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Subtype % Blood 
Myeloblasts

Bone
Marrow
Myeloblasts

Average
Survival

AML
progression

RA 25% <1% <5% 32 
months

15%

RARS 15% <1% <5% 76 
months

5%

RAEB 35% <5% 5%-20% 10 
months

40%

RAEB-t 10% 5%-30% 20%-30% 5 
months

50%

CMML 15% <5% <20% 22 
months

35%

FAB CLASSIFICATION OF MYELODYSPLASTIC SYNDROME



Peter Greenberg et al. Blood 1997;89:2079-2088

Bone marrow blast cells >20% 

WHO 2008 AML CLASSIFICATION 



WHO 2008 Classification

CB 20-30%
Secondary to previous MDS or MPN
Multilineage dysplasia
Specific MDS-related cytogenetic abnormality



INCIDENCE OF AML INCREASES WITH AGE

AML is predominantly a disease of older patients with a slight prevalence in males; 

the majority of cases occur in patients ≥65 years of age
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1. Cancer Research UK. Leukaemia incidence statistics. Available at: http://www.cancerresearchuk.org/ cancer-

info/cancerstats/types/leukaemia/incidence/uk-leukaemia-incidence-statistics

http://www.cancerresearchuk.org/


Advanced age is a poor prognostic factor in 
patients with AML

Age at diagnosis1,2
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1. Klepin HD, et al. Oncologist 2009;14:222–32
2. National Cancer Institute. SEER Cancer Statistics Review 1975–2005



Age is associated with poor prognosis in 
patients with AML

Presentation

Younger patients Older patients

• Better performance scores

• Less comorbidities

• More likely to have 
favourable cytogenetics

• Poorer performance scores

• More comorbidities

• More likely to have 
unfavourable cytogenetics

Appelbaum FR, et al. Blood 2006;107:3481–5 



A high ECOG PS is a poor prognosis factor in 
patients with AML 

Retrospective analysis of 599 patients with newly diagnosed AML 
treated with IC between 2000–2009

ECOG=0 ECOG=1 ECOG=2 ECOG=3/4

p=0.0001

Bertoli S, et al. Blood 2013;121:2618–26



Proportions of patients with HCT-CI 
scores of 0, 1‒2, or 3

HCT-CI is a composite scoring system for 
comorbidities; a higher score indicates more 

severe and/or a higher number of 
comorbidities2

Cardiac 
(41%)

Infectious 
(24%)

Diabetes-related 
(16%)

Hepatic 
(18%)

Pulmonary 
(14%)

Obesity-related 
(11%)

CVA-related 
(6%)

Peptic ulcer 
(5%)

The most common comorbidities in 
older patients with AML

Analysis of 177 patients with AML >60 years old

1. Giles FJ, et al. Br J Haematol 2007;136:624–7
2. Sorror ML, et al. Blood 2005;106:2912–9 

CVA = cerebrovascular accident
HCT-CI = Hematopoietic Cell Transplantation-Comorbidity Index



A high comorbidity burden is a poor prognosis 
factor in patients with AML

p=0.04

HCT-CI score was predictive of OS in older patients with AML treated with IC

OS of patients with HCT-CI 
scores of 0, 1–2, or 3

Giles FJ, et al. Br J Haematol 2007;136:624–7



The incidence of poor risk cytogenetics 
increases with age

Age, years

Pa
ti

en
ts

, %

Retrospective analysis of 968 patients with AML1

1. Appelbaum FR, et al. Blood 2006;107:3481‒5
2. Slovak ML, et al. Blood 2000;96:4075–83

*The cytogenetic scoring system used was devised by the SWOG/ECOG 
intergroup study, E3489/S90342



Mediterr J Hematol Infect Dis 2013; 5: Open Journal System  
 

Table 1. Cytogenetic abnormalities sufficient for diagnosis of 

AML-MRC. 
Complex 

karyotype*  

Unbalanced 

abnormalities 

Balanced 

abnormalities 

 -7 or del(7q) t(11;16)(q23;p13.3) ** 

 -5 or del (5q) t(3;21)(q26.2;q22.1) ** 

 i(17q) or t(17p) t(1;3)(p36.3;q21.1) 

 -13 or del(13q) t(2;11)(p21;q23) ** 

 del(11q) t(5;12)(q33;p12) 

 del(12p) or t(12p) t(5;7)(q33;q11.2) 

 del(9q) t(5;17)(q33;p13) 

 idic(X)(q13) t(5;10)(q33;q21) 

  t(3;5)(q25;q34) 

* Three or more unrelated abnormalities, none of which are 

included   in   the   “AML   with   recurrent   genetic   abnormalities”  

subgroup; such cases should be categorized in the appropriate 

cytogenetic group. 

**  Abnormalities   that  most  commonly  occur   in   “therapy-related 

AML”:   the   latter   should   be   excluded   before   using   such  

abnormalities as evidence for diagnosis of AML with 

myelodysplasia-related changes. 

 

leads to the hypothesis that epigenetic deregulation 

might be implicated in their pathogenesis. A series of 

single locus studies have demonstrated that several 

genes are silenced in association with the methylation 

of their promoter. These include genes participating 

into cell-cycle regulation, apoptosis, adhesion and 

motility, and other pathways. Among these, CDKN2B 

(p15) hypermethylation is frequently found in RAEB-t 

or AML supervening after MDS
18-19

 and is associated 

with old age, deletions of 5q and 7q, and a poor 

prognosis.20 Such a hypermethylation was calculated in 

rates from 0 % in low-risk MDS, to 30 % in high-risk 

MDS, up to 75 % in AML transformed from MDS.
19

 

Recent advances in technologies such as high-

resolution single nucleotide polymorphism (SNP) array 

and next-generation sequencing have led to the 

identification of somatic mutations in epigenetic as 

well as post-translational histone modifications 

regulators.
21-22

 Somatic mutations affect genes that 

encode proteins regulating DNA cytosine methylation, 

hydroxymethylation and demethylation. DNA 

methyltransferase 3A (DNMT3A) mutation is thought 

to promote gene hypomethylation but it is not yet 

known which genes are altered. Its frequency in AML 

is approximately 12-22% and is associated with poor 

prognosis. Mutations in Tet methilcytosine 

deoxygenate 2 (TET2) alter conversion of 5 

methylcytosine (5-mC) to 5-OH-methylcytosine (5-

hmC), an intermediate event producing gene 

demethylation. In AML, it occurs at an estimated 

frequency of 7-23% and it is associated with poorer 

prognosis in patients with favorable cytogenetics or 

cytogenetically normal AML (CN-AML). Mutations in 

isocitrate dehydrogenase 1/2 (IDH1/2), result in a 

neomorphic, 2-hydroxyglutarate-driven enzymatic 

activity which serves as a competitive inhibitor of TET 

family of enzymes. Studies of a large cohort of AML 

patients demonstrated that IDH mutations frequency is 

15-33% and that IDH and TET2 mutations are 

mutually exclusive. Yet, results on prognostic effects in 

AML are divergent. 

Post-translational histone modifications cause 

mutations in histone-modifying enzymes. Enhancer of 

Zeste Homolog-2 (EZH2) is the main member of 

Polycomb group (PcG) proteins which are 

transcriptional repressors regulating cell differentiation. 

Mutations of EZH2 are rare in AML and are associated 

with a worse OS in MDS. It is unclear whether 

mutations of Addition of Sex Combs-like 1 (ASXL1) 

confer a loss or a gain of function. It has recently been 

suggested that ASXL1 loss of function results in 

disarrangement of the transcriptionally repressive 

H3K27 thrymethylation with consequent increase of 

HOXA gene expression. ASXL1 mutations frequency 

is approximately 5% in AML and it is associated with 

poor prognosis. Finally, Mixed-Lineage Leukemia 

(MLL) is a member of a multiprotein complex that 

mediates the methylation of H3K4 within the promoter 

region of genes. MLL can be affected by mutations that 

result in partial tandem replication (PTD) which in turn 

can boost the levels of H3K4me3 at the level of target 

genes. MLL-PTD frequency is 4-7% and is associated 

with poor prognosis in AML and CN-AML. MLL is 

also involved in translocations at the locus (11q23); 

such alterations are frequent in infant leukemia and 

therapy-related AML (frequency 10-15%). This 

translocation is frequently linked with acquisition of 

H3K79 methyltransferase activity. 

 
Comorbidites and Treatment Choice in Elderly 
Patients with AML. Although patients aged   ≥   60  

years are prone to experience greater treatment related 

toxicity than younger subjects and, therefore, to have a 

shorter overall survival as a consequence of such 

toxicity, there is evidence that selected older adults can 

benefit from intensive chemotherapy delivery. Based 

on this, it became clear that age alone may be an 

inadequate  measure  of  patients’  eligibility  to  intensive  

treatments, whereas Karnofsky and ECOG PS scales 

are subjective and may lack sensitivity in capturing 

meaningful impairments in physical functions.
23

 Based 

on this, multidimensional geriatric assessments have 

been developed by interrogating host-specific clinical 

characteristics such as cognitive, physical and 

psychological function with the aim to predict 

vulnerability to chemotherapy. Such an approach, more 

reliably than PS scales, allows for those who should be 

addressed to alternative strategies (e.g. 

hypomethylating agents) to be identified. An 

exploratory experience demonstrated a clear-cut 

Maurillo L et al, Med J of Hemat 2013



Take home messages (I)

• Performance Status 

• Comorbidities evaluation

• Cytogenetics and molecular biology assessment

…..which therapy? Which aim?

Age-specific assessment is required when evaluating therapies for AML



• Conventional Chemotherapy

• Hypomethylating Agents (5 Azacitidine, Decitabine)

• Investigational Drugs 

Improvement of quality of life (and survival)

Disease eradication ???



Conventional Chemotherapy
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Table 2: Intensive regimens for elderly AML 

Study 
Age 

(range) 
N° Induction and post-remission CR ED OS 

HOVON-

SAKK31 

67 

(60-83) 
813 

INDUCTION 

ARAc 200 mg/m2 + DNR (45 mg/m2 

vs. 90 mg/m2) x 3 days 

ARAc 1g/m2 q 12 h x 6 days 
POSTREMISSION 

Allogeneic SCT or GO or no 

treatment 

P=0.002 

54% vs 64% 

 

 

P = NS 

12% 

vs 

11% 

 

 

 

30% 

(2-yrs) 

ALFA-980132 
60 

(50-70) 
478 

INDUCTION 

DNR 80 mg/m2x 3d vs IDA 12 mg/m2 

x3d vs IDA 12 mg/m2 x 4d +ARAc 

200 mg/m2x 7 days 
POSTREMISSION 

ARAc 1 g/m2 q 12 h x 4d + induction 

anthracycline x 2d 

P = NS 

70% vs 83% vs 78% 

P = NS 

8% vs 

3% vs 

6% 

38% 

(2-yrs) 

ALFA-980342 
72 

(65-85) 
429 

INDUCTION 

DNR 45 mg/m2 x 4d or 

IDA 9 mg/m2 x 4d + 

ARAc 200 mg/m2x 7 days 

POSTREMISSION 

ARAc 1 g/m2 q 12 h x 5d + induction 

anthracycline x1d for 6 months vs 

ARAc 200 mg/m2 x 7d + 

anthracycline x 4d 

57% 10% 27% 

AML HD9843 
65 

(61-78) 
329 

INDUCTION 

ICE 2 cycles +- ATRA 
POSTREMISSION 

HAM 1 cycle 

Random 

IEiv 1 cycle or 1-year oral 

maintenance therapy IEpo 

46% - 
24% 

(4-yrs) 

AML1433 
67 

(44-88) 
1273 

INDUCTION 

DAT x 2 courses +- PSC833 
POSTREMISSION 

Random: MIDAC ± ICE 

54% 18% 
13% 

(5-yrs) 

Abbreviations: CR = complete remission; ED = early death; OS = overall survival; ARAc = cytosine arabinoside; DNR = daunorubicine; 

SCT = stem cell transplantation; GO = gemtuzumab ozogamicin; IDA = idarubicine;  ICE = (idarubicin 12 mg/m2 i.v. days 1 and 3, 

cytarabine 100 mg/m2 cont. i.v. days 1–5, etoposide 100 mg i.v. days 1 and 3);  HAM = cytarabine 0.5 g/m2/12 h i.v., days 1–3; mitoxantrone 

10 mg/m2 i.v., days 2 and 3;  IEiv = idarubicin 12 mg/m2 i.v. days 1 and 3, etoposide 100 mg/ m2 i.v. days 1–5; IEpo = idarubicin 5mg p.o. 

days 1, 4, 7, 10, 13; etoposide 100mg p.o. days 1 and 13; repeated on day 29 for 12 courses;  DAT = Daunorubicin 50 or 35 mg/m2 IV days 

1, 2, 3 IV, Cytosine Arabinoside 100 or 200 mg/m2 IV 12-hourly on day 1–10, Thioguanine 100 mg/m2 oral 12-hourly days 1–10; MIDAC 

= Mitoxantrone 8 mg/m2 IV on days 1, 2 and 3 Cytosine Arabinoside 500 mg/m2 by 2-h infusion 12-hourly, days 1, 2 and 3. 

 

inhibition, even if occurring, was not enough profound 

to overcome drug resistance. Clofarabine, 

administration of which is approved for patients with 

acute lymphoblastic leukemia, has recently been tested 

in patients with relapsed or refractory AML, as well as 

in elderly patients with previously untreated AML.
35-36

 

As a single agent, Clofarabine 30 mg/m
2
 for 5 days, 

was challenged in 2 clinical trials (UWCM001 and 

BIOV-121) which enrolled an overall number of 106 

elderly patients. Overall response rate (ORR) was 48% 

with an early death rate of 18%. In either the studies, 

the authors observed that in patients with adverse risk 

cytogenetic, who accounted for approximately one 

third of the whole population, ORR was similar to the 

other cytogenetic risk group. Clofarabine was also 

tested in combination with other drugs, especially 

ARAc and hypomethylating agents.
37

 Clofarabine 20 

mg/m
2
 for 5 days and subcutaneous ARAc 20 mg twice 

daily for 10 days achieved an encouraging response 

rate of 66%. Median OS and relapse free survival 

(RFS) was 12.7 and 14.1 months, respectively, median 

OS of responding patients was 24.2 months and 

induction mortality low (7% at 8 weeks) with 

manageable toxicities. Upcoming randomized phase 3 

trials will compare clofarabine and standard induction 

therapy in elderly patients with AML. The postulated 

activity in poor prognostic groups such as those of 

patients with adverse cytogenetic makes this drug 

particularly attractive for the management of patients 

with low BM blast count, therefore post-hoc analysis of 

this category will be very welcome once the above 

mentioned protocols are closed. 

Post-remission therapy. Once CR is achieved, there is 

no consensus about intensity and duration of post-

consolidation treatment. This topic has never been 

addressed in prospective randomized trials; however 

Maurillo L et al, Med J of Hemat 2013

CR rate: 46-57%

OS @ 2 years: <25%



Reference
Median age, 
years (range)

CR rate, %
Median OS, 

months
Early death* 

rate, %
Relapse rate, 

%

Older patients

Farag SS, et al. 
Blood 2006;108:63–73

68 (60–86) 25 – 25 90

Fröhling S, et al. 
Blood 2006;108:3280–8

67 (61–84) 10 3.1 28 100

Schoch C, et al. 
Br J Haematol 2001;112:118–26

68 (60–81) 44 8.0 18 90

Van der Holt B, et al. 
Br J Haematol 2007;136:96–105

67 (60–78) 39 5.0 – 79

Clinical outcomes of patients with CK (≥3 abnormalities)

Mrózek K. Semin Oncol 2008;35:365–77

*Includes hypoplastic death
CR = complete remission



Azacitidine approved in EU
• Int-2-/High-risk MDS (IPSS)
• CMML with 10–29% bone marrow blasts without myeloproliferative 

disease

• World Health Organization-classified AML with 20–30% blasts and 
multilineage dysplasia 

• not eligible for allogeneic stem cell transplantation

Standard dosing
• 75 mg/m2/day SC; 7 days of each 28-day treatment cycle
• minimum 6 cycles
• continue treatment as long as patient continues to benefit or until 

disease progression

Adapted from Vidaza SmPC EU, 2016.



1. Hollenbach PW, et al. PLoS One 2010;5:1–10; 2. Schaefer M, et al. Cancer Res 2009;69:8127–32; 3. Santos FP, et al. Expert Rev Anticancer Ther 
2010;10:9–22; 4. Paul TA, et al. Blood 2010;115:3098–108; 5. Kuo HK, et al. Cancer Res 2007;67:8248–54

azacitidine not only acts on blasts when DNA replication
is ongoing, but also during all other phases of the cell cycle

Azacitidine

DNA1

Gradual hypomethylation as cells 
replicate, reexpression of tumour 

suppression genes1–3

DNA damage by 
DNMT-DNA adducts, cell cycle 

arrest, DNA-mediated cytotoxity1-5

RNA1

Direct inhibition of ribosomal 
activity/protein synthesis1

RNA-mediated metabolic 
cytotoxicity independent 

of cell cycle phase1-4



5 Azacitidine: results
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subcutaneous (sc) azacitidine in patients with FAB-

defined MDS.
58

 The following phase III trial (CALGB 

9221) compared sc azacitidine with supportive care in 

patients with MDS diagnosed according to the FAB 

classification criteria.
59

 Overall, 309 patients were 

included in the 3 studies; 268 were treated with 

azacitidine (220 received sc azacitidine at the dose of 

75 mg/m
2
 daily for 7 consecutive days) and 

approximately  60%  of   them  were  ≥  65  years  old.  When  

WHO criteria were applied, 103 patients were re-

classified as AML: 25 in CALGB 8421, 26 in CALGB 

8921, 52 in CALGB 9221 (27 in the azacitidine arm, 

25 in the supportive care arm, 13 of whom were treated 

with azacitidine after the observation phase), for a total 

of 91 patients treated with azacitidine. By using the 

“International   Working   Group”   (IWG)   response  

criteria for MDS,
60

 among the 91 patients treated with 

azacitidine the ORR (CR + partial remission + 

haematological improvement) was 36% and the median 

duration of response 7.3 months (range, 2.2 to 25.9 

months). When the analysis was focused on the phase 

III trial CALGB 9221, the median OS of patients in the 

azacitidine arm was 19.3 months vs 12.9 months of 

those in the supportive care arm (Table 4). Although 

CR rate was lower (9%) than what expected with IC, 

the median OS of 19.3 months was comparable to that 

obtainable with chemotherapy, suggesting that 

azacitidine may alter the natural history of the disease 

regardless of the achievement of CR. Additionally, 

there was no increase of infections or haemorrhage in 

the azacitidine group beyond what expected for AML 

patients.
61

 

Because the survival advantage with azacitidine was 

established in patient subgroups (higher-risk patients) 

or after a landmark analysis to eliminate the 

confounding effect of the crossover design of the 

CALGB-9221 study, an additional trial was designed 

to confirm the OS benefit. The AZA-001 trial was an 

international, randomized, phase III study of 

azacitidine 75mg/m
2
/day for 7 days of each 28-day 

cycle, for at least 6 cycles, compared with the three 

most common conventional regimens (CCR) in Int-2 

and high-risk MDS; prior to randomization, 

investigators were required to preselect patients to the 

CCR considered most appropriate: the choice was 

between supportive care (BSC), low-dose ARAc 

(LDAC) 20 mg/m
2
 for 14 days every 28 days for at 

least 4 cycles, or IC consisting of an induction with 

ARAc 100–200 mg/m
2
/day for 7 days plus 3 days of 

DNR 45–60 mg/m
2
/day or IDA 9–12 mg/m

2
/day or 

mitoxantrone 8–12 mg/m
2
/day. 62 A total of 358 

patients were included in the study and 113 (30%) had 

a diagnosis of AML with trilineage dysplasia (Table 
4). Of these 113, 55 were assigned to the azacitidine 

arm and 58 to the CCR (27 BSC, 20 LDAC and 11 IC). 

Median age of those treated on azacitidine was 70 

years (range 52-80), median BM blast percentage was 

23% (range 20-34%), 69% and 25% of the patients had 

intermediate and adverse cytogenetic risk group, 

respectively. The CR rate in azacitidine, LDAC and IC 

arm was 18%, 15% and 55%, respectively. Median OS 

in the azacitidine and CCR groups was 24.5 and 16.0 

months, respectively (P=.004) and the 2-year OS rates 

were 50% and 16%, respectively (P=.001). When the 

analysis was broken down according to each CCR 

group, median OS was significantly superior in the 

azacitidine group versus BSC (19 vs 13 months, 

respectively, P=.03) but no survival advantage was 

found versus LDAC group (median overall survival 

24.5 vs 17.0 months, respectively) or IC group. Results 

from comparison of azacitidine versus IC should be 

considered with extreme caution because the IC group 

accounted only for 11 patients. The AZA-001 trial 

provided some evidence of azacitidine-associated 

benefits. In fact, azacitidine prolongs survival despite a 

lack of response; it is very well tolerated with nearly all 

adverse events occurring during the first two cycles of

 
Table 4. Summary of clinical trials examining azacitidine in monotherapy for untreated WHO-defined acute myeloid leukemia 

Study Patients (n) 
AML with 

20-30% 
blasts (n) 

Median Age 
(yrs) 

ORR (%) CR rate (%) 
2-year OS (% 
of patients) 

Median 
survival 
(months) 

Silverman 58,61 91 91 66 36 9 NA 19.3 

Fenaux 62 
Aza 55 

CCR 58 

Aza 55 

CCR 58 

70 

70 

NA 

NA 

 

18 

15 (LDAC), 

55 (IC) 

 

50 

16 

 

 

24.5 

16.0 

 

Seymour 64 
Aza 38 

CCR 49 

Aza 12 

CCR 18 

78 

77 

58 

39 

NA 

NA 

55 

15 

NR 

10.8 

Thepot 65 138 44 73 21 14 18 10.2 

Maurillo 69 82 16 77 48 19 13 9 

Abbreviations: ORR = overall response rate; CR = complete remission; OS = overall survival; Aza = azacitidine; CCR = common 

conventional regimens; LDAC = low dose cytarabine; IC = intensive chemotherapy; NA = not available; NR = not reached 

Maurillo L et al, Med J of Hemat 2013



AZA-001: baseline demographics of patients               
with AML 20–30% blasts

Azacitidine           
(n=55)

CCR     
(n=58)

Median age, years (range) 70 (52–80) 70 (50–83)

ECOG status, % 
0
1
2

29.1
63.6

7.3

37.9
58.6

0

Cytogenetics, % 
Intermediate

Normal
unfavourable

69.1
34.5
25.5

74.1
56.9

22.4

CCR = conventional care regimens

ECOG = Eastern Cooperative Oncology Group

WHO = World Health Organization

Fenaux P, et al. J Clin Oncol 2010;28:562–9



AZA-001: OS in patients with AML 20–30% blasts
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16%

OS = overall survival

Azacitidine significantly extended OS versus CCR 

50%

Fenaux P, et al. J Clin Oncol 2010;28:562–9



Management of AEs

AE Suggested action Suggested medication

Haematological1 • Monitoring

• Delay of next cycle

• Dose adjustment

• Prophylactic antibiotics

• Growth factor support

• Transfusions

Nausea, vomiting2 • Prevent prior to azacitidine • Anti-emetics

Diarrhoea2 • Symptomatically treat as it 
occurs

• Anti-diarrhoeals

Constipation2 • Symptomatically treat as it 
occurs

• Laxatives, stool softeners

Injection-site reactions2,3 • Check injection technique is 
appropriate

• Alleviate with medication

• Antihistamines

• Corticosteroids

• Analgesics

1. Vidaza [package insert]
2. Demakos EP, Linebaugh JA. Clin J Oncol Nurs 2005;9:417–23

3. Almeida A, Pierdomenico F. Leuk Res 2012;36:e211–3



Occurrence of AEs generally decreases over time
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Adapted from Santini V, et al. Poster presented at ASH 2008. Abstract 1653 



• Key endpoints

– Primary: overall survival

– Secondary: relapse-free survival, CR/CRi, safety and tolerability, healthcare 
resource utilization, HRQoL

QUAZAR Trial in AML Maintenance
CC-486-AML-001 Phase 3 Trial Schema1,2

1. http://www.clinicaltrials.gov/ct2/show/NCT01757535. 2. Celgene data on file



Take home messages (II)
• The choice of therapeutic approach in AML elderly patients 

requires a multidisciplinary evaluation

• Adverse cytogenetics induces a low rate of response to 
standard chemotherapy

• 5 Azacitidine is well tolerated and has a crucial role in the 
treatment of 20-30% AML patients

• The identification of new genetic alterations in AML patients 
will lead to the development of innovative compounds  with 
more “targeted” mechanisms of action



Thank you!


