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Abstract
Induction therapy (IT) with anthracycline and cytarabine (DA) is, despite a new era with targeted therapies such as FLT-3- or IDH-1/2- inhibitors, still the backbone of 
treatment for acute myeloid leukemia (AML). In this retrospective study we investigated possible risk factors for induction failure (IF) in 109 AML-patients, who were 
consecutively treated between 2013 and 2018 at our institution. We evaluated all patients at diagnosis for CMV IgG-status, LDH-value, platelet count, blast count in bone 
marrow (BM), Sorror comorbidity score (range 0-6), age (>70 years), cytogenetic risk factors according to the ELN classification (favourable [n=15], intermediate [n=56], or 
high risk [n=38]), occurrence of biclonal AML detected by flow cytometry and extramedullary AML-manifestation. In 43 (39%) patients an IF was observed. 38 of these 
patients went on to received a salvage therapy with idarubicin and fludarabine (n=30) or directly to allotransplant (n=8), whereas 5 patients received only best supportive care. 
Only age >70-years (p=0.020, odds ratio [OR] 2.5), cytogenetic adverse risk classification (p=0.014; OR 3.21), Sorror comorbidity score of >2, (p=0.019, OR 2.72), and > 40% 
blasts in BM (p=0.004; OR 3.64), had influence on the occurrence of IF after DA. Patients with IF or adverse cytogenetics and without subsequent transplant had a worse 
prognosis (2-year OS for IF 19.4% + 16.8% versus 86.9% + 7.6%, p=0.0001). In multivariate analyses for OS only transplantation (HR 0.37; [95% CI 0.19-0.76], p=0.007) 
and blasts >40% in BM (HR 2.24, [95% CI 1.07 – 4.68], p= 0.032), but not IF were identified as independent risk factors.

Introduction
For more than 46 years the induction therapy with an anthracycline 

and cytarabine (DA) has remained worldwide the most frequently used 
regimen in patients with acute myeloid leukemia (AML) worldwide 
[1]. Although the regimen is effective in the induction of complete 
remission in AML in many of the cases, induction failure (IF) after 
DA still occurs frequently [1-3]. Some risk factors for IF have been 
identified already [2]. These include older age of patients and the 
detection of cytogenetic high-risk characteristics according to the 
European Leukemia Network (ELN) classification [3-6]. Generally, 
age over 60 years is considered to be a risk factor for IF and poorer 
outcome of AML [2]. Due to fact that the median age of onset of AML 
is over 70 years and significant improvements have been achieved in 
supportive care over the last decades, more and more elderly patients 
are treated in curative intention with intensive induction chemotherapy 
for AML and proceed to allogenic transplantation [7]. This could 
be a cause for an increased occurrence of IF after DA over the last 
years because advanced age is often accompanied by more adverse 
cytogenetics [3]. The identification of additional risk factors besides 
advanced age and unfavourable cytogenetics is of importance due to 
the fact that a reduced performance status and multiple comorbidities 
in older patients often prevent the application of additional courses of 
toxic salvage chemotherapies for refractory AML after DA was given. 
Consolidating allogenic SCT transplantation (alloSCT) has become 
an increasing option in this elderly patient population due to lower 
toxicity and therapy associated mortality of reduced conditioning 
regimes (RIC), thereby adding an effective component of AML therapy 
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in this elderly population, the Graft vs. leukemia effect (GvL). With 
alloSCT as a realistic option for consolidation therapy in elderly AML 
patients, new approaches in up-front induction chemotherapy could be 
beneficiary. New approved drug combinations like Vyxeos or targeted 
therapy combinations with Venetoclax and Azacitidine have shown 
feasible tolerability and promising efficacy in elderly AML patients, with 
a remarkable increase in patients proceeding to transplant, compared to 
other traditional anthracycline-free induction regimes.

So, the aim of this retrospective single centre study was first, to 
investigate risk factors for IF of standard chemotherapy with DA in 109 
patients with AML, who were consecutively treated between 2013 and 
2018 at our institution. Secondly, to analyse the impact of these risk 
factors on outcome of our AML-patients.

Patients and methods
Patient’s characteristics and eligibility. The study population 

encompasses 109 AML patients who were treated with one or two 
courses of induction therapies with 3 days of an anthracycline 

mailto:ahmet.elmaagacli@uni-due.de


Jehn CF (2019) Risk factors for induction failure of standard chemotherapy with anthracycline and cytarabine in Acute Myeloid Leukemia Patients

J Transl Sci, 2019         doi: 10.15761/JTS.1000365  Volume 6: 2-8

(eg, daunorubicin 45-60 mg/m2 or an alternative anthracycline at 
equivalent dose), and 7 days of cytarabine (100-200 mg/m2 continuous 
intravenously [7+3 DA]). This patient cohort was selected from a total 
of 122 AML-patients (thus comprising 89 % of all AML-patients), 
who received DA between January 2013 and December 2017 at our 
department. Thirteen patients were excluded from the analysis due to 
lack of data.

We evaluated in all our study-patients at time point of diagnosis 
CMV, IgG serostatus (positive versus negative), LDH-value (norm or 
upper norm), platelet count (over 50 n/L or below), blast count in bone 
marrow, ECOG 0-2 versus 3-4, Sorror comorbidity score (range 0-6), 
age (<70 years or above), cytogenetic risk factors according to the ELN 
classification (favourable [n=15], intermediate [n=56], or high risk 
[n=38]), occurrence of biclonal AML detected by flow cytometry and 
extramedullary manifestation of AML. Biclonal AML was defined as 
the detection of a further different AML clone covering at least 2% of all 
blasts at time point of diagnosis. 

In all transplanted patients complete allele identity at the HLA loci 
A, B, C, DRB1 and DQB1 as confirmed by high-resolution genotyping 
in unrelated donor/recipient pairs and by low resolution genotyping 
with documented familial segregation of the 10 HLA antigens in 
sibling pairs were evaluated as previously published [8]. Patients were 
included in the study only by availability of the primary karyotype or 
on qualitative analysis of disease-specific molecular markers in case 
of normal karyotype AML for patients in complete remission (CR) 
according to the diagnostic standards in the respective time periods.

All patients gave their written informed consent to all aspects 
of induction chemotherapy with DA, if applicable to salvage 

chemotherapy and stem cell transplantation procedure in accordance to 
the institutional standards of our department, which are in accordance 
with the standards of Good Clinical Practice and the Declaration of 
Helsinki. The study protocols were approved by the Hamburger Ethics 
Committee (Ärztekammer Hamburg, WF-061/19). No experimental 
drugs or therapy were used. Patient, donor, disease and transplant 
characteristics are summarized in Table 1.

Definition of IF and haematological relapse after transplant

IF was defined as non-responsiveness of one induction therapy with 
> 30% blasts regardless of cellularity or non-achievement of complete 
remission after two induction therapies. Standard marrow morphology 
and hematologic criteria were used for the evaluation of the pre- and 
post-transplant disease stage, post-transplant treatment response, and 
leukemic relapse after transplantation. The prognostic categorization 
of the genetic disease profile relied on the cytogenetic and molecular 
genetic detection methods representing the diagnostic standards in the 
respective time periods of this study and was retrospectively performed 
according to the recommendations of the European Leukemia Network 
expert panel [9]. Hematologic leukemic relapse was diagnosed in 
patients, who were in CR before or attained CR after alloSCT. During 
the first year after alloSCT marrow examinations were routinely 
performed at days 28 and 100, and at 12 months [8,10,11]. 

Transplant

From the start of the induction chemotherapy until discharge, all 
patients were treated in reverse isolation single rooms equipped with 
high-efficacy particular air (HEPA) filtration. Additional measures 
for infection prevention and for supportive therapy complied 

All patients Non-Induction failure Induction Failure P
Patients* 109 (100) 66 (61) 43 (39) -
Male patients* 56 (51) 31 (47)  24 (62) n. s.
Patient age (years)† 58 (18 – 75) 57 (18 – 75) 60 (20 – 75) n. s.
Sorror index (0-6) 1.2 (0 – 6) 0.95 (0-6) 1.55 (0 – 6) 0.021

ECOG (0-3) 0.76 0.61 (0-3) 0.81 (0-3) n. s.

Positive CMV serology
 

 52(48) 34(52) 18(42) n. s.

LDH in IU/L(range)  560 (83-5820) 646 (132-5820) 421 (83-1693)  n. s.
Disease etiology*

 de-novo
 other

87 (80)
 13(20)

56 (85)
10 (15)

31(72)
 15 (28) n. s.

Disease genetic group*‡
 Favourable (1)
 Intermediate (2)
 adverse (3)

15 (14)
 56 (51)
 38 (35)

13 (20)
36 (55)
17 (26)

2 (5)
20 (47)
21 (49)

1/2vs 3

0.001

Blasts  38 (20-90) 32.9 (20-90) 45.9 (20-90)  0.010
Platelets + 104.1 (8-1437) 100.6 (8-1437) 109.4 (16-479) n. s.
WBC+ 28.7 (0.1-302) 29.2 (0.1-302) 27.9 (1.2-244) n. s.
Biclonal leukemia detected by flow cytometer 11 (10) 4 (6) 7 (16) n. s.
Extramedullar AML 5 (5) 3 (5) 2 (5) n. s.
Salvage Therapy
IDA-FLAG
Direct allo transplant
BSC

38
30
8
5

-
-
-
-

38
30
8
5

n. d.

Table 1. Patient’s characteristics

*number of patients (%),† median (range), + average (range) 
‡favorable: t(8;12) or RUNX1-RUNX1T1; inv(16)(p13q22); t(16;16)(p13q22) or CBFB-MYH11; t(15;17); normal karyotype and mutated NPM1 without FLT3-ITD or mutated CEBPA10

intermediate: Cytogenetic or molecular genetic abnormalities not classified as favorable or adverse10

adverse: inv(3)(q21q26.2) or t(3;3)(q21;q26.2) or RPN1-EVI1; t(6;9)(p23;q34) or DEK-NUP214; t(v;11)(v;q23) or MLL rearranged; -5 or del(5q); -7; abnl(17p); complex karyotype10 
Abbreviations: CMV indicates human cytomegalovirus;WBC, white blood count, IDA-FLAG, idarubicin and fludarabine,BSC, best supportive care, n.s., not significant (p ≥ 0.05), n.d.; 
not done.



Jehn CF (2019) Risk factors for induction failure of standard chemotherapy with anthracycline and cytarabine in Acute Myeloid Leukemia Patients

J Transl Sci, 2019         doi: 10.15761/JTS.1000365  Volume 6: 3-8

with previously published institutional standards [8,10,11]. The 
myeloablative preparative regimen consisted of 5 daily fractions of 30 
mg/m² intravenous fludarabine (total dose 150 mg/m² of body surface 
area [BSA]) with either 2 to 4 consecutive daily doses of 3,2 mg/kg of 
body weight of busulfan intravenously (total dose 6,4 to 12,8 mg/kg of 
body weight) or three consecutive daily intravenous doses of 10 g/m² 
treosulfan (total dose 30 g/m² of BSA). Patients with unrelated donor 
received additionally anti-thymoglobulin 10mg/kg/BW for three days.

The pharmacologic prophylaxis of acute GvHD consisted of blood-
level adjusted continuous intravenous ciclosporin (CSP) combined 
with short-course methotrexate or mycophenolate-mofetil [10]. 

Study endpoints and statistical analysis

Mann-Whitney U-test and one-sided Fisher-exact test was used to 
test differences of continuous variables. For the comparison of overall 
survival (OS), relapse incidence (RI), and leukemia-free survival (LFS), 
the probabilities of events over time were calculated by the product-
limit method and heterogeneity of time-to-event distribution function 
was compared by the log-rank [12]. For the comparison of cumulative 
incidence (C.I.) rates between patient subsets, the time-to-events were 
compared by proportional hazards general linear model (PHGLM) 
analysis of the cause-specific hazard functions using the two-sided Wald 
test. In addition, multivariate PHGLM analysis of the endpoints of LFS 
and OS was performed [12,13]. In all multivariate PHGLM analyses of 
these endpoints the following dichotomous covariates were included as 
time-dependent with the time interval from time of diagnosis until the 
first occurrence of the respective event or censoring in model building: 
CMV IgG serostatus (positive versus negative), LDH-value (norm or 
upper norm), platelet counts (over 40.000 /nL or below), blast count 
in bone marrow over 40% or below, Sorror comorbidity score (range 
0-6) over 1 or below, age (<70 years or above) [14], cytogenetic risk 
factors according to the ELN classification (favourable, intermediate, 
or high risk), occurrence of biclonal AML detected by flow cytometry 
and extramedullary manifestation of AML. All PHGLM analyses were 
performed using stepwise forward and backward selection procedures 
and only those covariates with a significance level below 5% were 
allowed to enter the model building procedure. The hazard ratio 
(HR) and its 95% confidence interval (95%-CI) were derived for each 
significant covariate included in the final PHGLM models. Statistical 
analysis and presentation was performed using SPSS-20 Software™ 
procedures.

Results
Incidence of IF and salvage therapy for IF after DA

In 43 of 109 patients (39 %), who received one or two courses 
of 7+3 DA an IF had been documented. 38 of 43 patients received a 
salvage therapy with either a combination of fludarabine and idarubicin 
(FLAG-IDA, n=30) and thereafter alloSCT or proceeded directly to 
alloSCT (n=8). Notably 5 of 43 patients with IF received no further anti-
leukemic therapy for AML, but only best supportive care. Interestingly, 
the occurrence of IF had no influence on overall survival outcome 
when subsequently an alloSCT was performed.

Risk factors for IF

Age over 69 years (p=0.020), Sorror index > 1 (p=0.019), 
unfavourable cytogenetics (p=0.014) and blast count > 40% in bone 
marrow (P=0.004) had influence on the occurrence of IF, whereas a 
positive CMV IgG sero-status, ECOG 0-1 versus 2-4, low platelet count 
< 40.000/nL, biclonary AML detected by flow cytometry, LDH over 
norm, detection of extramedullary AML had no influence statistically 
on the occurrence of IF after DA as shown in Table 2.

IF and relapse

The median time of follow-up for the whole cohort was 18 months 
(1-65 months). Relapse was detected in 21 of 109 patients. Occurrence 
of IF had no influence on relapse rate in patients with AML when 
subsequently an allogeneic transplant was performed. The probability 
for 2-year relapse incidence was 40% + 11.4% without allogeneic 
transplant versus 17.8% + 5.7%, p=0.009 with transplant as shown in 
Figure 1. Blast count > 40% at time point of diagnosis had a higher 
probability of relapse (2-year cumulative incidence of relapse was for 
blasts > 40% (37.5% + 9.2% versus only 15.1% + 6.3% for blasts < 40%, 
p=0.0364). Further factors like adverse cytogenetic, age over 70 years, 
ECOG status over 2, Sorror index of more than 1 did not achieved 
significance statistically. Other factors as extramedullary AML, biclonal 
AML detected by flow cytometry and positive CMV IgG sero-status also 
had no effect statistically on the occurrence of relapse. In multivariate 
analysis only the performance of an allogeneic transplant (HR 0.29, 
[95%CI: 0.12 – 0.72], p=0.008) and blast count > 40% in bone marrow 
(HR 2.91, [95%CI: 1.13 – 7.48], p=0.027) were identified as risk factors 
for relapse. 

All patients Non-Induction failure Induction Failure p Odd-Ratio
Patients* 109 (100) 66 (61) 43 (39) -
Patient’ age (years)*

 Between 18 and 69
 Older than 69

 84 (77)
 25 (23)

55 (83.3)
11 (16,7)

 29 (67)
 14 (33) 0.020 2.5

Sorror index >1 (%) 13 (19.7) 13 18 0.019 2.72
Disease genetic group*‡
 Favourable (1)
 Intermediate (2)
 adverse (3)

15 (14)
 56 (51)
 38 (35)

13 (20)
36 (55)
17 (26)

2 (5)
20 (47)
21 (49)

1/ 2 vs 3

0.014.
3.21

Blasts* > 40%  35 (32) 15 (23) 20 (47) 0.004 3.64
*number of patients (%) , + median (range), # average (range)
‡favorable: t(8;12) or RUNX1-RUNX1T1; inv(16)(p13q22); t(16;16)(p13q22) or CBFB-MYH11; t(15;17); normal karyotype and mutated NPM1 without FLT3-ITD or mutated CEBPA10

intermediate: Cytogenetic or molecular genetic abnormalities not classified as favorable or adverse10	

adverse: inv(3)(q21q26.2) or t(3;3)(q21;q26.2) or RPN1-EVI1; t(6;9)(p23;q34) or DEK-NUP214; t(v;11)(v;q23) or MLL rearranged; -5 or del(5q); -7; abnl(17p); complex karyotype10 
Abbreviations: HCMV indicates human cytomegalovirus; TBI, total body irradiation; sMTX, short-course methotrexate; CsA,cyclosporine A; MMF, mycophenolate mofetil; and n. s., not 
significant (p ≥ 0.01).

Table 2. Risk factors for induction failure 
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IF and leukemia-free survival (LFS) and OS
Interestingly, the occurrence of IF had no influence on OS or LFS 

outcome when an allogeneic transplant was performed subsequently 
(2-year OS 86.9% + 7.6% versus 19.4 % + 16.8%, p=0.0001) (Figures 
2 and 3). In a univariate analysis risk factors for LFS were age over 70 
years (2-year-LFS 65.5% + 6% versus 35.6% + 12%, p=0.002), ECOG 
0-2 versus 3-4 (2-year LFS 60.4% + 5.7% versus 54 % + 15%, p=0.023), 
bone marrow blast count under 40% at diagnosis (2-year-LFS 69.7% + 
7% versus 42.8% + 8.4%, p= 0.028), and the performance of allogeneic 
transplant (2-year LFS 68.3% + 6.5% versus 41.5% + 9.4%, p=0.001) 

as shown in Figures 4-7. No statistical influence on LFS was found for 
Sorror comorbidity index of more than 1 and biclonal AML as detected 
by flow cytometry.

Risk factors for OS were age over 70 years (2-year OS 71.4% + 
5.8% versus 57.2% + 12.3%, p=0.046), biclonal AML detected by flow 
cytometry (2-year OS 70.7% + 5.% versus 47.7% + 17.6%, p=0.033), 
bone marrow blast count more than 40% (2-year OS 79.1% + 6.1% 
versus 52.1% + 8.9%, p=0.033), and the performance of allogeneic 
transplant (2-year OS 76.2% + 6.2% versus 63.1% + 8.4%, p=0.003). 

Figures 1A and B. Cumulative incidence of relapse (CIR) stratified by occurrence of IF and allogeneic transplant. The 2-year CIR was 40% + 11.4% without allogeneic transplant versus 
17.8% + 5.7%, p=0.009 with transplant. B. Blast count > 40% at time point of diagnosis had a higher probability of relapse than blast count < 40% (2-year CIR was for blasts > 40% 37.5% 
+ 9.2% versus only 15.1% + 6.3% for blasts < 40%, p=0.036)

Figures 2A and B. A shows the influence of IF and no transplant on OS. The 2-year OS was for patients without transplant and no induction failure 63.3% + 10.2% versus 19.4% + 16.8%. 
P=0.06 for patients with induction failure and transplant.  Patients with IF and transplant compared to  patients with transplant and no IF had a 2-year OS of 86.9% + 7.6% versus 64.6% 
+ 9%, respectively. Patients with IF and transplant compared to patients with IF and without transplant (A and B) had a poor outcome with a 2-year OS of 86.9% + 7.6% versus 19.4 % + 
16.8%, p=0.0001)

Figures 3A and B. A shows the influence of transplant on OS. The 2-year OS was 76.2% + 6.2% when a transplant was performed regardless of occurrence of induction failure versus 63.1% 
+ 8.4%, p=0.003, when no transplant was performed. B shows the influence on LFS when transplant was performed (68.3% + 6.5% versus 41.5% + 9.4%, p=0.001)
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Figures 4A and B. A shows the influence of blast count>40% in bone marrow on OS and LFS regardless of occurrence of induction failure. The 2-year OS was 79.1% + 6.1% for blast 
count < 40% versus 52.1% + 8.9% for blast count > 40%, p=0.033. B shows the influence on LFS for blast count >40% in bone marrow (2-year LFS was 69.7% + 7% for blast count < 40% 
versus 42.8% + 8.4% for blast count > 40%, p=0.028)

Figures 5A and B. B shows the influence of age > 70 years on OS and LFS regardless of occurrence of induction failure. The 2-year OS was 71.4% + 5.8% for patients under the age of 70 
years versus 57.2% + 12.3% for patients older than 70 years, p=0.046. B shows the influence of age over 70 years on LFS. (2-year LFS 65.5% + 6.0% versus 35.6 + 12% for patients older 
than 70 years, p= 0.002)

Figures 6A and B. A shows the influence of biclonal AML detected by flow cytometry on OS regardless of occurrence of induction failure. The 2-year OS was 70.7% + 5.6% for monoclonal 
AML versus 47.7% + 17.6% for biclonal AML, p=0.033. B shows the influence of transplant and adverse cytogenetics on OS (2-year OS was 60% + 6% when allogeneic transplant was 
performed versus 0% when no transplant was performed, p=0.001)
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Figure 7. Shows the influence of ECOG performance status on LFS. 2-year LFS for 
patients with ECOG 0-2 was 60.4% + 5.7% versus 54.5% + 15% for ECOG 3-4, p=0.023

Adverse cytogenetics were associated with poor outcome when no 
allogeneic transplant was performed (2-year OS 0% versus 62.9% + 
11.6%, p=0.0001, Figure 6).

All other factors achieved no significance statistically. 

Multivariate analyses for OS and LFS
In the multivariate analysis of risk factors for LFS only 

transplantation (HR 0.36, [95% CI 0.19 - 0.67], p= 0.001, age over 70 
years (HR 2.41, [95% CI 1.26 - 4.67], p=0.009) and blast count > 40% in 
bone marrow (HR 2.08, [95% CI 1.09 – 3.89], p= 0.025) were identified. 
For OS only transplantation (HR 0.37; [95% CI 0.19-0.76], p=0.007) 
and blast count > 40% in bone marrow (HR 2.24, [95% CI 1.07 – 4.68], 
p= 0.032) were identified as risk factors, which influenced the outcome. 
IF, cytogenetics, biclonal AML detected by flow cytometry, Sorror 
comorbidity index, ECOG (0-2) performance status had no influence 
on either LFS or OS.

Discussion
Despite the new era with targeted therapies as FLT-3 inhibitors 

e.g. midostaurin, quizartinib, or crenolanib and IDH1/2 inhibitors 
e.g. enasidenib and ivosidenib induction therapy with DA is still the 
backbone worldwide in the treatment for AML [15-17]. While a plethora 
of scientific publications for AML have substantiated an impact of older 
age, cytogenetics according to the ELN classification and allogeneic 
transplantation on the outcome of AML, only little information on 
risk factors for IF and its frequency after standard induction therapy 
with DA, is currently available [1,7,9,18]. Moreover, the frequency of 
the occurrence of IF in AML is often underestimated [3]. Additionally, 
increasingly older patients are treated in a curative intention for AML 
and proceed to alloSCT. These patients must however first surpass the 
steep slope of induction chemotherapy with DA, which can lead to a 
substantial increase in the rate of IF. It is therefore important to evaluate 
the real frequency of IF as done in this study [18,19]. 

In this present study we report a high rate of IF with 39% 
after standard induction therapy with DA in patients who were 
consecutively treated for AML at our centre. Recently, Wattad and co-
worker evaluated the outcome of five prospectively performed studies 
with 3324 patients and reported an incidence of IF in 30.8% (1025 of 

3324 patients) after the use of a more intensive induction therapy with 
idarubicin, cytarabine and etoposide (ICE) compared to the standard 
induction therapy with DA. The higher rate of IF that is reported in our 
study might be caused by an higher median age of 59 years compared 
to 55 years [20]. The inclusion of a higher rate of patients over 60 years 
in our AML study is commonly accepted to be associated with a higher 
proportion of patients with unfavourable cytogenetics as mentioned 
above. Accordingly, our study cohort consists of a lower rate of patients 
with favourable cytogenetics according to the ELN classification with 
14% compared to the above mentioned study by Wattad and co-workers 
with more than 25%, which might explain the higher rate of IF in our 
study compared to that of Wattad and co-workers [20].

Beside the known risk factors age over 70-years and adverse 
cytogenetics according to the ELN-classification, we also identified 
Sorror comorbidity score of over 1, and blast count more than 40% 
in bone marrow as risk factors for the occurrence of IF. Notable, 
more than 40% blast count in bone marrow was the strongest factor. 
Further of interest was that the occurrence of IF had no influence on 
overall survival when subsequently an allogeneic transplantation was 
performed, whereas not to perform a subsequent transplantion was 
associated with poor outcome (2-year OS 86.9 + 7.6% for transplant 
versus 19.4% + 16.8% for no transplant, p=0.0001). 

Generally, the prognosis of AML-patients with primary IF is 
reported to be extremely poor. Miyamara and co-workers reported in 
paediatric AML-patients with primary induction failure registered to the 
Japanese Paediatric Leukaemia/Lymphoma Study Group AML-05 study 
a 3-year OS rate of only 19.0%. High leucocyte count, M7 morphology, 
and unfavourable genetic aberrations, such as FLT3-internal tandem 
duplication, NUP98-NSD1 and high MECOM or PRDM16 expression, 
were risk factors for IF in their study [21]. Better survival probabilities 
were reported, by Wattad and co-workers, in patients with IF responding 
to salvage therapy and receiving subsequently alloSCT as reported here 
in our study [20]. Our finding confirms a poor outcome of patients after 
IF without subsequent performance of an allogeneic transplantation. 
In our multivariate analysis, we found that allogeneic transplantation 
and blast count over 40% were the only independent risk factors for 
OS. In the present study the occurrence of adverse cytogenetics was a 
risk factor for OS too, when no transplant was performed as found by 
other studies.

Accompanying diseases and performance status certainly influence 
the outcome of AML as we and others have shown [18]. Here we 
presented data showing that Sorror comorbidity index of more than 1 
is a risk factor for the occurrence of IF. Furthermore, that a restricted 
performance status of ECOG more than 2 has influence on the outcome 
for LFS. 

In a previously performed study we had shown that there is evidence 
suggesting that cytomegalovirus (CMV) reactivation following 
allogeneic hematopoietic stem cell transplantation is associated with a 
lower relapse incidence in AML [22,23]. Therefore, we investigated here 
the association of the occurrence of a positive CMV IgG sero-status 
with the relapse risk of AML and to occurrence of IF, which we could 
not demonstrate here probably due to the low number of study patients. 

Interestingly we found that the occurrence of biclonal AML 
detected by flow cytometry had influence on the LFS, showing that 
several clones of AML at time point of diagnosis is of importance in the 
outcome of patients. Hereby we restricted our analysis of biclonality of 
AML to analysis by flow cytometry in order to consider only a second 
AML population with a minimum of 2% of all blasts. Their influence 
was not detectable on LFS in the multivariate analysis.
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In conclusion, this present study provides data characterising risk 
factors for the occurrence of IF and shows that a subsequent alloSCT as 
an independent factor equalizes this obstacle. The study highlights the 
urgent need for more effective induction approaches in elderly AML 
patients, especially to facilitate an increase in elderly patients, who 
proceed to alloSCT. 

A simple increase in anthracycline dose of induction therapy 
for patients older than 60 years to achieve higher rates of complete 
remission as suggested by Lowenberg and co-workers is not often 
applicable due to the comorbidities of older patients [18]. Indeed, 
patients over 70 years represent the majority of patients with AML. 
The use of liposomal daunorubicin and cytarabine or combinations of 
targeted therapies with Venetoclax and Azacitidine might be an option 
for older patients to reduce the high frequency of IF as reported in this 
study here [24-26].
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