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REVIEW

Assessing eligibility for treatment in acute myeloid leukemia in 2023
Adriano Venditti a, Roberto Cairolib, Morena Cairac, Paola Finsingerc, Fabio Finocchiaroc, Benedetta Neric, 
Daniela De Benedittisc, Giuseppe Rossid and Felicetto Ferrarae

aEmatologia, Dipartimento di Biomedicina e Prevenzione, Università di Roma “Tor Vergata”, Rome, Italy; bDipartimento Ematologia, Oncologia e 
Medicina Molecolare, ASST Grande Ospedale Metropolitano Niguarda-Milano, Milan, Italy; cMedical Department, AbbVie srl, Campoverde di Aprilia, 
Latina, Italy; dEmatologia, ASST degli Spedali Civili, Brescia, Italy; eDivisione di Ematologia, Ospedale Antonio Cardarelli, Naples, Italy

ABSTRACT
Introduction: Age has historically been considered the main criterion to determine eligibility for 
intensive chemotherapy in patients with acute myeloid leukemia (AML), but age alone can no longer 
be considered an absolute indicator in determining which patients should be defined as unfit. 
Assessment of fitness for a given treatment today serves an important role in tailoring therapeutic 
options.
Areas covered: This review examines the main options used in real life to define eligibility for intensive 
and nonintensive chemotherapy in patients with AML, with a main focus on the Italian SIE/SIES/GITMO 
Consensus Criteria. Other published real-life experiences are also reviewed, analyzing the correlation 
between these criteria and short-term mortality, and thus expected outcomes.
Expert opinion: Assessment of fitness is mandatory at diagnosis to tailor treatment to the greatest 
degree possible, evaluating the patient’s individual profile. This is especially relevant when considering 
the availability of newer, less toxic therapeutic regimens, which have shown promising results in 
patients with AML who are older or considered unfit for intensive treatment. Fitness assessment is 
now a fundamental part of AML management and a critical step that can potentially influence out-
comes and not just predict them.

PLAIN LANGUAGE SUMMARY
In patients with acute myeloid leukemia (AML), age has generally been considered as the main factor to 
determine if intensive chemotherapy can be carried out (fitness). However, this has been gradually 
changing in recent years. In addition to age, comorbidities and overall performance status are also 
important in determining if the patient should undergo intensive chemotherapy and have an important 
role in tailoring therapeutic options. Consensus criteria to define eligibility for intensive and noninten-
sive chemotherapy in patients with AML have been proposed, which have been shown to correlate well 
with expected outcomes. Today, given the evolution of the treatment armamentarium, assessment of a 
patient’s ‘fitness’ is compulsory to select the most appropriate treatment for each patient.
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1. Introduction

Acute myeloid leukemia (AML) is a heterogeneous hematolo-
gic malignancy and, although rare, is the most common acute 
leukemia subtype and has the poorest prognosis [1]. The 
prevalence of AML varies greatly among different geographic 
regions worldwide, with a burden for healthcare systems that 
has been steadily increasing in recent years [1,2]. The risk of 
AML is highly dependent on age, with a prevalence that 
increases substantially after 55 years of age [1–3]. AML is 
thus more common in older versus younger individuals, with 
significant differences in terms of outcome [2,4]. The 5-year 
overall survival (OS) of patients with AML is <25% and <10% in 
patients 60 to 65 and ≥70 years old, respectively, compared 
with 50% for those <50 years [1,5]. Between 2000 and 2010, 
only 40% of patients ≥65 years received AML-directed therapy. 
This treatment disparity was more pronounced in the oldest 
group of patients (>80 years); in this group, only 20% received 

anti-leukemic treatment. This is not surprising considering 
that, until recently, treatment strategies included mainly che-
motherapy, fewer less-intensive therapies (hypomethylating 
agents [HMAs]), and best supportive care [6], with few options 
to affect OS in those patients who are not considered eligible 
for intensive chemotherapy. From a clinical management 
standpoint, the first step in assessing treatment for elderly 
patients has generally been to evaluate their fitness in terms 
of ability to tolerate intensive induction chemotherapy.

In recent years, less intensive, non-chemotherapy front-
line options have expanded greatly (Table 1) and are lead-
ing to a paradigm shift for the treatment of older patients 
with AML and to a renewed interest in the assessment of 
fitness in these patients in order to choose the best option 
(3). Following a brief overview of available treatment 
options for AML, the objective of the present review is to 
summarize current knowledge regarding the concept of 
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fitness assessment and the criteria used to measure it while 
considering the recent advances in treatment.

2. Treatment options in AML

The choice of frontline treatment in AML is increasing in 
complexity and is even more challenging in patients 
>60 years [9]. In addition to fitness, age, and clinical para-
meters, the choice of treatment also depends on the cytoge-
netic and molecular profile of the disease [9–11].

Treatment options for AML have been historically divided 
into intensive and non-intensive regimens (Table 1). 
Traditionally, standard intensive induction therapy is 7 days 
of cytarabine and 3 days of an anthracycline (7 + 3 regimens). 
Several studies highlighted that, given their unfavorable cyto-
genetics and poor performance status, older patients have a 
high likelihood of post-induction early death, with low 
chances of benefit [12,13]. This gave rise to the possibility of 
using less toxic therapeutic regimens in older patients, includ-
ing HMAs [14,15]. Since the early 2000s, HMAs have been 
providing significant benefit to older patients with AML. 
They were the first alternative to supportive care for unfit 
patients and remained the only option available to them for 
years, even though they did not provide long-term results, and 

partially satisfying the unmet medical need for this subset of 
patients [16,17].

Several new therapies have been approved for use in AML 
in recent years, which has further expanded the number of 
therapeutic options [18]. In patients who are not considered 
candidates for intensive chemotherapy, new treatment 
options are now available or in development, which include 
B-cell lymphoma 2 (BCL-2) inhibitors, FMS-like tyrosine kinase 
3 (FLT3) inhibitors, Smoothened Inhibitors (SMO), and 
Isocitrate dehydrogenase 1 and 2 (IDH1/2) inhibitors [9– 
11,19]; as a consequence, the use of best supportive care 
remains limited to the most unfit patients or those not willing 
to undergo therapy.

The BCL-2 inhibitor venetoclax has been tested and 
approved in combination with different induction regimens 
in AML patients ineligible for intensive chemotherapy. 
Venetoclax with decitabine or azacitidine was effective and 
well tolerated in older patients with AML in a Phase1b study, 
following which FDA granted accelerated approval for the 
novel combination [20]. Venetoclax and azacitidine vs. placebo 
and azacitidine were further evaluated in the VIALE-A Phase 3 
study [21]. Median OS was 14.7 months in the azacitidine- 
venetoclax group and 9.6 months in the control group (HR 
for death, 0.66; 95% CI, 0.52 to 0.85; P < 0.001). Given the 
results of these two studies, the EMA granted approval for the 
combination of venetoclax and azacitidine.

Together with low-dose cytarabine, venetoclax has been 
shown to provide clinically-meaningful remission rates and 
OS compared to low-dose cytarabine in patients with AML 
who are unfit for intensive chemotherapy in the Phase 3 
VIALE-C trial [22]: median OS was 7.2 vs 4.1 months, respec-
tively (HR, 0.75; 95% CI, 0.52–1.07; P = 0.11). This combination 
has been approved by the FDA.

In IDH1-mutated newly diagnosed AML patients ineligible 
for intensive chemotherapy, ivosidenib and azacitidine 
showed significant clinical benefit in the Phase 3 trial AGILE 
as compared with placebo and azacytidine [23]. Median OS 
was 24.0 months with ivosidenib and azacitidine vs. 7.9 months 
with placebo and azacitidine (HR for death, 0.44; 95% CI, 0.27 
to 0.73; P = 0.001). Recently, according to the Phase 3 AGILE 
study results, the CHMP (Committee for Medicinal Products 
Human Use) has issued a Positive Opinion on the combination 
of ivosidenib with azacitidine in this setting of patients. This 
combination regimens is approved by the FDA ,while evalua-
tion by the EMA is still in progress.

Glasdegib and LDAC vs. LDAC demonstrated superior OS in 
patients with AML ineligible for intensive chemotherapy (med-
ian OS was 8.3 versus 4.3 months, HR 0.495; (95% CI 0.325– 
0.752) in the Phase II BRIGHT AML 1003 trial [24]. The clinical 
benefit was particularly prominent in patients with secondary 
AML. Glasdegib + LDAC is approved by FDA and EMA for the 
aforementioned indication [25,26].

In a recent Phase 3 trial named LACEWING in patients with 
AML ineligible for intensive chemotherapy and FLT3 mutation, 
the combination of gilteritinib and azacitidine was associated 
with significantly higher composite complete remission rates 
than azacytidine alone (4.53 months vs. 0.03 months) but with 
similar OS compared to azacytidine monotherapy [23].

Article highlights

● Age has historically been considered the main criterion to determine 
eligibility for intensive chemotherapy in patients with acute myeloid 
leukemia (AML).

● Assessment of comorbidities and performance status is now essential 
in defining overall fitness for a given treatment.

● Among multiparameter tools, the Italian SIE/SIES/GITMO Consensus 
Criteria defines eligibility for intensive chemotherapy in patients with 
AML and shows good correlation with expected outcomes.

● In light of recent advances in the therapeutic armamentarium for AML, 
for patients who are not eligible for intensive chemotherapy compre-
hensive fitness assessment is now a fundamental part of their manage-
ment to ensure that the best therapeutic option can be offered.

Table 1. Available care regimens and drugs for patients with AML [7–9,19].

Therapy Regimen

Intensive chemotherapy ● 7 + 3 regimen
● Midostaurin
● Gemtuzumab ozogamicin
● Gilteritinib
● Liposomal daunorubicin + cytarabine

Non-intensive therapy ● Azacytidine
● Decitabine
● Low-dose cytarabine
● Venetoclax + HMA
● Glasdegib
● Ivosidenib ± HMA
● Enasidenib

Best supportive care ● Hydroxyurea
● Low-dose cytarabine
● Palliative care

7 + 3 regimen, 7 days of cytarabine and 3 days of an anthracycline; AML, acute 
myeloid leukemia; HMA, hypomethylating agent. 
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Gilteritinib resulted in significantly longer survival and 
higher percentages of patients with remission than salvage 
chemotherapy among patients with relapsed or refractory 
FLT3-mutated AML in Phase 3 ADMIRAL trial that enrolled 
patients refractory to one or two cycles of conventional 
anthracycline-containing induction therapy or if they had 
hematologic relapse after a complete remission (median 
age = 62.0 years) [27]. Gilteritinib is approved by FDA and 
EMA as monotherapy for the treatment of adult patients who 
have relapsed or refractory AML with a FLT3 mutation.

IDH inhibitors in combination with HDAC inhibitors also 
seem to be promising in unfit patients [28,29]. Lastly, CAR-T 
therapy is also making rapid progress, and many potential 
targets have been identified, although its use in older and 
unfit patients requires further study [30].

At present, it is also important to highlight that treatment is 
becoming increasingly personalized given the discovery of 
new molecular drivers of disease and progression [31,32].

Therefore, the expansion of the therapeutic armamentarium 
and the opportunity to restrict the use of best supportive care to 
a few, very select situations, such as patients considered frail and 
not candidate to currently available non-intensive therapies, has 
revitalized interest in the definition of treatment eligibility and its 
importance in daily clinical practice.

The NCCN Clinical Practice Guidelines in Oncology (NCCN 
Guidelines®) give detailed treatment recommendations based 
on patient characteristics, such as age, presence of comorbid 
conditions affecting performance status, and preexisting mye-
lodysplasia [11]. Among the recommendations is that patients 
with poor performance status, significant comorbidities, and/ 
or advanced age (i.e. some patients ≥60 years old and most 
patients ≥70 years old) should receive low-intensity therapy or 
supportive care if a clinical trial is not available [11]. The 
European LeukemiaNet (ELN) guidelines also state that age 
alone should not be the major determinant for choice of 
therapy and that older, medically fit patients are likely to 
benefit more from intensive versus non-intensive therapy 
[10]. Poor performance status and comorbidities should also 
be taken into consideration.

Canadian guidelines developed specifically for older 
patients with AML recommend that intensive induction ther-
apy should be considered for all patients <80 years, except 
those with high comorbidity scores and those with adverse 
risk cytogenetics who are not potential candidates for hema-
topoietic stem cell transplantation (HCT) in complete remis-
sion [33]. However, the guidelines specify that there is no 
consensus as to what degree of comorbidity constitutes an 
absolute contraindication. It is further specified that, although 
comorbidity indices are valuable geriatric assessment tools 
that can assess physical function and cognition and provide 
important information regarding suitability for intensive che-
motherapy, such tools should not replace clinical judgment.

The 2020 European Society for Medical Oncology guide-
lines for AML [34] state that the initial assessment of patients 
with newly diagnosed AML should focus on patient fitness for 
standard induction and consolidation chemotherapy. The 
guidelines further state that preexisting heart, kidney, lung, 

or liver disease; mental illness; an Eastern Cooperative 
Oncology Group (ECOG) performance score ≥3; and age 
≥75 years are the strongest predictors for non-relapse induc-
tion-related mortality and should be considered to determine 
ineligibility to intensive induction and consolidation che-
motherapy. In addition, it is stated that the hematopoietic 
cell transplantation-specific comorbidity index (HCT-CI) score 
can predict treatment-related mortality in patients treated 
with induction chemotherapy, as well as transplant outcome. 
As in other guidelines, the final decision should be made only 
after careful consultation between physician and patient.

Other authors have developed guidance that is specific to 
older patients with AML, all emphasizing the need for perso-
nalized assessment and treatment plans as an essential part of 
care [4,9,19,35].

3. Fitness assessment – single parameters

3.1. Age

The World Health Organization defines 65 years as the age of 
transition to ‘elderly.’ The United Nations considers the transition 
to take place at 60 years, taking into account the low life expec-
tancy of those living in disadvantaged geographic areas [36]. 
Older age was historically considered the main criterion for 
determining whether a patient could receive intensive che-
motherapy. The effects of age on the patient and disease-related 
factors are well known, resulting in a higher incidence of early 
death after induction chemotherapy and a lower chance for 
complete response and long-term survival [12,13].

AML in older adults is a clinical entity distinct from the 
disease in younger patients in terms of both disease- and 
patient-specific characteristics [12]. Older patients with AML 
tend to present with lower white blood cell counts and mar-
row blast percentage, and multidrug resistance is also almost 
two-fold higher in patients >75 years old compared with those 
<56 years old [12]. Moreover, fewer than 5% of patients with 
AML >75 years old have favorable cytogenetics compared 
with 20% in younger patients [12]. Many of these differences 
can be attributed to mutations in hematopoietic cells that are 
associated with the aging process [37]. In this view, the dis-
covery of the link between aging, occurrence of clonal hema-
topoiesis of indeterminate prognosis, and propensity to 
develop AML represents a considerable step forward. In addi-
tion, rates of secondary AML, which is more resistant to che-
motherapy, increase with age [38]. All these factors have an 
effect on prognosis, response to therapy, and final outcome, 
with older patients being disfavored [4].

However, although fitness is mostly related to age, it is clear 
that age alone cannot be used as an absolute indicator to deter-
mine which patients should be defined as unfit [4]. There are 
several instances of younger patients with comorbidities having 
a poorer performance status than someone older but healthier. 
This raises the critical question of whether biological age truly 
correlates with chronological age, because it has become clear 
that chronologic age should not be the only criteria for determi-
nation of fitness or for treatment choice [13,39].
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3.2. Comorbidities

The presence of comorbidities has the potential to affect 
response to treatment and toxicity [19]. Assessment of comor-
bidities is useful to help define overall fitness for a given treat-
ment [40,41]. Compared with less aggressive neoplasms, AML 
required until recently the use of intensive therapies to achieve 
remission of the disease, making comorbidities more relevant 
than other geriatric parameters in the assessment of fitness 
during treatment. Indeed, Etienne et al. reported that comorbid-
ities are an independent predictor of complete remission in 
patients who received induction therapy for AML [42].

One of the most common tools for evaluation of comorbidities is 
the Hematopoietic cell transplantation (HCT) - specific comorbidity 
index, which includes not only objective definitions and number of 
comorbidities but their level of burden [43]. The HCT-CI has been 
shown to predict early death and survival among patients >60 years 
old and undergoing induction therapy for AML [44].

It is important to consider that a patient with a well-man-
aged comorbidity could be fit for intensive therapy. Evaluation 
of comorbidities may aid in identifying a patient’s overall 
fitness for intensive therapy, but it cannot predict tolerability 
of treatment for AML with absolute certainty because other 
factors must be considered as well [19,40,41].

3.3. Performance status

The interaction between age and performance status has been 
investigated in several studies. According to Kadia et al., age 
had a profound effect on outcome in patients with poor 
performance status and appeared to have just a modest effect 
on the outcome of older patients with excellent performance 
status [45]. Performance status can also help to identify 
patients who are medically unfit independent of age and is 
routinely evaluated using either ECOG performance score or 
the Karnofsky index [19]. Of note, in adults with poor perfor-
mance scores, both 30-day mortality and treatment toxicity 
are higher [40]. Poor performance scores have also been asso-
ciated with lower rates of complete response, higher 8-week 
mortality, and shorter OS [46,47]. Real-world data have further 
confirmed that, in addition to age, performance status is 
strongly related to survival outcomes and complete remission 
[13]. An analysis of 2767 patients with AML in the Swedish 
Acute Leukemia Registry evaluated the effect of the decision 
to treat on outcomes [13]. Performance status was highest in 
patients aged 40 to 44 years and declined with increasing age. 
As performance status worsened, the proportion of patients 
receiving intensive therapy also declined. Thirty-day mortality 
rates were dependent on age and performance status, but 
older patients with good performance status had low early 
death rates and patients with poor performance status had 
increased early mortality across all ages.

4. Fitness assessment – multi-parameter tools

4.1. Fitness scores

Given the limitations of using single parameters to define 
patient fitness and to guide treatment decisions, several 

studies have been conducted in an attempt to combine multi-
ple variables to determine fitness.

In a single-center study of 85 consecutive patients 
>60 years of age with newly diagnosed AML [48], several 
tools were used to compare outcomes, including the local 
geriatric G8 screening tool (seven items from the Mini 
Nutritional Assessment questionnaire and age), HCT-CI comor-
bidity score, and AML scores proposed by the German Acute 
Myeloid Leukemia Cooperative Group. Median survival time 
for fit patients was 10 months compared with 3.4 months for 
unfit patients using physician evaluation. Parallel evaluation of 
fitness according to the proposed cut-point of the G8 tool also 
significantly discriminated patient survival. However, the cor-
relation between frailty evaluated using the HCT-CI and phy-
sician evaluation was moderate, although it was concluded 
that frailty scores can help to improve the prediction of prog-
nosis. Similar results were seen in another single-center study 
in 130 patients aged ≥60 years (median age, 71.2 years) [49]. 
However, the G8 score is quick and easy to apply and has 
good generalizability for cancer patients [50].

Frailty evaluated using the G8 tool, Sorror index, and AML 
score applied to older patients at AML diagnosis all seemed to 
help discriminate older patients with AML when considering 
overall survival. In 2017, Sorror and colleagues developed a 
composite AML model combining age, an augmented HCT-CI, 
and aggressiveness of AML, to predict early and late mortality. 
In a population of 1100 newly diagnosed patients with AML 
aged 20 to 89 years, the composite model correlated with 1- 
year mortality and seemed to be able to guide decision-mak-
ing in AML [51]. This composite score may possibly identify 
patients who do not benefit from intensive chemotherapy 
[50]. A summary of fitness tools is provided in Table 2.

4.2. Geriatric assessment tools

Geriatric assessment tools aim at evaluating health status in 
older patients and typically include multiple domains, such as 
cognition, depression, functional and nutritional status, frailty, 
and mental health [59]. Many studies have documented that 
geriatric assessment can predict tolerability of chemotherapy, 
treatment discontinuations, therapy-related hospitalizations, 
and survival in the geriatric oncology population [59]. As an 
example, in a study by Klepin et al. in a cohort of 74 con-
secutive patients with AML aged >60 years, they found that 
poor cognitive function and low physical performance were 
able to predict shorter OS [60]. In another retrospective study 
in 195 patients aged >60 years with newly diagnosed AML or 
myelodysplastic syndrome, the value of geriatric and quality- 
of-life assessment was investigated [61]. The authors identified 
a Karnofsky index below 80%, European Organization for 
Research and Treatment of Cancer Quality-of-Life 
Questionnaire score for fatigue ≥50, and impairments in activ-
ities of daily living as the strongest prognostic factors, 
together with the well-known bone marrow blasts count and 
cytogenetics. Unfitness criteria for HMA therapy were also 
identified using these parameters. However, the score devel-
oped by Klepin et al. is generally considered to be time-con-
suming [50].
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4.3. Tools for allogeneic hematopoietic stem cell 
transplantation

In daily practice, allogeneic hematopoietic stem cell transplan-
tation (allo-HSCT) is being increasingly applied, although it is 
associated with considerable morbidity and mortality, espe-
cially in the elderly [50]. The HCT-CI can be used to predict 
non-relapse mortality in patients undergoing allo-HSCT, 
although it does not correlate well with outcomes in the 
elderly [43]. The EBMT score uses age, disease status, time 
passed from diagnosis to transplant, as well as the donor 
recipient sex combination and type to help select candidates 
for HSCT [62]. In 2021, a study from Japan reported that age, 
sex, ECOG, HCT-CI, and donor type were associated with non- 
relapse mortality, forming the NRM-J index [63]. The NRM-J 
was significantly more accurate than the EBMT score in pre-
dicting non-relapse mortality after allo-HCST and thus may 
potentially be of value in treatment-decision making following 
allo-HCST. Other authors have pointed out that frailty may be 
associated with adverse outcomes after allo-HCST [64]. While 
age itself should not be used as a criterion to determine 
eligibility for allo-HCST, multidimensional geriatric assessment 
with the Fondazione Italiana Linfomi (FIL) score has been 
reported to add useful prognostic information [65].

4.4. SIE/SIES/GITMO consensus criteria

In 2013, Ferrara et al. published a definition of unfitness for 
intensive and non-intensive chemotherapy in patients with 
AML that was developed using a Delphi consensus-based 
process involving a panel of Italian hematologists under the 
auspices of the Italian Society of Hematology (SIE), Italian 
Society of Experimental Hematology (SIES), and Italian 
Group for Bone Marrow Transplantation (GITMO) [66]. The 
process took into consideration that therapies interfering 
with age-related frailty, producing organ intolerance, and 
potentially reducing life expectancy owing to comorbidities, 
should be avoided. According to the ‘Ferrara criteria,’ unfit-
ness to intensive chemotherapy requires the fulfillment of 1 
of 9 conditions and unfitness for non-intensive chemother-
apy requires at least 1 of 6 conceptual criteria (Table 3). The 
panel further identified 15 operational criteria to define 
unfitness to intensive chemotherapy and unfitness to non- 
intensive chemotherapy (Table 4). The consensus-based 
definitions thus provided definitions of unfitness for inten-
sive and non-intensive chemotherapy in patients with AML 
linking for the first time the presence of a set of geriatric 
and comorbidity parameters to a specific treatment choice. 
Overall, the SIE/SIES/GITMO Consensus Criteria are easily 

Table 2. Different models and scores to assess patients’ fitness and eligibility for intensive chemotherapy* [50].

Score
No.  of 
patients Score variables Specificities

Early mortality and survival predictive models
Malfuson et al. 

(2008) [52]
416 Age, WBC, PS, cytogenetic risk Predictive of mortality or survival, not proper fitness scores, therapy- 

specific, inclusive of disease features
Wheatley et al. 

(2009) [53]
2483 Age, WBC, PS, cytogenetic risk, type of leukemia (de 

novo vs. secondary)
Kantarjian et al. 

(2010) [47]
446 Age, PS, cytogenetic risk, creatinine

Krug et al. – AML 
Score (2010) 
[54]

1406 Age, body temperature, Hb, 
platelet count, fibrinogen, type of 
leukemia (de novo vs. secondary)

Walter et al. – 
TRM Score 
(2011) [55]

3365 Age, PS, platelet count, WBC, peripheral blood blast 
percentage, albumin, creatinine, type of leukemia (de 
novo vs. secondary)

Geriatric assessment scores
Soubeyran et al. 

– G8 Score 
(2008) [56] 
Soubeyran et 
al. (2011) [57]

364, 
1668

Seven Mini Nutritional 
Assessment (MNA) items (appetite, weight loss, 
motricity, BMI, cognition and depression, self-related 
health, medications), age

Quick and easy to apply, generalizability for cancer patients

Deschler et al. 
(2013) [61]

195 PS (Karnofsky index), activities of daily living (ADL) and 
QoL/fatigue

Time consuming

Klepin et al. 
(2013) [60]

74 Cognition, psychological function, physical function, 
comorbidity

Sherman et al. 
(2013) [58]

101 Comorbidity, physical function, pain

Comorbidity and organ function scores
Sorror et al. – 

HCT-CI Score 
(2005) [43]

1055 (+ 
347)

Comorbidities Originally developed to assess eligibility for HCT

Sorror et al. – 
AML 
Composite 
Model 
(2017) [51]

733 (+ 
367)

Age, augmented HCT-CI and 
cytogenetic/molecular risks

Inclusive of disease features, possibly able to identify patients who do 
not benefit from intensive chemotherapy

Ferrara et al. 
(2013) [66]; 
Borlenghi et al. 
(2021) [69]

699 Age, PS, comorbidities (cardiac, pulmonary, renal, hepatic, 
infections, mental illness, uncontrolled neoplasia)

Easily and widely applicable, not inclusive of disease features, able to 
predict benefit from more or less intensive treatments in different 
fitness groups (fit/unfit/frail patients)

Abbreviations. BMI, body mass index; Hb, hemoglobin; HCT, hematopoietic cell transplantation; PS, performance status; QoL, quality of life; WBC, white blood cells. 
*Adapted from Urbino I. et al. Cancers 2021, 13, 5075. https://doi.org/10.3390/cancers13205075 
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and widely applicable, and able to predict benefit from 
more or less intensive treatments in different fitness groups 
(fit/unfit/frail patients) [50].

Since its publication in 2013, the Ferrara criteria have 
entered clinical practice in Italy and several studies have 
been conducted to validate their usefulness. Overall, these 
studies have shown good correlation between proposed cri-
teria and short-term mortality and, thus, expected outcomes 
with intensive chemotherapy (Table 5).

In a retrospective analysis by Palmieri et al., the Ferrara 
criteria were applied to 180 consecutive patients with AML 
(125 patients >60 years old; 55 patients <60 years old; median 
age, 66 years) treated in a single-institution setting [67]. 
Interestingly, the risk stratification did not differ between the 
two groups of patients (younger vs older), confirming that risk 
distribution cannot be simply an age-related factor. A high 
degree of concordance was observed between these ‘opera-
tional criteria’ and outcomes, with an overall survival of 
15.3 months, 8.6 months, and 1 month for fit, unfit, and frail 
patients, respectively.

In 2020, Palmieri et al. used the Ferrara criteria to retro-
spectively evaluate the fitness of 655 adults who underwent 
intensive chemotherapy for AML in a US institution [68] to 
determine the accuracy of this assessment in predicting early 
mortality and survival. In their experience, the criteria had 
from good to very good accuracy in predicting 28-day and 
100-day mortality, superior to that observed with the treat-
ment-related mortality score, and further improved with other 
factors, such as albumin or performance status. Also, in this 
evaluation, the authors concluded that the Ferrara criteria, 
together with molecular/genetic data, may serve as a basis 
for informed decision-making in patients with AML, particu-
larly those with older age and with comorbidities [68].

In a paper by Borlenghi et al., the criteria were retrospec-
tively applied to a large population of 699 consecutive 
patients with AML, treated in 8 hematologic institutions, to 
validate their usefulness in the clinical setting [69]. The criteria 
were easily applicable to 98% of patients, and fitness indepen-
dently predicted survival, as confirmed by multivariate analy-
sis. The authors concluded that these easy-to-apply criteria, 
combined with biological risk evaluation, could represent a 
valid tool to tailor the intensity of available treatments for 
different patients with AML.

Borlenghi and colleagues also investigated the integration 
of ELN risk categories and Ferrara criteria to identify potential 
subgroups with different prognoses and guide treatment deci-
sion in patients with secondary AML because they represent a 
heterogeneous group of patients. In a retrospective analysis of 
280 consecutive patients with secondary AML aged >64 years 
and diagnosed from 2008 to 2015, median OS survival was 
10.1 months in fit patients versus 4.2 and 1.8 in unfit and frail 
patients, respectively [70]. Fitness evaluation was therefore 
shown to predict the outcomes of patients, and the authors 
concluded that, in addition to age, fitness evaluation should 
be mandatory in older patients with AML.

5. Conclusions

As overviewed herein, for comprehensive assessment of fit-
ness a number of parameters should be assessed in addition 
to age, including comorbidities and performance status. To 
help clinicians, several fitness and assessment tools can be 
used. The SIE/SIES/GITMO Consensus Criteria appear to be of 
substantial value when personalizing therapy, and a number 
of studies have shown that they can accurately predict 
expected outcomes, and thus stratify patients by level of 
fitness. Moreover, these consensus criteria are easy to apply 
in routine practice. More widespread use of them could help 

Table 3. Conceptual criteria used to define patients not fit for conventional 
intensive chemotherapy and non-intensive therapies in AML [66].

Conceptual criteria defining patients not fit for conventional intensive 
chemotherapy*

● Advanced age (i.e. >75 years)
● Severe cardiac comorbidity
● Severe pulmonary comorbidity
● Severe renal comorbidity
● Severe hepatic comorbidity
● Active infection resistant to anti-infective therapy
● Cognitive impairment
● Low performance status (ECOG functional scale)
● Any other comorbidity that the physician judges to be incompatible with 

chemotherapy

Conceptual criteria defining patients not fit for non-intensive chemotherapy
● Very severe cardiac comorbidity
● Severe pulmonary comorbidity
● Severe hepatic comorbidity
● Active infection resistant to anti-infective therapy
● Cognitive impairment
● Uncontrolled neoplasia

*Only 1 of the criteria needs to be met by the patient to be defined as not fit. 
AML, acute myeloid leukemia; ECOG, Eastern Cooperative Oncology Group. 

Table 4. Operational criteria used to define patients not fit for conventional 
intensive chemotherapy and non-intensive therapies in AML [66].

Operational criteria defining patients not fit for intensive chemotherapy
● Age >75 years
● Congestive heart failure or documented cardiomyopathy with an EF ≤50%
● Documented pulmonary disease with DLCO ≤65% or FEV1 ≤ 65%, or dyspnea 

at rest or requiring oxygen, or any pleural neoplasm or uncontrolled lung 
neoplasm

● On dialysis and age >60 years or uncontrolled renal carcinoma
● Liver cirrhosis Child B or C, or documented liver disease with marked elevation 

of transaminases (>3 times normal values) and age >60 years, or any biliary 
tree carcinoma or uncontrolled liver carcinoma or acute viral hepatitis

● Active infection resistant to anti-infective therapy
● Current mental illness requiring psychiatric hospitalization, institutionalization, 

or intensive outpatient management, or current cognitive status that pro-
duces dependence (as confirmed by the specialist) not controlled by the 
caregiver

● ECOG performance status ≥3 not related to leukemia
● Any other comorbidity that the physician judges to be incompatible with 

conventional intensive chemotherapy

Operational criteria defining patients not fit for non-intensive chemotherapy
● Refractory congestive heart failure
● Documented pulmonary disease with DLCO ≤65% or FEV1 ≤ 65%, or dyspnea 

at rest or requiring oxygen, or any pleural neoplasm or uncontrolled lung 
neoplasm

● Liver cirrhosis Child B or C or acute viral hepatitis
● Active infection resistant to anti-infective therapy
● Current mental illness requiring psychiatric hospitalization, institutionalization, 

or intensive outpatient management, or current cognitive status that pro-
duces dependence (as confirmed by the specialist) not controlled by the 
caregiver

● Uncontrolled neoplasia

AML, acute myeloid leukemia; DLCO, diffusing capacity of the lungs for carbon 
monoxide; ECOG, Eastern Cooperative Oncology Group; EF, ejection fraction; 
FEV1, forced expiratory volume in 1 second. 
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not only to harmonize therapy in daily practice but also to 
reduce the variability in criteria used in clinical trials.

6. Expert opinion

Following decades of humble improvement in management 
of AML, new treatment options and treatment regimens are 
now available that may potentially improve outcomes. 
Assessment of fitness should thus be mandatory at diagno-
sis in order to tailor treatment as much as possible, taking 
into consideration the patient’s individual profile and 
desires so that the best therapeutic option can be offered. 
This is especially relevant when considering new, less toxic 
therapeutic regimens, which have shown promising results 
in older or unfit patients with AML [45]. In addition to 
patient-related factors, traditional prognostic factors, such 
as percentage of blasts and cytogenetic and molecular 
aberrations, should also be taken in consideration [19]. The 
Ferrara criteria have been demonstrated to facilitate the 
choice of the most appropriate treatment regimen in older 
patients with AML. This easy-to-apply tool is thus of signifi-
cant benefit not only in daily practice but also in clinical 
trials, where it may allow for greater harmonization of fit-
ness definition. However, it should be pointed out that 
these criteria have not been validated in a prospective 
study and only retrospective analyses are available. There 
is thus an urgent need for prospective data that would 
provide additional confirmation of the utility of these cri-
teria in routine practice. Moreover, the Ferrara criteria do 
not include disease features, and direct comparisons versus 
other scores are lacking.

To further illustrate the complexity of proper evaluation 
of fitness, it should be noted that, despite being related to 
both age and comorbidities, performance status in itself 
cannot be considered an accurate predictor of overall fit-
ness for therapy, although it serves an important role in 
tailoring therapeutic options [40,41]. The performance status 
of patients with AML may consistently improve after ade-
quate supportive measures, and it is therefore important to 
discriminate poor AML-dependent performance status.

Geriatric assessment can help identify impairments that 
may go otherwise undetected in routine evaluation [59] but, 
unfortunately, at present, there is no consensus on which 
geriatric assessment should be used or in which patients. 
Moreover, their applicability in daily clinical practice seems 
to be difficult. However, the field is moving rapidly, and 
very recent contributions have revitalized this area of 
study [71]. In this regard, the field has been moved forward 
by identifying reproducible tools to characterize fitness for 
intensive therapy that can be used in clinical trials and at 
the bedside to guide treatment decisions [72].

To further complicate the therapeutic decision, patients 
with comorbidities are often excluded from clinical trials, 
which limits the possibility to make evidence-based treatment 
decisions. The availability of newer and better-tolerated thera-
pies has led some authors to propose that the simplistic view 

of fit and unfit may not be applied in all clinical situations [73]. 
In this regard, it has been noted that, although the Ferrara et 
al. consensus criteria can be useful for determining unfitness 
for intensive induction chemotherapy, functional and genomic 
biomarkers not included in the criteria are being increasingly 
used to guide treatment choice, given the growing number of 
effective therapeutic options [74]. Currently, fitness assess-
ment seems to be fundamental part of AML management, 
aimed at the selection of the best therapeutic option while 
keeping in mind the need to achieve a balance between 
efficacy of therapy, treatment toxicity, and quality of life 
[75,76]. Thus, assessment of fitness should be viewed as a 
critical step that can potentially influence outcomes and not 
just predict them [77].
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