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Treatment of older AML patients is clinically challenging due to a combination of more 

unfavorable disease characteristics and comorbidities. The hypomethylating agents (HMAs) 

azacitidine and decitabine comprise a new treatment strategy in addition to high- and low-

intensity conventional treatment modalities including best supportive care (BSC), cytarabine-

based intensive chemotherapy (IC), and allogeneic hematopoietic cell transplantation (allo-HCT). 

Previously, longer overall survival (OS) after treatment with HMAs versus BSC and comparable OS 

with HMAs versus IC has been observed by us and others in older AML patients in a daily clinical 

practice setting.
1,2

 Recently, the prospective randomized AZA-AML-001 trial revealed similar 

results in AML patients aged ≥65 years.
3
 However, the long-term outcome of HMAs in comparison 

with conventional care in unselected AML patients, is still unclear. A substantial number of older 

AML patients is treated with IC followed by allo-HCT whereas allo-HCT after HMAs is still rare, 

which might influence long-term survival. 

To evaluate the long-term outcome of treatment with HMAs versus conventional therapy, taking 

into account allo-HCT, we re-assessed our cohort of AML patients aged 60 years and older after 

inclusion of 326 consecutive patients. Patients were diagnosed between January 2002 and August 

2015 at the University Medical Center Groningen. Baseline characteristics are depicted in Table 1. 

Patients treated with HMAs were older, had better WHO performance scores, and had less 

frequently FLT3-ITD or NPM1 mutations compared to patients treated with IC. In addition, 

peripheral blood- and bone marrow analyses demonstrated lower blast counts, white blood cell 

(WBC) counts and lactate dehydrogenase (LDH) in patients treated with HMAs. BSC was 

associated with poor WHO performance scores, high WBC counts and high LDH compared to 

HMAs. After a median follow-up (as calculated with the reverse Kaplan-Meier method
4
) of 4.1 

years for the entire cohort and 2.4 years for patients treated with hypomethylating agents, 255 

(78%) deaths had occurred, including 40 (69%) deaths in the HMA group. Seventeen patients had 

acute promyelocytic leukemia (APL) and were excluded from comparisons of treatment outcome. 

HMA therapy was associated with improved survival compared to BSC as previously observed 

(median OS 13.3 versus 3.0 months, hazard ratio (HR) 0.33 (95% confidence interval (CI) 0.23-

0.48), p < 0.001)). To compare the OS of HMA patients with IC patients we used a time-dependent 

survival analysis that allowed patients to switch to the allo-HCT group at the time of allo-HCT. This 

method allowed us to compare HMAs with IC while correcting for the effect of allo-HCT, and to 

separately depict the survival of allo-HCT patients (Figure 1). Our time-dependent survival 

estimation showed that the median OS was similar in patients treated with HMAs (13.3 months) 

compared to IC (13.8 months; HR 1.13 (95% CI 0.76-1.66), p = 0.55). Of note, none of the patients 

survived beyond 40 months with HMAs in our cohort in contrast to IC. However, 14 HMA patients 

(including four with favorable genetic risk) were censored at the end of study and may have lived 

longer. Due to small numbers at risk after 36 months, no statistical or clinical significance could be 

assigned to the plateau of the IC curve. One- and 2-year OS rates were 55% and 43% with HMAs, 

54% and 33% with IC, and 14% and 3% with BSC. Within the patient group treated with HMAs, 

median OS with azacitidine was 13.2 months (95% CI 4.3-22.1). Due to the small number (N = 6)  
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Table 1. Baseline characteristics 

 AZA/DAC 

(N = 48/6) 

BSC 

(N = 114) 

IC 

(N = 101) 

Allo-HCT 

(N = 40) 

Age (years), median (min-max) 72 (60-83) 72 (60-95) 67 (60-74)* 64 (60-72)* 

≥ 70 38 (70%) 71 (62%) 17 (17%)* 3 (8%)* 

Male gender 33 (61%) 65 (57%) 55 (55%) 27 (68%) 

WHO performance score ≥ 2 15 (28%) 80 (71%)* 51 (51%)* 11 (28%) 

HCT-comorbidity index     

0 14 (26%) 31 (27%) 43 (43%) 25 (63%)* 

1-2 21 (39%) 36 (32%) 36 (36%) 3 (8%)* 

>2 19 (35%) 47 (41%) 22 (22%) 12 (30%) 

WHO diagnosis     

Recurrent genetic abnormalities 1 (2%) 0 (0%) 4 (4%) 0 (0%) 

Myelodysplasia-related changes  24 (44%) 45 (40%) 32 (32%) 13 (33%) 

Therapy-related changes 11 (20%) 19 (17%) 9 (9%) 6 (15%) 

Not otherwise specified 18 (33%) 48 (43%) 56 (55%)* 21 (53%) 

Diagnosis before 2009 0 (0%) 69 (61%)* 41 (41%)* 2 (5%) 

Prior MDS 9 (17%) 18 (16%) 17 (17%) 4 (10%) 

BM blasts (%), median (min-max) 32 (20-96) 44 (16-96) 55 (20-100)* 37 (21-99) 

>30% 31 (59%) 77 (72%) 77 (78%)* 25 (64%) 

PB blasts (%), median (min-max) 2 (0-92) 15 (0-96) 17 (0-95)* 10 (0-99) 

 ELN genetic risk group     

Favorable 5 (10%) 10 (11%) 16 (17%) 1 (3%) 

Intermediate I or II 24 (46%) 56 (61%) 55 (57%) 24 (60%) 

Adverse 23 (44%) 26 (28%) 26 (27%) 15 (38%) 

Monosomal karyotype 11 (21%) 17 (19%) 13 (14%) 4 (10%) 

NPM1 mutation 6 (11%) 7 (6%) 22 (22%)* 3 (8%)* 

NPM1 wild-type 41 (76%) 50 (44%) 56 (55%) 33 (83%) 

Missing  7 (13%) 57 (50%) 23 (23%) 4 (10%) 

FLT3-ITD 1 (2%) 11 (10%) 24 (24%)* 6 (15%)* 

FLT3 wild-type 43 (80%) 66 (58%) 68 (67%) 31 (78%) 

Missing 10 (19%) 37 (33%) 9 (9%) 3 (8%) 

WBC (>20 x109/L) 7 (13%) 33 (29%)* 32 (32%)* 8 (20%) 

Hb (mmol/L), median (min-max) 6.1 (3.0-9.6) 5.8 (3.9-8.9) 5.6 (2.5-9.0) 6.0 (4.4-9.3) 

Platelets (x109/L), median (min-max) 49 (6-304) 46 (2-353) 53 (7-404) 60 (13-477) 

LDH > ULN 24 (45%) 79 (71%)* 71 (70%)* 22 (56%) 

*p<0.05 compared to azacitidine/decitabine. AZA, azacitidine; DAC, decitabine; BSC, best supportive care only; IC, intensive 
chemotherapy; allo-HCT, allogeneic hematopoietic cell transplantation; HCT, hematopoietic cell transplantation; MDS, 
myelodysplastic syndromes; BM, bone marrow; PB, peripheral blood; ELN, European LeukemiaNet; WBC, white blood cell 
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count; LDH, lactate dehydrogenase; ULN, upper limit of normal. 

and short follow-up time of patients receiving decitabine, no separate analysis for decitabine 

could be conducted. Median OS in patients diagnosed with APL was 8.2 years.  

Fourty patients underwent allo-HCT after IC (N = 36), azacitidine (N = 2), or decitabine (N = 2). 

Four patients received allo-HCT in second remission. Allo-HCT was associated with younger age (p 

= 0.003) and lower HCT-comorbidity scores (p = 0.001) compared to IC or HMA without allo-HCT 

(Table 1). Cytogenetic risk was intermediate in 60% and adverse in 38% of the allo-HCT patients. 

After a median follow-up of 2.3 years, median OS of patients who underwent allo-HCT was 33.8 

months from transplantation and 39.6 months from diagnosis. Allo-HCT was associated with 

longer OS than HMAs (HR 0.63 (95% CI 0.35-1.15), p = 0.14) or IC without allo-HCT (HR 0.71 (95% 

CI 0.41-1.24), p = 0.23), although in our limited and retrospective cohort not statistically 

significant in time-dependent analysis. Favorable OS after allo-HCT in older AML patients was also 

observed in an observational study, in a large post-hoc analysis of four prospective HOVON/SAKK 

trials, and in a phase II prospective trial.
5-7

 In our cohort, causes of death in patients who 

underwent allo-HCT were relapse (N = 10), graft-versus-host disease (N = 2), infection (N = 2), 

graft failure (N = 1), and unknown (N = 1). 

Peripheral blood- and bone marrow  responses were more frequently observed with IC compared 

to HMAs. Overall response rates (complete remission (CR), CR with incomplete blood count 

recovery (CRi), partial remission (PR) and stable disease with hematologic improvement (HI)) were 

52% in HMA patients versus 78% in IC patients (p < 0.001). Specifically, CR, CRi, PR, or HI was 

observed in 29%, 3%, 9%, and 10% of HMA patients, respectively; and in 50%, 18%, 7%, and 3% of 

IC patients. A disparity between response and survival has been observed more often with HMAs, 

suggesting that new response criteria for HMAs may have to be considered.
8
 Median response 

duration was 24.3 months in HMA patients versus 20.1 months in IC patients (p = 0.66). Therapy-

associated mortality, as reflected by 4-week- and 8-week mortality rates, was not signifficantly 

different between HMAs (N = 2 (3%) and 7 (12%), respectively) and IC (N = 11 (8%) and 22 (16%), 

respectively; p = 0.26 and 0.49). 

Subgroup analyses revealed no significant differences in OS between patients treated with HMAs 

versus IC for patients with favorable, intermediate or adverse genetic risk scores; monosomal 

karyotype; WBC counts above or below 20 x10
9
/L; bone marrow blast counts above or below 30%; 

age above or below 70 years; low, intermediate, or high HCT-comorbidity index; therapy-related 

AML; or AML with myelodysplasia-related changes. Also responses to HMAs were observed across 

all subgroups, suggesting that HMAs might be considered in all subgroups of patients.  

Since allo-HCT is regarded as the only curative option in (older) AML patients
9
 and since upfront 

treatment with HMAs or IC may induce similar OS in older subgroups
10-12

, it would be interesting 

to explore the possibilities of azacitidine or decitabine as cytoreductive therapy before allo-HCT. A 

recent small prospective study reported favorable results of the addition of decitabine to a 

fludarabine/total body irradiation-conditioning regimen.
13

 In addition, induction of CD8+ T-cell 
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responses against epigenetically silenced tumor-associated antigens has been observed upon 

addition of decitabine, which may contribute to disease control post-transplant.
13-15

 Further, 

HMAs are associated with relatively mild side-effect profiles possibly allowing more older AML 

patients to stay in good physical condition to proceed with allo-HCT.
16

 In summary, our data 

suggests that HMAs and IC without allo-HCT induce similar OS in AML patients aged 60 years and 

older. To select the best treatment strategy for subgroups of older AML patients, our observations 

warrant further evaluation in prospective randomized trials. 

 

 

Figure 1. Overall survival by treatment strategy 

Survival curves were estimated by a time-dependent Cox regression analysis that allowed patients to switch 

from the HMA group (N = 4) or IC group (N = 36) to the allo-HCT group at the time of transplantation. Patients 

were at risk in the HMA or IC group before allo-HCT and at risk in the allo-HCT group from the day of allo-HCT. 

Therefore, the numbers at risk differ from Table 1. Median time to allo-HCT was 5.0 months (range 2.8-23.5 

months). Statistical analysis was performed in STATA 13.0 by splitting the allo-HCT cases in a time-before-

transplantation with censoring at allo-HCT and a time from allo-HCT until death or end of follow-up. The first 

patient received allo-HCT after 2.8 months; therefore the OS curve of the allo-HCT group starts at 2.8 months. 

BSC, best supportive care; HMA, hypomethylating agent; IC, intensive chemotherapy; allo-HCT, allogeneic 

hematopoietic cell transplantation. 
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