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Abstract
Background: In older patients with acute myeloid leukemia (AML), the defini-
tion of fitness, prognosis, and risk of death represents an open question.
Methods: In the present study, we tested the impact on survival of disease-  and 
patient- related parameters in a large cohort of elderly AML patients homogene-
ously assigned to treatment with hypomethylating agents (HMAs).
Results: In 131 patients with a median age of 76 years, we confirmed that early 
response (<0.001) and biology- based risk classification (p = 0.003) can select pa-
tients with better- predicted survival. However, a full disease- oriented model had 
limitations in stratifying our patients, prompting us to investigate the impact of 
baseline comorbidities on overall survival basing on a comorbidity score. The 
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1  |  INTRODUCTION

Despite recent advances, the 5- year patients' overall sur-
vival (OS) of acute myeloid leukemia (AML) is still largely 
unsatisfactory, reaching only 30% and dropping to 5%– 10% 
in the elderly.1– 3 Older patients represent an unfavorable 
subset for whom an optimization of the clinical manage-
ment is far- reaching and crucial questions are still open 
and unresolved. Of note, several effective treatment regi-
mens have recently entered the clinical stage, thus urging 
the need for better stratification of the elderly based on 
both disease- related factors and features capturing pa-
tient's characteristics.4– 6 Among the latter, the comorbid-
ity burden is emerging as a crucial point, but its impact on 
survival and its value as a predictor of global outcome has 
not been fully elucidated.

In the last years, many efforts have been made to as-
sess comorbidities as part of the general process of fit-
ness definition, which guides the decision to treat older 
AML patients with intensive chemotherapy or less inten-
sive therapies.7– 11 A comprehensive geriatric assessment, 
which takes into consideration multiple domains (social, 
physical, cognitive, and clinical)11– 13 have been evaluated 
as an innovative prognostic tool in elderly AML, but its 
poor scalability and a general lack of consensus on the 
parameters to include have limited its impact on clinical 
practice.14 To capture the comorbidity burden and define 
patient's fitness several additional and simplified tools 
have been proposed.11– 13,15– 18 In a seminal work, Sorror 
et al demonstrated the prognostic power of extended co-
morbidity index in patients undergoing transplant.19 More 
recently, such score has been implemented in the AML set-
ting (augmented- comorbidity index, A_CI) and integrated 
with AML- related factors, such as cytogenetic- molecular 
status (AML— composite model, AML- CM).20,21 Although 
the use of these scores has certainly improved the capacity 

of dissecting patients population, the prognostic signif-
icance of comorbidities and their correlation with AML 
biology in patients homogeneously treated with non- 
intensive therapies, especially in a real- life setting, is still 
an area of investigation.

In the present study, we defined the overlapping influ-
ences of disease biology, age, and non- AML related factors 
as captured by AML- CM on the prognosis of a large set of 
elderly patients, who had been considered by physician's 
choice unfit for intensive chemotherapy and were, then, 
treated with hypomethylating agents (HMAs).

2  |  METHODS

2.1 | Patients

We collected data from consecutive patients with AML 
treated at the Institute of Hematology L. and A. Serágnoli— 
Policlinico S. Orsola- Malpighi in Bologna, at Division of 
Hematology in University Hospital- ASUFC in Udine, 
and Istituto Romagnolo per lo Studio dei Tumori “Dino 
Amadori”— IRST in Meldola from 1st Dec 2010 to 1st Jun 
2021. Informed consent was obtained from every patient 
at the time of diagnosis in accordance with GCP and as 
approved by the local ethical review board. Within the en-
tire patient population, we report data on elderly patients 
who received front- line, single- agent HMAs. Major criteria 
for enrolment were old age (>65 years old), AML defined 
according to WHO 2016 criteria excluding acute promye-
locytic leukemia,22 and front- line therapy with HMAs. 
Exclusion criteria were to be enrolled at diagnosis in studies 
with investigational agents and to have received frontline 
chemotherapy (excluding HU and cytarabine cytoreduc-
tion). Patients selected for this report received at least one 
dose of azacytidine or decitabine after AML diagnosis.

albumin level (p  =  0.001) and the presence of lung disease (p  =  0.013) had a 
single- variable impact on prognosis. The baseline comorbidity burden was a pow-
erful predictor of patients' frailty, correlating with increased incidence of adverse 
events, especially infections, and predicted overall survival (p < 0.001).
Conclusion: The comorbidity burden may contribute to impact prognosis in ad-
dition to disease biology. While the therapeutic armamentarium of elderly AML 
is improving, a comprehensive approach that combines AML biology with tai-
lored interventions to patients' frailty is likely to fully exploit the anti- leukemia 
potential of novel drugs.

K E Y W O R D S

acute myeloid leukemia, elderly, fitness, hypomethylating agents, prognosis
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2.2 | Data collection

For every patient, we collected data on the onset of the 
disease, including age, history of the antecedent hema-
tologic disorder, history of antecedent diseases, baseline 
comorbidities, clinical and laboratory features, and cy-
togenetic and molecular characteristics. Survival, disease 
status, therapies for AML, and adverse events (AE) were 
collected for the entire duration of follow- up. For analysis 
purposes, we considered AEs, severe AEs, infections, and 
severe infections as AE categories.

2.3 | Definitions

AML was diagnosed and categorized according to 
WHO2008 or WHO2016 criteria and classified in the study 
database according to WHO2016 criteria.22 Response and 
relapse were defined according to 2017 ELN recommen-
dations23; hematological improvement was defined as the 
loss of transfusion dependence lasting at least 56 days. 
Disease status was assessed after courses 2, 4, 6, and every 
6 courses thereafter in patients who changed their hema-
tological condition from baseline. Overall survival (OS) 
was defined as the time from diagnosis to death for any 
cause. AEs were defined according to CTCAE 5.0.24

2.4 | Cytogenetics, molecular 
analyses, and risk stratification

Review of cytogenetic status included karyotype based 
on a minimum of 20 metaphase cells. Molecular analyses 
were performed on DNA or RNA of mononuclear cells 
by polymerase chain reaction, or Sanger sequencing, or 
capillary electrophoresis, as appropriate. The cytogenetic 
and molecular risk was stratified according to ELN 2010 
Prognostic System.25 Due to the lack of advanced molecu-
lar biology (TP53, ASXL1, CEBPA, RUNX1, FLT3 allelic 
ratio) in most of the cases, ELN2017 risk stratification did 
not apply to the population.

2.5 | Comorbidities

Comorbidities were defined as previously reported by 
Mukherjee and colleagues20; For the univariate analysis, 
the presence or absence of comorbidity was used instead 
of the intensity score, to manage the low prevalence. 
Augmented- comorbidity index (A- CI) and AML- composite 
model (AML- CM) were calculated as previously defined 
and prognostic groups were defined accordingly, including 
cytogenetic/molecular risk.20 For the creation of the scores, 

we included patients for which more than 80% of variables 
were known; non- available values were considered equal to 
nil, to guarantee the most conservative approach.

2.6 | Therapy regimens

Azacytidine was administered subcutaneously at the dose 
of 75 mg/sqm on days 1– 5, 8– 9, or 1– 7 of consecutive 28- 
day courses. Decitabine was administered intravenously at 
the dose of 20 mg/sqm on days 1– 5 of consecutive 28- day 
courses. Courses delays and dose reductions were managed 
according to standard clinical practice to allow recovery 
from hematology toxicities in patients who are in complete 
remission or to consent to lower the grade of ongoing ad-
verse events. Dose delays of more than 2 weeks not due to 
adverse events were registered as treatment interruption.

2.7 | Statistical analysis

Statistical analyses were performed on the entire sample 
population, if not differently specified. Data collected have 
been summarized by descriptive statistics such as mean 
and standard deviation or median with its interquartile 
range (IQR) for continuously distributed variables, other-
wise, rates and relative frequencies have been reported for 
categorical distributions. Fisher exact test or Chi- squared 
test have been adopted to evaluate associations between 
groups and nominal variables were appropriate. The 
Mann– Whitney test has been applied, alternatively, to as-
sess differences between medians in non- normal distribu-
tions. Survival analysis has been performed by means of 
the Kaplan– Meier estimator and its algorithm for survival 
curve generation. Subgroup analyses were conducted 
whenever appropriate. Log- rank test was used to compare 
survivals curves probabilities, while semiparametric Cox 
regression analysis has been adopted to estimate Hazard 
Ratios (HR). All the analyses were conducted using R 
language and environment for statistical computing (R 
Foundation for Statistical Computing). 0.05 was taken as 
the cut- off for two- sided p- values statistical significance. 
All confidence intervals (CI) were reported as 95% CI.

3  |  RESULTS

3.1 | Patient population

In total, 131 elderly patients received 1st line HMAs at the 
participating institutions. Baseline characteristics are re-
ported in Table 1. In our patient set, the median age was 
76 years (IQR 72– 79). Seventy- seven out of 131 patients 
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(58.8%) had de novo AML, 32/131 (32.8%) had secondary 
AML, and 11/131 (8.4%) had therapy- related AML. Out 
of 123 patients with evaluable cytogenetics, 43 (34.9%) 
had complex karyotype, 1 (0.8%) inv (16), 59 (48.4%) nor-
mal karyotype, 18 (14.7%) other alterations; 8/108 patients 
harbored FLT3 ITD mutation (7.4%, 23 not tested), 12/101 
NPM1 mutation (11.9%, 30 not tested). Based on these data, 
111 patients were evaluable for ELN 2010 risk stratification; 
9 out of 111 patients (8.1%) were stratified in the low risk, 
42/111 (37.8%) in intermediate- 1 risk, 17/111 (15.3%) in 
intermediate- 2 risk, and 43/111 (38.7%) in high- risk class.

As expected, most of the patients had at least one co-
morbidity (Table 2). Particularly, baseline cardiovascular 
comorbidity was present in 20/130 (15.4%, 1 no details), 

arrhythmia in 29/130 (22.1%, 1 no details), cerebrovas-
cular comorbidity in 11/131 (8.4%), diabetes in 20/131 
(15.3%), obesity 18/129 (14%, 2 no data), kidney disease 
15/130 (11.5%, 1 no details), lung chronic disease 19/130 
(14.6% 1 no details), hypoalbuminemia in 25/111 patients 
(22.5%, 20 no details).

3.2 | Survival

With a median follow- up of 28.2 months (Figure  1A, 
IQR 11.7– 74.3), the median OS of the entire cohort was 
15.8 months (95% C.I. 11.2– 19.4). Six- month, 12- month, 
and 24- month survival probability were 79.0% (95% CI 
72.1– 86.5), 55.4% (95% CI 47.0– 65.4), and 28.5% (95% CI 
20.4– 39.7), respectively.

The type of HMAs used (decitabine versus azacitidine) 
or age (more or less than 70 years old) had no significant 
impact on survival.

At month 2, 59 out of 119 patients reached response 
(49%), including 10 patients with CR, 1 patient with CRi, 
and 48 patients with partial response. As expected, early re-
sponse to HMA therapy was highly predictive of better sur-
vival (Figure 1B, median OS of 21 months for responders vs 
7.4 months for non- responders, p < 0.001). Improved survival 

T A B L E  1  Patients' characteristics.

Characteristics at AML diagnosis N patients = 131

Age at diagnosis

Median, years (IQR) 76 (72– 79)

AML type, N (%)

de novo 77 (58.8%)

Onset after MDS 33 (25.2%)

Onset after PMF/TE/PV/other chronic 
myeloid diseases

10 (7.6%)

Therapy- related 11 (8.4%)

FLT3- ITD N/patients in which mutation 
was searched (%)

8/108 (7.4%)

NPM1 mutated N/patients in which 
mutation was searched (%)

12/101 (11.9%)

Karyotype analysis, N (%)

Complex 32 (26.2%)

del (17) 1 (0.8%)

del (5) 4 (3.3%)

del (7) 5 (4.1%)

inv (3) 2 (1.6%)

inv (16) 1 (0.8%)

MLL rearrangement 1 (0.8%)

Normal 59 (48.4%)

Other 17 (13.9%)

Risk stratification system ELN2010, N (%)

Favorable 9 (8.1%)

Intermediate I 43 (38.7%)

Intermediate II 42 (37.8%)

Adverse 17 (15.3%)

Treatment, N (%)

Azacitidine 57 (43.5%)

Decitabine 74 (56.5%)

Abbreviations: AML, acute myeloid leukemia; IQR, interquartile range; 
MDS, myelodysplastic syndrome; PMF, primary myelofibrosis; TE, essential 
thrombocythemia; PV, polycythemia vera.

T A B L E  2  Distribution of baseline comorbidities in our patient 
set; comorbidities were defined according to Mukherjee et al., Jama 
Oncol. 2017.20

Baseline comorbidity
Patients affected,  
N (%)

Elevated LDH 86 (78.2%)

Prior tumor 32 (24.4%)

Arrhythmia 29 (22.1%)

Hypoalbuminemia 25 (22.5%)

Thrombocytopenia 22 (16.9%)

Diabetes 20 (15.3%)

Cardiovascular comorbidities 20 (15.4%)

Lung disease 19 (14.6%)

Ongoing infections 18 (13.7%)

Obesity 18 (14.0%)

Kidney disease 15 (11.5%)

Rheumatology disease 14 (10.7%)

Cerebrovascular disease 11 (8.4%)

Hepatic disease 9 (7.0%)

Peptic Ulcer 5 (3.8%)

Heart valve disease 3 (2.3%)

IBD 2 (1.5%)

Psychiatric disturbance (0.8%)

Abbreviations: IBD, inflammatory bowel disorder; LDH, lactic 
dehydrogenase.
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was confirmed also for patients who were in response at 4 or 
6 months (Figure S1) To evaluate parameters associated with 
response, prior tumor (p  =  0.001) and high ELN2010 risk 
(p = 0.003) were associated with a low probability of response.

3.3 | ELN 2010 risk stratification and 
baseline comorbidities contribute to 
defining the probability of survival

Given the great heterogeneity of outcomes in our cohort of 
patients, we sought to investigate the differential impact 

on the prognosis of disease-  and patient- specific factors. 
To this aim, molecular and cytogenetic parameters, cap-
tured and integrated into ELN2010 risk classification, as 
well as well- established comorbidities were specifically 
correlated with OS. According to ELN2010 risk classifi-
cation, patients belonging to the int- 1 risk category had 
the best OS (23.4 months), whereas those in the high- risk 
category showed very short OS (6.5 months). Of note, “in-
termediate- 2” risk patients had a similar, statistically non- 
different outcome as high- risk patients, suggesting that 
disease- specific biologic factors, captured by ELN2010 
risk classification, might not be fully competent in 

F I G U R E  1  (A) Overall survival in our set; (B) overall survival in patients who obtained CR, CRi, HI, or PR at month 2 compared 
with patients in stable disease (p < 0.001); (C) overall survival in patients with lung disease compared with patients without lung disease 
(p = 0.013) (D) overall survival in patients with low serum albumin compared with patients with normal serum albumin (p < 0.001).
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stratifying our group of patients (Figure 2A). In particular, 
the median OS of “favorable”, “intermediate- 1”, “interme-
diate- 2” and “high” risk categories was 8.4, 23.4, 11.1, and 
6.5 months, respectively (int- 1 vs high- risk HR: 0.38 95%, 
0.21– 0.68; p = 0.001). We, then, analyzed the prognostic 
impact of comorbidities. For each baseline comorbidity, 
we tested the impact on overall survival. Interestingly, 
lung disease (Figure 1C, median OS 6.6 months in affected 
vs. 16.5 months in non- affected, p = 0.013) and hypoalbu-
minemia (Figure  1D, median OS 7.4 months in affected 
vs 18 months in non- affected p < 0.001) conferred signifi-
cantly diminished OS. Taken together, these data may 
indicate that for better stratification of elderly patients 
treated with HMAs, disease- related factors, as captured by 
ELN risk classification, would be more successfully inte-
grated with the impact of baseline comorbidities.

3.4 | Augmented- CI and AML- CM risk 
impact on prognosis

The sample size in this study was not sufficient to constitute 
a new prognostic model. Then, for further analyses, the im-
pact on survival of comorbidities alone and combined with 
disease- related factors were assessed by using augmented-
 CI (A- CI) and AML- CM scores, respectively.20 Using A- CI, 
OS was negatively associated with comorbidity burden. 
The median OS was 18.3 months (95% C.I. 13.9– 23.4) for 
patients with low- baseline comorbidity burden (A- CI 1– 4, 
n = 78) whereas patients with medium (A- CI 5– 6, n = 35), 
high (A- CI 7– 9, n = 9), or very high (A- CI >9, n = 4) comor-
bidity burden had a median OS of 13.2 (95% C.I. 7.4– 23.3), 
6.6 (95% C.I. 3.9- NR), and 3.3 (95% C.I. 3.3– NR) months, 
respectively (Figure 2B, p for trend <0.001).

To test the impact of comorbidities combined with cy-
togenetic and molecular risk, we used the AML- CM score. 
Interestingly, median OS was 24.3 months (95% C.I. 13.9– 
NR) in patients with low AML- CM score (1– 4, n  =  24), 
18.3 months (95% C.I. 14.2– 26.1) in patients with interme-
diate AML- CM (5– 6, n = 45), 11.1 months (95% C.I. 8.0– 
21) in patients with high AML- CM score (7– 9, n = 47) and 
6.4 months in patients with very high AML- CM score (>9, 
n  =  15), as shown in Figure  2C (p for trend<0.001). Of 
note, cerebrovascular disease, obesity, lung disease, prior 
tumor, and hypoalbuminemia were more frequent in pa-
tients with AML- CM score >9 (Table S1). Impact on the 
prognosis of each baseline comorbidities, age, and scores 
categories are shown in Figure  3. Taken together, our 

F I G U R E  2  (A) Overall survival according to ELN2010 risk 
score; (B) overall survival according to augmented A- CI; (C) overall 
survival according to AML- CM score.
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   | 7MARCONI et al.

results indicate that the AML- CM score was able to strat-
ify prognosis in elderly patients receiving frontline HMAs.

3.5 | Adverse events have a higher 
incidence in patients with a higher  
AML- CM score

To corroborate and explain the impact of comorbidities 
on prognosis and survival, we assessed the incidence 

of adverse events in different AML- CM risk groups. 
Particularly, we collected clinically relevant AEs ex-
cept for hematology toxicity (grade >3). Incidence of 
non- hematologic AEs progressively increased along 
with AML- CM risk groups. In particular, 84.55, 116.01, 
131.45, and 229.3 events for 100 patients per year were 
observed in patients with AML- CM scores 1– 4, 5– 6, 
7– 9, and >9, respectively. While considering the etiol-
ogy of AEs, infections were the most represented non- 
hematologic adverse events. Of note, infectious episodes 

F I G U R E  3  Forest plot for analyzed risk factors.
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were 53.80, 55.10, 85.95, and 140.13 for 100 patients per 
year for patients with AML- CM scores 1- 4, 5– 6, 7– 9, and 
>9, respectively. Taken together, these data suggest that 
a higher AML- CM score due to baseline comorbidities 
augments the risk to have an adverse event, especially 
of infective etiology. The impaired prognosis that we 
observed in AML- CM higher risk groups may be ex-
plained by a higher incidence of infections and their 
life- threatening consequences.

4  |  DISCUSSION

To discern how patient-  and AML- related factors impact 
prognosis, we analyzed data from a large typical set of 
patients who have been assigned to HMAs by physician's 
choice. Herein, we collected therapy response and applied 
ELN2010 to describe the prognostic weight of disease- 
related factors, and we applied a predefined comorbidity 
index (i.e., augmented- CI) to describe patient- related fac-
tors. In this setting, AML- specific factors alone, as defined 
by the ELN2010 classification, provided a partial stratifi-
cation of prognosis, thus indicating that a more compre-
hensive approach, which takes into consideration both 
disease- related biological factors and patient characteris-
tics, may be helpful.

As expected, our set was enriched for secondary dis-
eases and high- risk karyotype, while core- binding fac-
tor, FLT3 and NPM1 mutated AML were occasional.26,27 
Our data confirmed that the survival of patients receiv-
ing HMAs is significantly influenced by the rate of re-
sponse.28 The response may be considered a measure 
of the sensitivity of leukemic cells to the therapeutic 
effect of drugs, being highly associated with leukemia 
cell- intrinsic factors such as chromosomal and molec-
ular alterations. In agreement, the ELN2010 high- risk 
category had an inferior rate of response. However, 
when we further analyzed the impact on survival of 
AML- related factors, as captured by ELN2010 classifi-
cation, we observed that their discriminating power was 
globally weak. Indeed, a scattered picture emerged; “in-
termediate- 2”, and “high” risk patients have the worst, 
but similar OS, whereas “intermediate- 1” risk patients 
had the best OS; as aforementioned, “low” risk patients 
were under- represented and should not be considered in 
this analysis. ELN2010 risk classification is known to be 
highly prognostic in patients receiving chemotherapy, 
while its prognostic power in patients receiving less in-
tensive therapies is not fully settled. Notwithstanding, 
differently from younger intensively treated patients,29,30 
our data suggest that factors other than AML biology 
might contribute to define prognosis in elderly patients 
treated with HMAs.

To evaluate the role of patient- derived factors as de-
terminants of global clinical outcomes, we focused on 
baseline comorbidities. We investigated multi- morbidity 
taking advantage of the well- validated augmented- CI 
score20 and we introduced the concept of comorbidity 
burden. Most of the patients had at least one comor-
bidity, as expected in the aging general population.26 
In particular, the majority of our patients had >1 base-
line comorbidity, and >50% had multi- morbidity. Both 
hypoalbuminemia, which may be considered a surro-
gate marker of inflammatory state and poor physical 
reserve,29 and lung disease had a significant impact on 
prognosis; the other factors had no univariable signif-
icance, however, it can be explained by the low inci-
dence in our population. Of utmost importance, having 
a high comorbidity burden (>6 concomitant comorbidi-
ties) seems to be the most impactful determinant of OS. 
Based on these data, to explain the important impact 
of comorbidities, we found that a higher baseline co-
morbidity burden augments the risk to have an adverse 
event, especially of infective etiology. These results sug-
gest that a higher incidence of adverse events and their 
life- threatening consequences may account for the in-
ferior OS we observed in AML- CM higher risk groups.

Our study has some limitations. It focuses on a cohort of 
patients receiving only HMAs, thus excluding the relevant 
impact of new and effective molecules, such as venetoclax 
and/or target therapies. In our cohort, the overall survival 
estimate overcomes results previously reported in phase 3 
clinical trials of HMAs,1,2 probably due to differences in 
supportive measures such as infections prophylaxis and 
management. It is important to note that, within a pre-
selected patient set, the age did not confer a significant 
survival disadvantage, which is partially inconsistent with 
previously reported results.21,31 However, empirical crite-
ria applied by treating physicians may have selected very 
fit patients, thus providing a selection bias, which may ac-
count for the differences in survival in comparison to pre-
vious reports. Furthermore, genetic characterization was 
not integrated into the clinical practice and was not col-
lected for our patients. For this reason, actual or previous 
ELN risk stratifications23,32 cannot be applied; even if this 
is a limitation for this study, ELN risk stratifications never 
demonstrated excellent predictive power in the specific 
population. Finally, a full geriatric assessment was not per-
formed, which may reduce the comparability of our study 
with previous works based on a geriatric perspective.13 
Notwithstanding, our study is the largest that analyses the 
impact of both biology-  and patient- related factors, espe-
cially baseline comorbidities, in unfit- for- chemotherapy 
AML patients who received HMAs. Indeed, most of the 
previous reports have focussed on outcomes after inten-
sive chemotherapy17 or mixed populations21; our study 
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validate AML- CM in a population that received HMAs as 
a single agent. In that, our data may be prodromic to un-
derstanding the prognostic value of comorbidity in unfit- 
for- chemotherapy elderly patients, undergoing HMAs 
in combination with novel therapies, such as venetoclax 
(the study is ongoing). Furthermore, after the validation 
of patient- related risk scores, future interventions will be 
ameliorated with a better selection of the population of 
patients that may really benefit and by strategies that will 
moderate the impact of patient- related risk factors.

In conclusion, the comorbidity burden was a power-
ful prognostic factor, capable to impact patients' strati-
fication and to integrate a biology- oriented model. The 
results of our study further support the notion that base-
line multi- morbidity is tightly related to patient frailty, 
underlying on- therapy morbidity, especially of infectious 
etiology, and contributing to survival. In a scenario where 
new therapies, such as venetoclax and targeted drugs, 
have dramatically improved the prognosis of older AML 
patients, tailored interventions able to impact frailty are 
warranted. In that, the integration of quantitative assess-
ment of comorbidity burden within a novel prognostic 
and risk- classification algorithm, oriented to unfit- for- 
chemotherapy patients, may represent a fundamental step 
toward a comprehensive approach to elderly AML.
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