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Patients with acute leukemia who initially survive invasive
fungal disease must receive chemotherapy or go on to trans-
plant. Many centers change subsequent chemotherapy to
decrease the risk of fungal reactivation. This case-control
study compared acute leukemia patients (n=28) who devel-
oped a proven or probable fungal disease and survived four
weeks later, to patients who did not (n=78), and assessed the
impact of fungal disease on the chemotherapy regimens, and
overall and event-free survival. 
Chemotherapy changes (i.e. delays, dose-reduction) were
more frequent in the fungal (68%) than in the control group
(24%) (P<0.001). Although there was no difference in overall
and event-free survival between groups, they were both
lower for proven fungal disease cases when compared to
controls (HR 2.4, 95% CI 1.1-1.5, and HR 2.9, 95% CI 1.4-
5.6, respectively). Patients with invasive fungal disease, even

though they initially survive, undergo significant changes to
their chemotherapy therapy. This impacts on the survival of
patients with proven fungal disease. 
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ABSTRACT

Introduction

Invasive fungal diseases (IFD) are a major cause of mortality
in acute leukemia (AL), affecting approximately 5-15% of
acute myeloid leukemia (AML) patients.1,2 The mortality of
patients with invasive fungal diseases at three months after
diagnosis is reported to be between 28-42% in invasive
aspergillosis and 23-40% in invasive candidiasis.3-8 Patients sur-
viving invasive fungal diseases may have problems complet-
ing the full chemotherapy schedule because the risk of fungal
relapse is estimated to be around 30%.9 Most hematologists
give a secondary prophylaxis,9,10 as supported by international
guidelines.11-12 Additionally, they often delay or reduce the
doses of chemotherapy, at least until the invasive fungal dis-
ease is stabilized.
Any change in a chemotherapy protocol (delaying courses,

dose reduction, or changing the drugs) may impact on the
prognosis of acute leukemia patients.13,14 Despite many data
on the mortality rates of invasive fungal diseases in hematol-
ogy patients, there has been no study which looks at their
impact in survivors of the event on the application of the
acute leukemia chemotherapy regimen which had been ini-
tially planned. 
The objectives of this study were to assess the impact of

invasive fungal diseases on the application of chemotherapy
regimens in patients with acute leukemia surviving invasive
fungal diseases, and the possible impact of these changes on
the event-free (EFS) and overall survival (OS).

Desgin and Methods

This is a single-center, hospital-based case-control study on
patients consecutively treated in our department for acute leukemia
between 2000 and 2008. The study was approved by the Comité de
Protection des Personnes, Ile de France IX.
All acute leukemia patients aged 60 years or under were housed in

laminar-air flow (LAF) rooms during the chemotherapy courses with
an expected neutropenia of over ten days. The older patients (> 60 y)
were hospitalized in regular single rooms unless a laminar-air flow
room was available. All acute leukemia patients received oral non-
absorbable polyens, without other antifungal prophylaxis, and were
screened twice weekly by galactomannan antigenemia in the blood.
Invasive fungal diseases were classified according to the EORTC-
MSG criteria.15 All chemotherapy regimens, and any change in the
schedule, were individually discussed among the staff. The depart-
ment is involved in the Acute Promyelocytic Group (APL),16 in the
Acute Leukemia French Association (ALFA) for other acute myeloid
leukemias,17,18 and in the national acute lymphoblastic leukemia



(ALL) group.19,20 All patients were treated with regimens defined
in a written procedure, whether the patient was or was not
included in a prospective study. 
Male and female acute leukemia patients aged over 15 years

were included in the study. All patients had a probable or proven
invasive fungal disease, were treated within or according to a
given protocol of chemotherapy, survived at least four weeks
after the invasive fungal disease diagnosis, and were not trans-
planted, either because they had no indication of hematopoietic
cell transplantation (HCT) or they had no donor. Patients who
were to receive an allogeneic hematopoietic cell transplantation
and had a donor benefited from a reduced-intensity conditioning
regimen with a secondary antifungal prophylaxis and were
excluded from this analysis. Possible invasive fungal diseases
were not considered. Patients who had only experienced an inva-
sive fungal disease during their last planned course were excluded
since assessing any change in the subsequent course would not
have been relevant. The patients were only included at their first
episode of invasive fungal disease. To create the control group,
for each case patient, we selected 3 individually matched control
subjects. The control subjects were aged over 15 years and did
not present invasive fungal diseases. Matching criteria were sex,
age (± 5 years), leukemia type, chemotherapy protocol, treatment
phase (first induction, consolidation or relapse treatment),
leukemia status (remission or failure), and year of treatment. The
target sample was 30 cases and 90 controls to detect an odds ratio
(OR) of 4 to 5 for a prevalence of 10% to 20% of changes in the
chemotherapy among controls, with an 80% power and for a
two-sided type I error of 5%.
A delay in the chemotherapy regimen was defined by a

chemotherapy course starting after the maximal period allowed
in the protocol. A change of chemotherapy regimen was defined
by any dose reduction, cytotoxic switch, change of timing, or
switch to a palliative treatment justified in the chart by the sever-
ity of the invasive fungal disease.
Acute leukemias  were classified according to the FAB classifi-

cation. Karyotypes in acute myeloid leukemia were considered to
be indicative of good (translocations t(8,21), inv16 or t(16,16);
t(15,17)), poor (monosomy 5, monosomy 7, complex karyotype,
chromosome 3-long arm abnormalities, t(6,9), t(9,22) or
Philadelphia chromosome) or  intermediate (all others, including
normal karyotypes) prognosis. Karyotypes in acute lymphoblas-
tic leukemia were considered to be indicative of good (hyper-
diploidy and tetraploidy), poor (t(9, 22), t(4, 11) or t(1, 19) for B-
lineage, any complex karyotype) or intermediate (other) progno-
sis.
Our hypothesis was that even though the patients initially sur-

vived invasive fungal disease, its occurrence may modify the
application of the chemotherapy regimens, and consecutively
may impact on the overall survival or event-free survival.  The
changes of chemotherapy were compared between cases
(patients with IFD) and controls (patients without IFD) using
Fisher’s exact test or the non-parametric Mann-Whitney test as
appropriate. Quantitative variables are expressed as median
(range) and qualitative variables as number (%). Odds ratios (OR)
with their 95% confidence intervals (CI) were estimated sepa-
rately for each parameter using unconditional logistic regression.
Survival assessment was censored at 30 months after inclusion.
Event-free survival was defined as survival without leukemia

relapse or fungal death.
To analyze the impact of invasive fungal disease on event-free

survival and overall survival, time from beginning of the last
course of chemotherapy to the event of patients with no, proba-
ble or proven invasive fungal disease was estimated using the
Kaplan-Meier method and compared using log rank analysis.

Hazard ratios and their 95% CI were estimated using Cox’s pro-
portional hazard models. Other variables that could potentially
influence event-free survival (age at diagnosis, hyperleukocytosis,
karyotype, type of leukemia, and changes in protocol) were also
analyzed. Proportional hazards assumption was graphically
assessed, and the Schoenfeld residuals were used in case of uncer-
tainty. Invasive fungal disease was then entered into a multivari-
ate Cox’s proportional hazard analysis of event-free survival and
of overall survival, along with potential confounders (other vari-
ables with a P value ≤ 0.15 in univariate analysis). P 0.05 or under
was considered statistically significant. All significance tests were
two-tailed. Data were analyzed using the Stata Statistical
Software (StataCorp 2003, Release 8.0, College Station, Texas).

Results and Discussion

During the study period, 362 new cases of acute
leukemia and 151 relapses were cared for in our depart-
ment. Sixty-nine patients (13.4%) developed a first proven
or probable invasive fungal disease. Among the 64
patients who survived four weeks later, 24 received an
allogeneic hematopoietic cell transplantation within three
months, 5 experienced invasive fungal disease during the
last planned course of chemotherapy, 6 were not treated in
a specific protocol which precludes the matching, and one
patient was lost to follow up. Therefore, 28 patients were
analyzed (1st induction n=21; consolidation n=4; relapse
induction n=3). Our aim was to include 90 control sub-
jects; however, only 78 appropriate controls could be
enrolled.
Patients’ characteristics are summarized in Table 1. The

two cohorts were comparable with respect to age, sex,

C. Even et al.

338 haematologica | 2011; 96(2)

Table 1. Demographic and hematologic characteristics of cases and control
patients.
Characteristic: n (%) Cases Control Subjects P value*

(n=28) (n=78)

Matching variables
Sex: Male 15 (53.6) 42 (53.9) 1
Age at diagnostic, years 56 [16- 76] 54 [20-75] 0.89
Leukemia Type (FAB classification):
AML† 0,1,2,4,5, 20 (71.4) 62 (79, 5)
AML 6, secondary, or not specified. 6 (21, 4) 10 (12, 8)
AML 3 1 (3.6) 3 (3.9)
ALL ‡ 1 (3.6) 3 (3.9) 0.72
Chemotherapy protocol:
ALFA 98-01 13 (46.4) 37 (47.4)
ALFA 98-02 7 (25.0) 20 (25.6)
ALFA 98-03 6 (21.4) 15 (19.2)
APL 2000 1 (3.6) 3 (3.9)
LALA 94 1 (3.6) 3 (3.9) 1

Karyotype:
Good prognosis 3 (10.7) 7 (9.0)
Intermediary prognosis 15 (53.6) 47 (60.3)
Poor prognosis 9 (32.1) 20 (25.6)
Not done 1 (3.6) 4 (5.1) 0.90
Hyperleukocytosis (WBC§ > 
100¥109/L) at diagnosis 3 (10.7%) 5 (6.4%) 0.43
Follow-up, months [extrems] 24 [5-104] 23 [5-112] -

Qualitative variables are expressed as number (%), quantitative as median [range]. *P value of
Fisher’s exact test or of the non-parametric Mann-Whitney test as appropriate. †AML: acute myeloid
leukemia; ‡ALL: acute lymphoblastic leukemia; §WBC: white blood cell count.



leukemia type and status, cytogenetic risk, chemotherapy
protocol, treatment phase, and follow up.
Among the 28 invasive fungal disease patients, 21

events (75%) occurred during induction therapy. There
were 20 aspergillosis, 7 candidiasis (6 candidemia and one
hepatosplenic candidiasis), and one zygomycosis. Eleven
(39%) cases were proven (5 aspergillosis and 6 candidemia),
17 (61%) were probable (one candidiasis, 15 aspergillosis,
and one zygomycosis). Three patients with aspergillosis
benefited from surgery and 20 of 28 invasive fungal dis-
ease patients received a secondary antifungal prophylaxis
during subsequent chemotherapy. Four patients subse-
quently developed a new episode of invasive fungal dis-
ease: 3 patients aspergillosis relapse, and one patient can-
didemia relapse at induction developed an IA during a
consolidation course. None of these new fungal episodes
was a cause of death.
The administration of the next chemotherapy course

was delayed in 16 cases (57.1%) and in 16 control subjects
(20.5%) (P=0.001). In patients whose treatment was
delayed, this delay was of a median of 11 days (1-38 days)
in the case group, and of 4.5 days (1-45 days) in the control
group (P=0.0058). The chemotherapy protocol was
changed in 8 cases (28.6%) and 6 control subjects (7.7%)
(P=0.009). The protocol changes were: 1) an early switch
to a maintenance treatment for 4 cases (14.3%) and no
control subject; 2) a switch to a palliative treatment for 2
cases (7.1%) and 2 control subjects (2.6%); 3) a dose-
reduction of chemotherapy in one case (3.6%) and 2 con-
trol subjects (2.56%); 4) a switch to outpatient manage-
ment for one control subject (1.3%); and 5) a change for a
less myeloablative drug for one control subject (1.3%).
Finally, 19 (68%) of the cases and 19 (24.4%) of the con-
trols had some change to the chemotherapy schedule
(P<0.001). Furthermore, this proportion significantly
increased from controls (24.4%) to probable (64.7%) and
proven (71.1%) invasive fungal disease (P value of the c2

for trend <0.001).
There was no significant difference in the probability of

overall survival and event-free survival between invasive

fungal disease cases and controls (HR 1.28, 95% CI 0.74-
2.22 and HR 1.30, 95% CI 0.71-2.39, respectively).
However, when proven and probable invasive fungal dis-
ease were separated, proven invasive fungal disease was
significantly associated with lower overall survival and
event-free survival in the univariate analysis (HR 2.9, 95%
CI 1.4-5.6 and HR 2.4, 95% CI 1.1-5.1, respectively). The
probability of event-free survival was also significantly
worse in the older patients, in patients with hyperleuko-
cytosis, poor prognosis cytogenetics, and in patients with
AML6 or secondary leukemia (Figure 1 and Table 2).
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Table 2. Influence of parameters on the event free survival.
                                                                             Event                  No event Univariate analysis Multivariate analysis
                                                                            (n=62)                  (n=44) P value HR* [95% CI] P value HR [95% CI]

Age at diagnosis, median [range], years              58.5 [15-76]             43.5 [51-68] <0.0001 1.05 [1.03-1.07]† 0.001 1.04 [1.02-1.06]†

WBC† > 100¥109/L at diagnosis, n (%)                       6 (9.7)                       2 (4.6) 0.17 1.8 [0.8-4.2] 0.005 3.7 [1.5-9.2]
Cytogenetics, n (%)
Good prognosis                                                           3 (4.8)                      7 (15.9) 1 1
Intermediary prognosis                                           36 (58.1)                   31 (70.5) 0.14 2.4 [0.7-7.9] 0.38 1.7 [0.5-6.0]
Poor prognosis or no cytogenetics                      23 (37.1)                    6 (13.6) 0.001 4.9 [1.5-16.5] 0.04 3.8 [1.1-13.7]

AML 6, secondary, or not specified, n (%)              15 (24.2)                     1 (2.3) <0.0001 3.7 [6.8-18.3] 0.009 2.4 [1.2-4.6]
Chemotherapy delayed, n (%)                                   16 (25.8)                   16 (36.4) 0.23 0.7 [0.4-1.2] -
Protocol change, n (%)                                                 9 (14.5)                     5 (11.4) 0.36 1.4 [0.7-2.8] -
Total delay and/or change in chemotherapy          21 (33.9)                   17 (38.6) 0.68 0.9 [0.6-1.6]
schedule, n (%)                                                                                                        -
Fungal infection (yes vs. no) , n (%)                        18 (29.0)                   10 (22.7) 0.51 1.3 [0.7-2.2]
Diagnosis of fungal infection, n (%)
None                                                                            44 (71.0)                   34 (77.3) 1 1
Probable                                                                       8 (12.9)                     9 (20.5) 0.42 0.7 [0.3-1.6] 0.18 0.6 [0.3-1.3]
Proven                                                                          10 (16.1)                     1 (2.3) 0.003 2.9 [1.4-5.6] 0.001 3.4 [1.6-7.2]

*HR 95% CI: Hazard ratios, 95% confidence intervals and P value were estimated using a univariate Cox’s proportional model. † WBC: white blood cell count; AML: acute
myeloid leukemia.

Figure 1. (A) Event-free survival according to IFD. (B) Overall survival
according to IFD.

Probable IFD (n=17)

Probable IFD (n=17)

Su
rv

iv
al

 (%
)

EF
S 

(%
)

Control group (no IFD)
(n=78)

Control group (no IFD)
(n=78)

Proven IFD (n=11)

Proven IFD (n=11)

0 6 12 18 24 30
Months

1.00

0.80

0.60

0.40

0.20

0.00

1.00

0.80

0.60

0.40

0.20

0.00

0 6 12 18 24 30
Months



Similar results were observed for overall survival. The
changes or delays in chemotherapy had no significant
impact on overall survival and event-free survival. In the
multivariate analysis, a proven invasive fungal disease
remained significantly associated with a poor prognosis
after adjusting for the parameters which negatively influ-
enced the survival (older age, white blood cell count at
diagnosis, cytogenetics, and type of leukemia). 
Our study shows that despite an initial favorable out-

come, the occurrence of invasive fungal disease during
acute leukemia treatment led us to change the chemother-
apy program, either by delaying the next course, changing
the drug, or reducing dosage. Second, the event-free sur-
vival and overall survival of acute leukemia patients was
negatively influenced by the occurrence of a proven inva-
sive fungal disease, although this does not seem to be sig-
nificantly related to the chemotherapy changes, it may be
due to the low number of proven invasive fungal disease
in our study. Also, the fact that 86% of the invasive fungal
disease patients received secondary antifungal prophylaxis
may have minimized the risk of fungal reactivation. 
Our study has several limits. First, we did not include

patients with possible invasive fungal disease. The reason
is the uncertainties of fungal diagnosis in this group. The
fact that survival in our patients was significantly lower in
the proven subgroups when compared to the non-IFD
group or to the probable IFD group, suggests that the high-
er the level of proof of the invasive fungal disease, the
greater the impact on survival, as recently shown in
hematopoietic cell transplantation patients.21 Also, the cri-
teria for probable aspergillosis, mostly based on galac-
tomannan antigen and imaging, may select some patients
who in the end have no invasive fungal disease.15 Second,
we excluded patients who underwent an allogeneic
hematopoietic cell transplantation after the invasive fun-

gal disease episode.  As our policy was to favor
hematopoietic cell transplantation each time indicated by
the characteristics of the disease, these patients are not
comparable to the chemotherapy patients. Moreover,
there are already many data on such patients in the litera-
ture.22 Third, we did not include the rare patients who died
early during induction, from or with invasive fungal dis-
ease, for whom the impact of the fungal event is obvious.
The 3-month mortality rate of invasive fungal disease is
widely illustrated in the literature.1,2,4 On the other hand,
there were no data so far on the outcome of patients get-
ting invasive fungal disease, surviving the event, and need-
ing ongoing chemotherapy. 
Our study shows that in cases of invasive fungal disease

during the course of acute leukemia therapy, despite initial
survival, this event impacts on the chemotherapy regimen,
and on overall survival and event-free survival, at least for
proven invasive fungal disease. In order to decrease this
impact of invasive fungal disease in acute leukemia
patients, several approaches may be combined: primary
prophylaxis, environmental measures,26-28 empirical or pre-
emptive antifungal treatment,23,24 and secondary prophy-
laxis. However, every effort should be made to maintain
unchanged the chemotherapy regimen since any change
may have a negative impact on the overall prognosis.
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