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ABSTRACT

Background: Invasive fungal infections (IFIs), particularly Candida infections, are a significant cause of morbidity and mor-
tality in patients with acute leukemia. While fluconazole is widely used for prophylaxis, the optimal dosing regimen remains
uncertain. This study aimed to evaluate the efficacy of low-dose fluconazole for primary prophylaxis against invasive Candida
infections in patients with acute leukemia receiving intensive chemotherapy.

Methods: A double-blind, randomized clinical trial was conducted with patients diagnosed with acute leukemia. Patients were
assigned to receive either low-dose (150 mg/day) or standard high-dose (400 mg/day) fluconazole for primary prophylaxis against
invasive Candida infections during intensive chemotherapy. The primary outcomes were the efficacy of antifungal prophylaxis
and the safety profile.

Results: A total of 120 patients (60 per group) were enrolled. The overall incidence of Candida infections was similar between
the groups (p=0.615). Candida colonization was higher in the low-dose fluconazole group during the first week, particularly
with non-albicans Candida at oral and subaxillary sites (p < 0.001). However, by the third week, both groups showed a significant
decline in colonization, with the reduction in the oral cavity being statistically significant (p=0.03). Aspergillosis occurred in
38.3% of patients, with no significant difference between groups (p>0.99). Adverse events were similar in both groups (p>0.05).
Conclusion: Low-dose fluconazole is an effective alternative to high-dose regimens for preventing Candida infections in acute
leukemia patients, with similar efficacy and safety. The rising threat of aspergillosis highlights the need for targeted prophylaxis.
Further research is needed to refine strategies for high-risk patients.

Trial Registration: Iranian Registry of Clinical Trials IRCT) number: IRCT20140818018842N37

1 | Introduction are associated with significant morbidity and mortality [1, 2].
The immunosuppressed state resulting from severe and pro-
Patients with acute leukemia undergoing intensive chemother- longed neutropenia, frequent use of broad-spectrum antibiotics,

apy are at a high risk of invasive fungal infections (IFIs), which and repeated chemotherapy cycles compounds this vulnerability
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[3]. Among IFIs, invasive Candida infections are a major con-
cern, particularly in patients with hematological malignancies
[4, 5]. Candida species such as C. glabrata and C. parapsilosis
are increasingly reported as the predominant pathogens in
regions such as Europe and the United States, with a clinical
response rate of only 80%-85% to antifungal therapies in immu-
nocompromised patients [6-8].

Antifungal prophylaxis has become a cornerstone of infec-
tion management in at-risk patients [9]. Fluconazole, en-
dorsed by the Infectious Diseases Society of America as the
first-line agent for prophylaxis and treatment of candidiasis,
is widely favored due to its safety profile, oral bioavailability,
affordability, and efficacy. Its mechanism of action, involving
inhibition of ergosterol synthesis, disrupts fungal cell mem-
brane integrity, making it effective against Candida infections
[10, 11]. However, the optimal dosing regimen for fluconazole
prophylaxis remains uncertain, especially in the context of in-
vasive infections [12]. High-dose regimens (400 mg daily) are
commonly used to prevent invasive candidiasis in neutropenic
patients, while lower doses (e.g., 100mg) are often reserved
for superficial infections [12, 13]. Despite this, recent evidence
suggests that lower doses might still offer protection against
invasive Candida infections, challenging the need for high-
dose regimens in all cases.

Geographical differences in the incidence and etiology of IFIs,
coupled with variability in antifungal prophylaxis practices and
patient demographics, further complicate the establishment of
standardized guidelines [14]. As a result, clinicians face uncer-
tainty regarding the most effective and safe prophylactic strate-
gies, particularly for patients with acute leukemia undergoing
intensive chemotherapy.

Given these challenges, this study aimed to evaluate the efficacy
of low-dose fluconazole for primary prophylaxis against inva-
sive Candida infections in patients with acute leukemia receiv-
ing intensive chemotherapy. By addressing this question, the
study seeks to inform clinical practice and potentially identify
a more cost-effective and safer prophylactic approach for this
high-risk population.

2 | Methods
2.1 | Study Design and Setting

This study was a single-center, randomized, double-blind clin-
ical trial conducted at the Research Institute for Oncology,
Hematology, and Cell Therapy, affiliated with Tehran University
of Medical Sciences (TUMS), in Iran, from January 2023 to
August 2023.

2.2 | Study Population

This study included adult patients with acute leukemia receiving
intensive chemotherapy who were candidates for primary pro-
phylaxis against Candida. Patients were excluded from the study
based on the following criteria: a history of idiosyncratic aller-
gic reactions to azoles; receipt of systemic antifungal treatment

within the previous 2weeks; a confirmed fungal infection; preg-
nancy or breastfeeding; the use of medications with significant
clinical interactions (category X) with fluconazole; a history of
IFIs requiring systemic treatment within the last 6 months; or
an estimated life expectancy of less than 3weeks. Additionally,
patients were excluded if they developed a severe hypersensitiv-
ity reaction to azoles; had liver dysfunction (defined as trans-
aminases level > 10 times the upper limit of normal) [15]; renal
failure (creatinine clearance of <50mL/min); QTc interval pro-
longation or Torsades de Pointes [16]; or non-adherence to flu-
conazole for more than three consecutive days during the study
period [17].

2.3 | Randomization and Blinding

In this study, randomization was conducted using the Clinical
Trial Randomization Tool provided by the National Cancer
Institute (NCI) (available at https://ctrandomization.cancer.gov/
tool/). A total of 120 participants were randomly assigned to one
of two equal groups (60 patients per group) using a web-based al-
gorithm. The study was double-blind, ensuring that both inves-
tigators and participants were unaware of group assignments.
The randomization results were securely placed in sealed enve-
lopes, which were sequentially numbered. Each participant was
assigned a fluconazole dose based on the envelope drawn at the
time of enrollment, ensuring allocation concealment.

2.4 | Study Protocol

Participants in Group 1 received 400mg of fluconazole once
daily, while those in Group 2 received a lower dose of 150mg
once daily, both administered orally, from the initiation of in-
tensive chemotherapy until the resolution of neutropenia or
prophylaxis failure. Daily monitoring included assessing med-
ication adherence, recording adverse effects, and evaluating po-
tential drug interactions. Kidney and liver function tests were
performed at least three times per week. Fungal colonization
was monitored through weekly cultures for Candida, using
oropharyngeal, femoral, and subaxillary swabs, which were
cultured on Sabouraud dextrose agar. If a fungal infection was
suspected—such as in febrile neutropenic patients unresponsive
to antibiotics—an evaluation for fungal infection was promptly
conducted. This evaluation included fungal cultures (from
blood, urine, and central line samples), galactomannan testing,
and imaging of suspected sites of infection. The study continued
until prophylaxis was completed or failure occurred.

2.5 | Definition of Antifungal Prophylaxis
and Failure

Primary antifungal prophylaxis was defined as the preventive
administration of antifungal agents to reduce the risk of IFIs in
patients with acute leukemia who were expected to experience
severe and potentially fatal neutropenia, defined as an absolute
neutrophil count (ANC) of less than 500/uL for more than 7 days
[18], placing them at high risk for fungal infections. Prophylaxis
failure was indicated by at least one of the following: a con-
firmed diagnosis of an IFI, or the need for systemic antifungal
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therapy for more than 4 days due to a suspected probable or pos-
sible fungal infection.

2.6 | Classification of Fungal Infections Indicating
Antifungal Prophylaxis Failure

During the prophylaxis period, all patients were closely moni-
tored for the development of any fungal infections based on clin-
ical evaluation and fungal colonization and culture. Infections
were classified as follows:

Candida colonization: Candida species were isolated from three
distinct non-blood body sites: the oral cavity, subaxillary region,
and femoral area—over a period of 3weeks.

Superficial candidiasis: This category includes Candida infec-
tions of the skin, mouth, pharynx, or genital tract, identified by
positive cultures but without systemic symptoms. These infec-
tions typically present as localized lesions or oral thrush [19].

Systemic fungal infection: Diagnosis when significant clinical ev-
idence of fungal infection is found in tissue or blood, confirmed
by culture or biopsy from the affected site, and supported by im-
aging findings (e.g., lungs, sinuses, or other tissues). Elevated
biochemical markers, such as galactomannan levels, further
support this diagnosis [20, 21].

Probable fungal infection favoring Candida: Defined by at least
one of the following: (1) fever of unknown origin unresponsive
to broad-spectrum antibiotics, without evidence of other fungal
infections, or (2) a Candida score of two or higher, necessitating
empirical antifungal treatment for presumed Candida infection
[22, 23].

Possible Aspergillus infection: Applied to immunocompromised
patients or those on immunosuppressive therapy who exhibit
characteristic CT scan findings of Aspergillus infection in the
lungs, sinuses, or other organs. If these findings are accompa-
nied by a positive Aspergillus culture from non-sterile specimens
(e.g., bronchoalveolar lavage or saliva) or a positive galactoman-
nan test, the diagnosis is upgraded to probable Aspergillus in-
fection [24, 25]. These diagnostic criteria were established in
consultation with infectious disease specialists.

2.7 | Safety Monitoring and Management

The onset, duration, severity, and potential relationship of any
side effects to the administered fluconazole were meticulously
documented. In response to the patient's clinical condition,
the drug dosage could be adjusted over a period of up to 3days.
Temporary discontinuation of the drug was mandated under
the following circumstances: an increase in liver enzymes ex-
ceeding three times the upper limit of normal, accompanied
by symptoms of liver damage; an increase in liver enzymes ex-
ceeding five times the upper limit of normal [26]; and QTc inter-
val prolongation exceeding 500ms [16]. Once these conditions
were resolved, treatment could be resumed after a maximum
of 3days. If the conditions did not improve, the patient was ex-
cluded from the study.

2.8 | Statistical Analysis

Data collected by the researcher using the questionnaire tool
were systematically recorded and organized with Excel soft-
ware. Subsequently, the data were analyzed using SPSS software
(version 26), employing both descriptive and inferential statisti-
cal methods. Continuous variables were assessed using either
Student's t-test or the Wilcoxon signed-rank test, depending on
the distribution of the data. For categorical variables, chi-square
tests were utilized. Statistical significance was determined at a
95% confidence level, with p-values less than 0.05 considered
statistically significant.

3 | Results
3.1 | Patients’ Characteristics

Throughout the study period, a total of 285 patients were
screened, leading to the inclusion of 120 patients (60 in Group 1
and 60 in Group 2), as depicted in Figure 1.

Among the enrolled patients, 33 (27.5%) had acute lymphoblas-
tic leukemia (ALL), while 87 (72.5%) were diagnosed with acute
myeloblastic leukemia (AML). The majority of patients were
male, comprising 76 (63.3%). Demographic information is de-
tailed in Table 1.

Of the 120 patients enrolled, 110 were successfully discharged
from the hospital, while 10 patients regrettably passed away
during their hospitalization.

3.2 | Efficacy of Antifungal Prophylaxis

In the first week, Candida albicans colonization was higher
in Group 2, while non-albicans Candida colonization was sig-
nificantly higher in Group 2 at the oral and subaxillary sites
(p<0.001). Across the following weeks, both groups showed a
decline in colonization, with statistically significant changes ob-
served in the third week at the oral cavity (p =0.03). The trends
are shown in Figure 2, with subfigures a, b, and c representing
the oral cavity, subaxillary, and femoral regions, respectively.

A total of 31 patients (25.8%) developed Candida infections as a
failure of primary prophylaxis, with 14 patients (23.3%) in Group
1 and 17 patients (28.3%) in Group 2, showing no significant dif-
ference between the groups (p =0.615). No cases of systemic can-
didiasis were diagnosed in either group receiving fluconazole
prophylaxis. Aspergillosis was observed in 46 patients (38.3%),
with 23 patients (38.3%) in each group. Additionally, 1 patient in
Group 2 was diagnosed with mucormycosis. Detailed outcomes
are provided in Table 2. In the subgroup analysis, no significant
correlation was found between the two types of acute leukemia,
ALL and AML, for these outcomes (Table 3).

3.3 | Safety

Gastrointestinal effects, hepatic impairment, and QT prolon-
gation were reported as significant drug-related effects in all
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1 pregnant patient
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39 with eGFR <50 ml/min
3 with liver failure
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33 with prior home antifungal prophylaxis
33 on external Candida prophylaxis

30 with chronic hematological malignancies (CML, CLL)
28 with recent invasive fungal infections

‘ Randomized (n=120) ‘

Allocated to intervention (n= 60) received
high-dose fluconazole (400 mg once daily)

Allocation l

Allocated to intervention (n=60) received
low-dose fluconazole (150 mg once daily)
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Follow up ]

v

Discontinued intervention (reasons provided) (n = 50):
14 patients developed candidiasis.

23 patients developed aspergillosis.

1 patient developed mucormycosis.

S patients experienced hepatic injury.

1 patient exhibited QT interval prolongation.

3 patients experienced gastrointestinal adverse events.
3 patients died.

Discontinued intervention (reasons provided) (n = 47):
17 patients developed candidiasis.

23 patients developed aspergillosis.

5 patients experienced hepatic injury.

2 patients died.

Analysed (n=60)

received high-dose
fluconazole at 400 mg once
daily

Analysed (n= 60)
received high-dose
fluconazole at 400 mg
once daily

FIGURE1 | Flowchart of inclusion and exclusion criteria.

patients; however, none of these adverse events showed signif-
icant differences between the two groups (all p>0.05). Adverse
events led to the withdrawal of fluconazole in 8 patients (6.6%):
5 patients (8.3%) from Group 1 and 3 patients (5%) from Group
2. However, the difference between the groups was not statisti-
cally significant (p =0.113). During the prophylactic regimen, 5
patients (4.1%) died: 3 patients (5%) from Group 1 and 2 patients
(3.3%) from Group 2 (p > 0.99). Details of the significant adverse
effects associated with fluconazole prophylaxis are summarized
in Table 4.

4 | Discussion

The findings of this double-blind, randomized clinical trial
evaluating the efficacy of low-dose fluconazole (150mg daily)
compared to the standard high-dose regimen (400mg daily)
for primary prophylaxis of invasive Candida infections in pa-
tients with acute leukemia undergoing intensive chemotherapy
provide valuable insights into antifungal prophylaxis in this
high-risk population. The study demonstrated no statistically sig-
nificant differences between the two groups in terms of prophy-
laxis failure, prophylaxis discontinuation, systemic candidiasis,
or overall safety profiles. These results suggest that a lower dose
of fluconazole may provide comparable protection against inva-
sive Candida infections while maintaining a similar safety pro-
file, potentially offering a more cost-effective and safer approach
to antifungal prophylaxis.

The study observed that Candida colonization, particularly with
non-albicans Candida species, was initially higher in the low-
dose group but declined over time. By the third week of prophy-
laxis, colonization patterns were similar between the two groups.
Importantly, systemic candidiasis was not observed in either
group, demonstrating that both dosing regimens effectively pre-
vented invasive Candida infections. These findings align with
prior research, such as that by McMillan et al., which reported
comparable efficacy of low-dose (200 mg) and high-dose (400 mg)
fluconazole in reducing colonization and superficial and sys-
temic Candida infections during the neutropenic phase in bone
marrow transplant recipients [27]. Similar studies in hematopoi-
etic stem cell transplantation (HSCT) settings have shown that
fluconazole doses under 400 mg/day effectively suppress fungal
colony formation and prevent invasive infections, comparable to
higher doses, while also potentially reducing costs and minimiz-
ing side effects [28].

Our findings challenge traditional recommendations advocat-
ing high-dose fluconazole for neutropenic patients, particularly
given the rising prevalence of non-albicans Candida species
with variable susceptibility to fluconazole. Global guidelines
often recommend a 400 mg/day dosage, but in Japan and other
regions, lower doses (100-200 mg/day) are frequently used fol-
lowing HSCT, reflecting regional differences in practice [13, 29].

Safety monitoring revealed no significant differences in the
incidence of adverse events such as gastrointestinal effects,
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TABLE1 | Baseline characteristics of study patients (N=120).

Group 1; fluconazole Group 2; fluconazole
Parameter 400mg/day (N=60) 150 mg/day (N =60) D
Age (years); mean (range) 40.2 (18-63) 40.8 (18-71) 0.803
Height (cm); mean +SD 168.1+12.3 171.2+8.9 0.114
Weight (kg); mean+ SD 75.4+£20.1 72.3+13.5 0.383
Type of hematological malignancy; N (%)
ALL 13 (21.7) 20 (33.3) 0.152
AML 47(78.3) 40 (66.7)
Comorbidities; N (%)
Heart failure 2 (3.3%) 2(3.3%) 0.055
CKD 0 3(5.0%)
Diabetes mellitus 2 (3.3%) 3(5.0%)
Hypertension 4(6.7%) 6 (10.0%)
Hypothyroidism 8 (13.3%) 2(3.3%)
Dyslipidemia 2 (3.3%) 0
Hepatitis B 2 (3.3%) 0
ACS 0 3(5.0%)
Other cancer 2 (3.3%) 3(5.0%)
Seizure 0 1(1.7%)
Days of prophylaxis; mean (range) 18.3 (3-48) 19.5 (3-0) 0.407
Discharge; N (%) 56 (93.3) 54 (90.0) 0.509
Death; N (%) 4(6.7) 6 (10.0)
Abbreviations: ACS, acute coronary syndromes; ALL, acute lymphocyte leukemia; AML, acute myeloid leukemia; CKD, chronic kidney disease; SD, standard
deviation.
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FIGURE2 | Colonization trends of Candida albicans and non-albicans Candida in three consecutive weekly samplings: (a) oral cavity, (b) subax-

illary region, and (c) femoral area in two treatment groups.

hepatic impairment, or QT prolongation between the two
groups. Drug discontinuation rates due to adverse effects and
mortality were also comparable, reinforcing the safety of the
low-dose regimen. These findings support the use of low-dose
fluconazole, particularly for patients at risk of dose-dependent
toxicities [30].

Despite the comparable efficacy and safety profiles, several
considerations warrant further exploration. Notably, the study
did not show a reduction in the incidence of other IFIs, such as
aspergillosis, which occurred at similar rates in both groups.
This is particularly relevant given the widespread adoption of
posaconazole prophylaxis in AML induction therapy in Western
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settings, where it has been shown to significantly reduce
Aspergillus infections. However, in many regions, including
those with limited access to newer antifungals due to economic
or regulatory constraints, fluconazole remains the primary pro-
phylactic option. Fluconazole remains a commonly used agent
for antifungal prophylaxis in patients with acute leukemia,

TABLE 2 | Fungal infections as indicators of prophylaxis failure in
study patients (N =120).

Group 1; Group 2;
fluconazole fluconazole
Outcome 400 mg/day 150mg/day
measure (N=60) (N=60) P
Candida Infections
Candidemia 0(0) 0(0) 0
Probable 13 (21.7) 15 (25.0) 0.666
candidiasis
Superficial 1(1.7) 2(3.3) >0.99
candidiasis
Aspergillus infections
Proven 2(3.3) 1(1.7) >0.99
aspergillosis
Probable 16 (26.7) 18 (30.0) 0.685
aspergillosis
Possible 5(8.3) 4(6.7) >0.99
aspergillosis
Other fungal infections
Mucormycosis 0(0) 1(1.7) >0.99

particularly in settings where access to broader-spectrum azoles
such as posaconazole is limited. While the NCCN guidelines rec-
ommend mold-active azoles, particularly posaconazole, as the
preferred prophylactic agent for AML patients [31], fluconazole
is still widely used due to economic and regulatory barriers in
many regions. Our study aimed to evaluate whether a lower
dose of fluconazole could provide effective prophylaxis against
invasive Candida infections, particularly in settings where po-
saconazole is not routinely available. Although our study in-
cluded both AML and ALL patients, it is important to note that
fluconazole remains a category 1 recommendation for prophy-
laxis in ALL. The inclusion of AML patients reflects real-world
clinical practice in regions where fluconazole is still the primary
prophylactic agent despite guideline recommendations. Future
studies may be needed to assess alternative prophylactic strate-
gies, particularly in AML patients at high risk for invasive mold
infections. One potential concern with low-dose fluconazole
prophylaxis is the risk of selecting for fluconazole-resistant
Candida strains, particularly among non-albicans species. Prior
studies have indicated that prolonged exposure to subtherapeu-
tic fluconazole concentrations may contribute to the emergence
of resistant strains [32]. While our study did not observe clin-
ical fluconazole resistance, the transient increase in Candida
colonization in the low-dose group during the first week may
suggest selective pressure favoring non-albicans species with re-
duced fluconazole susceptibility. Given the increasing global in-
cidence of fluconazole-resistant Candida, particularly Candida
glabrata and Candida auris, future research should evaluate
the long-term microbiological impact of low-dose prophylaxis.
Periodic antifungal susceptibility testing and resistance sur-
veillance are essential to mitigate this risk. The findings under-
score the importance of tailoring antifungal prophylaxis to the
local epidemiology of fungal infections, as regional variations in
the prevalence of Aspergillus and other molds may necessitate

TABLE 3 | Fungal infections in patients receiving fluconazole prophylaxis by hematologic malignancy (ALL vs. AML).

Hematologic Group 1; fluconazole Group 2; fluconazole

Fungal infection malignancy 400mg/day (N =60) 150 mg/day (N =60) D

Candidemia ALL 0 (0%) 0(0%) 0.183
AML 0 (0%) 0 (0%)

Superficial candidiasis ALL 1(7.7%) 1(5%) 0.183
AML 0 (0%) 1(2.5%)

Probable candidiasis ALL 1(7.7%) 8 (40%) 0.053
AML 12 (25.5%) 7 (17.5%)

Proven aspergillosis ALL 0(0%) 0(0%) 0.560
AML 2 (4.3%) 1(2.5%)

Probable aspergillosis ALL 3(23.1%) 5(25.0%) 0.540
AML 13 (27.7%) 13 (32.5%)

Possible aspergillosis ALL 1(7.7%) 2 (10%) 0.705
AML 3(6.4%) 3(7.5%)

Mucormycosis ALL 0 (0%) 1(1.1%) >0.99
AML 0 (0%) 0 (0%)

Abbreviations: ALL, acute lymphoblastic leukemia; AML, acute myeloblastic leukemia.
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TABLE 4 | Significant adverse reactions to fluconazole prophylaxis in study patients (N=120).

Group 1; fluconazole

Group 2; fluconazole

Safety concern 400 mg/day (N=60) 150 mg/day (N =60) P
Gastrointestinal upset 3(5.0) 0(0) 0.244
Hepatic impairment Transaminase >3 X ULN 0(0) 0(0) >0.99
with clinical symptoms
Transaminase >5x ULN 1(1.66) 2(3.33)
Transaminase > 10X ULN 4(6.66) 3(5.0)
QT prolongation 1(1.66) 0 >0.99

Abbreviation: ULN, upper limit normal.

broader-spectrum agents in certain settings. Moreover, the delay
in initiating antifungal treatment significantly increases mor-
tality, as even a 12- to 24-h delay in antifungal intervention can
double the crude mortality rate for candidemia, emphasizing the
importance of timely and effective prophylaxis.

Additionally, no statistically significant correlation was found
between the type of hematological malignancy and the type of
fungal infection in the two groups, consistent with other stud-
ies showing no difference in the occurrence of IFIs between
patients with ALL and AML [33]. However, some research has
reported a higher prevalence of fungal infections among AML
patients, suggesting that further subgroup analyses in larger co-
horts are necessary [34, 35].

4.1 | Study Limitations

This study was conducted at a single center, which may limit the
generalizability of the findings to other populations or healthcare
settings. The relatively small sample size may have affected the
ability to detect less common fungal infections or subtle differ-
ences in clinical outcomes. Larger, multicenter trials are needed
to validate these findings and explore their broader applications.

5 | Conclusion

The results of this trial suggest that low-dose fluconazole is a
viable alternative to high-dose regimens for primary prophy-
laxis of invasive Candida infections in acute leukemia patients
undergoing intensive chemotherapy. With comparable efficacy
and safety, the low-dose approach offers the added benefits of
cost-effectiveness and a potentially lower risk of adverse ef-
fects. However, the study also highlights the growing threat
of aspergillosis, suggesting the need for targeted prophylactic
strategies for mold infections. Further research, particularly
in diverse and larger populations, is necessary to confirm
these findings and guide antifungal prophylaxis in high-risk
patients.
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