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Background: Invasive fungal infections (IFls) are complications that lead to mortality
and morbidity in hematologic malignancies. The time of starting antifungal therapy is vital.
Preemptive antifungal therapy has appeared recently as a new policy for the management
of IFls based on noninvasive ways in neutropenic patients.

Methods: We enrolled leukemia patients with neutropenia after chemotherapy in Imam
Khomeini Hospital Complex, Tehran, Iran. Patients who entered the neutropenic phase
were divided into two categories (empirical and preemptive) for receiving antifungal
agents. The patients were clinically examined in the preemptive group every day to find
IFls. As soon as clinical evidence of IFls was observed, antifungal was prescribed. The
empirical group patients received antifungals based on the ward protocol. Based on
the data in each group, the diagnostic and therapeutic results of cases are followed-up
to 3 months. To compare percentages between the two groups, the chi-squared test
was used. And to compare two means between the two groups, the independent t-test
was used. All the statistical analyses were done in the Statistical Package for the Social
Sciences (SPSS) version 24 software (IBM Corporation, Armonk, New York, USA).

Results: \We assessed 132 leukemic patients with inclusion and exclusion criteria.
Eventually, 80 patients were enrolled. The mean age was 35.52 years. Demographics
data and distribution of leukemia type show no significant differences between the two
groups. Despite a higher percentage of IFls discovered in the preemptive group than the
empirical group (25 vs. 18.75%, respectively), but data show no significant differences.
The average days of IFls diagnosis since the beginning of neutropenia in the empirical
group were 9.5 days while in the preemptive group, the average days were 5.4 days
(o < 0.05). Totally, there were 15 patients with a proven IFl in each group (40% in the
empirical group and 60% in the preemptive group). Results significantly show an increase
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in surgical sinus debridement in the empirical groups (83.3%) vs. the preemptive groups
(565.5%), (b < 0.05). The mortality rate differed significantly among the two groups; it was
7.5% in the preemptive group and 25% in the empirical group (p < 0.05).

Conclusion:

Daily oral and nasal cavities examination to find the symptoms of

IFls and then start preemptive antifungal agents may be able to lead to accurate
diagnosis, earlier treatment, and decreasing sinus surgery debridement in leukemia

patients with neutropenia.

Keywords: invasive fungal infections, hematologic neoplasms, antifungal therapy, preemptive, empirical,

neutropenia, nasal, oral

INTRODUCTION

Invasive fungal infections (IFIs) are severe complications that
lead to mortality and morbidity in patients with an impaired
immune system, such as acute or chronic leukemia (1-3).
Nowadays, we are facing a general increase in IFIs (4, 5).
New chemotherapy medication causes longer neutropenia, which
raises immunocompromised patients. The diagnosis of IFIs in
the early stages is challenging and it is crucial for a better
prognosis of antifungal treatments (6-8). According to a previous
study, almost 33% of newly diagnosed acute myeloid leukemia
(AML) under chemotherapy has developed IFIs. A 30-day
mortality rate of IFIs among patients with AML in another
study was about 22.1% (7, 9). The remarkable point is that
cytotoxic chemotherapy as a treatment for leukemia causes
critical neutropenia (10-12). Studies have shown that prolonged
neutropenia is the most significant risk factor for getting IFIs
(13-16). Clinical manifestations of IFIs in immunocompromised
hosts can be atypical and silent; therefore, the diagnosis of fungal
infections is troublous (15-17). Some symptoms, such as fever,
facial pain, and headache are nonspecific (3, 18). IFIs in the nasal
cavity represent pallor and discoloration, ischemia, necrosis,
ulcer in the septum, or eschar in the early stages (18, 19). In
contrast, the air-crescent sign in CT scan emerges lately with
the existence of advanced IFI, which is not pleasing for early
recognition (6). Recent studies proved that the incidence of IFIs is
higher in patients with no empirical antifungal therapies (20-22).

Candida spp. are responsible for the most prevalent fungal
nosocomial infections (23-25). IFIs can affect a single organ or
spread across the body. Invasive candidiasis commonly affects
the bloodstream. The lungs and sinuses are the typical sites for
invasive aspergillosis (26-29).

There is an association between a long time and profound
neutropenia with impaired prognosis in patients undergoing
antifungal treatments (30, 31). The time of starting antifungal
therapy is vital in high-risk patients including chemotherapy
patients (32, 33). Based on previous studies, different centers
perform antifungal therapies in various ways: empirical,
preemptive, and targeted therapy (13, 34). Empirical antifungal
therapy is one of the most accepted ones for patients with febrile
neutropenia after 3-7 days of constant fever, despite broad-
spectrum antibiotics (13, 35). Considering clinical manifestation
and the risk of the patient for IFIs, it leads to initiating

antifungal (empirical) therapy, regardless of microbiological
therapy (36, 37).

Empirical antifungal therapy mostly causes overtreatment,
drug resistance, higher medical costs, and is not dedicated
(38, 39). Doubt about the advantages and disadvantages of
empirical antifungal therapy created the necessity for making
another strategy to help the patients (3, 40). Preemptive
antifungal therapy has appeared recently as a new policy
for the management of IFIs in neutropenic patients. This
method uses noninvasive ways, such as imaging (CT scan) or
serological tests (galactomannan testing), for starting antifungal
agents in suspected neutropenic patients in IFIs. However,
preemptive strategies may lead to the delayed beginning of
antifungal therapies, have no effect on higher mortality in
patients, and decrease the medication costs (41-43). A Chinese
survey comparing empirical therapy to preemptive therapy
demonstrated the same survival rate, but fewer changes for
preemptive patients (43). Thus, we designed this study to evaluate
the benefits of initiating preemptive antifungal therapy based on
physical examination of oral and nasal cavities for finding the
clinical features of IFIs as a complementary method in leukemic
patients with neutropenia.

PATIENTS AND METHODS
Study Population and Design

After evaluation of patients with acute leukemia, we enrolled
hospitalized patients in Imam Khomeini Hospital Complex,
Tehran, Iran from April 2018 to March 2020 who met the
inclusion criteria in addition to none of the exclusion criteria and
gave informed consent.

Inclusion Criteria

Diagnosis of acute leukemia, receiving chemotherapy, and
neutropenia defined as an absolute neutrophil count (ANC) of
< 500 cells/mm?® were assumed as inclusion criteria. Peripheral
blood smears of the leukemic patients were evaluated daily after
chemotherapy for defining ANC.

Exclusion Criteria

We considered exclusion criteria as follows: age < 14 years,
septic shock, diagnosis of hematologic malignancy except for
leukemia, history of prior invasive fungal infections, reluctance
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to participate in the project, and the impossibility of additional
diagnostic tests for possible or definitive invasive fungal infection.
Patients who entered the neutropenic phase were divided into
two categories to have antifungal treatment approaches.

Group 1

In the preemptive group, patients who entered the neutropenic
phase (ANC < 500 cells/mm?) following chemotherapy without
fever were daily examined to find a necrotic or ulcerative mucosal
lesion, black scars, acute localized pain, purple discoloration in
the nasal cavity, or similar lesions in the oral cavity, palate,
and pharynx. We composed a datasheet that contains nasal
and oral cavity examination features in the preemptive group.
The daily examination was performed by a trained healthcare
provider. The nasal speculum was used for nasal examination
and evaluation of the mouth was performed by abeslang and a
flashlight. As soon as discovering clinical evidence of invasive
fungal infection (without starting fever), antifungal therapy with
liposomal amphotericin B [3-5 mg/kg/daily/intravenous (IV)]
was added to the medication regimen of the patient. Moreover,
chest and paranasal CT scans, sinus endoscopy, and acquired
samples were checked for pathology and culture and fungal
smear. The serum galactomannan test was sent at the same time
as seeing lesions in daily assessments. The endpoint for serial
examination is recovery from neutropenia or the diagnosis of
invasive fungal infection.

Group 2

The empirical group includes patients who experienced fever in
their neutropenic period subsequent chemotherapy. According
to specified fever and neutropenia guidelines in the hematology
department of Imam Khomeini Hospital Complex, cases were
managed. Based on the mentioned protocol, after 3-5 days
of fever and neutropenia and no response to broad-spectrum
antibiotics—without severe sepsis or septic shock condition—
liposomal amphotericin B (3-5 mg/kg/daily/IV) was started and
diagnostic measurements, such as imaging and galactomannan
level of the serum, were done.

All the patients with neutropenia in both groups received
fluconazole 400 mg/PO/daily for antifungal prophylaxis. The
clinical indicators assessed in clinical examinations were
recorded in datasheets. The diagnosis of IFIs in this study was
based on the European Organization for Research and Treatment
of Cancer/Invasive Fungal Infections Cooperative Group
(EORTC)/National Institute of Allergy and Infectious Diseases
Mycoses Study Group (MSG) criteria (44). The definitions
determined 3 levels of probability to the diagnosis of invasive
fungal infection in immunocompromised patients including
“proven,” “probable,” and “possible” invasive fungal infection.

“Proven” invasive fungal infection is diagnosed only when the
presence of invasion by fungus can be identified by histological
diagnosis or culture of a specimen taken from the site of infection.
In contrast, “probable” and “possible” invasive fungal infections
consist of 3 factors. Probable IFI requires a host factor, a clinical
criterion, and mycological evidence. Patients with a host factor
and a clinical criterion but without mycological evidence are
considered as possible IFI (44, 45). The diagnosis of proven cases

in this study was based on histopathological evidence or tissue
fungal culture.

Finally, based on the data in each group, the diagnostic
and therapeutic results of proven and probable IFI cases were
followed and recorded until 3 months. To compare percentages
between the two groups, the chi-squared test was used and for
comparing two means between the two groups, the independent
t-test was used. All the statistical analyses were done in the
Statistical Package for the Social Sciences (SPSS) version 24
software (IBM Corporation, Armonk, New York, USA).

RESULTS

In this study, we assessed 132 leukemic patients referring
to Imam Khomeini Hospital Complex in Tehran, Iran. They
suffered from neutropenia after chemotherapy with inclusion
and exclusion criteria. Eventually, 80 patients were enrolled. The
empirical (control) group included 40 patients that developed a
fever after chemotherapy. They were treated by antibiotic, if the
treatment did not stop fever; patients were immediately given
antifungal therapy by an empirical method. The preemptive
(case) group consisted of 40 patients that underwent daily clinical
nasal and oral examination.

Among 80 patients, the age range of cases was between
15 and 59 years and the average of all was 35.52 years, with
10.25 years SD. The type of leukemia is shown in Table 1. The
chi-squared test showed that there is no significant association
between type of malignancy and the treatment method (p >
0.05). Demographics data and leukemia type distribution show
no significant differences between the two groups.

Incidence of Invasive Fungal Infections
According to the EORTC/MSG criteria for the classification of
IFIs (44), results are shown in Table 2 divided by probable and
proven cases in each group. The diagnosis of proven cases was
based on histopathological evidence or tissue fungal culture.
12/15 (80%) cases were diagnosed based on histopathological
evidence and 3/15 (20%) cases were diagnosed based on tissue
fungal cultures as proven cases.

The average days of diagnosis of IFIs since the beginning of
neutropenia in the empirical group were 9.5 days (with 2.01
days SD) while in preemptive patients, mean days of diagnosis
were 5.4 days with 1.86 days SD and the difference in averages
was statistically significant. The independent ¢-test showed a
significant difference between the two means (p < 0.05).

Based on the results, nasal cavity symptoms were the
dominant site (88.8%) of IFIs in this study, while 11.11% of
patients had the symptoms of fungal infection in the oral cavity
(change the color of the palate).

In total, out of 15 proven invasive fungal infections diagnosed
in the two groups, 8 proven invasive fungal infections were
mucormycosis and 7 proven invasive fungal infections were
aspergillosis, while pathogen prevalence of IFIs is near the same
in the two groups (Table 2). In each group, two patients had
positive serum galactomannan levels (Table 3).

There were 15 patients with a proven IFI and 6 (40%)
patients related to the empirical group and 9 (60%) patients
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TABLE 1 | Distribution of empirical and preemptive therapy in 80 leukemic patients.

Type of malignancy, N (%) Empirical Preemptive Total, N (%)
AML? 29 (36.25%) 30 (37.50%) 59 (73.75%)
ALLP 11 (13.75%) 10 (12.50%) 21 (26.25%)
Total (%) 40 (50.00%) 40 (560.00%) 80 (100.00%)
aAML, acute myeloid leukemia; PALL, acute lymphoblastic leukemia.
TABLE 2 | Frequency of proven/probable fungal infections with regard to type of therapy.
Empirical Preemptive Total (%)
Probable IFls positive, N (%) 9 (11.25%) 11 (13.75%)
IFls negative, N (%) 31(38.75%) 29 (36.25%)
Proven IFls positive, N (%) 6 (7.50%) Mucormycosis 3 (20.00%) 9 (11.25%) Mucormycosis 5 (33.33%)
Aspergillosis 3 (20.00%) Aspergillosis 4 (26.67%)
IFls negative, N (%) 34 (42.50%) 31 (38.75%)
Total (%) 40 (50.00%) 40 (560.00%) 80 (100%)

related to the preemptive group. In the course of the disease,
5 (83.33%) patients in the empirical group needed surgical
sinus debridement. In contrast, among 9 preemptive patients, 5
(55.56%) patients needed debridement and 4 (44.44%) patients
with IFIs did not need debridement.

In terms of the need for recurrent sinus surgery debridement,
83.3% of patients in the empirical group needed repetition, while
this rate was 55.5% in the preemptive group. The chi-squared
test significantly showed the increasing necessity of surgical sinus
debridement of IFIs site in the empirical group vs. the preemptive
group (p < 0.05).

The chi-squared test showed that all-cause mortality rate
differed significantly among the two groups: lower mortality rate
in the preemptive group against the empirical group. In the
empirical group, 10 (25%) patients and in the preemptive group,
3 (7.5%) patients died in 3 months follow-up (p < 0.05).

DISCUSSION

Invasive fungal infection is one of the serious etiologies of
chemotherapy-induced neutropenia (14, 45). As a common
approach, empirical therapy has been used in treating IFI patients
for years, but administering empirical antifungal agents may have
certain problems, such as overtreatment or higher expenses and
due to lack of trustworthy data, the efficiency of this method is
still debatable (16, 38, 46).

With low specificity of clinical symptoms (e.g., fever,
nodules, cough, hemoptysis, erythema, and maculopapular
eruptions) and radiologic diagnostic tests, it has always been
challenging to diagnose IFI in the early stages, but nowadays
because of new diagnostic tools being employed for early
identification of IFI, including the G-test, GM test, chest CT,
and PCR, it is possible to define more exact starting points for
antifungal treatment (4, 17, 18).

Studies comparing empirical vs. preemptive antifungal
therapy in adult populations use different criteria including

overall mortality, IFI-related mortality, percentage of patients
with the final diagnosis of IFI, percentage of patients receiving
antifungal therapy, and the number of days of antifungal
treatment (19). To the best of our knowledge, this study is
the first randomized controlled trial that recruits daily clinical
nasal and oral examination before the manifestation of fever, as
the inclusion criteria in the preemptive group and comparing
with the empirical group. Patients with stem cell transplant and
hematological disorders including neutropenic leukemia tend
to have abrupt fatal courses of Mucor spp. or Aspergillus spp.
sinusitis with a high mortality rate (47). Chen CY et al. reported
19 of 46 enrolled patients with invasive fungal sinusitis (IFS)
died within 6 weeks indicating poor prognosis, especially in
patients with prolonged neutropenia status in their study (ANC
less than 500 cells/mm? for more than 10 days) (48). During
the daily nasal and oral examination, any symptom of nasal
discharge, stuffiness, epistaxis, periorbital swelling, and maxillary
tenderness as nonspecified and nose ulceration, eschar of the
nasal mucosa, black necrotic lesions, and perforation of the hard
palate as a more specific manifestation of IFS can lead to an
early-stage diagnosis and antifungal therapy (47, 49, 50).

In this study, although numerically, the detection
rate of fungal infections was higher in the preemptive
group; this method could not significantly increase
the diagnostic rate of invasive fungal infection
in the preemptive group, which was 25% in the
preemptive  group vs. 18.75% in the empirical
group (p > 0.05).

Lower rates of surgical sinus debridement in the preemptive
group compared to the empirical group were needed. Surgical
sinus debridement was done in 5/9 (55.56%) cases in the
preemptive group and 5/6 (83.33%) cases in the empirical
group (p < 0.05). On the other hand, the mortality rate
differed significantly among the 2 groups with a noticeable
reduction of mortality rate in the preemptive group (p
<0.05).
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TABLE 3 | Results of galactomannan test with regard to type of therapy.

Galactomannan Test, N (%) Empirical N (%) Preemptive N (%) Total (%)
Mucormycosis Positive 0 (0.00%) Mucormycosis Positive 0 (0.00%) 0 (0.00%)

Negative 3 (21.43%) Negative 5(35.71%) 8(57.14%)

Aspergillosis Positive 2 (14.29%) Aspergillosis Positive 2 (14.29%) 4 (28.58%)

Negative 1(7.14%) Negative 1(7.14%) 2 (14.28%)

Total (%) 6 (42.86%) 8 (57.14%) 14 (100%)

As mentioned in this study, the preemptive method that we
devised was based on diagnosing IFI in neutropenic patients
prior to the onset of fever, which differed from other studies that
defined preemptive antifungal therapy as a strategy initiated after
at least 4 days of refractory fever (38, 51, 52). This study shows
a significant decrease in the average days of diagnosis of IFIs in
the preemptive group (5.4 & 1.86 days) vs. the empirical group
(9.5 & 2.01 days) that can indicate more efficiency of this study
design to define preemptive therapy method in comparison with
other studies (38, 56).

The mean age of patients was 35.52 years in our randomized
controlled trial; As reported by Carol A Kauffman, these range of
ages indulge more in social interactions and have more exposure
to fungal and bacterial infections, so we can observe a higher
incidence of histoplasmosis, aspergillosis, and cryptococcosis
in these patients more than others (53). As reported in this
study, the distribution of mucormycosis and aspergillosis in our
population of interest with an age range of 35.52 years, with
10.25 years SD, was 8/15 (53.3%) and 7/15 (46.6%), respectively;
that was in accordance to the prevalence of mentioned fungal
infections reported by Njunda et al. (54) and Dhooria et al. (55)
in their studied population.

Costs associated with antifungal therapy as an important
reason for implementing preemptive antifungal therapy were
indicated in a previous study by Cordonnier et al. (56) to lower
the expenses of patients by 35% using the preemptive method.
Although, they stated an incidence rate of IFI of 3/143 (9%)
patients in the preemptive group vs. 4/150 (3%) patients in the
empirical group that was in accordance with our IFI incidence
rate. Ko et al. (35) also indicated the cost-effectiveness of a
diagnostic-driven (preemptive) approach as a novel method to
treat patients of hematological malignancies with neutropenia
following chemotherapy and hematopoietic stem cell transplant
(HCST) recipients with severe graft vs. host disease (GVHD).
They also stated that choosing the preemptive or empirical
therapy should be individualized according to the hospital
and patient factors (e.g., feasibility, the turnaround time of
diagnostics, local epidemiology, and risk of IFI). They suggested
using preemptive strategy in the patients with low risk of IFI
due to epidemiological factors or diagnostic tools and empirical
strategy in high-risk patients or patients with severe illness.

According to the systematic review published in 2015,
including 9 studies comparing preemptive vs. empirical
antifungal therapy, it states that the medical expenses of
leukemic neutropenia patients infected with IFI received
preemptive antifungal strategy have shown significantly lower
antifungal exposure and less clinical expenses than patients in

the empirical group without increasing both the overall and
IFI-related mortality rate (57). In another retrospective study,
to evaluate preemptive antifungal strategy, 348 neutropenia
episodes in 234 patients were reviewed. The main elements of
preemptive therapy included a weekly chest CT scan and GM
test twice a week. Patients were under prophylactic therapy with
fluconazole 400 mg and antifungal therapy started at the stage of
prognosis of IFI. Chest CT scans in a 10-day interval in 81% of
cases diagnosed 109 patients with IFI. Forty-nine patients passed
away before day 100 and 2 IFI cases were found after their death
that was not diagnosed in preemptive antifungal strategy.

As reported in studies and protocols, in the majority of
cases, it takes 3-7 days of persistent fever to start antifungal
therapy in empirical method and obviously, there is a high risk
of disseminated infection, but in the preemptive approach with
our novel study design, we can observe a significant decrease
in IFI-related and overall mortality (13, 35, 57). This study
shares the same results on the early-stage diagnosis of IFI but
additionally, despite many previous studies, we can observe a
decrease in mortality rate in the preemptive group compared to
the empirical group.

This randomized study revealed that preemptive antifungal
treatment guided by daily nasal and oral examination before
the manifestation of fever in addition to imaging findings and
the GM test was able to significantly decrease the mortality rate
in the preemptive group with decreasing the need for surgical
debridement in leukemia patients with neutropenia.

CONCLUSION

Daily oral and nasal cavities examination to find the features of
IFIs and then start preemptive antifungal agents may be able
to lead to accurate diagnosis, earlier treatment, decreasing sinus
surgery debridement, and even mortality in leukemia patients
with neutropenia.
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