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Abstract

Background: While molecular and cytogenetic testing may change
prognosis and guide treatment intensity for patients with acute my-
eloid leukemia (AML), timing from diagnosis to treatment (TDT) on
the other hand may impact treatment outcomes and survival. These
considerations are sometimes at odds with each other given that mo-
lecular studies can take up to 2 weeks to result.

Methods: A retrospective cohort analysis was conducted at SUNY
Upstate University Hospital to examine the effect of TDT on com-
plete remission (CR) and overall survival (OS). The subjects were
at least 18 years old and diagnosed with AML and treated between
January 2010 and June 2024. TDT was divided into three categories:
chemotherapy induction within 1 - 5, 6 - 10, and 11+ days. Univari-
ate Kaplan-Myer survival analysis and multivariate Cox regression
model were performed.

Results: A total of 187 patients were included, and 34% (n = 64) were
younger than age 60. Patients were classified as 20% (n = 37) favora-
ble, 36% (n = 67) intermediate, and 40% (n = 74) adverse risk, , while
4% risk stratification could not be completed due to missing data.
Seventy-two percent (n = 134) had de novo AML. Chemotherapy in-
duction began for 70% (n=130) on days 1 - 5, 16% (n = 30) between
days 6 - 10, and 14% (n = 27) on day 11 or after. The probability of
achieving CR decreases for those who had induction 11+ days from
diagnosis compared to those who had induction 1 to 5 days from diag-
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nosis. This relationship was statistically significant (odds ratio = 0.32,
95% confidence interval (CI): 0.125 - 0.796; P = 0.003). However,
no differences in OS and CR between TDT groups were seen when
multivariate analysis was performed.

Conclusion: Our retrospective study showed no difference in OS
based on TDT groups, which supports clinicians’ approach to await
on comprehensive AML profiling for an optimal risk stratification at
diagnosis and implementing best course of action.

Keywords: Acute myeloid leukemia; Timing from diagnosis to treat-
ment; Complete remission; Overall survival

Introduction

Acute myeloid leukemia (AML) is an aggressive hematological
malignancy, which accounts for approximately 80% of acute
leukemias [1, 2]. Without treatment, the median survival rang-
es from a few weeks to several months [3]. Leukemia develops
from the serial acquisition of somatic mutations in hematopoi-
etic stem and progenitor cells with the capacity to regenerate
the neoplastic clone [4, 5]. AML is a very heterogenous disease
[6, 7]. Recent advances and our better understanding of the
pathogenesis, molecular testing, and the development of novel
therapies have brought us to a new era regarding the diagnosis,
classification, and treatment of patients with AML [7]. Within
the past few decades, genomic studies based on next-genera-
tion sequencing (NGS) have further dissected the molecular
profile of AML and changed the landscape of AML treatment
[4, 5]. The accumulation of molecular information provides
a powerful understanding and prognostic insight about AML.
An international expert panel from the European LeukemiaNet
(ELN) published a well-validated risk stratification tool which
is largely based on the comprehensive molecular and cytoge-
netic analysis at the time of diagnosis for patients receiving
intensive chemotherapy [8], as well as an updated molecular
risk stratification for patients receiving less intensive chemo-
therapy [9].

Morphological diagnosis of AML can be made in a few
hours; however, results of comprehensive molecular and cy-
togenetic analysis on the other hand can take longer processing
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time, up to 2 weeks. Historically, the general recommendation
is to initiate induction chemotherapy immediately after the di-
agnosis is confirmed due to the aggressive and acute nature of
AML, especially for those with hyperleukocytosis [10]. Many
clinicians wait for comprehensive molecular testing before
initiating systemic treatment, utilizing hydroxyurea (HU) as a
bridge for blast reduction to stabilize patients with hyperleu-
kocytosis [11]. The optimal timing from diagnosis to treatment
(TDT) remains unclear, perhaps due to the lack of prospective
randomized clinical trials looking into TDT and corresponding
outcomes. A comprehensive molecular and cytogenetic analy-
sis at diagnosis can impact treatment decision and intensity [8,
9, 12-15], even for older patients [16, 17]. This is observed
especially in the era of newer and targeted therapies, like li-
posomal daunorubicin and cytarabine (Vyxeos) for high risk/
secondary AML [18], venetoclax combined with hypomethyl-
ating agents [2, 19-22], gemtuzumab ozogamicin (GO) for fa-
vorable risk AML [23], FLT3 inhibitors with or without chem-
otherapy for AML with FLT3 mutation [24-26], ivosidenib and
azacitidine in /DHI-mutated AML [27], IDH?2 inhibition in
IDH-mutated AML [28], and menin inhibitors targeting driver
mutations in AML such as KMT2A and NPM1 [29].

In this study, we performed a retrospective analysis to as-
sess the complete remission (CR) and overall survival (OS) in
relation to the timing of treatment initiation.

Materials and Methods

A retrospective cohort analysis was conducted at SUNY Up-
state University Hospital using EPIC’s Slicer Dicer search
tool, and records were reviewed in EPIC from January 2010
to June 2024. We selected all patients fulfilling the follow-
ing criteria: at least 18 years old; diagnosed with AML; who
received intensive or non-intensive chemotherapy. Patients
with acute promyelocytic leukemia and those who did not
receive any chemotherapy were excluded. The study protocol
was approved by SUNY Upstate Medical University’s Insti-
tutional Review Board Committee. The study was conducted
in compliance with the ethical standards of the responsible
institution on human subjects as well as with the Helsinki
Declaration.

Patients’ characteristics were analyzed by descriptive
statistical methods. CR and early death (ED) were expressed
as percentage and compared by the ¥ test, whereas for OS,
univariate Kaplan-Meier survival curves were plotted to esti-
mate survival over time for each group, with differences as-
sessed by the log-rank test. Pearson’s Chi-square tests were
performed for categorical variables. A multivariate Cox pro-
portional hazards model was used to evaluate the independent
effects of each covariate and time to death. Adjusted hazard
ratios (HRs) and 95% confidence intervals (CIs) were report-
ed while controlling for all other predictors. A significance
level of 0.05 was used for all analyses. Likelihood ratios were
calculated using logistic regression model. All statistical cal-
culations were done using Statistical Analysis System (SAS)
software, version 9.4. OS was calculated from diagnosis until
death from any cause. For patients who did not die during the

follow-up period, OS was censored on the date of last known
follow-up. TDT was defined as time from diagnosis of AML
(confirmation by peripheral blood or bone marrow samples)
and the beginning of chemotherapy. Use of HU was allowed
prior to initiating systemic treatment and was not counted
into treatment initiation. Response criteria post chemother-
apy induction were evaluated and categorized into CR and
no response: CR (CR with incomplete hematological recov-
ery (CRh) and CR with partial hematological recovery (CRi)
considered as CR) and partial response was considered as no
response.

TDT was stratified into three cohorts: chemotherapy in-
duction between 1 - 5, 6 - 10, and 11+ days. Based on the ELN
2022 risk stratification system, patients were divided into three
risk categories: favorable, intermediate, or adverse.

Results

Patients

The characteristics of the 187 patients and the comparison of
TDT are presented in Table 1. The median age at diagnosis
was 63 years old. Of the patients, 34% were younger than age
of 60, 50% were males, and 82% were White. Seventy-two
percent had de novo AML. According to the ELN 2022 risk
stratification, 20%, 36%, and 40% of patients had favorable,
intermediate, and adverse risk, respectively. ELN risk strati-
fication could not be calculated in 4% of the patients. In our
institution, the median times for NGS and karyotype results
were found to be 11 - 14 and 7 - 14 days, respectively. Fifty out
of 187 (27%) patients had white blood cell (WBC) counts > 50
(x 10%/uL) at diagnosis. The majority of them (96%) had early
treatment initiation (TDT 1 - 10), while only two patients (4%)
had delayed treatment initiation (TDT 11+).

Univariate analysis of TDT and OS

The median TDT was 5.4 days. Notably, the majority of pa-
tients (n = 130) received chemotherapy within days 1 - 5. In-
tensive chemotherapy in our study was administered to 62% (n
= 116) and included 7 + 3, Vyxeos and FLAG-Ida regimens.
Non-intensive chemotherapy was administered to 37% (n =
71) and included the following: venetoclax combined with hy-
pomethylating agents, hypomethylating agents alone, and low-
dose cytarabine. Table 2 presents the OS for all TDT groups.
The median OS was 20.5 months for TDT 1 - 5, 18 months for
TDT 6 - 10, and 10.4 months for TDT 11+.

HR for OS vs. TDT is shown in Table 3. An induction
time of 1 - 5 days decreased the risk of death compared to an
induction time of 11 days or more, which showed statistical
significance (HR = 0.567, 95% CI: 0.325 - 0.989). There was
no statistical difference in OS between the days 1 - 5and 6 - 10
(HR =1.072, 95% CI: 0.577 - 1.992). Kaplan-Meier estimates
of OS according to TDT are illustrated in Figure 1.

Table 4 presents the reasons for delay in initiating chemo-
therapy 11+ days after diagnosis.
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Table 1. Descriptive Characteristics of Patients and Comparison of TDT

Characteristics 1to5Sdays(m=130) 6to10days(n=30) 11+days(n=27) P-values Total
Age (years), mean (SD) 61.9 (16.3) 63.3 (15.0) 71.2 (11.3)
Age (years), n (%)
Under 60 years 53 (40.8%) 9 (30.0%) 2 (7.4%) <0.05* 64
60+ years 77 (59.2%) 21 (70.0%) 25 (92.6%) 123
Sex, n (%)
Male 63 (48.5%) 15 (50.0%) 16 (59.3%) NS 94
Female 67 (51.5%) 15 (50.0%) 11 (40.7%) 93
Race, n (%)
White 106 (92.2%) 24 (88.9%) 24 (88.9%) NS 154
Black 4 (3.5%) 2 (7.4%) 1 (3.7%)
Asian 2 (1.7%) 0 (0%) 0 (0%)
Other 3 (2.6%) 1 (3.7%) 2 (7.4%)
Lab parameters at diagnosis, median (range)
WBC (x 10%/uL) 20.2 (0.4 - 397.8) 4.4 (0.5-98.4) 3.3 (0.4 - 800.0) NS
ANC (nL) 1125 (0 - 51,700) 380 (0 - 5,490) 600 (1 -7,230)
Hb (g/dL) 83(3.4-14.8) 8.7 (4.4-13.8) 8.1(5.3-13.7)
Platelets (x 103/uL) 56 (5-367) 52(5-633) 69 (16 - 538)

Peripheral blood blast (%)

Bone marrow blasts (%)

WBC > 50 (x 103/uL)
ELN 2022 risk stratification
Favorable
Intermediate
Adverse
Secondary AML status
De novo
Mutations at diagnosis
CBF
NPM1
CEBPA
FLT3-ITD
FLT3-TKI
KMT2A
TP53

38.0% (0 - 99.0)
56.4% (0 - 99.0)
43

28 (22.8%)
50 (40.7%)
45 (36.6%)

96 (71.6%)

6 (4.8%)
49 (38.0%)
9 (7.0%)
34 (26.4%)
4 (3.1%)
2 (1.6%)
7 (5.4%)

5.5% (0 - 92.5)
31.4% (1.5 - 96.2)
5

6 (20.7%)
8 (27.6%)
15 (51.7%)

22 (16.4%)

4(13.3%)
6 (20.0%)
3 (10.0%)
2(6.7%)
1 (3.3%)
0 (0%)
4(13.3%)

4.5% (0 - 86)
30.2% (7.0 - 80.0)
2

3 (11.5%) 0.305
9 (34.6%)

14 (53.9%)

16 (11.9%)
NS

1 (4.0%)

3(11.1%)

1 (3.7%)

1 (3.7%)

1 (3.7%)

0 (0%)

4 (15.4%)

37
67
74

134

11

58

13
37

15

*Statistical significance (P < 0.05). AML: acute myeloid leukemia; ANC: absolute neutrophil count; ELN: European LeukemiaNet; Hb: hemoglobin;
NS: not statistically significant; SD: standard deviation; TDT: timing from diagnosis to treatment; WBC: white blood cell.

Table 2. Overall Survival in Months by Time to Induction for All

Table 3. HR for Overall Survival vs. Time to Induction

Patients
Time to induction HR 95% CI
Time to i ti M D
ime to induction ean (SD) 1 to 5 days vs. 11+ days 0.567 0.325 - 0.989

1 to 5 days (n=130) 20.5 (26.6)

6 to 10 days (n = 30) 18.0 (21.4) 1 to 5 days vs. 6 to 10 days 1.072 0.577 - 1.992

11+ days (n =27) 10.4 (11.2) 11+ days vs. 6 to 10 days 1.780 0.839 -3.773
SD: standard deviation. Cl: confidence interval; HR: hazard ratio.
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Survival based on TDT
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Figure 1. Kaplan-Meier estimates of overall survival according TDT. TDT: timing from diagnosis to treatment.

Remission status

The logistic regression model that predicted remission status
using timing to induction was statistically significant (¥*(2) =
6.440, P = 0.040). Our model suggested that the odds of CR
decreased in those who had induction 11+ days from diagnosis
by 0.3 times compared to those who had induction 1 to 5 days
from diagnosis. This relationship was statistically significant
(OR=0.32,95% CI: 0.125 - 0.796; P=0.003). Our model also
suggested that the odds of CR increased in those who began in-
duction 6 to 10 days from diagnosis by 1.1 times compared to
those who had induction 1 to 5 days from diagnosis; however,
this relationship was not statistically significant (OR = 1.13,
95% CI: 0.442 - 2.907; P=0.157).

Multivariate analysis of TDT and OS

A multivariate analysis was performed to evaluate the inde-

Table 4. Reasons for Delay in Initiating Chemotherapy 11+
Days After Diagnosis

Reasons for delay n =27 (%)
Waiting for NGS/molecular results 11 (41%)
Active infection or hemodynamic instability 7 (26%)
Waiting for patient’s decision regarding treatment 7 (26%)
No clear reason identified 2 (7%)

NGS: next-generation sequencing.

pendent effects of each covariate and survival. There was no
statistical significance in survival between TDT 1 - 5, 6 - 10,
or 11+ days. Patients younger than age of 60 trended toward
better survival but without statistical significance. Notably,
based on the year of diagnosis, patients with a diagnosis of
AML in 2020 and after had a better OS. Our model suggested
that patients who were diagnosed between 2015 and 2020
had an increased risk of death by 2.2 times compared to pa-
tients who were diagnosed in 2020 or later after controlling
for all other predictors. This relationship was statistically
significant (HR = 2.157, 95% CI: 1.311 - 3.575). Our model
also suggested that patients who were diagnosed in 2020 or
later had a decreased risk of death by 0.4 times compared to
patients who were diagnosed before 2015 after controlling
for all other predictors. This relationship was also statisti-
cally significant (HR =0.395, 95% CI: 0.203 - 0.802). Figure
2 presents a forest plot for multivariate analysis, and Table 5
presents the HRs.

TDT and ED

Amongst the 90 deaths recorded during the follow-up period,
there were 13 deaths within 30 days, all of which occurred in
TDT 1 - 5 group. No EDs within 30 days were seen in TDT
6-10or 11+.

Table 6 presents the EDs within 30 days, within 90 days,
and after 90 days.

Table 7 summarizes the remission status, chemotherapy
intensity, days to platelet and neutrophil recovery, and trans-
plant status for different TDT groups.
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Figure 2. Forest plot of adjusted hazard ratios and 95% confidence interval for each predictor.

Table 5. aORs for Overall Survival vs. Predictors

Predictors aHR 95% CI
Time to induction

11+ days vs. 6 - 10 days 1.398  0.624 -3.223

1 - 5 days vs. 6 - 10 days 1.390  0.740 - 2.853

1 - 5 days vs. 11+ days 0.994  0.546 - 1.904
Chemotherapy intensity

Intensive vs. non-intensive 0.627  0.370-1.056
Age

<60 years vs. > 60 years 0.634  0.347-1.124
Year of diagnosis

2020 forward vs. before 2015 0.395  0.203 - 0.802

2015 to 2020 vs. before 2015 0.852  0.455-1.674

2015 to 2020 vs. 2020 forward 2.157  1.311-3.575
ELN status

Intermediate vs. adverse 0.514  0.314-0.829

Favorable vs. adverse 0.144  0.054-0.319

Favorable vs. intermediate 0.279  0.103 - 0.642

aHR: adjusted hazard ratio; Cl: confidence interval; ELN: European
LeukemiaNet.

Discussion

Traditionally, the general recommendations are to start chemo-
therapy induction for AML patients as soon as possible due to
the worries of poor outcomes when delaying therapy or un-
treated AML as shown in previous observational series [3, 30].
Though thus far, there have been no prospective randomized
clinical trials to explicitly confirm the optimal timing to initiat-
ing treatment, perhaps due to ethical reasons.

In review of available studies that have investigated TDT
and clinical outcomes, some limitations are noted. An Eastern
Cooperative Oncology Group (ECOG) study in 300+ AML pa-
tients older than 55 years showed significantly lower CR with
treatment delay, but no difference in OS, though patients with
secondary AML were excluded in this study [30]. A mutual
study between Cleveland Clinic and the MD Anderson Cancer
Center that included 1,317 AML patients showed no differ-
ence in OS and remission status, except for younger patients in
whom treatment was delayed by 5 days or more, both OS and
CR were significantly lower, though in this study patients with
leukocytosis > 50 x 10%/L were excluded [31], and almost half
of the patients had secondary AML which is proportionally
higher than the reported percentage in the literature. Another
retrospective study done in Toulouse center, France includ-
ing 599 patients without excluding patients with high WBC
counts showed no difference in OS or CR in both univariate
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Table 6. Early Death by Time to Induction for AML

Early death 1 to 5 days 6 to 10 days 11+ days Total
Death after 90 days 43 (66.2%) 9 (13.9%) 13 (20.0%) 65
Death within 30 days 13 (100%) 0 (0%) 0 (0%) 13
Death within 90 days 6 (50.0%) 3 (25.0%) 3 (25.0%) 12

AML: acute myeloid leukemia.

and multivariate analyses between all TDT groups [32]. In a
large German study that included 2,263 AML patients, the me-
dian TDT was 3 days, the majority of patients had de novo
AML (75%), and no significant difference in outcomes (remis-
sion status, OS, ED) was observed between TDT groups [3]. A
large systematic review of 13 studies showed highly variable
results [33].

In our study, 72% had de novo AML, which is very simi-
lar to the available literature. Patients with leukocytosis > 50
x 10%/L were not excluded, and use of HU prior to initiating
chemotherapy was allowed. The majority of patients (48/50,
96%) with leukocytosis > 50 x 10%/L were treated early (TDT
1 - 10) and only two patients (4%) had delayed treatment initia-
tion 11+ days after diagnosis in order to achieve cytoreduction
prior to initiating venetoclax-based regimen to avoid tumor ly-
sis syndrome [34]. Although the two patients with hyperleuko-
cytosis who had delayed treatment had OS > 6 months, it is not
advised to delay initiating cytoreductive therapy for patients

Table 7. Clinical Outcomes Based on TDT Groups

with hyperleukocytosis to avoid complications like spontane-
ous tumor lysis syndrome(TLS) and organs failure [35-37].
The majority of patients (70%) received induction chem-
otherapy within 5 days from diagnosis, which has shown su-
perior CR and OS - only in univariate analysis - in comparison
to patients who had treatment induction after 10 days from
diagnosis; however, no difference in OS was seen between
TDT groups when multivariate analysis was performed. In
comparison to patients who initiated treatment early (TDT
1 - 5), patients who initiated therapy later (TDT 11+) were
less likely to achieve CR (45% vs. 73%; P < 0.05), though
they were older (mean 71.2 vs. 61.9), less likely to receive
intensive chemotherapy (30% vs. 71%), less likely to receive
allogeneic stem cell transplant (11% vs. 75%), and had higher
TP53 mutations/deletions (15% vs. 5%). This suggests that
age is a potential confounder. Thirteen EDs within 30 days
were reported in TDT 1 - 5, whereas none were reported in
TDT 6 - 10 or 11+, though no statistical correlation could be

Characteristics :ntisl ; ;)ys ?nti 13(:))(1 ays 81(;?)75 P-values* Total
Time to best response (days), mean (SD)  35.3 (10.5) 35.5(10.2) 343 (11.4)
Chemotherapy intensity, n (%)
Non-intensive 38 (29.2%) 14 (46.7%) 19 (70.4%) P<0.05% 71
Intensive 92 (70.8%) 16 (53.3%) 8(29.6%) 116
Remission status, n (%)
Complete remission 90 (72.6%) 21 (75.0%) 10 (45.5%) P<0.05* 121
No response 34 (27.4%) 7 (25.0%) 12 (54.6%) 53
Platelet recovery (days), mean (SD) 27.4 (20.9) 25.3 (10.1) 27.4 (23.3)
Platelet recovery, n (%)
1 to 28 days 84 (67.2%) 18 (64.3%) 11 (50.0%) 0.4812 113
29+ days 24 (19.2%) 6 (21.4%) 5(22.73%) 35
No recovery 17 (13.6%) 4 (14.3%) 6 (27.3%) 27
Neutrophil recovery (days), mean (SD) 30.8 (14.6) 29.7 (10.5) 26.7 (14.1)
Neutrophil recovery
No recovery 22 (18.2%) 4 (14.3%) 6 (33.3%) 0.242 32
Recovery 99 (81.8%) 24 (85.7%) 12 (66.7%) 135
Transplant
No transplant 59 (63.4%) 19 (20.4%) 15 (16.1%) No transplant
Allogeneic stem cell transplant 40 (75%) 7 (13%) 6 (11%) Allogeneic stem cell transplant

*Statistical significance (P < 0.05). @Fisher’s exact test was used for platelet recovery days due to low sample size. SD: standard deviation; TDT:

timing from diagnosis to treatment.
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made due to small sample size. Notably, patients who were
initiated on treatment in 2020 and after had better OS which
likely is attributed to our better understanding of AML mo-
lecular profiling, improvement in supportive care, and the de-
velopment of targeted therapies (e.g., FLT3 inhibitors, menin
inhibitors, and others).

In conclusion, with the availability of newer and targeted
therapies for AML, our best course of action and treatment rec-
ommendations are increasingly based on molecular profiling,
highlighting the importance of obtaining and implementing
comprehensive profiling at diagnosis for optimal risk strati-
fication and management. Concordant to other studies listed
above, our study suggests no statistically significant difference
in OS based on timing to chemotherapy initiation.
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