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Background: Patients with hematological malignancies often develop febrile neutropenia
(FN) as a complication of cancer chemotherapy. Primary or secondary antifungal prophylaxis
is recommended for patients with hematological malignancies to reduce the risk of invasive
fungal infection (IFI). This study retrospectively evaluated the efficacy and potential harm of
administration of primary and secondary antifungal prophylaxis to patients with hematological
malignancies at one hospital.

Methods: All patients with hematological malignancies older than 14 years of age who had
experienced at least one FN attack during chemotherapy while being treated at one hospital
between November 2010 and November 2012 were retrospectively evaluated.

Results: A total of 282 FN episodes in 126 consecutive patients were examined during a
2-year study period. The mean patient age was 51.73114.4 years (range: 17-82 years), and
66 patients were male. Primary prophylaxis with posaconazole was administered to 13 patients
and systemic antifungal treatment under induction or consolidation chemotherapy to seven
patients. Of 26 patients who received secondary antifungal prophylaxis with either oral vori-
conazole (n=17) or posaconazole (n=6) during 46 FN episodes, systemic antifungal therapy
was administered in 16 of 38 episodes and three of eight episodes, respectively. Secondary
antifungal prophylaxis with caspofungin was found effective in treating six FN episodes in
three patients who had experienced at least two persistent candidemia attacks. The mortality
rates associated with IFI were 9% in the first year, 2% in the second year, and 6% overall.
The mortality rates associated with candidemia were 33% in the first year, 22% in the second
year, and 27% overall.

Conclusion: Primary antifungal prophylaxis should be administered to selected patients on
the basis of consideration of efficacy, cost, and potential harm. Use of secondary prophylaxis
may reduce systemic antifungal use and IFI frequency but may increase risk of colonization
and infection with azole-resistant fungal strains.

Keywords: azole resistance, febrile neutropenia, hematological malignancy, invasive fungal
infection, primary antifungal prophylaxis, secondary antifungal prophylaxis

Introduction

Patients with hematological malignancies often develop febrile neutropenia (FN) as
a complication of cancer chemotherapy.! Opportunistic infection, especially inva-
sive fungal infection (IFI), is often observed during the neutropenic phase in these
patients. Among patients who develop infection, invasive Aspergillus infection has
been observed in patients at risk due to prolonged and profound neutropenia related to
hematologic malignancy or allogeneic hematopoietic stem cell transplant.> Antifungal
prophylaxis using an antifungal drug such as fluconazole (FLC), itraconazole (ITR),
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voriconazole (VOR), posaconazole (POS), micafungin, and/
or caspofungin (CAS) is thus recommended for patients
with hematological malignancies who undergo a hematopoi-
etic stem cell transplant or intensive remission-induction
or salvage-induction chemotherapy for acute leukemia.'
Specifically, antifungal prophylaxis is recommended for
selected patients who are over 13 years of age and at high
risk of invasive Aspergillus infection because they are
undergoing intensive chemotherapy for acute myeloblastic
leukemia (AML) or myelodysplastic syndrome, induc-
tion for acute leukemia, or a preengraftment allogeneic
hematopoietic stem cell transplant.! Use of antifungal
prophylaxis with POS has been reported to reduce overall
costs compared with use of either FLC or ITR.? The use
of primary antifungal prophylaxis has been subjected to
more debate than that of secondary antifungal prophylaxis
in terms of costs, efficacy, and harm.? This study retrospec-
tively evaluated the efficacy and potential harm of use of
primary and secondary antifungal prophylaxis in patients
with hematological malignancies.

Materials and methods

Study population

All subjects included in this study had been treated for
hematological cancer in the hematology ward of the Ministry
of Health Okmeydani Training and Research Hospital in
Istanbul between November 2010 and November 2012. The
inclusion criteria were age over 14 years and experience of at
least one FN episode after chemotherapy. The exclusion crite-
rion was treatment for other hematological diseases, such as
anemia or idiopathic or immune thrombocytopenic purpura.
This study was approved by the local ethics committee (MoH
Okmeydan1 Training and Research Hospital). The patient
rooms in the 23-bed hematology ward contain either one,
two, or four beds and three shared bathrooms and do not have
high-efficiency particulate air (HEPA) filters. The patients
and their attendants remained in the same room and used
the shared facilities. FN was diagnosed if the patient’s oral
temperature was either 38.3°C or higher at one measurement
or higher than 38.0°C for at least 2 hours at two consecutive
measurements and absolute neutrophil count was either less
than or anticipated to fall below 0.5 x 10°/L.! Data regarding
patient demographics, diagnosis, clinical episodes, clinical
presentation and therapy, laboratory and microbiological
findings, hematological malignancies, and outcome were col-
lected from hospital records. The Multinational Association
of Supportive Care in Cancer (MASCC) prognostic index
was used to evaluate the severity of FN.!

Prophylaxis and diagnosis of IFl

The primary and secondary antifungal prophylaxis protocols
described in the Clinical Practice Guidelines for the Use of
Antimicrobial Agents in Neutropenic Patients with Cancer
by the Infectious Diseases Society of America in 2002 and
subsequently updated in 2010 were followed in the hematol-
ogy ward." Patients with a risk of invasive Candida infection
and/or invasive Aspergillus infection or who were undergoing
intensive remission-induction or salvage-induction chemo-
therapy for acute leukemia received antifungal prophylaxis in
accordance with the guidelines. POS for primary antifungal
prophylaxis was administered orally in a dose of 200 mg three
times per day with a fat-containing meal and acidic fruit juice.
Secondary antifungal prophylaxis was administered as either
200 mg of oral VOR twice per day or 200 mg of oral POS
three times per day. Possible invasive pulmonary Aspergillus
(IPA) infection was defined as clinical and radiologic findings
highly suggestive of infection without established histopatho-
logic and/or microbiologic evidence of infection. Probable
IPA infection was defined as a positive culture for Aspergil-
lus species from a respiratory specimen or two consecutive
Aspergillus galactomannan antigen tests with an index of =0.5
supported by clinical and radiologic findings. Proven IPA
infection was defined as histopathologic evidence of tissue
invasion and damage by Aspergillus species supported by
clinical and radiologic findings.> CAS for treatment and pro-
phylaxis was administered by intravenous infusion at an initial
dose of 70 mg, followed by intravenous infusion at a dose of
50 mg per day. Blood cultures were performed by inoculation
into BactAlert 3D bottles (BioMérieux, Craponne, France).
Urine, sputum, wound, conjunctive, abscess, and catheter
samples were inoculated onto 5% sheep blood agar (Salubris
Inc., Istanbul, Turkey), chocolate agar (Salubris Inc.), and
MacConkey agar (Salubris Inc.) for microbiological analysis.
Yeast isolated from blood cultures was identified by morpho-
logic examination on Sabouraud dextrose agar plates (Unipath
Ltd, Basingstoke, UK). Examination of germ-tube formation
and API ID 32C yeast identification system (BioMérieux)
was performed for discrimination at the species level.
Susceptibility testing according to the Clinical and Laboratory
Standards Institute broth microdilution M27-A2 protocols for
Candida species and the M38-A protocols for Aspergillus
species was performed using the ATB Fungus 2 microdilu-
tion kit (BioMérieux) with 0.03—-64 mg/L of 5-fluorocytosine,
0.008—16 mg/L of amphotericin B, 0.125-256 mg/L of FLC,
and 0.008-16 mg/L of ITR. VOR sensitivity testing was
performed using the E test (AB Biodisk, Solna, Sweden).
Candida krusei American Type Culture Collection (ATCC)
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14243, Candida parapsilosis ATCC 22019, and Aspergillus
fumigatus ATCC 204305 were used as reference strains.

Aspergillus galactomannan antigen testing was performed
using the Platelia Aspergillus EIA commercial enzyme
immunoassay kit (Bio-Rad Laboratories, Hercules, CA,
USA). Blood samples of patients were analyzed twice weekly,
and the results were computed as an index in which values
of =0.5 relative to the optical density of the control sample
measured with a semiautomatic analyzer (Behring ELISA
processor III; Siemens, Munich, Germany) were considered
positive samples.® Possible causes of false positive and nega-
tive results were eliminated, taking into account the reasons
that caused them. The test results were considered significant
if two consecutive Aspergillus galactomannan antigen test
results were computed as an index of =0.5, under persistent
or recurrent fever, after 4 to 7 days of antibiotic administra-
tion, either with or without microbiologic or radiological
findings associated with IFI, and the overall duration of
neutropenia was expected to be more than 7 days.! VOR was
administered in an initial loading dose of 6 mg/kg every 12
hours (q12h) intravenously for the first 24 hours and then in
a maintenance dose of either 4 mg/kg q12h intravenously or
200 mg q12h orally for treatment of IFI. Administration of
liposomal amphotericin B was initiated for treatment of IFI
at a dose of 3.0 mg/kg/day and increased as required. Doses
of antifungal drugs were adjusted according to the relevant
guidelines, recommendations of pharmaceutical manufactur-
ers, and condition of the patient. Nephrotoxicity was defined
as an increase in serum creatinine value to over twice the
baseline value or peaking at >2.0 mg/dL. Hypokalemia
was defined as a serum potassium level <3.5 mmol/L
(<3.5 mEqg/L). Moderate hypokalemia was defined as a
serum potassium level of 2.5-3 mmol/L (2.5-3 mEq/L) and
severe hypokalemia as a serum potassium level <2.5 mmol/L
(<2.5 mEq/L).” Blood concentration of VOR could not be
monitored owing to the inability to conduct an analysis in
Turkey. Response to treatment was defined as defervescence
in the 48—72 hours subsequent to the initiation of antimicro-
bial therapy, recovery of laboratory findings, and clinical
symptoms associated with infected organ or system. The
primary consequence was defined as in-hospital mortality
during the neutropenic phase and the clinical outcomes as
FN episodes.

Statistical analysis

Continuous variables were represented as the mean + standard
deviation and the range. Percentile values were represented
without decimals. Rates of systemic antifungal use were com-

pared using the Pearson j? test. Statistical significance was
defined as values reaching a P<<0.05 level of significance.
Overall mortality associated with FN was defined as death
within 30 days of the development of FN. Crude 30-day mor-
tality rates were calculated as the proportion of study patients
who died within 30 days of FN development. The mortality
rates of IFI cases were calculated as the proportion of patients
who died of IFI within 30 days of the development of FN.
Overall mortality rates of candidemia cases were calculated
as the proportion of study patients who died of a candidemia
attack within 30 days of the development of FN.

Results

A total of 282 febrile episodes were retrospectively analyzed
in 126 consecutive patients with neutropenia over a 2-year
study period, with 65 cases examined in the first year and
78 in the second year. The mean patient age was 51.73+14.4
years (range: 17-82 years), and 66 patients were male.
The mean MASCC score was 17.18+8.27 in patients with
hematological malignancies (Table 1). The mean duration
of FN was 29.38+6.95 days. Primary POS prophylaxis was
administered during only the second year owing to unavail-
ability of POS during the first year. Of the 13 patients to
whom POS was administered, one patient with colostomy
could not tolerate it because of diarrhea. Only seven (53%)
patients required systemic antifungal treatment under induc-
tion or consolidation chemotherapy. Of the 26 patients who
received secondary antifungal prophylaxis, either via oral
VOR (n=17) or POS (n=6) over 46 episodes, systemic anti-
fungal therapy was administered in 16 of 38 (42%) and three
of eight (37%) FN episodes. Rates of systemic antifungal
use were found to be similar in the POS-administered group
and the VOR-administered group (P>0.05). Secondary
antifungal prophylaxis with CAS was found effective in

Table | Distribution of hematologic malignancies in patients with
febrile neutropenia (n=126)

Therapeutics and Clinical Risk Management 2014:10

Hematologic malignancies n (%)
Acute myeloblastic leukemia 73 (58)
Acute lymphocytic leukemia 22 (17)
Non-Hodgkin lymphoma 7(5)
Chronic lymphocytic leukemia 54)
Multiple myeloma 5(4)
Hairy cell leukemia 4(3)
Aplastic anemia 3(2
Chronic myeloid leukemia 2(2)
Plasma cell leukemia 2(2)
Mantle-cell lymphoma 2(2)
Chronic lymphocytic leukemia with Burkitt’s lymphoma 1 (1)
Total 126 (100)
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treating six episodes experienced by three patients who had
experienced at least two persistent candidemia attacks. POS
was discontinued because of diarrhea (n=2, 10%) or elevated
liver enzymes (n=1, 5%) in 19 patients who received POS as
primary or secondary prophylaxis therapy. VOR was discon-
tinued due to hallucination accompanied with blurred and
colored visual change (n=1, 5%) or elevated liver enzymes
(n=1, 5%) in 17 patients. Blood concentration of VOR could
not be monitored owing to the unavailability of analytical
tools in Turkey.

No CAS-related side effects were reported. The distribu-
tion of IFI cases that were diagnosed and treated was 23 cases
with culture-proven IFI in 31 FN attacks, 19 cases with
probable IPA infection in 25 FN attacks, 38 cases with pos-
sible IPA infection in 42 FN attacks, 30 cases with suspected
IFT in 31 attacks, and five cases (5%) with hepatosplenic
candidiasis over the 2-year period. Of the culture-proven IFI
in 31 attacks in 23 cases, 22 attacks in 15 cases occurred in
the first year and nine attacks in eight cases in the second
year (Table 2). No evidence of infection associated with
Zygomycetes or Fusarium species was obtained. Previous
azole exposure was recorded in 13 of 18 cases (72%) with
bloodstream yeast infections. VOR and FLC resistance were
identified in Candida parapsilosis, Candida glabrata, and
Candida albicans isolates (Table 2). Overall 30-day crude
mortality rates were 35% (23/65) in patients diagnosed with
AML (n=16), acute lymphocytic leukemia (ALL) (n=5),
multiple myeloma (n=1), or chronic myeloid leukemia (n=1)
in the first year and 21% (17/78) in patients diagnosed with
AML (n=16), ALL (n=4), or non-Hodgkin lymphoma (n=1)
in the second year. Infectious complications contributed to
death in 17 cases (26%) in the first year, eleven cases (14%)
in the second year. The mortality rates associated with IFI
were 9% (n=6) in the first year, 2% (n=2) in the second
year, and 6% (n=8) overall (Table 2). The mortality rates
associated with candidemia were 33% (3/9 attacks) in the
first year, 22% (2/9 attacks) in the second year, and 27%
(5/18 attacks) overall.

Discussion

Primary antifungal prophylaxis with POS did not provide the
expected benefit in the patients examined in the current study,
with 53% experiencing breakthrough IFI. In comparison, four
previous studies reported a breakthrough IFI incidence of 3%,
13%, 18%, and 23%,%!! with one reporting the incidence
ranging from 0% to 5% under primary prophylaxis with
POS.! The discrepancy between the findings of this study and
previous studies may be attributable to the conditions in the

hematology ward and the small number of cases examined,
both of which may have increased the risk of breakthrough
IFI in the patients who had received primary antifungal
prophylaxis with POS compared to patients in other studies.
A previous study reported a rate of yeast colonization of 21%
as well as the emergence of rare strains of yeasts, but no
strain of mold could be identified.” Another study reported no
improvement in mortality rates or increase in 90-day survival
rates in patients who received primary antifungal prophylaxis
with POS." These findings indicate that the cost-effectiveness
and risk of colonization with azole-resistant fungal strains
should be taken into consideration when primary antifungal
prophylaxis with POS is administered. Another factor that
should be considered is the hospital environment, as anti-
fungal prophylaxis is not recommended in settings that have
arelatively high incidence of invasive mold infection and do
not have facilities for early diagnosis and treatment.'> We
suggest that primary antifungal prophylaxis cannot be useful
in our hematology ward and other settings that do not have
HEPA filters in the patients’ rooms and lack certain tests for
early diagnosis and treatment.

In the current study, most patients who had undergone
primary antifungal prophylaxis with POS had AML, had a
mean MASCC score <21, and had had FN for a mean dura-
tion 0f 29.3816.95 days, factors associated with a higher risk
of IFL. In a study presented at the European Congress of
Clinical Microbiology and Infectious Diseases in 2012, IFI
developed in two of 24 patients who had received primary
antifungal prophylaxis with POS and one of 24 patients who
had received primary antifungal prophylaxis with oral FLC.!?
Previously, invasive Aspergillus infection has been associated
with relapse and mortality in immunocompromised patients,
with one study showing patients with invasive Aspergillus
relapse to have a mortality rate 88%—100% higher than that
of patients with primary invasive Aspergillus.'* Another
study found that secondary antifungal prophylaxis with
either VOR or POS reduced systemic antifungal drug use
and cost in 23 patients with AML in 27 of 46 (58%) attacks.
Secondary prophylaxis with VOR has also been reported
effective in patients with acute leukemia.'> We have found
secondary prophylaxis more effective than primary prophy-
laxis in terms of using systemic antifungal therapy in spite
of limitations of the study. In a study looking at primary
antifungal prophylaxis with either VOR, POS, CAS, or ITR,
partial clinical response to prior invasive Aspergillus treat-
ment, incomplete resolution of imaging findings before addi-
tional chemotherapy, use of systemic corticosteroids, lack of
remission of the underlying of hematological malignancy,
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administration of more than three antibiotics, duration
of neutropenia longer than 28 days, duration of primary
antifungal therapy less than 1 month, and use of high-dose
cytosine arabinoside were identified as factors predisposing
to invasive Aspergillus relapse.' These findings indicate that
administration of secondary antifungal prophylaxis may be
acceptable as primary prophylaxis, as laminar flow and use
of a HEPA filter in the patient rooms can prevent reinfection
with Aspergillus but not relapse.'

Most studies of secondary antifungal prophylaxis
examined the use of amphotericin B, ITR, or their com-
bined use in small patient groups.!® VOR was reported
to be inappropriate in 40% of patients who had followed
targeted, empirical, preemptive prophylactic regimens.!” As
VOR has nonlinear pharmacokinetics, changes in serum
level should be monitored in patients undergoing VOR
therapy.'®* POS and VOR were well tolerated when used
as primary and secondary antifungal prophylaxis in the
patients in the current study. Although POS is recommended
for primary prophylaxis, it provided effective secondary
prophylaxis in the patients who could not tolerate VOR
in the current study. In a previous study, the complete and
partial response rates were found to be significantly higher
in 30 of 37 patients whose blood level of VOR had been
monitored compared to 20 of 34 patients whose blood
level of VOR had not been monitored (81% versus 57%,
respectively).! The study also found that the incidence of
adverse events were not significantly different between
the VOR-monitored and non-VOR-monitored patients. As
was observed in the current study, hallucinations, elevated
liver enzymes, and visual disturbances have been identi-
fied as important side effects of VOR, with the incidence
of hallucinations and discontinuation due to elevated liver
enzymes reported to range between 4.3% and 9% and
between 4% and 8%, respectively.?’ Genetic polymorphism
of the CYP2C19 isoenzyme, which is known to have a role
in VOR metabolism, has been found to affect the serum
level of VOR. The incidence of poor metabolism, which
may lead the VOR level to be four times higher in those
affected compared to those not affected, has been reported
to be 20% in non-Indian Asians and 5% in Caucasians and
African—Americans.?! Use of CYP2C19 isoenzyme inhibi-
tors, such as omeprazole, and inducers, such as rifampin and
phenytoin, should also be taken into consideration during
VOR therapy.?? Fortunately, hepatotoxicity is reversible
after discontinuation or reduction of dosage of VOR.?* The
incidence of hallucinations in the current study was found
to be higher than those previously reported.?>*

The discontinuation rates of liposomal amphotericin B
due to nephrotoxicity have been reported as 12.3% at a
dose of 3 mg/kg/day (85 of 691 patients), 32.1% at a dose
of 5 mg/kg/day (81 of 252 patients), and 4.2% (17 of
406 patients).”” The incidence of hypokalemia as a side
effect of liposomal amphotericin B has been reported as
6.2%.%*% POS-related hepatotoxicity has been reported as 3%
and 3.7%, rates comparable to the 4% found in the current
study.?® Despite previous reports that CAS is ineffective as
primary antifungal prophylaxis in patients with hematological
malignancies, it may be effective for secondary prophylaxis
as used in our study.®

Azole resistance emerged among Candida parapsilosis
and Candida albicans isolated from the patients in the
current study. The incidence of previous azole exposure
in these patients indicated the existence of drug resistance
(Table 2). Use of VOR, the most commonly administered
antifungal drug, may have predisposed the patients to
colonization with azole-resistant fungal pathogens. In
accordance with this finding, the emergence of VOR resis-
tance has been recently reported to be more prevalent than
that of FLC resistance, reportedly ranging from 0.3% to
13.3%.%"2% Administration of either amphotericin B or CAS
is recommended for treatment of azole-resistant Candida
species-related bacteremia.” In the current study, history
of antifungal use was found to be associated with azole-
resistant Candida species in patients with hematological
malignancies (Table 2), indicating that antifungal drug use
leads to development of relevant antifungal drug-resistant
strains in the environment and patients.!** To address this
problem, periodic changes in the use of antifungal drugs,
such as changing VOR to amphotericin B for invasive
Aspergillus and CAS to amphotericin B for empirical
antifungal treatment, could be evaluated, but performance
of prospective, randomized-controlled studies is needed to
identify a solution to this challenge.

Although the blood concentration of the drugs examined
in the current study could not be monitored, monitoring of
drug concentration has been found to increase efficacy and
decrease toxicity risk. The blood concentration of VOR has
been reported not to reach therapeutic levels in approximately
50% of all patients.'® Another challenge regarding use of oral
drugs is the development of azole resistance in Aspergillus
and Candida species and related infections.’! Either ampho-
tericin B or CAS may be used for treatment if IFI develops
during or after treatment with another drug.*? Use of CAS
has been reported ineffective as the primary antifungal pro-
phylaxis in patients with hematological malignancies but
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could be effective for secondary prophylaxis as used in the
current study.® Prolonged use of CAS for prophylaxis has
been found to predispose to colonization with resistant fungal
pathogens that precede IFI in patients with hematological
malignancies.*

This study faced several limitations that should be con-
sidered when reviewing the findings. The main limitation was
use of a retrospective rather than a prospective and random-
ized design, which did not allow for determination of causal
relationships. Another limitation was the small sample size,
which may have limited the ability to evaluate the efficacy of
primary antifungal prophylaxis appropriately. Further stud-
ies overcoming these limitations should focus on evaluating
primary and secondary antifungal prophylaxis use in terms
of benefits and disadvantages. While secondary prophylaxis
may reduce systemic antifungal use and frequency of IPA
infection, the fact that antifungal prophylaxis is predispos-
ing to colonization and infection with azole-resistant fungal
strains must remain a constant consideration.
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