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Abstract
Background: Acute myeloid leukaemia (AML) patients are at high risk of invasive as-
pergillosis (IA) after first induction chemotherapy (CHT). Although IA risk factors have 
been identified, few data are available on impact of IA, occurring during induction 
phase, on overall AML outcome.
Patients and results: The end point of this multicentre, case-control, study was to 
evaluate whether IA, occurring after first induction CHT, can affect treatment sched-
ule and patient's outcome. We identified 40 AML patients (cases) who developed IA 
during first induction phase, 31 probable (77.5%) and 9 proven (22.5%). These cases 
were matched with a control group (80 AML) without IA, balanced according to age, 
type of CHT, AML characteristics and cytogenetic-molecular risk factors. The overall 
response rate to induction CHT was the same in the 2 groups. In the 40 cases with 
IA, the overall response rate to antifungal treatment was favourable (80%) but it was 
significantly affected by the achievement of leukaemia complete remission (CR) with 
induction CHT. In fact, in cases with AML responsive to induction CHT, responses of 
IA to antifungal therapy were 96% compared to 21% in cases of AML not responsive 
to induction treatment (P < .0001). The adherence to the schedule and full doses of 
CHT were reported in 35% of cases (14/40) and in 76% of controls (61/80) (P = .0001; 
OR 6.7; 95% CI 2.7-16.6). After first induction CHT, a significant higher number of 
cases (15/40; 37.5%) compared to controls (9/80; 11%) could not receive additional 
cycles of CHT (P  =  .0011, OR 4.8; 95% CI 1.9-12.3). The IA-related mortality was 
22.5%. The median OS of cases was significantly worse than OS of controls with a 
difference of 12.3 months (12.1 vs 24.4 months, P = .04). However, the occurrence 
of IA during first induction phase did not have a significant impact on the OS of cases 
who achieved a CR of AML with induction CHT which are able to proceed, despite 
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1  | INTRODUC TION

Patients with acute myeloid leukaemia (AML) undergoing remis-
sion-induction chemotherapy (CHT) are at high risk of developing 
mould invasive fungal infections (IFIs), and Aspergillus spp represent 
the pathogen most frequently identified.1-4 Despite improvements 
in diagnosis and treatment, Invasive Aspergillosis (IA) remains a com-
mon life-threatening complication, particularly after the first induc-
tion CHT treatment.5-8 The SEIFEM (Sorveglianza Epidemiologica 
Infezioni Fungine nelle EMopatie) 2010 study showed that advanced 
age, use of steroids and an absolute neutrophil count of less than 
1x109/L at the time of IFI onset were the factors that negatively 
influenced the outcome of AML patients with IA.9 However, the 
observation period of SEIFEM 2010 study was limited to the first 
30 days from AML diagnosis, thereby limiting the analysis of long-
term outcome.9 This SEIFEM-12B study was designed to evaluate 
the impact, of a probable/proven IA occurring after the first cycle 
of intensive induction CHT on the planned therapeutic program and 
patient's outcome.

2  | PATIENTS AND METHODS

The SEIFEM-12B was a multicentre, case-control (1:2) study, in-
cluding 120 AML adult patients: 40 patients who developed a 
proven or probable IA (according to EORTC/MSG criteria) after 
first induction intensive CHT (cases, IA+) were compared to a 
matched control group of 80 AML patients with no evidence of IA 
(IA-). Patients with possible IA were not included in the study. The 
120 patients were followed up to 36 months after the start of in-
duction CHT. Control patients were selected according to the de-
mographic and disease characteristics of cases: IA + and IA- were 
well matched with respect to age, sex, disease risk factors, inten-
sive first induction CHT regimen and cytogenetic or molecular risk 
factors of AML, as reported on Table 1. All 120 patients received 
mould active prophylaxis. The study was carried out after approval 
by the local ethic committees.

The primary end points of this case-control study were a) to eval-
uate whether IA, occurring after first induction therapy, can affect 
CHT program and b) to compare the overall survival (OS) of cases 
(IA+) and controls (IA-).

Response to induction CHT was evaluated around the 4th 
week after first cycle of CHT according to the Cheson criteria, and 
a complete response (CR) to CHT was defined as the presence of 
morphologically normal bone marrow with less than 5% leukaemic 
blasts.10 Risk assessment for AML was defined according to ELN 
2010 guidelines.

Complete or partial response to antimycotic therapy was based 
on clinical, radiologic and/or mycological data as defined by the 
EORTC/MSG consensus group.11,12 Overall response rate (ORR) was 
defined as complete responses + partial responses.

Statistical analysis. Descriptive statistics (including mean, stan-
dard deviation, median, range and percentages) were calculated 
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the IA, with their therapeutic program, achieving the same OS as the control group 
with AML in CR (P = ns).
Conclusions: These data show that IA during first induction CHT can delay the sub-
sequent therapeutic program and has a significant impact on OS, specifically in AML 
patients who did not achieved a CR of AML with the first course of CHT.
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TA B L E  1   Patients’ characteristics

Characteristics
Cases (IA+)
40

Controls (IA-) 
80

P 
value

Age

Mean, DS 59 ± 11.2 59 ± 10.8 ns

Median-Range 61.5(25-81) 62.5(24-77)

Age >65 y 10/40 (25%) 26/80 (33%) ns

Sex (F/M) 16/24 39/41 ns

Secondary AML 10/40 (25%) 16/80 (20%) ns

Hyperleucocytosis 16/40 (40%) 26/65 (40%) ns

Cytogenetic-Molecular Risk

Unfavourable 15/40 (37%) 23/80 (29%) ns

Favourable 8/40 (20%) 17/80 (21%) ns

Intermediate 16/40 (40%) 29/80 (36%) ns

Not available 1/40 (3%) 11/80 (14%) ns

AML response to 
induction CHT

CR 23/40 (57.5%) 51/80 (64%) ns

PR 7/40 (17.5%) 5/80 (6%) ns

RES 7/40 (17.5%) 20/80 (25%) ns

DDI-NV 3/40 (7.5%) 4/80 (5%) ns

Intensive Induction 
CHT

40/40 (100%) 80/80 (100%) ns

Abbreviations: AML, acute myeloid leukaemia; CHT, chemotherapy; CR, 
complete remission; DDI-NV, death during induction-not evaluable; PR, 
partial remission; RES, resistance.
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to analyse and compare the two study cohorts (IA  +  and IA-). 
Overall survival (OS), defined as the interval between the date 
of AML diagnosis and death or last follow-up, was estimated by 
Kaplan-Meier survival analysis, censoring survival assessment at 
36  months after inclusion. OS curves were compared using the 
log-rank test. Hazard ratio (HR) and 95% CI were estimated using 
Cox's proportional hazard model. The odds ratio (OR) was calcu-
lated, and Fisher's exact test was used to compare group differ-
ences in categorical variables. All p-values are two-sided, with 
statistical significance evaluated at the 0.05 alpha level. Data 
were analysed with MedCalc software (version 12.5.0.0; MedCalc 
Software bvba, Ostend, Belgium).

3  | RESULTS

Patients’ characteristics are reported on Table  1. Median follow-
up was 13  months (range 0.6-32  months) in cases group and 
24.4 months (range 0.5-36 months) in controls.

3.1 | Cases (IA+)

Overall, 31 (77.5%) probable and 9 (22.5%) proven fungal infec-
tions caused by Aspergillus species (100%) were observed among 
the 40 cases; in 36/40 cases the IA involved only the lung, in 3/40 
lung  +  paranasal sinuses and in 1 case only the central nervous 
system. Twenty-three cases (57.5%) achieved a CR after first 

induction CHT; 14/40 (35%) achieved a partial remission (PR) or 
had refractory disease (REF); in 3 cases (7.5%), response to induc-
tion CHT was not evaluable for early death (DDI). The median time 
to IA onset after first induction CHT was 21 days (range 5-36 days). 
All 40 cases received antifungal treatment with voriconazole or 
liposomal amphotericin B. The overall response rate (ORR) of IA 
to antifungal treatment was 80% (32/40), without significant dif-
ferences between the two antifungal treatments. In detail, 25/40 
(62.5%) cases achieved a complete resolution of IA and 7/40 
(17.5%) a partial response. Response to antifungal therapy was 
significantly better in cases who reached haematological CR after 
induction CHT (22/23, 96%) as compared to cases with refractory 
AML (3/14, 21%) (P < .0001). Seventeen (53%) cases who contin-
ued the AML therapeutic program received a secondary antifungal 
prophylaxis with azoles (12/17) or liposomal amphotericin B (5/17): 
only 4/32 of IA + patients (12.5%) experienced a relapse of fungal 
infection in the subsequent cycles (2 out of 4 cases were receiv-
ing antifungal prophylaxis with itraconazole and voriconazole, re-
spectively). Overall mortality was 62.5% (25/40), while IA-related 
mortality was 22.5% (9/40) (Table 2).

3.2 | Controls (IA-)

Overall 51 of the 80 controls (64%) obtained a CR after induction 
CHT while 25/80 (31%) achieved a PR or had a REF AML; in 4 con-
trols (5%), response to induction therapy was not evaluable for 
early death (DDI)-(Table  1). The overall mortality during the fixed 

Cases (IA+)
40

Controls (IA-)
80 P value

Adherence in CHT schedule

YES 14/40 (35%) 61/80 (76%) P < .0001;

NO 20/40 (50%) 13/80 (16%) OR 6.7;

Not Evaluable 6/40 (15%) 6/80 (8%) 95% CI 2.7-16.6

N°/Patient CHT cycles ≤ 2 20/40 (50%) 21/80 (26%) P = .01

N°/Patient CHT cycles > 2 20/40 (50%) 59/80 (64%)

Only 1 cycle CHT/patient 15/40 (37.5%) 9/80 (11%) P = .001;
OR 4.8;
95% CI 1.9-12.3

Allo SCT 8/40 (20%) 23/80 (29%) P = ns

Median OS (months) 12.1 24.4 Δ 12.3

Causes of death

Active AML 11/25 27/41

DDI 3/25 4/41

AML + IA 5/25 //

IA only 4/25 //

TRM // 3/41

Other 2/25 7/41

Note: Not Evaluable: IA+[3 DDI, 3 lost at follow-up], IA-[4 DDI, 2 lost at follow-up].
Abbreviations: DDI: death during induction; TRM, transplant related mortality.

TA B L E  2   Outcome. Comparison 
between cases (IA+) and controls (IA-)
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observation period of the study (36  months) was 51% (41/80), 
and the main cause of death was AML in 66% of the cases (27/41) 
(Table 2).

The adherence to schedule and/or to full doses of CHT was 
observed in 35% of cases (IA+) (14/40) and in 76% of controls (IA-) 
(61/80) (P <  .0001; OR 6.7; 95% CI 2.7-16.6). After first induction 
CHT, a significant higher number of cases (15/40; 37.5%) could not 
receive additional cycles of CHT as compared to controls (9/80; 11%) 
(P = .0011; OR 4.8; 95% CI 1.9-12.3) (Table 2). The OS of cases and 
controls is shown in Figure 1. The median OS of 40 cases was sig-
nificantly worse as compared to the 80 controls with a difference 
of 12.3 months (12.1 vs. 24.4 months, P =  .04-Figure 1). However, 
the occurrence of IA during induction phase did not have a signif-
icant impact on OS of cases who achieved a CR that were able to 
proceed, despite the IA, with the intensive therapeutic program 
(P = ns-Figure 2A). Conversely, the median OS of cases (IA+) who did 
not reached a CR was significantly worse compared to controls (IA-) 
with active AML after induction CHT (median OS IA + 4.75 months 
vs. OS IA- 14.7 months; P = .001-Figure 2B). In a multivariate analysis 
considering as variables the patient's age (≤ or  >  of 65  years), re-
sponse of AML to induction CHT, response of IA to antimycotic ther-
apy and changes of CHT program, only the response of induction 
CHT retained a significant favourable effect on OS (HR 6.2; 95%CI 
1.24-31.14; P = .02).

Basically, these data show that an IA occurring during induction 
CHT can delay the subsequent therapeutic program but, specifi-
cally, it has a significant impact on OS only in AML patients who did 
not achieved a CR of AML with the first course of CHT (Figure 2B). 
These patients, due to the concomitant IA, are not able to achieve 
a leukaemia response with subsequent cycles of therapy, and 
therefore, they die either for IA or for their active haematological 
disease.

4  | DISCUSSION

Invasive fungal infections (IFIs) are one of limiting factors for the suc-
cessful outcome of AML patients with a fatality rate ranging from 
30% to 60%.1-4,8 However, few published studies described the im-
pact of IFIs, occurring during the first induction phase, on the survival 
(OS) of AML patients.13-17 Furthermore, it should be emphasised that 
these studies were retrospective with heterogeneous data on IFI 
aetiology (including possible cases) or including both acute myeloid 
and lymphoid leukaemias (ALL) in different phases of their therapeu-
tic program.14-17 As reported in Table 3, the only case-control (1:3) 
study was published by Even et al in 2011; this monocentric study 
included patients with both AML and ALL who developed mould (IA 
and Zygomycosis) and yeast (Candidiasis) IFI during either the induc-
tion and the consolidation phase. This study showed a significant 
impact of IFI, occurring in the induction phase, on the CHT program 
while the impact on OS of AML patients was significant only for the 
proven IFIs.14 The other few available retrospective studies, summa-
rised in Table 3, are monocentric and also included a substantial per-
centage of possible cases.15-17 Furthermore, three less recent trials 
included patients who did not receive anti-mould prophylaxis.14-16 
Keeping in mind these differences and limitations, all these studies 
showed a negative impact of IFI on OS of AML and, in the 2 studies 
with a specific subanalysis, a negative impact on CHT program.14-17

The primary objective of our study is to evaluate the impact of IA 
occurring during the first induction phase, on the therapeutic planned 
program and on OS in patients with AML. Of note, this is a prospec-
tive and multicentre study, including a more homogeneous population 
than the previous studies.14-17 In fact, only AML patients receiving 
first induction intensive CHT with proven or probable IA were eligible 
for our study. We found that patients who experienced an IA after the 
first cycle of CHT had less chance to respect the therapeutic program 

F I G U R E  1   Overall Survival (OS) 
curves. Group 1 cases (40)-Median 
OS = 12.1 months; Group 2 controls 
(80)-Median OS = 24.4 months (Log-
rank P = .04). OS Probability at 1 year: 
50% AI + and 77% AI-. OS Probability at 
3 years: 29% AI + and 40% AI-
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(35% vs 76% in patients IA + vs. IA-; P = .0001) and had a significantly 
poorer outcome (median OS 12.1 in patients IA  +  vs. 24.4  months 
in IA-; P =  .04). However, the multivariate analysis showed that the 
unfavourable impact of IA on survival appears to be closely associ-
ated with failure to achieve the leukaemia CR after the first induc-
tion CHT (HR 6.2; 95%CI: 1.24-31.1; P = .02). Furthermore, it should 
be underscored that complete responses to antifungal therapy were 
significantly higher in cases (IA+) who obtained the haematological 
CR after induction CHT (22/23, 96%) compared to cases with re-
fractory AML (3/14, 21%) (P <  .0001). As reported in Figure 2, the 
occurrence of IA during the induction phase had a significant impact 
on the OS only in patients who did not achieve a leukaemia CR and 
were not able to proceed with their intensive program of CHT. These 
cases (IA+) had a worse OS compared to the control group of patients 
without IA (IA-) and with resistant AML at the end of first induction 
CHT (P = .0001-Figure 2B). It should be emphasised that none of the 

previous studies showed this close relationship between the response 
of leukaemia to induction CHT and response of IA to antifungal ther-
apy, eventually resulting in a better AML outcome.

In conclusion, these data show that IA during first induction CHT 
can delay the subsequent therapeutic program and has a significant 
impact on OS, specifically in AML patients who did not achieve a CR 
of AML with the first course of CHT. An accurate evaluation of the 
risk of IA at the time of AML diagnosis would allow a more intensive 
diagnostic work-up and a more aggressive prophylaxis to prevent or 
early treat an IA and to proceed with the CHT program.18-20
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P = .04)
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