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Abstract

Introduction: Acute myeloid leukemia (AML) is a hematological malignancy with a poor prognosis. The early
consequences of induction chemotherapy are represented by pancytopenia with severe immunosuppression,
which favors the emergence of so-called “opportunistic” infections and in particular invasive fungal infections
(IFT) such as invasive aspergillosis (IA). This justifies the implementation of early, empirical, pre-emptive or
prophylactic antifungal treatment. The objective of this study is the evaluation of a comparative study before and
after the use of primary prevention with posaconazole versus fluconazole, in terms of incidence and mortality
of invasive fungal infections (IFIs) during AML inductions, in real life in Algeria. Patients and methods:
This study was performed in two periods in the 2 centers concerning the same AML patients receiving the
same induction chemotherapy (daunorubicin 60 mg/m? for 3 days and cytarabine 100 mg/m? for 7 days) but
with a different type of hospitalization with common rooms for Tlemcen and protected single rooms for Oran.
Period 1: The retrospective study was performed from 2014 to 2016 and involved 188 patients. 70 patients were
hospitalized in a common room (Tlemcen) and 118 patients in a protected single room (Oran). All patients received
as primary IFI prophylaxis fluconazole 400 mg/day. Period 2: The prospective study was conducted from April
2017 to September 2018 and involved 55 patients. Fourteen patients were hospitalized in Tlemcen and 41 patients
in an Oran. These patients received posaconazole prophylaxis at a dose of 200 mgx3/day. The evaluation and
comparison of descriptive and incidence data was performed using Chi2 statistical tests using SPSS version 19
software. Overall survival (OS) were calculated using the Kaplan-Meier estimate and were compared using the
log-rank test with a significance level a of 0.05. Results: Period 1: The incidence rate of IFI: 34% at the Oran
hospital versus 49% at the Tlemcen hospital (p=0.049). Among the 74 patients who presented with IFI, 39 (53%)
died from IFI as the main cause of death, among these deaths, 16 (40%) were recorded at Oran and 23 (68%) at
Tlemcen (p=0.011). Period 2: The IFI rate with fluconazole was 39% and that observed with posaconazole 22%
(p=0.001) and the cumulative incidence was 39% at 21 days versus 10% at 15 days (p=0.046) with a highly
significant decrease in [FI-related deaths: 53% versus 25% (p=0.004). Conclusion: This work has demonstrated
the interest in terms of IFI incidence (17% versus 33%, p=0.04) and IFI-related mortality of posaconazole
prophylaxis (25% versus 53%, p=0.004) used during AML in the context of hospitalization in common rooms.
Furthermore, this work highlights that the combination of posaconazole prophylaxis and hospitalization in a
protected single room allows an optimization of the management of this type of patients.
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Introduction

Acute myeloid leukemia (AML) is a hematological
malignancy with a poor prognosis. Its incidence in Europe
and the USA varies from 3 to 5 per 100 000 inhabitants per
year [1-2], while it is lower in Algeria, with an incidence
of 0.91 per 100 000 inhabitants per year [3]. AML is
common in adults, with an average age at diagnosis of
44 years in Algeria and without predominance of sex
[3]. It ranks third among hematological malignancies
[4] with an annual number of new cases of around 500
to 600 patients [4]. The early consequences of induction
chemotherapy are represented by pancytopenia, and
in particular a very deep and long-lasting neutropenia
associated secondarily with severe immunosuppression,
which favors the emergence of so-called “opportunistic”
infections and in particular invasive fungal infections (IFI)
such as invasive candidiasis or invasive aspergillosis (IA).

IA, the most serious of the IFIs, is secondary to a
filamentous fungus (Aspergillus fumigatus in 80% of
cases) which is an environmental mould, called conidia
of 2 um in diameter, suspended in air and water. Under
normal physiological conditions, this fungus is harmless
when inhaled, and is evacuated through the mucociliary
carpet. It becomes pathogenic in the event of deep and
lasting neutropenia and/or immunosuppression during
germination, leading rapidly to vascular invasion and
tissue necrosis [5].

IA is a fungal infection which, despite progress in
diagnosis and treatment, remains serious with a poor
prognosis and still a high mortality rate often requiring
management in intensive care units [6]. Fungal infection
remains difficult to diagnose and is sometimes only
diagnosed postmortem. This justifies the implementation
of early, empirical, pre-emptive or prophylactic antifungal
treatment on the basis of (1) clinical, clinical situation and/
or persistent fever under broad-spectrum antibiotic empiric
therapy, (2) biological (galactomannan antigenemia,
Polymerase chain reaction (PCR) and/or radiological
scanners (specific lung lesions and/or “halo” sign). Despite
this early take in care, deaths secondary to IFIs remain still
high. Therefore, current international recommendations
consider the implementation of primary prevention of IFIs
and in particular IA by antifungal agents during intensive
induction chemotherapy of AML [7]. This primary
prevention can be provided by an azole agent and
posaconazole has been recommended following the very
significant results of a large international randomized
multicenter trial comparing posaconazole with fluconazole
or itraconazole in AML and myelodysplasias (MDS) under
intensive chemotherapy [8].

The objective of this study is the evaluation of
a comparative study before and after the use of primary
prevention with posaconazole, in terms of incidence and
mortality of IFIs during AML inductions, in real life in
Algeria.

Materials and Methods

This work concerned a bicentric comparative
evaluation (hematological department of the university
hospital of Tlemcen and the hematological and cellular
therapy department of the university hospital November
Ist of Oran) of the IFI incidence during AML induction
chemotherapy calculated over two periods using a different
prophylaxis. This study was performed in the 2 centers
concerning the same AML patients receiving the same
induction chemotherapy but with a different kind of
hospitalization with common rooms for Tlemcen and
protected single rooms for Oran. This study included
2 parts: (1) the first one corresponds to a retrospective
study where the primary prevention used during intensive
AML chemotherapy for the 2 centers was fluconazole
with the only difference being the type of hospitalization
(protected single rooms vs. common rooms) (2) the
second one corresponds to a prospective study where the
primary prevention used in the 2 centers was posaconazole
with the same similarities (AML receiving intensive
chemotherapy) and the same differences (protected single
rooms vs. common rooms).

The inclusion criteria were AML diagnosis patients
treated with fluconazole or posaconazole prophylaxis and
exclusion criteria were AML patients without prophylaxis.
The informed consent was obtained from all individual
participants included in the study. The study was approved
by the Ethical Committees of both centers.

Retrospective and prospective Studies

The retrospective study was performed from 2014
to 2016 and involved 188 patients with a median age
of 54 years (19-65) and a sex ratio of 1.72. All patients
presented a de novo AML and received 3+7 induction
chemotherapy combining daunorubicin 60 mg/m? for
3 days and cytarabine 100 mg/m? for 7 days. In terms
of hospitalization, 70 patients were hospitalized in
acommon room (Tlemcen) and 118 patients in a protected
single room (Oran). All patients received as primary
IFI prophylaxis fluconazole 400 mg/day from Day 1 of
the induction phase until the end of the aplasia phase,
characterized by hematopoietic recovery with a absolute
neutrophil count (ANC) >1.5 G/L.

The prospective study was conducted from April 2017
to September 2018 and involved 55 patients with de novo
AML who also received intensive 3+7 chemotherapy,
with a median age of 52.5 years (24-65) and a sex ratio
0f 0.96. Fourteen patients were hospitalized in a common
room (Tlemcen) and 41 patients in a protected single room
(Oran). Due to the introduction of posaconazole at that
period in Algeria, these patients received posaconazole
prophylaxis with oral suspension administered on Day
1 of the induction phase, at a dose of 200 mgx3/day at
mid-meal to improve absorption. Primary prophylaxis
was maintained until recovery from aplasia characterized
by a level of ANC>1.5G/L. Posaconazole tolerance and
toxicity were monitored by daily clinical examination
and laboratory tests, including a blood count every 3 days
and bi-weekly renal and hepatic measures. Infectious
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surveillance was based on twice-daily temperature
measurement, daily clinical examination and chest
CT scan in case of cough or respiratory discomfort or
unknown origin fever.

Statistical analysis

It included a descriptive analysis of the populations
in the retrospective and prospective studies. This was
followed by a study of the cumulative incidence of
invasive fungal infections with a study of the incidence
of global IFIs and the incidence of Al and invasive
candidiasis. The evaluation and comparison of descriptive
and incidence data was performed using Chi2 statistical
tests using SPSS version 19 software. In order to be able
to compare IFI incidences in the two periods, we matched
the two sets of patients by age and gender. Furthermore,
in terms of survival, we calculated overall survival (OS)
according to the Kaplan-Meier method for all patients
in both retrospective and prospective studies, OS with
or without IFI, according to whether or not prophylaxis
was implemented, according to the type of azole used
for prophylaxis (posaconazole versus fluconazole) and
finally according to the kind of hospitalization (protected
single room versus common room). The comparison of the
survival curves was carried out using the Log Rank test.

Results

Retrospective study

Of'the 188 AML patients receiving intensive induction
chemotherapy and fluconazole prophylaxis, 74 patients
developed an IFI (39%). Among the IFIs, 12 IFIs (16%)
were not identified, and of the 62 documented, 50 were
classified as invasive aspergillosis (81%): 45 pulmonary
aspergillosis and 5 aspergillosis of sinuses and 12 were
classified as invasive candidiasis (19%). According to the
European Organization for Research and Treatment of
Cancer (EORTC) classification [Probable IFI=At least 1
criteria related to the host + one clinical criteria +At least
1 mycological criteria; Possible IFI= At least 1 criteria
related to the host + one clinical criteria], 56 IFT (76%)
were classified as probable IFI and 18 (24%) as possible
IFI. We observed a significant difference between the 2
centers in terms of incidence: 34% at the Oran hospital
versus 49% at the Tlemcen hospital and this difference
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Figure 1. Cumulative Incidence of IFI on Fluconazole
and Posaconazole Prophylaxies

was correlated to the difference in terms of hospitalization
(protected single rooms vs. common rooms) (p=0.049)
(Table 1).

Among the 74 patients who presented with IFI, 39 died
from IFI as the main cause of death (53%), among these
deaths, 16 (40%) were recorded at Oran and 23 (68%) at
Tlemcen (p=0.011).

Prospective study

The prospective study began in April 2017 and the
cut-off date for results was September 30, 2018. During
this period, 55 AML patients receiving intensive induction
3+7 chemotherapy were included in the study and
received primary prophylaxis with posaconazole during
the induction phase, 12 patients had an IFI (22%), and
among the 9 documented: 8 (89%) had an IA and 1 had an
invasive candidiasis (19%). Eight (67%) of the IFIs were
reported as probable and 4 (33%) as possible according
to the EORTC classification.

Comparative study

When comparing the results in terms of IFI rate, we
found a highly significant difference between the rate
observed with fluconazole 39% and that observed with
posaconazole 22% when considering the whole treated

Table 1. Incidence and Type of IFIs According to the University Hospital and Type of Hospitalization

TLEMCEN ORAN
N, patients 70 118
Induction Chemotherapy «3+7» «3+7»
Daunorubicine/Aracytine (60 mg/m?100 mg/m?) (60 mg/m?/100 mg/m?)
Type of hospitalization Common Rooms Protected single Rooms
IFI Incidence 34 (49%) 40 (34%) (p=0.049)
1A 28 22
Pulmonary IA 25 20
Sinuses 1A 3 2
Invasive Candidosis - 12
NP 6 6
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Figure 2. Probability of Overall Survival, (A) for all
Patients of Tlemcen and Oran (B) for Patients with or
without IFI

population (p=0.001) and the cumulative incidence was
39% at 21 days versus 10% at 15 days (p=0.046) with
a highly significant decrease in IFI-related deaths: 53%
versus 25% (p=0.004) (Table 2 and Figure 1).
Moreover, our results have shown that when
considering the center effect and mainly the common
room versus protected single room effect, posaconazole
compared to fluconazole improved the incidence of IFI
even when patients were in common rooms 49% vs. 43%
but not significantly (p=0.8) while the result is highly
significant when we considered only patients in protected
single rooms with 34% vs. 15% (p=0.017). The number
of IFI-related deaths also decreased significantly when
comparing fluconazole (33%) and posaconazole (17%).
In addition, the number of deaths per center was 16 (40%)
and 23 (68%) respectively at Oran hospital (protected
single rooms) and Tlemcen hospital (common rooms)

Table 2. Incidence and Death from IFI on Fluconazole
and Posaconazole Prophylaxis

Fluconazole  Posaconazole  P-value
IFI+ 74/188 (39%)  12/55(22%)  P=0.001
IF1- 114/188 (61%)  43/55 (78%) P=0.01
Deaths (IFI+)  39/74 (53%) 3/12 (25%)  P=0.004

with a high significant difference (p=0.011). Table 3
summarized all these last results.

The median overall survival (OS) of the whole
cohort was 17 months [Figure 2 (A)], regarding IFI with
or without IFI the median OS were 17 months and 13
months respectively (p=0.49) [Figure 2 (B)]. In addition,
according to the used azole, we have shown a median
OS not reached for posaconazole and at 16 months for
fluconazole (p=0.014) [Figure 3 (A)] and finally according
to the type of hospitalization the median OS in protected
single rooms and common rooms were 25 months and 11
months respectively (p=0.035) [Figure 3 (B)].

Discussion

IFIs remain a serious complication that can occur
during the aplasia following intensive induction
chemotherapy given to AML patients. Despite the
progress concerning diagnostic tools, the diagnosis of
IFIs remains still difficult and often late, which often
compromises therapeutical results. Among the diagnostic
tests used for IFIs, we have galactomannan documentation
(aspergillar antigenemia) in serum or bronchoalveolar
fluid [9], mannans and antimannans with low sensitivity
and low specificity, especially in candidiasis of liver and
spleen [10]. PCR can also be used for the IFI diagnosis
[11]. Imaging and in particular early CT scan is considered
as positive in 90% of cases when showing the sign of halo
or peri-lesional frosted glass opacity [12]. The EORTC
group has established recommendations for the diagnosis
of proven, probable or possible IFI with high sensitivity
[13]. Therapeutically, there are several possibilities:
prophylaxis, empirical treatment, preemptive treatment
and finally curative treatment. Early treatment includes
empirical treatment (treatment of persistent fever after
3 to 7 days of broad-spectrum empirical antibiotics or
recurrent fever after initial apyrexia) and preemptive
treatment (guided by clinical signs, biomarkers, CT
data, or a combination of several of these criteria) that
reduces the incidence of IFIs and IFI-related death
rates [14]. Primary prophylaxis has also been shown
to be effective in terms of IFI incidence and IFI-related
mortality, including posaconazole prophylaxis. Several

Table 3. IFI Incidence According to Type of Prophylaxis and Type of Hospitalization

Type of Hospitalization Fluconazole Prophylaxis Posaconazole Prophylaxie P-value
Tlemcen IFI+ Common rooms 34/70 (49%) 6/14 (43%) 0.8
Oran IFI+ Protected single rooms 40/118 (34%) 6/14 (15%) 0.017
Tlemcen (Common rooms) Oran (Protected single rooms) P-value
Posaconazole 2 (33%) 1 (17%) 0.04
Fluconazole 23 (68%) 16 (40%) 0.011
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Figure 3. Probability of Overall Survival, (A) According
to Primary Antifungal Prophylaxis (Posaconazole and
Fluconazole)/(B) According to the University Hospital
and Kind of Hospitalization (common rooms/ protected
single rooms)

publications have demonstrated the superiority of this type
of prophylaxis in hematology patients at high risk of IFI
with two pivotal studies: during AML and MDS receiving
intensive induction chemotherapy and during graft
versus host disease (GVHD) on immunosuppression
after allogeneic hematopoietic stem cell transplantations
[8][15]. Posaconazole is an azole antifungal agent with
a mechanism of action focused on membrane destruction
at the ergosterol (predominant fungal membrane
sterol) level. There are currently 2 galenic forms: the
oral suspension and the film-coated tablet form with
absorption problems that have been demonstrated
during the administration of the oral suspension, which
requires for good absorption an oral intake of high-fat
meals, which is difficult in the neutropenic period [16].
An alternative in this context has been evaluated with
a significant improvement in absorption through the
ingestion of coca-cola [17]. The film-coated tablet form
allows excellent rapid absorption without significant
intra- and inter-individual variation [18], but this form
is not currently available in Algeria. It is estimated that
an effective rate is reached in terms of prophylaxis using
the oral suspension when a plasma level is above > 0.7
pg/mL [19]. However, some studies have shown that

despite a lower plasma level, a significant efficacy in
terms of IFI incidence has been nevertheless observed.
Subsequently, many therapeutic trials have highlighted
the value of primary prophylaxis with a drastic reduction
in the incidence of IFI and have led to the development
of international recommendations [6] [20]. Our study in
Algeria has shown a predominance of invasive A with few
reported cases of invasive candidiasis during AML, which
is similar to the results in the literature [ 7] [21]. Regarding
the recent introduction of posaconazole in Algeria, it was
given as prophylaxis during AML receiving induction
chemotherapy in the two hematological departments of
Tlemcen and Oran for identical AML patients in terms of
disease and chemotherapy treatment but with a difference
in terms of hospitalization with common rooms in Tlemcen
and protected single rooms in Oran. This difference allows
assessing the impact of the environment in the context of
antifungal prophylaxis, a missing data in most current
studies on prophylaxis. We confirmed in this study in
Algeria the results already published in the world [6][20]
[8-9] in a prospective randomized and matched study with
a highly significant decrease in incidence and mortality
related to [FI after using posaconazole prophylaxis during
chemotherapy induction in AML patients. In addition, we
also demonstrated the value of protected single rooms
during prophylaxis with fluconazole. In this context,
we have shown that there is a decrease in the incidence
of IFT on posaconazole compared to fluconazole whatever
is the environment. Moreover, posaconazole significantly
decreases the rate of IFI-related deaths especially in
the context of protected single rooms, which shows the
value of the current optimal management strategy when
posaconazole is combined with protected single room.

In conclusion, this work has demonstrated in Algeria
the interest in terms of IFI incidence and IFI-related
mortality of posaconazole prophylaxis used during AML
receiving intensive induction chemotherapy even in the
context of hospitalization in common rooms. Furthermore,
this work highlights that the combination of posaconazole
prophylaxis and hospitalization in a protected single room
allows an optimization of the management of this type of
patients.
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