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Microabstract (58/60):

This large retrospective multicenter report of AMLMexico including 525 patients shows
the principal survival-related factors in a devéhgpcountry. The majority (80.2%) was
treated with intensive chemotherapy. In this groaphigh-rate of induction related-
mortality (17.8%), the lack of complete genetic anadlecular assessment and the low rate

of Allo-HSCT (8.2%) are our main medium-term chages.

Abstract (242/250)

Background: In the last decades, long-term survival outcofe@syounger patients with
acute myeloid leukemia (AML) have improved. Nonétke, developing nations might be

lagging behind, highlighting the need to assesswedd outcomes in such regions.



Methods: We performed a multicenter retrospective studigictv included patients with

AML diagnosed between January 2013 and Decembet 20dn 13 centers in Mexico.

Results: A total of 525 patients with AML met the inclusi@riteria and were included in
the study. Median age for the entire cohort wasyddrs. The patients were classified
according to cytogenetic risk: favorable 16.0%.eintediate 55.6% and unfavorable
28.4%. Most patients received intensive chemothe(80.2%), and among these 74.1%
underwent a 7+3 induction regimen. A complete reiis was achieved in 71.3% of
patients. Induction related mortality occurred 8P and we identify as independent risk
factors: >60 years (OR=2.09 (1.09-4.02)), ECOG>R£®.82 (2.46-9.43)), prior solid
tumor (OR=3.8 (1.24-11.59)) and active infectionRE&1.82 (1.06-3.12)). Further,
AlloHSCT was performed in 8.2% in CR1. The 3-yeaerall survival (OS) was 34.8%. In
a multivariate analysis several factors were inddpatly associated with a worse OS,
including secondary AML (HR=2.14 (1.15-4.01)) anahfavorable cytogenetic risk
(HR=1.81 (1.16-2.82)), whereas maintenance thergpjr=0.53 (0.32-0.86)) and

allogeneic HSCT (HR=0.40 (0.17-0.94)) were assediatith better OS.

Conclusions: This is the first multicenter report analyzing AMurvival in Mexico.
Challenges in this setting include a high inductielated mortality and low AlloHSCT

rate, which should be addressed in order to impomeomes.

Keywords: acute myeloid leukemia, developing nations, suttyiM@xico



Introduction

Acute Myeloid Leukemia (AML) references a heterogmums group of hematopoietic
neoplasms, characterized by the clonal prolifenataf myeloid progenitors with a
decreased capacity for differentiating into matoli@od elements Approximately 80% of
acute leukemias in adults are classified as AMLlthve median age at diagnosis of 67
year$. Prognosis is highly variable, and depends pastlypatient characteristics (age,
comorbidities, functional status), though it is mhpsinfluenced by the genetic and
molecular features of the dised&eThe European Leukemia Net, endorsed in the NCCN,
recommends a risk stratification score based onattaysis of cytogenetic alterations,
along with a comprehensive search for mutatiorfaLifi3 (ITD andTKD), NPM1, CEBPA,
ASXL1, RUNX1 and TP53°". As a result of novel approaches, the prognosigéiients
with AML treated with intensive chemotherapy hassiderably improved, reaching long-
term survival rates of 408 Nonetheless, these improvements do not genefally
translate into the outcomes of patients from deuelp nations, where patient
characteristics and challenges differ from thosmiified in developed countries. Studies
performed in the US, for instance, suggest thap&hg AML patients present with a
younger age at diagnosis (median age of 59 yeari&l years in Non-Hispanic whites), but
have a worse prognosis in terms of survival (HR9195%CI: 1.1-2.9]p=0.02§. Despite
these important differences, data from within mémayin American countries is mostly

limited to small retrospective single-center serlasMexico, such studies have reported a



median age at diagnosis ranging from 32 and 43yafaage; similar to reports from other
developing countries, including Brazil, India andlslysia (median age at diagnosis 33-44

yearsj®™®:

Another important challenge in developing natiamdudes the limited access to adequate
cytogenetic classification and increased mortakyr example, in Mexico only 46-60.8%
of patients have an evaluable karyotydé while the induction mortality rate remains high

(13.9-18.9%Y*.

There are currently no multicenter studies in Mexiwghich consistently evaluate the
characteristics associated with overall survivaBY@n adult patients with AML treated
with intensive chemotherapy. In this study, we présthe largest compilation of AML
patients from Mexico through a collaborative effiodm 13 different reference centers. We
sought to describe the characteristics pertainmghts population, as well as survival

outcomes and features associated with prognosis.



M ethods

We performed an observational analysis of patidignosed with AML, between January
2013 and December 2017. Baseline characteristeswell as genetic and molecular

features, therapeutic regimens and clinical outowere recorded.
Patient selection:

We include patients with AML, according to the WHiteria'®. Patients were diagnosed
with AML if they had at least 20% blasts in blood bone marrow or with the
demonstration of t(8;21) or inv(16)/t(16;16). Theetoid cell origin was confirmed in all
cases by immunophenotyping with flow cytometry. thié patients were treated in an adult
hemato-oncology service and were older than 14syéAfe exclude patients with acute
promyelocytic leukemia, mixed phenotype acute mygeldeukemia and isolated
extramedulary disease. Patients were identifieddata was retrospectively collected from
local databases in 13 centers across the countmyiv@l analysis was made only in

patients receiving frontline intensive chemotherapy
Definitions:

Induction regimens in patients who underwent intenghemotherapy were classified as
follows: 7+3 (7-day continuous infusion (24 hous§ytarabine [dose: 100-200 mdjnon
days 1 to 7 and an anthracycline on days 1 to -3)2 §5-day continuous infusion (24
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hours) of cytarabine [dose:100-200 mg/mn days 1 to 5 and an anthracycline on days 1
and 2), and 7+3+? (7+3 scheme associated to a d¢itcdoxic chemotherapy drug). For
post-remission therapeutic strategies, we congidergh-dose cytarabine as doses
exceeding 1gr/fmfor 6 doses. As to rescue regimens, these incluBEAG(lda)
(fludarabine, cytarabine, granulocyte colony-stiatimlg factor +/- idarubicin) or MEC

(mitoxantrone, etoposide and cytarabine).

Complete remission (CR) was defined according ¢oGheson criteria (<5% blasts in bone
marrow with trilineage hematopoiesis, hematopoieticovery with absolute neutrophil
counts >1000/puL and platelet counts >100,000/ulseabe of blasts in peripheral blood

and/or extramedullary disea$e)

Induction related mortality was defined as deathahy cause, which occurred during the
first month post-diagnosis in patients who receivaduction chemotherapy. Overall

survival was defined as the date from diagnosig death or last follow-up.

Cytogenetic risk was classified by the Medical Resle Council cytogenetic classification
system.FLT3 or NPM1 mutations were not used for the risk stratificat®nce they were

not assessed in the majority of the patiéfits.
Satistical considerations:

Continuous variables were described as mediansrdedjuartile ranges and categorical
variables were summarized as proportions. Mediargse wompared using the Mann
Whitney U test, and percentages usingyfttest and Fisher’s exact test. In order to identify
risk factors associated with induction-related ralitst, we calculated the odds ratio (OR)
and performed a logistic regression in order tdgoer a multivariate analysis. Survival
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outcomes were analyzed using the Kaplan-Meier naetimod comparisons were made
using the log-Rank test. We performed a landmaegtyars at 3 months after induction for
patients undergoing allogeneic hematopoietic steth tcansplantation (Allo-HSCT) or
maintenance. Prognostic factors associated witw®® analyzed using a Cox regression
model. A multivariate regression model was perfatnreluding the variables that were
significant (p<0.05) in the univariate analysisl &ahalyses were performed using the SPSS
software (version 22). The study was approved leydthics and research committee of

each independent participating center.



Results

A total of 525 patients diagnosed with AML betwetanuary 2013 and December 2017
were included in the analysis. Median age was 4rsy@ange: 14-95 years). An evaluable
karyotype was available in 69.1% of cases. Speg#itetic features were sought in a small
proportion of patients, and the most frequentlyl@asted included mutations in FLT3

(performed in 12.2% of cases; positive result i82@f cases) and NPM1 (performed in

8.2% of cases; positive result in 12% of cases).

Among the studied population, 80.2% (n=421) reakivimtensive chemotherapy.
Population characteristics as per therapeuticegfyaaire detailed in Table 1. Patients who
underwent intensive chemotherapy were younger,lésgl comorbidities and had a lower
frequency of secondary leukemias. The most fredpesed induction regimen in patients
who received intensive chemotherapy was 7+3 (74fipatients) followed by 5+2 (10.5%
of patients), 7+3+? (9% of patients) and other (6f4atients). The type and dose of
anthracycline used varied among the population,evewthe most frequently used drug
was daunorubicin in 66% of patients at varying do@9mg/m in 43.7%; 45mg/min
23.4% and 90mg/fmin 0.2%). Idarubicin was used in 20.7% of patiemiso at varying
doses (12mg/fmin 18.8% and 10mg/Mmin 2.2%). Last, 11.7% of patients received
mitoxantrone. A complete remission (CR) was acldevigh one or two induction cycles in
71.3% of patients. When only considering the finsluction cycle, the CR rate was 53.9%,
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and according to the type of anthracycline usetthénscheme the CR rate decreased in the
following order: idarubicin 12mg/Mm67.5%:; daunorubicin 60mgf53.6%; mitoxantrone
52.1%; idarubicin 10mg/fn 50%, daunorubicin 45mgfm46.9%: and daunorubicin

90mg/nt 0% (of note, only 1 patient received this dosage).

Induction related mortality occurred in 17.8% ofes Table 2 summarizes a univariate
and multivariate analysis of risk factors. Age (3&@ars), ECOG >2, prior solid tumor and
active infection at diagnosis are independent fegtors related to induction related
mortality. Hyperleukocytosis was not associatedhvat higher rate of induction related

mortality.

A total of 68.6% of patients received postremissionsolidation therapy in the form of
high-dose cytarabine, 23.6% received high-doseraliae associated with a second drug,
and 7.9% received a different consolidation reginidre dose of cytarabine varied among
patients, 42% received 3gfifor a total of 6 doses, while 56.2% received 1-@@gfor a
total of 6 doses. Median number of consolidationley was 3 (range: 1-9). Thereatfter,
28.2% of patients in remission following consolidat therapy received maintenance
therapy. The most frequently used treatment inethesses was 6-mercaptopurine and
methotrexate in 66.3% of cases, followed by cytaedbased maintenance in 27.7% of
cases and last, a low proportion of patients reckimaintenance with hypomethylating

agents (8%).

Only 8.2% of patients underwent consolidation witho-HSCT following the first CR.
Among patients who achieved a CR, 47.7% relapsadta of 60.2% of relapsed patients

underwent rescue chemotherapy: 33.3% received Fida;(27.8% received MEC and

10



38.9% received a different regimen. Following restherapy, 49.1% of patients achieved a

second CR.

Among the entire study population, 3-year OS wa8%4 Median OS was 14.0 months
(95%CI: 10.9-17.1) for the entire cohort, howevatignts with a favorable cytogenetic risk
had a statistically significant longer median O#pared with those with an intermediate
and unfavorable risk stratification (45.3 monthSY&CIl: 26.0-64.7]vs. 20.5 months

[95%CI: 8.5-32.5)s. 12 months [95%CI: 9.3-14.7], respectivghy0.001) Figure 1).

A clear survival benefit was also identified as tiex type and dose of anthracyclene used
during induction therapyF{gure 2). Patients who received high dose idarubicin (1/2nAg
or daunorubicin (60-90 mgAnhad a median OS of 23.1 months (95%Cl: 13.4-32.9)
compared with patients who received mitoxantronepse median OS was 15.3 months
(95%CI: 9.7-20.9) and patients who received low edddarubicin (10mg/f or
daunorubicin (45mg/f), who had a median OS of 9.0 months (95%Cl: 6.2){
0.001). No differences in terms of OS were ideadifiwhen comparing the dose of

cytarabine during consolidation (3gfiior 6 dosewss. 1- 2.9gr/ni for 6 doses).

In a 3-month landmark analysis, patients who resgtimaintenance therapy had a longer
OS compared with patients who did not receive gpg bf maintenance (median OS: Non-
reached [NR] vs. 24.1 month:0.017) Figure 3). We performed a subgroup analysis for
patients who received maintenance according tdyjpe of treatment, and identified that
OS benefit was only significant in patients whoeiged cytarabine-based maintenance
therapy compared with no maintenance (median OSvVBIR24.1 (12.3-25.8) months;

p=0.032). This difference was not significant fotipats who received maintenance with
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6-mercaptopurine and methotrexate (49.3 (17.1-86) 25.9 (13.8-38.1) months;
p=0.115). Also, this survival benefit of maintenamneas only significant for patients with
intermediate cytogenetic risk (median OS NR vs930Q3.7-48.0) monthgp= 0.021) in

contrast with patients with favorable or unfavoeabytogenetic risk.

In a 3-month landmark analysis, patients who resgkivconsolidation therapy with
AlloHSCT during the first CR had a significantly pmoved OS compared with patients not

consolidated with AlloHSCT (median OS NR vs. 25.adnths;p=0.003) Eigure4).

We identified several factors as independently @ased with a worse OS during the
multivariate analysis, including patients with sedary AML and unfavorable cytogenetic
risk. Meanwhile, maintenance treatment and AlloHS&38re identified as independently

associated to a prolonged Oable 3).
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Discussion

Similar to previous single-center studies perfornmediexico, in this larger, multicenter
study we identify that our patient population praseat a younger age compared with
developed countries, with a median age of 47 ywapstients included in this study. This
data however is challenging to interpret, owinghe fact that this study is based on the
retrospective collection of information from hospitecords, rather than a population-
based registry. In this regard, it is importanhtte that the population pyramid structure in
Mexico differs from other developed countries, wathmedian age in 2015 of 27 years of
age, compared with the US population, which hasdiam age of 37.8 years. Nonetheless,
there is also the possibility that AML in older #duin Mexico is under-diagnosed, and

therefore under-registered in our coufity).

In this study we report a shorter median OS contpauieh data from developed countries.
Two main factors could be associated with this po@rognosis. Foremost, we report a
high rate of induction-related mortality. A largeudy performed at the MD Anderson
center reported toxicity outcomes during inductiorl,543 patients treated with different
regimens within this institution. Overall, mortality during the first 6 weeks oé#atment
was reported to be 10% in patients younger thape@ds of age and 24% in patients older
than 60 years. Among our population, 86.4% of théiepts who underwent intensive
chemotherapy were aged <60 years and thereforesidesmg this data, the overall
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induction-related mortality which we observe in quopulation (17.8%) is considerably
high. Supportive care, including antifungal proghy$ has proven fundamental in order to
decrease mortality in developing countries. Theeence derived from the SWOG and
the MD Anderson center has demonstrated that prayiohatients with best supportive care
can significantly decrease treatment-related migytdfom 1991-1995 mortality reported
by these groups ranged from 16% (MD Anderson) @ 18 WOG). However, these have
further decreased in more recent series, rangmg 8% (SWOG) to 4% (MD Anderson)
in the period comprised from 2006-2689As previously demonstrated in other series, our
data shows that age, ECOG functional status, andngary leukemias were associated
with higher odds of death during inductté®®?* Further, our data shows that the
presence of an active infection at diagnosis aedtiment start is associated with higher
induction-related mortality. This information isghiy relevant, due to the fact that over
one third of our study population presented witraative infection at the time of diagnosis.
This might be related with delays in the healthtexysfor reference to centers capable of

offering diagnostic and treatment.

Another important finding in this study is the Igwoportion of patients who undergo
AlloHSCT. Despite the fact that 82% of the patieptssented with an intermediate or
unfavorable cytogenetic risk, only 8.2% receivettamsplant. A previous meta-analysis
sought to identify the benefit of first-line AllolS in AML, considering studies which
evaluated AlloHSCT strategies compared with otlmerapeutic schemes. In this study,
37% of the included patients received consolidatith AlloHSCT, and this strategy
proved beneficial in terms of OS and relapse-freevigal (RFS) in patients with

intermediate or unfavorable cytogenetic isR his study included trials published between
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1991 and 2007, a time period when the lack of apadible donor was one of the most
frequent reasons to forego AlloHSCT consolidatiGuarrently, through improvements in

the transplant techniques for alternative donohss fpreviously mentioned reason is
becoming obsolete. In Mexico, although the popaltais large, there are very few highly
specialized centers for transplants, and theraf@eate of any-indication transplants in the
country ranges from 5-6 transplants/million inhabis. This figure is alarming, especially

when considering other countries, such as Spaifome 10 times more transplafits

Interestingly, our study also shows that despite limited evidence pertaining to its
efficacy, administering maintenance treatmentéemmon practice within our setting. We
identified that maintenance therapy was indepeiyedsociated with prolonged OS,
particularly in patients treated with cytarabinendain patients with an intermediate
cytogenetic risk. Other studies have shown sinfikatings, in a previously reported Italian
trial a consistent benefit was observed for nongpéanted patients with myelodysplastic
syndrome or high-risk AML who received maintenangih low-dose chemotherapy,
including cytarabine and 6-mercaptopurine. Mainteeatireatment decreased the incidence
of relapse and improved &S Similarly, as far back as 1998 the EORTC and HBVO
groups had already reported a benefit with maimteaaherapy, though this was only the
case for disease-free survival (DFS) and not for @$atients older than 60 years who
received low-dose subcutaneous cytarafiriEhe benefit in terms of OS of maintenance
therapy has therefore remained controversial, duwenflicting data in diverse studies. Our
results show that when using intermittent high-daseavenous cytarabine pulses an
independent improvement in OS is observed. It ssiide that the impact of this strategy

could be overestimated in our population, owingttie fact that most patients did not
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receive a transplant, therefore further studiesnaeessary to reach robust conclusions. A
large phase 3 study recently demonstrated a beadefiole in terms of DFS for
hypomethylating agents when used in maintenacensefieln this study, the authors
compare the effect of azacitidine vs. observationadults older than 60 years after
receiving at least 2 cycles of intensive chemoiygra Conclusions regarding the role of
hypomethylating agents within our population canbpetdrawn due to the low number of

patients who received this maintenance scheme.

Regarding the molecular and genotypic charactesisif our population, it is important to
highlight that in 30% of the cases the karyotype waavailable or non-evaluable, due to
insufficient evaluable metaphases or due to lackcokss. Specific mutations were sought
in the minority of patients. In the population sudagp with available information, most
patients (55%) were classified as intermediate fi$ks is a result of the high proportion of
patients with a normal karyotype, which reache®%tin our study, which is comparable
to data from large American and British series,chivianges from 38-48%6°°3! Concrete
evidence supports the current recommendation feegtsearch for specific mutations in
order to perform adequate risk stratification, isatarly in patients with normal
karyotypes; there are 6 specific mutations whighpart of the current risk classification by
the ELN. Among patients with a normal karyotypepm@ximately 20-28% can be re-
classified in a different risk strata due to theegemce of specific mutatiohs>
Additionally, several mutations are actionable &xgéeted therapie$ (T3, KIT, IDH1 and
IDH2), while others can serve as biomarkers for miniymaisidual diseasé® Altogether,
this information should be considered in ordereassess the challenge of molecular typing

of AML in patients in Mexico.
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Based on the information generated in this multeerstudy, we can establish the

following mid-term challenges to address:

1. Decrease induction-related mortality through iimplementation of an early-referral
system in patients with clinical suspicion of leaka, and a standardized supportive care

program.

2. Improve risk stratification through wide implentation of cytogenetic and molecular
analyses. A prospective study will be initiatecbnder to implement standardized testing in

local laboratories.

3. Improve access to AlloHSCT programs. This wél &added by a sub-analysis from the
data acquired in this study which will seek to iggnfactors associated with the lack of

transplants in patients with an indication for filnecedure.

The main strenght of this study is the large numbgrmatients from a multicenter

experience. The main limitation is the retrospectiature.

Conclusions

This is the first multicenter study of AML in Mexi¢ taking into consideration factors
associated with OS in patients who were candidatemtensive chemotherapy. Our data
reproduces well-studied prognostic factors in ativauiiate model, including a shorter OS
in patients with secondary leukemias and unfaveragtogenetic risk; likewise, we show
that patients who were consolidated with AlloHSGivé better OS. We identified that our
population is characterized by a high inductiorated mortality, and that only a very low

proportion of patients receive a transplant. Thisaspective study warrants the design and
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implementation of further strategies and prospectnals with the objective of improving

clinical outcomes of AML patients in Mexico.

Figurelegends

Figure 1. Overall Survival according to cytogenetic risk

Figure 2. Overall survivalaccording to anthracycline doduring induction-chemotherapy
Figure 3. Overall survival according to maintenance therap§;month landmark analysis.

Figure 4. Overall survivalaccording tAlloHSCT following first complete remissio@, 3-
month landmark analysis.
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Tables

Characteristic Total (N=525) Intensive Non-intensive | p
chemotherapy treatment
(N=421) (N=104)

Age, years (range) 47 (14-95) 43 (14-95) 70 (23-87) <0.001
Gender (% male) 51.2% 51.8% 49.0% 0.662
Comorbidity

- Diabetes 15.2% 12.1% 27.9% <0.001

- Obesity 12.4% 13.0% 9.6% 0.407

- Infection at diagnosis | 36.6% 34.4% 45.2% 0.053

- HCT-CI=3 16.2% 11.2% 32.7% <0.001
Bone marrow blasts 60 (2-100) 60 (2-100) 60(16-100) 0.966
White blood cells (x10°/L) 14.6 (0.1-612) | 14.2 (0.1-612) 20.2 (0.3-314) | 0.404
Hemoglobin (g/dL) 8 (2.19-18.8) 7.9 (2.19-18.8) 8.1 (3.2-15.5) 0.658
Platelets (x10°/L) 36 (1-1286) 36 (1-1286) 33 (3-450) 0.569
WHO classification

- Recurrent genetic 7.4% 8.8% 2.0%

abnormalidies <0.001

- MDS-related 11.6% 9.3% 21.2%

- Treatment related 2.3% 1.4% 5.8%

- NOS 78.7% 87.6% 71.2%
Secondary AML 13.8% 10.5% 26.9% <0.001
Cytogenetic risk

- Favorable 16.0% 16.9% 10.0%

- Intermediate 55.6% 56.2% 52.0% 0.207

- Unfavorable 28.4% 25.8% 38.0%

HCT-CI: hematopoietic stem-cell transplant comorbidity index

Table 1. Baseline characteristics according to treatment




Factor

Univariate analysis, OR (95 %
c),p

Multivariate analysis, OR
(95%CI), p

Age > 60 years

2.39 (1.29-4.40), p=0.007

2.09 (1.09-4.02), p=0.027

Female

1.72 (1.03-2.87), p=0.042

ECOG>2

5.61 (2.93-10.72), p<0.001

4.82 (2.46-9.43), p<0.001

Prior solid tumor

4.35 (1.53-12.40), p=0.008

3.80 (1.24-11.59), p=0.019

Active infection

2.01 (1.21-3.33), p=0.007

1.82 (1.06-3.12), p=0.003

HCT-CI =23

2.76 (1.49-5.36), p=0.004

ECOG: Eastern Cooperative Oncology Group, HCT-CI: hematopoietic stem-cell transplant comorbidity

index

Table 2. Risk factors for induction-related mortality




Factor Univariate analysis, HR (95 % CI), | Multivariate analysis, HR (95% CI),
p p

Age >60 afios 2.06 (1.50-2.82) p<0.001

Secondary AML 1.86 (1.31-2.64), p=0.001 2.14 (1.15-4.01) p=0.017

ECOG >2 2.14 (1.49-3.08), p<0.001

Unfavorable 1.71 (1.25-2.33), p=0.001 1.81 (1.16-2.82) p=0.009

cytogenetic risk

HCT-CI =3 1.76 (1.23-2.50), p=0.004

Maintenance 0.56 (0.37-0.86), p=0.007 0.53 (0.32-0.86) p=0.011

AlloHSCT in CR1 | 0.25(0.12-0.54), p<0.001. 0.40 (0.17-0.94) p=0.035

ECOG: Eastern Cooperative Oncology Group, HCT-CI: hematopoietic stem-cell transplant comorbidity
index, AlloHSCT: allogeneic hematopoietic stem-cell transplant, CR1: first complete remission.

Table 3. Prognostic factors for OS (univariate and mutlivariate analysis)




OS

1,04

0,8

0,67

0,47

0,24

0,0

Favorable: 45.3 months
Intermediate: 20.5 months
Unfavorable: 12.0 months

p=0.001
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