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Abstract Patients with hematological malignancies are
severely immunocompromised and are at high risk of
invasive fungal infection (IFI), particularly those under-
going remission-induction chemotherapy for acute myeloid
leukemia (AML). IFIs are a major cause of morbidity and
mortality in such patients. We planned to study the inci-
dence of IFI in patients with AML undergoing intensive
chemotherapy and receiving antifungal prophylaxis. We
retrospectively reviewed consecutive 46 patients with non-
M3 AML, who received induction chemotherapy and sys-
temic antifungal prophylaxis. None of the patients had IFI
at the time of initiation of the chemotherapy. Patients were
monitored for the occurrence of IFI using high-resolution
computerized tomography of the chest or para-nasal sinus
and test for galactomannan antigen on serum or broncho-
alveolar lavage and were followed up for 90 days. Of the
46 patients on intensive chemotherapies, 41, 4 and 1
patients were started on posaconazole, amphotericin B and
voriconazole prophylaxis, respectively. The occurrence of
possible and probable IFI was observed in 16 and 4 patients
respectively, in which 19 patients were on posaconazole
and 1 patient was on amphotericin-B prophylaxis. Overall
mortality in the study population was 11 (23.9%). Four out
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of 20 patients died with IFI but none of the death was
attributable to IFI. IFT still remains a significant cause of
morbidity and mortality in patients with AML despite
universal use of antifungal prophylaxis. With effective
pharmacotherapy, the mortality due to IFI is preventable.
Appropriate antifungal prophylaxis strategy still needs to
be developed through larger and prospective studies.
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Abbreviations

AML Acute myeloid leukemia
AFP Antifungal prophylaxis
IFI Invasive fungal infection

EORTC European Organization for Research and
Treatment of Cancer and the Mycoses Study
Group

CT Computed tomography

BAL Bronchoalveolar lavage

HAM High dose cytarabine and mitoxantrone

HiDAC High dose cytarabine

GM Galactomannan
HRCT  High-resolution computerized tomography

Introduction

Acute myeloid leukemia (AML) is a hematological disor-
der characterized by immature myeloid cell proliferation
and bone marrow failure [1, 2]. The incidence of AML
increases with age and approximately 80% of AML
patients are adults while 20% are in the pediatric age group
[3]. Patients with hematological malignancies are severely
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immunocompromised and are at high risk of invasive
fungal infections (IFIs), particularly those undergoing
remission-induction chemotherapy for AML [4-6]. IFIs are
a major cause of morbidity and mortality in patients with
AML undergoing chemotherapy [7, 8]. The incidence of
IFIs, according to the revised European Organization for
Research and Treatment of Cancer (EORTC) criteria, has
been reported to range from 12 to 34% in patients with
AML [9]. The reported mortality from candidiasis or
aspergillosis ranges from 40 to 50% and mortality from
fusariosis or zygomycosis is around 70% [10]. It is
observed that the response to the antifungal treatment is
generally poor and the cost of treatment of IFIs is very
high. Therefore, antifungal prophylaxis (AFP) has become
the standard of care in such high-risk patients. On the other
hand, factors like epidemiologic features of the center,
duration of neutropenia or response to the treatment for
AML can influence the incidence of IFIs along with the
type of AFP [11].

Limited data is available in the Indian population on the
incidence and mortality related to IFIs in patients under-
going intensive chemotherapy and AFP together [12, 13].
A retrospective analysis of AML patients receiving
induction as well as salvage chemotherapy along with the
AFP documented that none of the patients were given any
antibacterial and antiviral prophylaxis. The majority of the
patients received amphotericin-B as AFP. Further, there
was heterogeneity in the chemotherapy regimens used [12].
A prospective study done on AML patients undergoing
induction chemotherapy and receiving voriconazole as
AFP has mentioned that voriconazole reduced the inci-
dence of IFI and IFI related mortality [13]. Therefore, the
current study has been planned to assess the incidence of
IFIs in patients with AML on chemotherapy and AFP in the
Indian population.

Materials and Methods
Patients and Data Collection

This present study was retrospective, conducted in a ter-
tiary care center providing comprehensive cancer care in
North India. The sample consisted of 46 non-M3 AML
patients who received remission-induction chemotherapy
from 1st August 2014 to 31st December 2016. All newly
diagnosed and relapsed cases with no evidence of IFI at
baseline and receiving intensive chemotherapies were
included in this study (Fig. 1). All the relevant data were
extracted from the charts and electronic records from the
time of hospital registration until 90 days after remission-
induction chemotherapy.

Treatment and Response Criteria of AML

Standard induction chemotherapy for non-M3 AML in this
study was daunorubicin + cytarabine in 3 4 7 regime
(daunorubicin 60 mg/m?* per day for 3 days, and cytarabine
100 mg/m?*/day for 7 days). Other chemotherapy regimens
included high dose cytarabine and mitoxantrone (HAM
regimen) (Cytarabine @ 3 g/m* twice a day on alternate
days for 3 days, and mitoxantrone @8—10 mg/m” per day
for 3 days) and high dose cytarabine (HiDAC regimen)
(cytarabine 1.5-3 g/m*/twice a day every alternate day for
3 days).

The outcome was measured from the first day of
induction chemotherapy till the date of death or day 90 of
follow-up. Patients who failed to achieve remission after
Ist induction chemotherapy were censored for further
occurrence of IFI, though were followed for the outcome.
Induction mortality was defined as all-cause-mortality
within 42 days following induction chemotherapy or till
next cycle of chemotherapy. Mortality attributed to IFI was
defined as death with continuing symptoms and/or signs of
IFIL.

During the observation period, patients received an oral
suspension of 200 mg posaconazole three times a day,
amphotericin-B 25 mg once every alternate day, liposomal
amphotericin-B 50 mg once every alternate day or
voriconazole 200 mg twice a day. Posaconazole was
administered with food while voriconazole was adminis-
tered irrespective of food intake. Voriconazole was
administered in a dose of 200 mg twice daily. AFP was
initiated 1 day before the induction chemotherapy and
continued until recovery from neutropenia period or the
start of another systemic antifungal agent. Data of GM
antigen tests for Aspergillus and additional examinations
such as brain or sinus CT, or bronchoalveolar lavage
(BAL) were recorded in case record forms. A serum and
BAL GM values of > 0.5 and > 1.0 respectively, were
considered positive and suggestive of Aspergillus infec-
tion. The empirical strategy was to start antifungal treat-
ment in cases of persistent fever despite the use of broad-
spectrum antibiotics for more than 4 days without radio-
logical evidence of IFI. AFP failure was defined as a
diagnosis of possible or probable IFI as per EORTC criteria
while receiving any of three AFPs. Patients who were
treated empirically were not considered to be AFP failure.

Statistical Analysis
Descriptive statistics have been used to analyze the study
results. Values are expressed as median (range; continuous

variables) or as a percentage of the group from which they
were derived (categorical variables).
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183 patients identified to have AML

Exclusion Criteria

- Patients with invasive fungal infection within
the previous 6 months
Patients diagnosed to have fungal infection at
the time of initiation of chemotherapy
Patients started on definitive therapy for

46 patients met the inclusion criteria
-Newly diagnosed/relapsed AML
-No baseline fungal infection

treatment of fungal infection at the time of
initiation of chemotherapy

Patients with Acute Promyelocytic Leukemia
Patients on hypomethylating agents for initial
chemotherapy

Clinically significant hepatic or renal
dysfunction

| Posaconazole AFP= 41 patients

Voriconazole AFP= 1 patient

Amphotericin B AFP= 4 patients

Fig. 1 Flow-chart showing the breakdown of the patients included in the study. AML acute myeloid leukemia, Ampho B amphotericin B, AFP

antifungal prophylaxis

Data Handling and Record Keeping

The data was recorded manually in both the hard and the
soft copy and was archived for the inspection purposes.
Confidentiality of the recorded data was maintained, and
the data is protected by the secure password and only
authorized person have access to data.

Ethics Information

The study was approved by the Scientific Committee (Res/
SCM/20/2017/21) of the institute and has been performed
in accordance with the ethical standards of Declaration of
Helsinki. The policy that informed consent can be waived
for this study was also approved by the Research Com-
mittee because the data were analyzed retrospectively from
the hospital database.

Results

Over the 29-months period, a total number of 183 patients
were identified having non-M3 AML who were started on
chemotherapy. Forty-six patients met the inclusion criteria
and others were excluded because of the presence of IFI at
baseline or treatment with a hypomethylating agent or
other non-intensive chemotherapies. The baseline charac-
teristics of the patients are summarized in Table 1.

Chemotherapy and AFP Given in AML Patients
Among 46 patients, 40 (86.9%) patients received 3 + 7
regimen, 4 (8.6%) patients received HAM regimen and 2

(4.3%) patients received HiDAC regimen as remission-in-
duction chemotherapy. The total duration of follow-up
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from the day of starting of induction chemotherapy was
90 days. Appropriate AFP was given in all the patients.

IFI Profile During Chemotherapy

During induction chemotherapy, a breakthrough of IFIs
was detected in 20 (43.4%) patients. Table 2 shows the
details of AFP, the methods of microbiological and radi-
ological diagnosis of IFIs. Of the 20 patients with IFI, 16
had a possible fungal infection, while 4 had probable IFI as
per EORTC-MSG criteria. Sites of fungal infection
included the lungs in 19 and 1 had sinus involvement in the
form of diffuse haze. Of the 19 patients with lung
involvement, 17 patients had nodular opacities with or
without surrounding ground-glass haze, 1 patient had
consolidation, and in 1 patient the findings were non-spe-
cific. GM antigen assay test was performed in 16 patients
out of 46. Samples were taken from blood (n = 15) and
BAL (n = 1).

Antifungal Therapy Usage in AML Patients

The antifungal treatment was given in 30/46 (65.2%)
patients. Among these, 10 (33.3%) patients received
empirical treatment (antifungal treatment based on only
clinical factors without having radiological or microbio-
logical evidence of IFI) and the other 20 (66.6%) patients
received pre-emptive treatment (antifungal treatment based
on clinical factors along with the presence of suggestive
radiological signs and/or microbiological criteria) for IFI
(Table 2). After treatment, the infection was resolved in
12/20 (60%) patients and no death attributable to IFI was
observed. The diagnosis of breakthrough IFIs under AFP is
a challenge, so, we evaluated the role of GM in the diag-
nosis of breakthrough IFIs in patients with prophylaxis
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CTl?al:if:tleriEtzils:]g;ethe patients Characteristics n/median Range %
Total patients (n) 46
Age (in years)
Median (range) 39 15-65
Gender
Male 28 61
Female 18 39
M/F ratio 1.56:1
Diagnosis (WHO classification)
AML with recurrent cytogenetic abnormality inv3, t9:11 1 2
AML with recurrent cytogenetic abnormality t6:9 2 4
AML with recurrent cytogenetic abnormality t8:21 4 9
AML-MRC 4 9
AML-NOS erythroid/myeloid 1 2
AML-NOS monocytic 7 15
AML-NOS myelomonocytic 8 17
AML-NOS with maturation 5 11
AML-NOS without maturation 12 26
AML-NOS with minimal differentiation 1 2
Therapy-related AML 1 2
Newly diagnosed 41 89
Relapsed 5 11
Cytogenetic risk stratification
Low 8 17
Intermediate 18 39
High (including relapse cases) 18 39
Not available 2 4
Baseline radiological parameters
Chest X-ray 46
Normal 46 100
HRCT chest 32/46 69.5
Normal 32 100

AML acute myeloid leukemia, MRC myelodysplasia related changes, NOS not otherwise specified, HRCT
high resolution computed tomography

failure. Serum GM was positive in 3 patients and BAL GM
was positive in 1 patient who received posaconazole as
AFP.

Mortality

Of the 46 patients in whom induction chemotherapy was
initiated, 4 patients died with refractory disease during
their second induction while 7 deaths were attributable to
bacterial infections. Though 4 out of 11 patients had IFI but
none of the deaths were IFI attributable (Table 3). At a
median follow-up of 90 days, the overall survival was
70%. Since the number of patients included in the study
were low, we were not able to analyze the outcome of the

patients with IFIs based on treatment with different classes
of antifungal agents.

Discussion

In the present study, the incidence of IFIs in the AML
patients who were given the induction chemotherapy and
were on AFP was assessed. Also, an attempt was made to
know the survival rate in the patients who received dif-
ferent AFP along with chemotherapy. A total of 46 patients
with newly diagnosed and relapsed AML were recruited for
the present study.

Evidence supports the beneficial effects of AFP on
prevention of IFI and improvement in overall survival
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;?g:tei(?n ?Ill;/f)s;vri)é;l: %izlillring IFI parameters N %
induction, its treatment and IFI profile during induction
outeome Possible 16/46 326
Probable 4/46 8.6
Proven Zero Zero
IFI site 20/46 43.4
Pulmonary (HRCT chest) 19 41.3
PNS (CT PNS) 1 2.1
Total no. of GM done during the induction phase 20/46 434
Positive 4 20
Serum 3 15
BAL 1 5
Negative 16 80
Day of onset of IFI
Median (range) 13(4-24)
IFI on different antifungal prophylaxis
Posaconazole (n = 41) 19 46.3
Amphotericin-B (n = 4) 1 25
Voriconazole (n = 1) Zero Zero
IFI treatment and outcome
IFI treatment (possible + probable) 20 43.4
Empirical antifungal treatment 10 21.7
Drugs used to treat fungal infection (n = 30)
Monotherapy 22 73.3
Voriconazole 4 18.1
Amphotericin-B 14 63.6
Caspofungin 4 18.1
Double antifungal therapy 26.6
Duration of antifungal treatment (in days)
Median (range) 12.5 (6-84)
Outcome of fungal infection (n = 20)
Resolved 12 60
Not resolved 4 20
Death 4 20

IFI invasive fungal infection, HRCT high resolution computed tomography, PNS para-nasal sinus, GM
galactomannan, BAL broncho-alveolar lavage

[14-17]. A recent meta-analysis has shown posaconazole
to be the best IFI prophylaxis option and for avoiding IFI-
related mortality, over voriconazole and other antifungal
agents [18]. As per the literature, posaconazole is the most
prescribed antifungal agent for the prophylaxis of fungal
infection in patients undergoing induction chemotherapy
[14, 19-22]. Our study also have most of patients receiving
Posaconazole prophylaxis.

A retrospective study done on AML patients has shown
that posaconazole prophylaxis is effective and well-toler-
ated protection against IFI. The study has shown positive
effect of AFP and reported no mortality after 76 cycles of
remission-induction chemotherapy followed by

@ Springer

posaconazole prophylaxis [23]. In a prospective study of
AFP enrolled 82 patients in the polyene prophylaxis group
and 77 in the posaconazole prophylaxis group, reported
that patients on polyene prophylaxis were more likely to
experience the breakthrough of IFIs than patients on
posaconazole prophylaxis [24].

A randomized multicentric study, compared the efficacy
and safety of posaconazole (n = 304) with those of flu-
conazole or itraconazole (n = 298) as prophylaxis in
patients with AML. IFIs (probable or proven) were repor-
ted in 2% and 8% of patients in the posaconazole versus
other group. Significantly lesser patients had invasive
aspergillosis and longer survival in the posaconazole group
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Table 3 Mortality

Phase N %

Induction mortality (n = 46)

1st induction (n = 46) 5 10.8

2nd induction (n = 15) 4 26.7

Total induction mortality 9 19.5
Post-remission (n = 27)

Cause of death 2 74
Disease 0 0
Bacterial infection 2 7.4

Overall mortality (n = 46)

Cause of death 11 239
Induction mortality 5 45.4
Refractory disease 4 36.3
Infections (post remission) 2 18.1

[10]. International guidelines recommend this approach
because of the high level of evidence [25-27]. Concur-
rently, majority of patients in our study too received AFP
with posaconazole as a standard policy.

In the present study, IFI was reported in about 43%
patients despite being given the AFP while a prospective
study done by Girmenia et al. [28] has reported the overall
incidence of IFI during front-line chemotherapy to be
30.3% in the patients of posaconazole group. The study had
shown a lower overall incidence of IFI in the posaconazole
group which was higher in our study findings [28]. This
high incidence of IFI in the present study can be possibly
related to environmental factors (humid environment,
construction work in surrounding areas) [29]. Twenty
patients were given pre-emptive treatment for possible and
probable IFI and 10 patients were given empirical treat-
ment. After treatment, IFI resolved in 12 patients but 4
patients did not respond to the treatment and 4 patients died
during this period. The data shows that IFI resolved in 60%
of the patients after receiving systemic antifungal therapy.
In the present study, the overall mortality during the study
period was 24% (n = 11). Seven patients died of bacterial
infections (5 during first induction while 2 patients during
post-remission therapy) while 4 patients died of refractory
disease. Further, the overall mortality after acquiring IFI
was observed to be 20% and there was no IFI
attributable mortality in our study, which were lesser when
compared to the findings of a prospective study which has
reported a mortality of 40% after acquiring IFI and the IFI
attributable mortality of 12.3% [28].

There were several limitations to the present study,
which include: (a) none of the patients underwent invasive
diagnostic tests like FNAC or biopsy of infected lung/PNS

tissue to prove the fungal infection. This caused skewed
high rates of possible/probable IFI while no proven case of
IFI could have been documented in the study; (b) The
baseline serum GM testing were done in only a small
number of patients, also the follow up serum GM tests were
not performed routinely; (c) Patients were subjected to
BAL, as and when required. BAL was not done routinely in
all patients. This paucity of indirect microbiological test
data led to a high number of possible IFI while lower
numbers of probable IFI; (d) Heterogeneity in AFP was
there; (e) Comparison among the various antifungal
strategies used, was not possible, as almost 90% of the
patient population was given posaconazole as the AFP;
(f) Most sources of error due to confounding and bias were
more common as it was a retrospective study; (g) As a high
incidence of IFI was observed despite using universal AFP,
the study could not support the beneficial effects of AFP on
prevention of IFI; (h) Adverse effects of antifungal drugs
could not be recorded due to the retrospective nature of the
study and limited accessibility to the data; (i) Small cohort
and a high drop-out rate is also an important limitation.

Despite these limitations, the results of our study con-
clude that AML patients are more prone to IFI. The pro-
phylaxis with antifungal agents did not demonstrated
significant prevention of IFI rather high incidence was
reported. However, IFI attributable mortality was not there
in our study. Antifungal agents for prophylaxis need to be
studied further on larger cohorts to clearly define its role in
AFP in Indian settings.
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