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Abstract

As median age of patients with acute myeloid leukemia is 72 years, older patients continue to be a vulnerable cohort rep-
resenting significant challenges in clinical practice. Patient-specific comorbidities as well as leukemia-specific unfavorable
molecular- and cytogenetics confer even poorer outcomes. Treatment of AML therefore needs to be less toxic to prevent
harm while lowering or eradicating leukemic burden to prolong survival. In this retrospective analysis we included 365
older AML patients from the Diisseldorf registry who were diagnosed and treated in our department of hematology over a
period of 31 years. Most patients were treated with HMA (37.3%) followed by 35.3% of patients who received either low
dose chemotherapy or BSC. 9% of patients were treated with induction chemotherapy while 8.5% of patients received a
combination of HMA with venetoclax. 4.1% of patients underwent allografting. At the time of last follow up, 35 patients
(9.6%) were still alive. Of those patients who were treated with induction chemotherapy or HMA +venetoclax, 18.2%
and 29.0% were still alive, whereas 60% of the patients who underwent allogeneic stem cell transplantation were still
alive (p<0.001). Median overall survival of the entire patient population was 6 months. Longest survival was observed
in patients who underwent aHSCT with an unreached median overall survival followed by patients who were treated with
induction chemotherapy (21 months) or HMA plus venetoclax (11 months). The implementation of HMA +venetoclax and
increasing numbers of aHSCT improved prognosis and survival even in older AML patients.

Keywords Acute myeloid leukemia - Prognosis - Treatment strategies

Introduction

Acute myeloid leukemia (AML) is a heterogeneous disease
of older patients with a median age at initial diagnosis of 72
years [1]. The classification of different subtypes according
to the World Health Organization (WHO) and International
Consensus Classification (ICC) of 2022 is based on cyto-
morphological, cytogenetical and molecular characteristics.
While the 5th edition of the WHO classification still defines
AML presenting with a minimum of 20% myeloid blasts in
the bone marrow, the ICC enables diagnosing AML with at
least 10% myeloid marrow blasts [2, 3]. Compared to the
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WHO classification of 2016, AML with myelodysplasia-
related changes (AML-MRC), the most common subtype in
older patients, is now called AML myelodysplasia-related
(AML-MR) in WHO 2022 and is split up into AML with
myelodysplasia-related gene mutations (AML-MR-M),
AML with myelodysplasia-related cytogenetic abnormali-
ties (AML-MR-C) and AML with mutated TP53 [2—4] in
ICC 2022.

Although today there are more therapeutic options to
treat AML, treatment-related mortality as well as therapy
resistance confer a poor prognosis in elderly patients (=70
years) [5, 6]. The proportion of patients with favorable
genetic profiles as CBF translocations or isolated NPM1
mutations decreases with increasing age, whereas the num-
ber of patients with unfavorable karyotypes and mutations,
such as for example TP53, increases [7-9].

Based on the patients’ age and their concomitant comor-
bidities, a relevant number of patients is not suitable for
intensive treatment such as induction therapy or allogeneic
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hematopoietic stem cell transplantation (aHSCT) while this
remains the only curative option for patients suffering from
secondary or therapy-related AML [5].

Both the National Comprehensive Cancer Network
(NCCN) as well as the European LeukemiaNet (ELN)
refrain from defining explicit criteria to decide whether an
older patient is eligible for intensive treatment or not [7,
10]. In a considerable proportion of patients, best supportive
care often remains the only option.

Several analyses within the last years showed that stan-
dard induction therapy in patients older than 75 years of age
led to inferior survival and higher early death rates while
patients with an ECOG >3 even had a significantly increased
risk of death compared to younger patients [5—7]. However,
over the last decades, several therapeutic strategies with
different mechanisms of action have emerged. These com-
prise therapies with hypomethylating agents (HMA) with or
without the bcl2-inhibitor venetoclax [11, 12], the addition
of gemtuzumab ozogamicin to induction therapy [13, 14],
gilteritinib and midostaurin for patients with mutated FLT3
[15, 16], and IDH inhibitors for patients with mutations in
IDH1 or IDH2 [17, 18].

In our present analyses, we focus on data from 365 AML
patients with a median age of 75 years and a minimum age
of 70 years treated at the university hospital in Diisseldorf

Table 1 Patient characteristics at the time of AML diagnosis

n (%) median
(range)

Year of diagnosis <2000 14 (3.8)

2000~ 249 (68.2)

2017 102 (28.0)

>2017
Gender Female 39.5

Male 60.5
Age 75 (70-93)
Medullary blast count (%) 35 (20-99)
Blast count in peripheral 28 (0-100)
blood (%)
Hemoglobin g/dl 9.1 (2.1-14.9)
WBC x 1000/pl 5.8 (0.4-365)
ANC x 1000/ul 1.32 (0-113.4)
Platelets x 1000/pul 59 (1-650)
LDH U/ 350 (94-5212)
Fever at diagnosis 34(9.3)
Infection at diagnosis 83 (22.7)
Bleeding at diagnosis 21(5.8)
Extramedullary 14 (3.8)
manifestation
ECOG 0 35(9.6)

1 84 (23.0)

2 68 (18.6)

3 33 (9.0)

4 8(2.2)

unknown 137 (37.5)
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over a period of more than three decades to describe the
impact of different therapies and changes in standard of care.

Methods

In this retrospective analysis we included 365 older AML
patients from the Diisseldorf registry who were diagnosed
and treated in our department of hematology over a period
of 31 years. Patients were allocated to three different groups
depending on time of diagnosis. The periods chosen were
before the year 2000, between 2000 and 2017 and later than
2017 because of the rollout of HMAs in 2000 and veneto-
clax in 2018. Patient characteristics and treatment history
were evaluated and survival times according to the vari-
ous treatment modalities such as non-intensive cytotoxic
chemotherapy, induction chemotherapy, allogeneic blood
stem cell transplantation (aHSCT), hypomethylating agents
(HMA) with or without venetoclax and best supportive care
(BSC) including red blood cell and platelet transfusions as
well as growth factors were calculated. Patients were classi-
fied according to the most intensive treatment they received
during the course of the disease. Besides survival, the
causes of death, ECOG and Karnofsky index, the ELN risk
categories [19] as well as selected molecular genetics were
evaluated. Descriptive statistical analyses were performed
using the Statistical Package for the Social Sciences (SPSS)
version 28 (SPSS, Chicago, IL, USA). Clinical and hema-
tological data at the time of diagnosis were compared using
the %> and Wilcoxon rank sum test. A two-sided p-value of
less than 0.05 was considered as statistically significant. The
probability of survival was estimated using Kaplan—Meier
method [20].

Results

Patient characteristics at the time of AML diagnosis are
shown in Table 1. Median age at diagnosis was 75 years
(range 70-93) with 60.5% of patients being male. 68.2%
of patients were diagnosed between 2000 and 2017. ECOG
performance status at the time of diagnosis was 0 in 9.6% of
patients, 1 in 23.0%, 2 in 18.6%, 3 in 9.0% and 4 in 2.2% of
patients and remained unknown in 137 patients due to miss-
ing data. The majority of patients (57%) were classified as
AML-MR while 11.2% of patients suffered from a myeloid
neoplasm post cytotoxic therapy as shown in Table 2.
Patients were allocated to the different risk groups of ELN
2022 if possible, meaning that they were only classified in
case of complete molecular data or enough data to allocate
them to the adverse risk group (e.g. complex karyotype or
TP53 mutation). The remaining patients were allocated to
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Table 2 AML subtypes according to WHO 2022

WHO Type n (%)
AML with recurrent cytogenetics 242 (66.3)
AML MR 208 (57.0)
AML with NPM1 30(8.2)
AML with CEBPA 3(0.8)
AML with MECOM-r 1(0.3)
AML defined by differentiation 77 (21.1)
AML with minimal differentiation 5(1.4)
AML without maturation 24 (6.6)
AML with maturation 21(5.8)
Acute myelomonocytic leukemia 10 (2.7)
Acute monoblastic and monocytic leukemia 16 (4.4)
Pure erythroid leukemia 1(0.3)
Myeloid neoplasm post cytotoxic therapy 41 (11.2)
Unknown 5(1.4)
Table 3 Molecular genetics at time of diagnosis
Type of mutation n (%)
NPM1 30(8.2)
FLT3 23 (6.3)
ITD 16 (4.4)
TKD 7(1.9)
IDH 22 (6.0)
IDHI 8(2.2)
IDH2 14 (3.8)
ASXL1 18 (4.9)
RUNX1 16 (4.4)
CEBPA 10 (2.7)
TP53 9(2.5)
Table 4 Patients’ risk categories according to ELN 2022
Risk category n (%)
Favorable 22 (6.0)
Intermediate 19 (5.2)
Adverse 141 (38.6)
Undefined 183 (50.1)

Table 5 Major characteristics of the different treatment groups

the ‘undefined’ cohort. A complete molecular panel was
only available in 13.3% of patients while for example
NPM1 was analyzed in 35% of patients. 6.0% of patients
were categorized as favorable according to ELN2022, 5.2%
were allocated to the intermediate risk category and 38.6%
of patients belonged to the adverse risk group while 50.1%
had missing genetic data and could not be classified explic-
itly. Further details according to molecular genetics as well
as cytogenetics at time of diagnosis and the resulting ELN
2022 risk categories can be found in Tables 3 and 4.

Most patients were treated with HMA (37.3%) fol-
lowed by 35.3% of patients who received either low dose
chemotherapy or BSC. 9% of patients were treated with
induction chemotherapy while 8.5% of patients received a
combination of HMA with venetoclax. 5.8% of patients did
not receive any treatment and 4.1% of patients underwent
aHSCT as shown in Table 5.

Patients who did not receive any therapy as well as those
who were treated with low dose chemotherapy alone had a
median survival time of 1 month while those ones receiv-
ing best supportive care survived 2 months. The use of
HMA increased the survival time up to 7 months (p <0.05).
A survival time of 11 and 18 months could be observed in
patients treated with HMA in combination with venetoclax
or induction chemotherapy. Patients who underwent aHSCT
had the best prognosis with a median survival time of 36
months as shown in Fig. 1. To further investigate patient’s
outcomes, we additionally looked at patients being safely
categorized according to ELN 2022 alone and analyzed
those 182 patients separately. Patients who received induc-
tion chemotherapy survived longer (21 vs. 18 months) while
the median overall survival of patients who underwent allo-
geneic stem cell transplantation was not reached. Detailed
information is shown in Table 6. Overall survival of patients
according to time of first diagnosis got better with future
time of diagnosis and is shown in Fig. 2. Multivariate analy-
sis including patients’ age, gender, ECOG, ELN 2022, time
of first diagnosis and type of treatment showed that only the

All patients No treatment BSC Cytoreduc- HMA HMA+BCL2 Induction  Allograft- p-value
(n=365) (n=21) (n=65) tion (n=136) inhibition (n=33) ing
(n=64) (n=31) (n=15)

Age, median 75 76 78 76 74 76 72 72
Male 221 9 40 36 84 18 20 14

(60.5%) (42.9%) (61.5%) (56.3%) (61.8%) (58.1%) (60.6%) (93.3%)
Year of 15 6 7 2 0 0 0 0 0.001
diagnosis <2000 (4.1%) (28.6%) (10.8%) (3.1%)
Year of diagnosis 248 14 44 54 103 0 29 4 0.001
2000-2017 (67.9%) (66.7%) (67.7%) (84.4%) (75.7%) (87.9%) (26.7%)
Year of 102 1 14 8 33 31 4 11 0.001
diagnosis>2017  (27.9%) (4.8%) (21.5%) (12.5%) (24.3%) (100%) (12.1%) (73.3%)
Median survivalin =~ 6 1 2 1 7 11 18 36 0.001
months (range) (0.4-2.2) (0.6-3.4) (0.2-1.8) (5.5-8.5)  (1.8-20.2) (14.8-21.2) (21.9-84.3)
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Fig. 1 Survival time according to most intensive treatment category

120.00
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Table 6 Major characteristics of the different treatment groups, only patients with exact ELN2022 risk score (n=182)

All patients  No BSC Cytoreduc- HMA HMA+BCL2 Induction Allograft- p-value
(n=182) treatment  (n=20) tion (n=176) inhibition (n=14) ing
(n=5) (n=24) (n=30) (n=13)

Age, median 74 73 77 77 74 76 72 72
Male 118 4 14 15 47 17 9 12

(64.8%) (80%) (70.0%)  (62.5%) (61.8%)  (56.7%) (64.3%) (92.3%)
Year of 1 0 1 0 0 0 0 0 0.001
diagnosis <2000 (0.5%) (5.0%)
Year of diagnosis 98 5 11 20 50 0 10 2 0.001
20002017 (53.8%) (100%) (55.0%)  (83.3%) (65.8%) (71.4%) (15.4%)
Year of 83 0 8 4 26 30 4 11 0.001
diagnosis>2017 (45.6%) (40.0%)  (16.7%) (34.2%)  (100%) (28.6%) (84.6%)
Median survival in 6 1 1 2 6 11 21 Not 0.001
months (range) (0.1-1.2) (0-2.6) (0.7-3.4) (3.7-8.3) (5.1-16.9) (16.5-25.5) reached

intensity of treatment had indepedent impact on survival,
whereas the categorization according to ELN 2022 as well
as the other variables did not. Further information regarding
95% CI and p-value are shown in Table 7.

Discussion

Acute myeloid leukemia is a disease most frequently diag-
nosed in older, comorbid patients who are often not eligible
for intensive treatment due to pre-existing conditions as
well as disease-related problems mostly linked to associated

@ Springer

cytopenia. Furthermore, the underlying disease biology and
differences in treatment tolerance still lead to poor out-
comes. Relying on chronological age alone as a surrogate
for patients being eligible for intensive treatment remains a
limitation and perpetuates the balancing act between under-
and over-treatment resulting in the fact that these patients
still comprise a challenge in clinical daily routine.

Until today, there is no consensus regarding optimal ther-
apy and standard of care for older adults with AML [21,
22], which is why we analyzed 365 AML patients with a
median age of 75 years treated at our department of hema-
tology over a period of more than three decades. Looking at



Annals of Hematology (2025) 104:231-239

235

1.0
< 2000
—I12000 - 2017
| 2018 - 2022
< 2000 - censored
08 —— 2000 - 2017 - censored
2018 - 2022 - censored
0.6 3
0.4
I
LHKl
0.2 &
e
H_\_\\
L e
0.0 =
.00 24.00 48.00 72.00 96.00 120.00 144.00 168.00
months

Fig. 2 Survival time according to time of diagnosis

Table 7 Significant results of multivariate analysis
2

Type of treatment X p-value Rela- 95%CI
tive
risk
« Allografting 48,602 <0.001
* Induction 0.689 0.407 1.663 0.5-5.528
* HMA + Venetoclax 4.321 0.038 3.109 1.067-9.058
« HMA 11.875 <0.001 5984 2.163—
16.555
* No treatment, BSC, 20.807 <0.001 11.11 3.948-
cytoreduction 31.265

our cohort, with a minimum age of 70 and the highest age
of 93 years, patients were quite old compared to the litera-
ture where being categorized as an ‘old patient’ predomi-
nantly begins with the age of 60 years [5]. Compared to a
large analysis within the United States where between 2000
and 2010 only 40% of patients being newly diagnosed with
AML in an age>60 years received AML-directed therapy
[23], the number of patients within our cohort who received
no treatment or best supportive care was quite low with only
23.4% between 2000 and 2017. After 2017, 78% of patients
were treated with at least an hypomethylating agent being in
line with the trend of recent studies towards more frequent
use of leukemia-directed therapy in adults aged 65-80 years
in the US [24, 25]. With AML-MR being the most frequent
and myeloid neoplasm post cytotoxic therapy being the

second AML subtype of our cohort, the composition was
representative [26]. Since analyses of molecular genetics
via next generation sequencing have been further devel-
oped and improved over the last 20 years [27], referring
data was missing and in our cohort, with NPM1 being the
most detected mutation and TP53 mutation only occurring
in 2.5% of patients, not representative. Hereby, allocating
patients to the different risk categories of ELN 2022, was
only possible in 49.9% of cases. Regarding the most inten-
sive treatment option patients did receive, treatment with
hypomethylating agents like azacytidine or decitabine was
the most frequent option in 37.3% of patients followed by
cytoreduction and best supportive care each in a frequency
of almost 18%. The median overall survival of 7 months
in patients treated with hypomethylating agents was in line
with data found in the literature ranging from 7 to 9 months
in older AML patients treated with either azacytidine or
decitabine [28, 29]. The small number of patients treated
with a combination of azacytidine+venetoclax was the
result of the approval for treatment with venetoclax in 2021
and its rollout in 2018 and fitted the fact that only patients
with date of diagnosis in 2018 or later received this type of
therapy. The median survival time of 11 months was shorter
than described by DiNardo et al. who observed a median
overall survival of 17.5 months in elderly patients [30]. Lon-
ger duration of median overall survival with 18 months was
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seen in our patients undergoing intensive induction chemo-
therapy which was quite long compared to results of previ-
ous studies with a median overall survival <1 year regarding
the well-known 7+ 3 induction regimen as well as CPX-351
[5, 6, 31]. Regarding relapse rates, early mortality or com-
plications like infections or febrile neutropenia, the combi-
nation of hypomethylating agents and venetoclax compared
to induction therapy turned out to be equivalent or even bet-
ter [32, 33] being in line with the development within our
cohort to treat only a few justified exceptional cases with
induction therapy or hypomethylating agents alone instead
of a combination of HMA +venetoclax after 2018. Longest
median overall survival of 36 months (and even an unreached
median overall survival when only looking at the smaller
group of 182 patients with a safely known ELN category)
could be observed in patients who underwent allografting
with only the smallest amount of 4% receiving an allograft
but observing increasing numbers with only 4 patients
undergoing aHSCT between 2000 und 2017 and 11 patients
after 2017. This was again in line with data of the US where
the number of aHSCT in older patients has increased visibly
in the past decades, rising from less than 0.1% of transplants
in 2000 to almost 4% by 2013 [34] and further increasing
every year. Expanded knowledge and handling of transplant
complications, increasing accessibility to unrelated donors,
increased utilization of haploidentical donors and develop-
ment of reduced-intensity conditioning strategies helped to
improve transplant outcome and survival over time while
low-intensive induction regimens such as HMA/venetoclax
now serve as bridging therapy for remission induction prior
to aHSCT making allografting a realistic option even for
older patients with AML or other hematologic malignancies.
Due to the concept of upfront allogeneic stem cell transplan-
tation in patients not having a high leukemic burden, trans-
plantation rates in our cohort have become quite high with
10% of patients being diagnosed after 2017. Other thera-
peutic options we were not able to discuss due to missing
data were IDH-inhibitors, FLT3-inhibitors, Menin-Inhibi-
tors as well as triplet combinations. In patients with /DH]
mutation, ivosidenib in combination with HMA improved
median overall survival as well as event free survival and
response rates compared to monotherapy with HMA [35]
while IDH-mutated AML patients who were considered too
frail for HMA-based treatment may be offered monotherapy
with IDH1/IDH2 inhibitors [17, 36]. The role of FLT3-
inhibitors in older patients remains limited as it was mainly
combined to intensive induction chemotherapy, but gilteri-
tinib has been approved in the relapsed/refractory setting
as monotherapy with a median overall survival of almost
ten months [37]. The role of Menin inhibitors in previously
untreated, older AML-patients with NPM1 mutations and
KMT2A rearrangement is still under investigation in current
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clinical trials [38] and same applies to triplet combinations
like IDH- or FLT3-inhibitors with HMA and venetoclax [39,
40].

Our analyses of 365 older AML patients diagnosed at our
department of hematology over a quarter of a century has
limitations. Looking at the distribution of patients within our
cohort, a relevant number of 68.2% of patients were diag-
nosed between 2000 and 2017 with only 3.8% of patients
being diagnosed before the year 2000 leading to a time bias
as well as there is a time-lead bias regarding patients who
received an aHSCT due to the fact that patients had to live
long enough to experience allogeneic transplantation. Since
genetic analyses have evolved over the last 20 years and
molecular testing has become more frequent, there is a huge
lack of data making important gain of information like ELN
classification of the whole cohort impossible. As our analy-
ses are retrospective and documentation of patients has not
always been as extensive and disposable as today, we were
not able to give evidence about interesting end points like
event-free survival, remission or relapse rates as well as
treatment-related mortality.

Conclusion

Older patients suffering from acute myeloid leukemia and
hematologic malignancies in general continue to be a vul-
nerable patient cohort representing significant challenges in
clinical daily practice. Patient-specific factors like comor-
bidities as well as leukemia-specific factors such as under-
lying unfavorable molecular- and cytogenetics presuppose
even poorer outcomes than in younger cohorts. Treatment of
AML therefore needs less toxic and more targeted options to
prevent harm maintaining quality of life while lowering or
eradicating leukemic burden to prolong survival.

As the combination of HMA and venetoclax has
enhanced treatment of AML and other therapeutic options
in terms of targeted therapies are evolving, the paradigm of
conventional 7+ 3 induction is no longer a favored option in
vulnerable patient cohorts. With more targeted and simul-
taneously less toxic therapies, the aim is to widen the land-
scape of treatment possibilities for elderly patients with
AML while prolonging survival and reducing treatment-
related mortality.

The combination of upfront allogeneic stem cell trans-
plantation in patients not having a high leukemic burden
with less toxic options of conditioning regimens and further
experience in transplant complications made allografting a
realistic option even for older AML patients.

In conclusion, therapy for older patients with AML has
evolved while more therapeutic options are in the pipeline
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reinforcing even more that care of older and unfit adults
needs to essentially stay personalized.
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