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Abstract

Background: Acute myeloid leukemia (AML) is an aggressive and biologically diverse
hematologic cancer that disproportionately affects older individuals. Despite advances in
molecular profiling and therapy, long-term outcomes remain unsatisfactory. This nation-
wide registry was established to provide real-world insights into clinical characteristics,
treatment strategies, and survival among adult AML patients in Turkey. Methods: The
Turkish AML Registry Project (ClinicalTrials.gov Identifier: NCT05979675) combines ret-
rospective and prospective data from 23 tertiary hematology centers. Adult patients
diagnosed between January 2008 and July 2023 were included. Baseline demographics, Eu-
ropean LeukemiaNet (ELN) 2017 risk groups, Eastern Cooperative Oncology Group (ECOG)
performance status, treatment intensity, and targeted therapy use were analyzed. Response
and survival outcomes were assessed using Kaplan–Meier methods. Results: The interim
dataset included 891 patients (median age 58 years, 45.5% ≥60). Intensive chemotherapy,
most commonly 7 + 3, was applied in 74.1%, while 25.9% received lower-intensity regimens.
Targeted agents, mainly venetoclax, were incorporated more frequently into low-intensity
therapies (19.1% vs. 3.4%, p < 0.001). Complete remission occurred in 70.2% after intensive
and 35.9% after low-intensity therapy, improving to 51.4% with targeted agents. Median
overall survival (OS) was 27.2 months, with 1-year OS rates of 54.1%, 28.9%, and 17.6% for
favorable, intermediate, and adverse ELN groups (p < 0.001). ECOG 0–1 predicted superior
survival (1-year OS 70.3% vs. 47.0%). Conclusions: Nationwide real-world evidence under-
scores the prognostic relevance of ELN risk and functional status in AML. While intensive
chemotherapy remains central, combining targeted agents with low-intensity regimens
improves outcomes in less fit patients and supports personalized treatment approaches.

Keywords: acute myeloid leukemia; real-world data; prospective registry; personalized
therapy; treatment intensity; survival predictors; ECOG performance status; ELN
risk classification

1. Introduction
Acute myeloid leukemia (AML) represents a biologically heterogeneous yet clinically

aggressive myeloid neoplasm, driven by uncontrolled expansion of immature progenitor
cells and most commonly encountered in older individuals [1,2]. Despite therapeutic
advances, prognosis remains poor in elderly and high-risk populations, with 5-year survival
rates declining steeply with age [3,4].

Over the past three decades, both the incidence and mortality of AML have increased
globally, particularly among older adults [5,6]. In high-income regions such as North
America and Western Europe, improved diagnostic capacity has revealed higher incidence
but better outcomes, whereas survival rates remain markedly lower in low- and middle-
income countries [5,7]. Among patients aged ≥60 years, 5-year survival is generally below
15%, compared with approximately 50% in younger adults [6].

Standard AML management involves induction chemotherapy—typically the inten-
sive ‘7 + 3’ regimen—followed by consolidation with high-dose cytarabine or allogeneic
hematopoietic stem cell transplantation (HSCT) in eligible cases [1,2,4,8]. For patients unfit
for intensive treatment, non-intensive regimens with or without targeted therapies are used
as disease-modifying approaches [1,2,8–10].

However, access to intensive chemotherapy, molecular diagnostics, and novel targeted
agents remains heterogeneous worldwide, particularly in middle-income healthcare sys-
tems [11]. The integration of targeted therapies such as venetoclax or fms-like tyrosine
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kinase 3 (FLT3) inhibitors has improved remission and survival rates in unfit and older
patients, yet these agents remain unavailable to many due to cost and reimbursement
barriers [12–14].

Although complete remission (CR) is achieved in up to 70–80% of fit patients after
induction, relapse or refractory disease remains common [10,15,16]. Outcomes are worse
for patients receiving non-intensive treatments, with most unable to achieve durable
remissions [15–18].

Moreover, disease biology—including cytogenetic and molecular risk—significantly
influences prognosis and treatment response [1,3,4,8,19–23].

Fitness assessment remains subjective despite existing scoring systems [24], and global
disparities persist in treatment accessibility due to variations in clinical practice, reimburse-
ment, and regulatory frameworks [25].

While clinical trials have shaped current AML treatment standards, real-world out-
comes often differ substantially due to broader patient heterogeneity and healthcare vari-
ability. Large-scale population-based registries from Europe and Asia have revealed lower
remission and survival rates in unselected populations, driven by older age, comorbidities,
and limited transplant access [7,26,27]. However, prospective real-world evidence from
developing or middle-income healthcare systems remains scarce. National AML registries
play a pivotal role in bridging this evidence gap by demonstrating how international
guidelines are implemented in routine clinical practice under heterogeneous healthcare
conditions [28].

In this context, establishing a national AML registry represents a crucial step toward
generating real-world evidence in Turkey. Designed as a nationwide initiative, the Turkish
AML Registry Project integrates data from multiple treatment environments to reflect real-
world management practices. The present interim evaluation provides an overview of de-
mographic and clinical profiles, therapeutic patterns, and one-year outcomes among adults
diagnosed with AML in Turkey. In light of expanding targeted therapy options [1,29–34],
this study highlights critical associations between treatment intensity, Eastern Cooperative
Oncology Group (ECOG) performance status, European LeukemiaNet (ELN) risk classifica-
tion, and survival outcomes, aiming to inform context-specific, personalized care strategies
in AML.

2. Methods
2.1. Study Design and Population

This study is a nationwide, multicenter, non-interventional observational registry
combining retrospective and prospective data collection (ClinicalTrials.gov Identifier:
NCT05979675), conducted across 23 tertiary hematology centers in Turkey.

The retrospective phase included adult patients diagnosed with AML between January
2008 and June 2022, with anonymized data collected from institutional medical records, as
approved by the Istanbul Medipol University Non-Interventional Clinical Research Ethics
Committee (Approval Date: 3 September 2021, Protocol No: E-108400098-772.02-4214).

The prospective phase was launched in June 2022 and is designed for a 5-year follow-
up period (June 2022–June 2026). This phase received approval from the Istanbul Medipol
University Clinical Research Ethics Committee (Approval Date: 21 February 2022, Pro-
tocol No: E-66291034-772.02-1237) and from the Republic of Turkey Ministry of Health
Turkish Medicines and Medical Devices Agency (Approval Date: 14 April 2022, Protocol
No: 202105019).

The present interim analysis includes baseline characteristics and 1-year outcomes
of retrospectively and prospectively enrolled patients, with data collected up to July 2023.
Survival analyses accounted for variable follow-up durations through right-censoring.
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A total of 906 adult patients diagnosed with AML were initially identified. After
excluding 15 patients due to incomplete clinical data, 891 patients were included in the final
analysis. The median age at diagnosis was 58 years (range, 18–91), and 54.9% were male.

The study was conducted in accordance with the Declaration of Helsinki, and written
informed consent was obtained from all prospectively enrolled participants.

Genomic analyses were performed locally at participating institutions without central
review, reflecting real-world diagnostic practice.

2.2. Data Collection and Definitions

Baseline demographic and clinical data included age, gender, AML subtype (ac-
cording to the World Health Organization classification, WHO), ECOG performance sta-
tus, ELN 2017 genetic risk classification [19], presence of extramedullary disease, and
molecular status for FLT3-internal tandem duplication (FLT3-ITD) and nucleophosmin 1
(NPM1) mutations.

The treating physician determined the ECOG performance status at the time of AML
diagnosis. Cytogenetic and molecular evaluations were carried out using bone marrow aspi-
rates or, when applicable, peripheral blood samples obtained before initiation of induction
therapy. Molecular analyses relied on institution-specific polymerase chain reaction (PCR)
assays or next-generation sequencing (NGS) panels that had undergone local validation,
whereas chromosomal abnormalities were identified through conventional karyotyping
and fluorescence in situ hybridization (FISH) according to standard laboratory procedures.

Molecular analyses were conducted according to the diagnostic capacity of each partici-
pating center. FLT3 and NPM1 were the most frequently assessed markers, while additional
genes—including IDH1/2, TP53, RUNX1, ASXL1, CEBPA, KIT, and KMT2A—were tested
in centers equipped with PCR or NGS facilities. Cytogenetic abnormalities such as t(8;21),
inv(16)/t(16;16), t(15;17), del(17p), and other recurrent aberrations were identified by con-
ventional karyotyping, FISH, or narrative cytogenetic reports. Given the real-world nature
of the registry, testing coverage varied across centers and over time; missing molecular
data were not imputed.

Treatment-related variables included induction regimen intensity (high-intensity vs.
low-intensity), use of targeted agents (e.g., venetoclax, midostaurin, gemtuzumab ozogam-
icin, sorafenib). The distribution of targeted agents across treatment intensities is presented
in Supplementary Figure S1.

Treatment response was categorized as CR, partial response (PR), morphologic
leukemia-free state, stable disease (SD), or progressive disease (PD), based on ELN 2017
response criteria. Overall survival (OS) represented the interval between initial diagnosis
and either death from any cause or the date of last contact. Progression-free survival (PFS)
was calculated from diagnosis until documented relapse, disease advancement, or death,
whichever occurred first.

2.3. AML Subtypes and Risk Stratification

AML subtypes were classified according to the 2016 WHO criteria [8,35]. Risk stratifi-
cation was performed in accordance with the 2017 ELN recommendations, categorizing
patients into favorable, intermediate, and adverse genetic risk groups [19,36]. ELN cate-
gories were assigned using the available molecular and cytogenetic results for each patient,
consistent with real-world registry practice. Missing molecular data were not imputed to
preserve data integrity.

2.4. Statistical Analysis

Baseline characteristics were analyzed through descriptive statistical methods. Cat-
egorical variables were summarized as absolute frequencies and percentages, whereas
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continuous variables were described using medians with their corresponding ranges. Asso-
ciations between categorical parameters were examined with the chi-square (χ2) test, and
non-parametric group differences were evaluated using the Mann–Whitney U test.

Survival probabilities were estimated by the Kaplan–Meier approach, and intergroup
differences were compared using the log-rank test. Where appropriate, pairwise and
multivariate log-rank analyses were additionally conducted. Statistical significance was
determined at a two-sided p value threshold of 0.05.

Analyses were conducted using Python (v3.13.2; Clang 16.0.0) in a virtual environment
on macOS. Data preprocessing and transformation were performed with pandas, while
survival modeling and statistical plotting utilized lifelines, matplotlib, and scipy.

3. Results
3.1. Patient Characteristics

The analysis encompassed 891 adults diagnosed with AML. Patients had a median
age of 58 years (range 18–91), and slightly more than half of the cohort (54.9%) were men.
According to WHO classification, AML not otherwise specified was the most prevalent
subtype (55.8%), followed by AML with recurrent genetic abnormalities (17.6%) and AML
with myelodysplasia-related changes (15.4%) (Table 1). Extramedullary involvement was
documented in 4.4% of patients. Based on the 2017 ELN risk classification, 24.7% of patients
were categorized as favorable-risk, 60.8% as intermediate-risk, and 14.5% as adverse-risk.
At diagnosis, 63.1% of patients had an ECOG performance status of 0–1, while 36.9% were
ECOG ≥ 2. In patients for whom molecular results were available, FLT3-ITD mutations
were identified in 15.7% and NPM1 mutations in 20.1% of cases.

Table 1. Baseline Clinical Characteristics and Demographics of the Patient Cohort (n = 891).

Age (Year), Median (Min–Max) 58 (18–91)
Gender, n (%)

Female 402 (45.1)
Male 489 (54.9)

WHO subtype, %
AML with recurrent genetic abnormalities 17.6
AML with myelodysplasia-related changes 15.4

Therapy-related myeloid neoplasms 0.8
AML not otherwise specified 55.8

Myeloid sarcoma 0.7
Acute leukemias of ambiguous lineage 9.7

ELN 2017 risk stratification, n (%)
Favorable 169 (24.7)

Intermediate 416 (60.8)
Adverse 99 (14.5)
Missing 207

Extramedullary involvement, n (%)
Yes 38 (4.4)
No 834 (95.6)

Missing 19
ECOG at diagnosis

0–1 524 (63.1)
2–4 306 (36.9)

Missing 61
FLT3-ITD mutation status

Mutated 62 (15.7)
Unmutated 332 (84.3)

Missing 497
NPM1 mutation status

Mutated 55 (20.1)
Unmutated 219 (79.9)

Missing 617
WHO: World Health Organization; ELN: European LeukemiaNet; FLT3-ITD: fms-like tyrosine kinase 3-internal
tandem duplication; NPM1: Nucleophosmin 1.
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Beyond FLT3-ITD and NPM1, additional molecular and cytogenetic analyses were
performed according to the diagnostic capacity of participating centers. IDH1/2, TP53,
RUNX1, ASXL1, CEBPA, KIT, and KMT2A mutations were assessed in a subset of patients
with available PCR or NGS testing, while recurrent cytogenetic abnormalities such as t(8;21),
inv(16)/t(16;16), t(15;17), and del(17p) were detected by karyotyping, FISH, or narrative
cytogenetic reports.

The frequency of tested patients and detected abnormalities for each marker is sum-
marized in Supplementary Table S1, which reflects real-world heterogeneity in genomic
testing coverage across the 23 centers.

3.2. Treatment Distribution and Targeted Therapy Use

Of the cohort, 74.1% received high-intensity induction therapy, while 25.9% were
treated with low-intensity regimens (Figure 1A). Among high-intensity protocols, 7 + 3
single induction was dominant (80.8%), whereas azacitidine was the leading agent in low-
intensity regimens (74.5%), followed by decitabine (19.1%) (Figure 1B). Targeted therapies
were more frequently administered in patients receiving low-intensity regimens (19.1%)
than those on high-intensity protocols (3.4%) (p < 0.001; Figure 1C), reflecting a clinical pref-
erence for integrating targeted agents in older or frail individuals. Subgroup distribution
by regimen is shown in Supplementary Figure S1.

Figure 1. Treatment intensity, regimen composition, targeted therapy use, and response rates in the
study cohort. (A) Overall distribution of treatment intensity: high-intensity versus low-intensity
induction regimens. (B) Composition of specific induction regimens within each treatment inten-
sity group. (C) Proportion of patients receiving targeted therapy stratified by treatment intensity.
(D) Overall response rates (complete remission [CR], partial response [PR], stable disease [SD], pro-
gressive disease [PD]) among all evaluable patients (n = 694). (E) Response rates among patients
receiving high-intensity therapy (n = 541). (F) Response rates among patients receiving low-intensity
therapy (n = 153). Abbreviations: CR, complete remission; PR, partial response; SD, stable disease;
PD, progressive disease.

3.3. Response Rates

Treatment response differed significantly by intensity (p < 0.001). CR was achieved
in 70.2% of patients on high-intensity regimens compared to 35.9% of those receiving
low-intensity therapies. PD occurred in 30.1% of low-intensity patients versus 9.8% in the
high-intensity group. PR and SD rates also favored high-intensity therapy (11.6% vs. 24.2%
for PR; 8.3% vs. 9.8% for SD) (Figure 1E,F).
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Stratifying by both intensity and targeted agent use, marked differences in response
were observed (Figure 2). In the low-intensity group, adding targeted therapy improved
CR rates from 35.9% to 51.4% and halved the PD rate from 30.1% to 14.3%. A similar but
less pronounced benefit was seen in the high-intensity cohort. These differences were
statistically significant (p < 0.001), emphasizing the additive impact of targeted therapy on
disease control.

Figure 2. Response distribution by treatment group among patients aged ≥60 years. Stacked bar
plot showing response rates—complete remission (CR), partial response (PR), stable disease (SD),
and progressive disease (PD)—according to induction regimen: 7 + 3 induction, 5 + 2 induction, low-
intensity therapy with targeted agents, and low-intensity therapy without targeted agents. Significant
differences in response distributions were observed across groups (Chi-square test, p < 0.001). Abbre-
viations: CR, complete remission; PR, partial response; SD, stable disease; PD, progressive disease.

In participants aged ≥60 years, response distributions varied significantly across
regimens (p < 0.001; Figure 3). The 7 + 3 induction group demonstrated the highest CR
rate, while low-intensity plus targeted therapy yielded favorable response profiles with
minimal progression. In contrast, low-intensity non-targeted regimens were associated
with the highest rates of PD and SD. These findings highlight how treatment strategies are
individualized according to patient age and fitness in real-world clinical practice.

3.4. Survival Outcomes

Outcomes stratified by ELN 2017 classification revealed substantial differences. Pa-
tients in the favorable-risk group had a 1-year OS rate of 54.1%, with median OS not reached
(95% CI: 30.8–NA), whereas intermediate- and adverse-risk patients had 1-year OS rates
of 28.9% and 17.6%, and median OS of 16.2 months (95% CI: 13.4–22.8) and 14.1 months
(95% CI: 8.0–17.8), respectively (log-rank p < 0.001; Figure 4A–C). Similarly, 1-year PFS was
46.5% in favorable-risk patients (median PFS: 32.6 months), compared to 13.1% and 15.4%
in intermediate- and adverse-risk groups (median PFS: 12.7 and 9.4 months, respectively)
(log-rank p < 0.001; Figure 4B–D).
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Figure 3. Response distribution by treatment intensity and targeted therapy use. Stacked bar plot
showing response rates—complete remission (CR), partial response (PR), stable disease (SD), and
progressive disease (PD)—according to treatment intensity (high-intensity vs. low-intensity) and
targeted therapy use (targeted vs. no targeted agents). Addition of targeted therapy was associated
with improved response profiles across both treatment intensity groups. Abbreviations: CR, complete
remission; PR, partial response; SD, stable disease; PD, progressive disease.

Figure 4. Overall survival (OS) and progression-free survival (PFS) by 2017 ELN risk classification.
(A) Median OS and 1-year OS rates stratified by ELN 2017 risk groups (favorable, intermediate,
adverse) compared to the total cohort. (B) Median PFS and 1-year PFS rates stratified by ELN 2017
risk groups compared to the total cohort. (C) Kaplan–Meier curves illustrating OS by ELN 2017
risk groups, with significant differences across groups (overall log-rank p < 0.001). (D) Kaplan–
Meier curves illustrating PFS by ELN 2017 risk groups, with significant differences across groups
(overall log-rank p < 0.001). Abbreviations: OS, overall survival; PFS, progression-free survival; ELN,
European LeukemiaNet.
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Among elderly patients (≥60 years), 1-year OS rates were 54.2% for 7 + 3 induction,
52.3% for 5 + 2 induction, and 48.5% for low-intensity targeted therapy, compared to only
31.4% for non-targeted low-intensity regimens. Median OS ranged from 17.6 months in the
7 + 3 group to 8.6 months in the low-intensity non-targeted group (Figure 5A,B).

Figure 5. Overall survival (OS) and progression-free survival (PFS) by treatment regimen among
patients aged ≥60 years. (A) Kaplan–Meier curves showing OS according to treatment groups:
7 + 3 induction, 5 + 2 induction, low-intensity therapy with targeted agents, and low-intensity
therapy without targeted agents. (B) Kaplan–Meier curves showing PFS according to the same
treatment groups. Overall survival differed significantly across groups (log-rank p < 0.001), while
progression-free survival differences were more modest (log-rank p = 0.033). Pairwise p-values
between treatment groups are provided within each panel. Abbreviations: OS, overall survival; PFS,
progression-free survival.

The impact of allogeneic HSCT on survival outcomes was analyzed within the study
cohort. Among all 891 patients, 99 (11.1%) underwent allogeneic HSCT, predominantly
within the high-intensity group (18.9% in 7 + 3 induction), while no HSCT was performed
among patients treated with low-intensity regimens. In patients aged ≥60 years, only 15
(3.8%) underwent HSCT, reflecting real-world limitations in transplant eligibility due to age
and comorbidities. Transplanted patients achieved markedly improved survival compared
with those who did not undergo HSCT. Median OS was not reached in the HSCT group
versus 15.1 months in the non-HSCT group (log-rank p < 0.001), and median PFS was
34.1 versus 12.6 months, respectively (log-rank p < 0.001). These findings are illustrated in
Figure 6.

3.5. Impact of ECOG Performance Status

Baseline ECOG status was a major determinant of treatment patterns and outcomes.
Patients with ECOG 0–1 had higher CR rates (67.2%) and lower PD rates (14.5%) than those
with ECOG ≥ 2 (CR: 53.4%, PD: 17.0%) (Figure 7A). Targeted therapies were used more
frequently in ECOG ≥ 2 patients (8.7% vs. 5.2%), indicating a shift toward personalized
treatment in frailer individuals (Figure 7B). High-intensity regimens were administered
to 71.6% of ECOG 0–1 patients, but only 52.0% of those with ECOG ≥ 2, who were more
often treated with low-intensity regimens (38.7%) (Figure 7C).
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Figure 6. Overall and progression-free survival according to allogeneic HSCT status. (A) Kaplan–
Meier OS curves comparing patients who underwent allogeneic HSCT versus those who did not.
(B) Kaplan–Meier PFS curves by HSCT status. Patients receiving HSCT demonstrated markedly
improved survival outcomes, with both OS and PFS significantly prolonged compared with the
non-HSCT group (log-rank p < 0.001 for both analyses). Shaded areas represent 95% confidence
intervals. Abbreviations: OS, overall survival; PFS, progression-free survival; HSCT, hematopoietic
stem cell transplantation.

Figure 7. Impact of ECOG performance status on treatment response, targeted therapy use, treatment
intensity, and survival outcomes. (A) Treatment response distribution (complete remission [CR],
partial response [PR], stable disease [SD], progressive disease [PD]) according to ECOG performance
status (0–1 vs. ≥2) (p < 0.001). (B) Proportion of patients receiving targeted therapy stratified by
ECOG status (p < 0.001). (C) Distribution of treatment intensity (high-intensity vs. low-intensity)
according to ECOG status (p < 0.001). (D) Kaplan–Meier curves showing overall survival (OS)
stratified by ECOG status (p < 0.001). (E) Kaplan–Meier curves showing progression-free survival
(PFS) stratified by ECOG status (p < 0.001). Abbreviations: ECOG, Eastern Cooperative Oncology
Group; CR, complete remission; PR, partial response; SD, stable disease; PD, progressive disease; OS,
overall survival; PFS, progression-free survival.
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ECOG performance status also correlated with survival. Patients with ECOG 0–1
had superior outcomes, with a 1-year OS rate of 70.3% and median OS of 32.2 months,
compared to 47.0% and 11.2 months in the ECOG ≥ 2 group. Similarly, 1-year PFS was
62.6% vs. 42.7%, with median PFS of 21.5 vs. 9.5 months (Figure 7D,E). These results
underscore the prognostic significance of ECOG status in guiding treatment intensity and
anticipating survival outcomes in AML.

4. Discussion
This interim prospective analysis of the Turkish AML Registry presents a compre-

hensive real-world overview of adult AML treatment strategies and clinical outcomes in
a large, multicenter national cohort. The findings highlight how treatment intensity, risk
classification, and targeted therapy use influence outcomes in routine practice. Notably,
intensive regimens achieved higher remission rates, while the addition of targeted agents
substantially improved responses in patients receiving low-intensity therapy.

Our results should be interpreted within the broader context of international real-
world evidence. While clinical trials predominantly include younger and fitter patients,
population-based registries have consistently shown lower remission and survival rates
in unselected cohorts, largely driven by older age, comorbidities, and limited transplant
access [26,37]. Such real-world datasets complement clinical trials by reflecting treatment
heterogeneity and healthcare disparities encountered in daily practice. National AML
registries, including those in Sweden, Denmark, Germany, Korea, and now Turkey, provide
valuable insights into how evidence-based recommendations are implemented across
diverse healthcare systems [7,27].

The CR rates observed in our cohort are comparable to those reported in clinical trials
evaluating novel targeted therapies, suggesting that these treatments can achieve similar
efficacy in a real-world setting [30,38–42]. However, several real-world studies have high-
lighted the limitations of low-intensity regimens in elderly AML patients. A multicenter
cohort study involving patients aged 60–75 years reported that intensive chemotherapy
was associated with significantly longer OS compared to venetoclax plus hypomethylating
agent combinations [43]. Similarly, hypomethylating agents alone yielded modest overall
response rates of 15–20%, with median OS ranging from 7.7 to 24.5 months [18,44,45]. In
contrast, our cohort demonstrated a 1-year OS of 48.5% in patients aged ≥60 years treated
with low-intensity regimens plus targeted therapy, significantly higher than the 31.4% in
those without targeted agents. Additionally, retrospective analyses in relapsed/refractory
AML have demonstrated that both intensive and non-intensive treatments offer a survival
advantage over best supportive care [16].

Age remains one of the strongest prognostic indicators in AML, with population-
based data showing a 5-year OS of approximately 58% for patients diagnosed before
age 40, decreasing by nearly 10% with each subsequent decade [3,23,46]. In our cohort,
age ≥ 60 years, ECOG performance status ≥ 2, and adverse or intermediate ELN risk were
associated with reduced OS, consistent with prior population-based studies [3,22,23,47].
Although intensive chemotherapy is typically investigated in younger cohorts and reserved
for older individuals deemed fit for aggressive treatment [31], our findings revealed that
74.1% of patients underwent intensive induction despite nearly half (45.5%) being aged
60 years or older. This suggests that clinicians’ assessments of patient fitness and initial
treatment decisions for AML in community practices may differ from those in clinical trials
among selected patients [24,31,48]. Supporting data from other registry-based subgroup
analyses in Turkey have shown consistent CR rates with 7 + 3 induction in newly diag-
nosed patients, and improved outcomes with azacitidine–venetoclax combinations in unfit
patients [49,50].
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The diverse outcomes in AML patients highlight the critical role of cytogenetic and
molecular markers in identifying high-risk patients for relapse and those who may benefit
from personalized treatment approaches. Several mutations either respond to specific
therapies or present opportunities for targeted interventions [30,32]. Recently, the United
States Food and Drug Administration approved several oral targeted therapies for AML
management, guided by specific genetic and molecular profiles [30,31]. These therapies
are increasingly being utilized as frontline treatments for cases who are ineligible for
intensive chemotherapy, as well as in salvage therapy for relapsed or refractory disease,
demonstrating better outcomes compared to previous standards of care [1,29–31].

In our cohort, the median OS was 27.2 months, aligning with outcomes reported in
recent clinical trials evaluating targeted therapies in AML [38,39,42,51,52]. Interestingly, a
single-center, retrospective study of 127 AML patients aged 60–75 at diagnosis found no
notable difference in OS between those receiving high-intensity chemotherapy and those
treated with low-intensity targeted therapy [30].

It is also important to recognize the contextual relevance of our findings. In developing
or middle-income countries, AML outcomes remain significantly inferior to those in high-
income settings due to delayed diagnosis, limited access to molecular testing, and uneven
availability of novel agents [28,53]. Real-world national registries, such as the Turkish AML
Registry, are therefore essential for identifying practice gaps, informing healthcare policy,
and guiding the equitable implementation of modern AML therapies.

This interim analysis, with a median follow-up of 12.0 months, highlights the potential
impact of extended follow-up on survival outcomes. For instance, data from the Italian
Compassionate Use Program reported a 1-year OS rate of 68.6% with an initial follow-up of
11 months. However, the median OS was just 13 months, and the estimated 2-year OS rate
significantly declined to 29% after 22 months of follow-up [54–56]. While novel targeted
agents have improved response rates and survival in AML, they are not considered curative
on their own. Allogeneic HSCT remains a key potentially curative option, particularly
for patients with ELN intermediate- or adverse-risk disease and those with relapsed or
refractory AML [30]. In real-world settings, the proportion of patients undergoing HSCT
varies but is generally comparable to or even higher than in clinical trials, especially with
increased use of targeted agents such as CPX-351 (liposomal cytarabine-daunorubicin
combination) [54,56–58].

In this real-world AML registry, 11.1% of patients underwent allogeneic HSCT, pre-
dominantly following intensive induction therapy. This rate parallels global real-world
data, where HSCT utilization ranges from 18–40% in high-income and 3–6% in low- to
middle-income countries [59,60]. Transplanted patients achieved markedly better out-
comes, consistent with meta-analyses showing that HSCT in CR significantly improves
OS and PFS compared with consolidation chemotherapy [61–63]. In older adults, reduced-
intensity conditioning offers feasible survival benefits while minimizing toxicity [64,65].
Despite promising responses with venetoclax-based regimens, long-term survival remains
superior with HSCT, particularly in high-risk or minimal residual disease (MRD)-positive
AML [12,66]. Collectively, these findings affirm the central role of HSCT as a curative
consolidation approach in appropriately selected AML patients.

Regional and center-specific variations in patient selection and transplant referral
practices strongly influence allogeneic HSCT rates across real-world cohorts. In a subgroup
analysis involving patients with newly diagnosed AML from the Turkish AML Registry
Project database, allogeneic HSCT was performed in 10.9% of participants treated with
idarubicin and 26.2% of those treated with daunorubicin, whereas no patients in the
mitoxantrone group proceeded to allogeneic HSCT [49]. These findings highlight the need
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for more consistent and standardized approaches to transplant eligibility and referral in
routine clinical practice.

Receipt of allogeneic HSCT, a well-established determinant of survival in AML, may
be limited by limited early access to targeted therapies in certain settings, including our
country. This is particularly relevant given the suggested link between these therapies and
improved feasibility of undergoing allogeneic HSCT [54,58]. However, previous studies
indicate that survival rates are similar for AML patients who undergo induction therapy
followed by transplantation, regardless of whether remission is achieved through intensive
chemotherapy or targeted treatments [30,67–69]. The essential role of transplantation in
older adults remains paramount, irrespective of the treatment intensity employed to achieve
a response [30,56,70]. According to a recent investigation by the Center for International
Blood and Marrow Transplant Research, which evaluated prognostic factors influencing
post-transplant outcomes in AML patients aged 60 years or older, chronological age alone
does not hinder successful transplantation and should not exclude patients from allogeneic
HSCT [71].

Several limitations should be acknowledged. As an interim analysis, the study is lim-
ited to 1-year outcomes and does not yet include post-relapse survival or long-term HSCT
follow-up. Additionally, performance status and treatment intensity were not randomized,
introducing potential selection bias. However, the large sample size, prospective design,
and multicenter nature enhance the generalizability and relevance of our findings.

Future research should focus on integrating comprehensive genomic, clinical, and
health-system data to refine personalized risk stratification in AML. Expanded national
registries with standardized NGS and MRD assessment will be critical to validate the
prognostic value of the 2022 ELN classification across age and fitness subgroups. Building
on multicenter experience from the Turkish AML Registry, where molecular testing and
access to FLT3-targeted therapy were heterogeneous, forthcoming phases should emphasize
centralized genomic analysis, harmonized MRD monitoring, and systematic evaluation
of real-world access barriers [72]. Such efforts will enable predictive modeling to guide
treatment intensity and transplant selection, while supporting equitable implementation of
novel AML therapies in middle-income healthcare systems.

5. Conclusions
In conclusion, this nationwide real-world study offers valuable insights into current

AML treatment patterns and survival predictors in Turkey. High-intensity chemother-
apy remains the most effective approach for eligible patients, but low-intensity regimens
combined with targeted agents provide meaningful benefit in selected subgroups. ECOG
performance status and ELN risk classification continue to play pivotal roles in guiding
treatment intensity and anticipating prognosis. As the AML therapeutic landscape evolves,
real-world evidence from prospective registries will be critical to optimizing personalized
care and informing national treatment frameworks.

Supplementary Materials: The following supporting information can be downloaded at: https://
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Distribution of targeted therapy agents administered according to treatment intensity. Bar chart
illustrating the number of patients receiving specific targeted agents—venetoclax, gemtuzumab
ozogamicin, midostaurin, sorafenib, or others—stratified by treatment intensity (high-intensity vs.
low-intensity regimens).
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