cohort in comparison to ALFA-1200 cohort. (A) Comparison of odds ratios between ALFA-1200 and MDACC models.

Classifications by cytogenetic risks, odds ratios, and P values were calculated in multivariable Cox models. The OS-fitting model was constructed on the data sets from the ALFA-

1200 study group and MDACC. Error bars indicate 95% confidence intervals. (B) OncoPrint plot of relevant factors among all patients (n = 130). Mutations detected by the

ALFA-1200 model, status of 3-tier grouping, CBF, and cytogenetic risks were included. (C-D). OS curves of 3-tier grouping for all patients (n = 130) and patients without CBF

(n = 93). Kaplan-Meier analysis and pairwise log-rank test were conducted, and P values were adjusted by the Benjamini-Hochberg method in multiple comparisons.
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Compared with patients in the ALFA-1200 study, we had a similar
distribution of patients attaining complete remission in the poor
and non-poor cytogenetics groups: 48% (14 of 29; MDACC)
compared with 56% (47 of 84; ALFA-1200) (χ2, 0.25; df, 1;
P = .62) for the poor cytogenetic group and 80% (81 of 101;
MDACC) compared with 76% (294 of 387; ALFA-1200) (χ2, 0.58;
df, 1; P = .44) for the non-poor cytogenetic group (supplemental
Table 2). We then conducted the multivariable Cox model for OS
in patients based on poor and non-poor cytogenetic risk stratifi-
cation (Figure 1A). The overall concordance of the multivariable
Cox model is 0.66 for the non-poor cytogenetic group in our
cohort, similar to the concordance of 0.72 in the ALFA-1200
study.

Similar to the non-poor cytogenetic group in the ALFA-1200 study,
mutations in NPM1 were associated with improved outcomes,
whereas mutations in FLT3-ITD (low and high allelic ratios) and
ASXL1 were associated with worse outcomes. However, unlike the
findings in the ALFA-1200 study, DNMT3A mutations in our
patients were not significantly associated with outcomes (P = .89),
which is consistent with other studies demonstrating that DNMT3A
mutations may not have prognostic significance in AML.4,5 Not
surprisingly, TP53 mutations were associated with worse out-
comes in the poor cytogenetics group. However, mutations in
NRAS in the non-poor cytogenetics group and KRAS in the poor
cytogenetic group tended to be associated with improved out-
comes in contrast to the results of the ALFA-1200 study. Our
findings were limited by the small sample size of our cohort.
However, a previous study by Cancer and Leukemia Group B
demonstrated that patients with AML who had RAS mutations
were likely to benefit from high-dose cytarabine,6 which was the
backbone of intensive chemotherapy regimens in our cohort and
may have influenced the improved outcomes in patients with RAS
mutations in our cohort. Sensitivity to deoxycytidine analogs was
previously shown in in vitro AML cell lines with RAS mutations.7

Specifically, mutated RAS synergizes with higher doses of cytar-
abine in AML, leads to failure of arrest in the S phase of the cell
cycle, activation of the TP53-dependent DNA damage response
programs, and increased myeloid differentiation, and it ultimately
leads to a cytotoxic response.7,8

We then performed 3-tier cluster analysis based on the criteria for
responses proposed in the ALFA-1200 study (Figure 1B;
supplemental Table 3). A total of 56 (43%) of 130 patients were
classified in the go-go group, 61 (46%) of 130 were classified in
the slow-go group, and 13 (10%) of 130 were classified in the no-
go group (Figure 1B). The average 2-year OS was 20.54 months
for the go-go group, 15.57 months for the slow-go group, and
7.17 months for the no-go group (P < .0001) (Figure 1C). The
inferior outcomes of the no-go group may be largely driven by
the TP53 mutant phenotype. However, unlike the discovery cohort
in the ALFA-1200 study, the 3-tier survival analysis did not
demonstrate significant differences between the go-go and slow-
go groups in our population of patients age 60 years or older
who were treated with higher-dose cytarabine-based induction
therapies. Our data were more consistent with the ALFA-1200
validation cohorts (Hauts-de-France and Studien Allianz Leukä-
mie), in which the differences in outcomes for the go-go and slow-
go groups were more subtle. Although these differences could be
related to relatively shorter follow-up time in the validation cohorts
of the ALFA-1200 study, our patient cohort had a relatively long
830 RESEARCH LETTER
follow-up (median follow-up, 20.1 months), with median OS time
reaching 28.53 months for the go-go group and 20.09 months for
the slow-go group. One of the limitations in our study was the
enrichment of CBF patients with AML because intensive chemo-
therapy is typically reserved for older patients with AML at our
institution. We therefore hypothesized that the lack of significance
in outcomes in the go-go and slow-go groups is a result of their
enrichment with CBF AML (30% and 33%, respectively), which are
subsets of patients with AML known to have better outcomes when
treated with intensive chemotherapy.8 However, when we excluded
the CBF patients from our analysis, the differences in outcomes
between go-go and slow-go groups were still subtle (P = .191)
(Figure 1D).

The main advantage of the ALFA-1200 model is its simple
approach in categorizing older patients with AML with respect to
benefit from intensive chemotherapy using only baseline genomic
factors. Our validation cohort suggests that the ALFA-1200
3-tiered model confirms that TP53 mutations in AML portend
worse outcomes and lower responses to intensive chemotherapy
in the older population of patients with AML as has been published
by many groups. Furthermore, the findings are consistent with
expectations that patients with AML who have CBF alterations
which were enriched in the go-go and slow-go groups have better
outcomes when treated with intensive chemotherapy. However, the
cytogenetic and molecular characteristics that may differentiate the
go-go and slow-go groups (ie, non–TP53-mutated tiers) may
benefit from further refining before widespread applicability. For
example, similar to the way the ALFA-1200 group separated out
poor and non-poor cytogenetics, one may also consider a
completely separate group for patients with CBF AML. Of note, our
validation cohort suggests that patients with RAS mutations may
benefit from high-dose cytarabine induction regimens, and RAS
mutations may not be adverse. Nevertheless, the current model by
the ALFA-1200 group provides a promising and easy-to-use tool to
build on as we move toward precision oncology in AML. A multi-
center, prospective study that incorporates the cytogenetic risk
stratification in predicting responses to intensive chemotherapy
can help confirm these results. Importantly, integrating more
recently recognized characteristics associated with outcomes such
as subclonal architecture9 and minimal residual disease10 may
provide additional insightful information in predicting outcomes
in AML.
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