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INTRODUCTION

There are many types of hematologic malignancies (HMs),
each with its own control and management methods.
However, conventional chemotherapeutic agents and
novel therapeutic strategies such as hematopoietic
stem cell transplantation (HSCT) are the most common
treatments for a variety of these disorders,!"! leading to
improvement of the patient outcome.” Unfortunately,
different infections including viral, bacterial, and fungal
infections can make the health status of these patients
more complicated. Fungal infections are the fourth most
important health-related issue in the world and millions
of people experience these life-threatening infections
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around the world.P! Invasive fungal infections (IFls) are
among the most serious conditions in HM patients and
one of the leading causes of morbidity and mortality
in them.™ In addition, IFIs are an important factor in
increasing the cost of controlling and management
of HMs.P! In the last 20 years, the treatment of fungal
infections has evolved substantially leading to the
reduction of morbidity and mortality due to IFIs if
the treatment is properly provided.! However, the
number of people at high risk for IFIs has also increased
substantially along with the elevated cost of treatment
resulting from the longer duration of hospitalization
and the resistance to routine antifungal drugs among
causative pathogens.”'% In the US, for example, the
hospitalization costs due to the invasive candidiasis and
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aspergillosis, as the two most important IFIs, have been
estimated about 218 and 630 million dollars, respectively.
Therefore, timely diagnosis and effective prophylactic and
therapeutic measures are mandatory.

The interactions of antifungal agents with chemotherapeutic
and immunosuppressive drugs are another concern in the
treatment of these infections."! Finally, another challenge
of IFIs is their difficult diagnosis due to the lack of specific
signs and symptoms.!*?! For this reason, it is recommended
to start treatment following prolonged fever (more than
5 days) using effective and safe antifungal drugs in all
hospitals around the world, although prevention is a
more rational measure for patients at high risk of IFIs.
This review focuses on the recent information about the
epidemiology and etiology of IFIs in HM patients as well
as their management with new therapeutic protocols based
on the recent clinical trials.

EPIDEMIOLOGY

The prevalence of IFIs has increased along with the increase
in the number of chemotherapeutic agents against HMs
and their success.!® IFIs incidence and their mortality rate
varies in different patients and geographical areas.!"*'!
Italy has published the most papers related to the IFIs
epidemiology and etiology, while these data are lacking
in Iran. The mortality rate of IFIs was reported 20% in
Fracchiolla et al.’s study as a single-center study in Italy.!"’]
Although the epidemiological data of IFIs in Iran is limited,
the mortality rate of IFIs resulted from Aspergillus spp. and
Candida spp. is estimated to be 30%—-80%.!"*! The prevalence
of IFIs was reported as 5.9% in HMs in Taiwan.!"”! In 2008,
among a total of 4393 cases with HM in Iran, only 24 cases
experienced invasive aspergillosis (IA), while this rate has
been estimated 50% in countries such as Australia and
France."%] The mortality rate for invasive candidiasis was
reported as 50% in the USA.! The rate for aspergillosis
was in the range of 40%-90% in Taiwan.! However, the
mortality rate of IA in patients undergoing allogenic HSCT
ishigher with estimation of 95%.2% For pediatric patients, on
the other hand, IFI rate has been reported in 8%-17% of HM
patients in Australia.'**! Acute myeloid leukemia (AML)
in adults has been the most probable hematological
malignancy predisposing to IFIs. For example, in a study in
Italy, of 538 patients with IFI, 373 patients (69%) had AML.
However, in pediatric patients, ALL is the most frequent
HM related to the IFIs; this could be due to the higher
prevalence of ALL than other hematological malignancies
in the pediatric population. The prevalence range of IA
is 5%-10% in AML, with mortality rate being 20%-50%
that which could increase to 80% in HSCT patients.”! In
another study, the prevalence of IFls in leukemia was about
24%, with the rate being 10%—-20% in patients undergoing
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allogeneic HSCT. The reported mortality rate in these
patients was 30%-80%.2% Finally, the IFI-related mortality
rate in pediatric patients with HMs in Greece was 20%—-70%,
depending on the intensity of immune suppression, the
presence of accompanying factors, intensity severity and
site of infection, time of diagnosis, underlying diseases, and
the time of treatment initiation.!*”!

ETIOLOGY

In recent years, molds, especially Aspergillus spp. and yeasts,
especially Candida spp., have been the most prevalent
IFIs causative pathogens in patients with various types
of hematological malignancies.! However, due to the
increasing use of effective antifungal drugs against Candida
species and suitable prophylaxis, the prevalence rate of IFIs
caused by yeasts has decreased significantly.? For example,
in a 20-year retrospective study conducted by Lewis et al. in
the US, it was shown that the rate of IFIs decreased in the
last 5 years. In the mentioned study, Aspergillus spp. were
the most prevalent pathogens causing IFIs; however, its
general rate decreased over time.”®! Candida infection, as
the second most common IFI reported in the study, also
declined over time. Similar results have been reported
in a study on Brazilian HM patients, so that the reported
frequency of Candida-induced infections was lower than
that of Fusarium and Aspergillus.™ Other fungal pathogens
such as Fusarium spp., and Mucorales play a less important
role in IFIs.'*% In the study of Lewis et al., the IFIs caused
by Fusarium spp. were 10-50 times lower than Aspergillus
spp. infections. In addition, Mucorales-induced infections
had the least prevalence, though with a threefold increase
over the time.” In another study published in 2006, it
was shown that Aspergillus spp., especially Aspergillus
fumigatus, were responsible for about 65% of IFls in HM
patients in Italy. Aspergillus flavus infections also increased
by 2.6 times during the study period. Zygomycetes and
Fusarium spp. have been reported to be responsible for 0.5%
of IFIs. Of note, the various results from published studies
indicate differences in the causative pathogens based on the
geographical area. For example, in the study of Montagna
et al. in Italy, the prevalence of IFIs resulted from Candida
spp., especially Candida albicans, was more than that from
other pathogens.!"” In Fracchiolla et al.’s study, about 69% of
IFIs were attributed to Candida species;"* however, the non-
albicans Candida species such as Candida glabrata, Candida
Quilliermondii, Candida parapsilosis, Candida tropicalis, and
Candida krusei showed a rising rate. In general, it seems that
Aspergillus spp. and Candida spp. account for more than 95%
of IFIs.B®! Finally, non-Candida yeasts, including Trichosporon
spp., Rhodotorula spp., and Saccharomyces spp., cause IFls in
4%—-10% of cases.®! Cryptococcus neoformans had the lowest
probability to cause IFIs according to the Lewis et al.’s
study.® The final study in this regard introduced Mucorales
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as the third leading cause of IFIs after Aspergillosis and
Candidiasis, especially in patients with metabolic acidosis
or phagocytosis abnormalities.”? According to a recent
study in Iran (2018), the prevalence of mucormycosis in
Iranian HM patients was estimated as 9.2 per 100,000 of
population.” Furthermore, according to a study in 2008,
the most prevalent HM developing IFI was AML, with IA
being the most common infection.!

RISK FACTORS

Overall, all HM patients are at the risk of IFIs, but patients
with AML and those who have undergone allogeneic HSCT
are at the greatest risk for manifestation with IFIs.?¥ Risk
factors vary from person to person.l'! Neutropenia, relapse/
refractory disease, pervious history of IFls, and receiving
high doses of corticosteroids are among the most important
risk factors for IFIs.’¥! A number of variables can alter the
risk of IFI in patients with HM. For example, the severity
and duration of neutropenia directly increase the risk of
IFIs.P>31 In general, neutropenia (<100/uL) lasting for more
than 10 days is considered as prolonged neutropenia and is
aserious risk for IFIs. Overuse of broad-spectrum antibiotics,
on the other hand, may alter the gut normal flora and
cause colonization of opportunistic fungi.?® Furthermore,
long-term use of antifungal agents (e.g., fluconazole) as
prophylaxis can lead to an increase in the incidence of
resistant pathogens.® In general, every condition leading to
the suppression of immune system (e.g., immunosuppressive
drugs such as alemtuzumab and antithymocyte globulin,
immunosuppressive viruses such as HIV or cytomegalovirus,
or myeloablation) can result in increase of IFIs.**4! Using
immunosuppressive agents and systemic corticosteroids
increases the risk of IA.?1 Old age (above 65 years),
progression to higher stages of HM, and hematopoietic
transplantation from mismatched donor can increase the
risk of IFIs.’>* Some other factors related to the lifestyle
and environmental factors are responsible for the prevalence
of IFIs. For example, the incidence of fungal infections is
higher in people who live in rural areas and in smokers.!*!
Furthermore, some underlying conditions can contribute to
the higher risk of IFIs in HM patients. For example, elevated
serum iron levels, diabetes mellitus, prior respiratory
disorders, hypoalbuminemia, and infections with influenza
and parainfluenza increase the risk of IFIs in patients with
HM.B4 In 2017, Rambaldi et al. listed various risk factors of
IFIs in HM patients as a “letter to editor” that readers can
refer to it for more information.? The detailed information
about the risk factors for IFIs is shown in Table 1.

DIAGNOSIS

Rapid diagnosis of the causative organisms is very
important for decision on the type and duration of
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Table 1: The most important risk factors for invasive
fungal infections in patients with hematologic
malignancies (with the risk above 5%)
Risk factor

Age (above 65 years)

Underlying HM
HSCT, AML, ALL

Pervious history of IFI HSCT, AML
Diabetes mellitus HSCT

Mucositis HSCT

CMV infection HSCT

Smoking HSCT

Recurrent candidiasis HSCT, AML
Prior respiratory diseases HSCT, AML
Neutropenia HSCT, AML, ALL
Hypoalbuminemia HSCT

IFI=Invasive fungal infection; HSCT=Hematopoietic stem cell transplantation;
AML=Acute myeloid leukemia; ALL=Acute lymphoblastic leukemia; HM=Hematologic
malignancy; CMV=Cytomegalovirus

treatment, the necessity of surgery, monitoring, and
prophylaxis of patients.* IFIs do not have specific signs
or symptoms!*! and this can make it harder to diagnose
the infection, a challenge that delays rational treatment.™*!
To ensure diagnosis, it is best to use both histological
exam and culture of biopsy or sterile body samples.[*!
However, according to the most researchers, these tests
cannot be used in the early stages of the disease due to
the nonspecific symptoms. Furthermore, if the patient
has a prolonged neutropenia, he/she should start taking
antifungals based on the clinical evidence such as
persistent fever and pulmonary signs and symptoms.*
In addition to the similarity of the symptoms of fungal
infections to bacterial ones, the symptoms and signs
of different types of IFIs can be alike.'*¥ Pulmonary
aspergillosis may present as cough, hemoptysis, and
pleuritic chest pain. Necrotic lesion in combination to the
prolonged neutropenia is a sign of mold infections.*# In
general, diagnostic methods for IFIs in HM patients are
based on various procedures including culture methods,
fungal antigens detection, specific antibodies detection,
imaging, and histological tests.[*!! In microscopic assays,
hyphae can be visualized using special fungal dyes such
as acid-Schiff, Grocott’s methenamine silver, Calcofluor
white, and hematoxylin and eosin'**!! or using their
morphological features including diameter, presence
of septa, or their ramification pattern.[*!! Culture-based
techniques for at least 20 days in 25°C-35°C are the
gold standard methods for IFIs diagnosis.!'! However,
especially for molds in comparison to the yeast, the
isolation from the biological samples is difficult.
Furthermore, the blood culture shows negative result
in the case of mold infections and for patients with
liver or spleen involvement.**! Another challenge for
culture-based methods is its time-consuming nature
as well as low sensitivity.[*”l Furthermore, there is
a need to repeat the experiment several times to
increase its sensitivity.*®! Finally, for some fungal
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species (e.g., Zygomycetes), it is possible for the fungi to
die during the sample preparation before the culture.”!

Diagnosis by detection of the specific antigens or antibodies
is another test which can be used for all fungal species
including Candida spp., Aspergillus spp., and Cryptococcus
neoformans. ELISA for detection of galactomannan antigen
can be used for the diagnosis of Aspergillus spp. Beta
D-glucan detection is used for the diagnosis of Candida,
Aspergillus, Fusarium, Acromoniyum, and Pneumocystis
jirovecii®! but not for Cryptococcus or Zygomyecet
infections.P Of note, it is better to combine antibody
detection tests with antigen detection to increase the
reliability of the results. However, antibody detection tests
cannot be used for Aspergillus spp.*l

Furthermore, magnetic resonance imaging, computed
tomography (CT), and high-resolution CT are good imaging
procedures helping for diagnosis of IFlIs, but not usually
for the early stages of the involvement.* On the other
hands, endoscopic procedures, especially bronchoscopy and
nasal endoscopy are complementary methods for accurate
diagnosis.

Organ biopsies of suspicious areas or autopsies are other
valuable methods for determining the causative fungal
pathogens.*! It is recommended that biopsy samples be
investigated using culture methods with staining and
pathological surveys.>*>

Various types of polymerase chain reaction (PCR) methods,
both qualitative and quantitative types, such as nested PCR,
real-time PCR, etc., are novel methods used for identification
of the specific genes of each fungal genus or species. These
tests are more affordable, more repeatable, and faster than
culture-based methods.?? 28S rRNA, as a taxonomic marker,
has been used for diagnosis of IFIs via PCR methods.™ !
In a recent study conducted by Sheikhbahaei et al., it was
shown that fungal culture established only 17% of samples
as positive, while all of the surveyed samples (with clinical
presentation related to IFIs) showed positive results when
analyzed using reverse transcription-PCR.P®!

Recently, the use of combination of different tests has
been recommended in order to increase the reliability of
diagnostic methods."! For example, concomitant usage
of several antigen detection methods (galactomannan
and beta-D-glucan) has been suggested.®® In several
studies, galactomannan detection in combination with the
PCR method increased the sensitivity of diagnosis of 1A
compared to when each experiment was used alone.>¢!1

Generally, serologic and molecular methods are powerful
diagnostic tools for IFIs.!¢!
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PREVENTION AND PROPHYLAXIS

Almost all HM patients are in the highest risk of IFIs;
therefore, these people should take preventive measures to
reduce the risk of infection. Reducing exposure to fungal
spores, especially in village areas and in spring season is a
key step in these people. Furthermore, hand washing for
the patient and medical staff is an important preventative
action against fungal infections.*?

Prevention is a logical step for high-risk patients.®! Use of
prophylactic antifungal agents during immunosuppressive
therapy can reduce the rate of IFIs.[* Timing is an
important issue in the antifungal prophylaxis.?”! The
best condition for prophylaxis is to start antifungal
prophylaxis when neutropenia occurs and at the start
of chemotherapy.' Of note, prophylaxis should be
discontinued after neutrophil count recovery to >500/uL).
The optimal time for continuation of the prophylaxis is
up to 3 months after HSCT."*! If the prophylactic agent
does not show enough efficacy or if drug-associated side
effects occur, it should be stopped.*! GI disorders and
abnormalities in liver function tests are the most important
adverse events with antifungals.'® A prophylactic regimen
must be safe, available, fairly bioavailable, usable for long
term, well tolerated, and effective against various types of
fungi.[! There is no single antifungal agent to prevent all
types of fungal infections; therefore, although the use of
combination therapies for antifungal prophylaxis is not
common, it may sometimes be necessary and prophylaxis
monitoring is an important aspect in these situations.*!

It is recommended to use fluconazole as prophylaxis for
all pediatric patients with AML, allogeneic HSCT, and
ALL."I Posaconazole, on the other hand, is recommended
for HM patients more than 13 years old.®®! However, due
to the high cost of this drug, it should be used in patients
with high risk of IFLE”#7 In one study, about 90% of
AML patients underwent prophylaxis with posaconazole,
while fluconazole and itraconazole were in the second
and third steps of usage frequency, respectively.!"?
Voriconazole is another triazole antifungal agent used for
IFIs prophylaxis.’!l In one study, HM patients underwent
either posaconazole or voriconazole therapy as prophylactic
agent with the safety/efficacy profile of the drugs being
investigated.[*! Despite receiving voriconazole, three
patients developed IFIs within the 1¢ month of prophylaxis,
while the patients who received posaconazole didn’t
show any IFIs. Furthermore, 11% and 7% of patients who
received voriconazole and posaconazole, respectively,
developed related side effects. So, it was concluded that
posaconazole is safer and more effective than voriconazole
as a prophylactic regimen in HM patients.”*In a case report,
on the other hand, an AML patient who received fluconazole
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as prophylaxis developed IA. However, the patient was
successfully treated with Amphotericin B followed by
voriconazole.”” Nevertheless, the failure rate of fluconazole
as a prophylactic agent is not significant. For example, in
a study, of 19 patients who received fluconazole, only two
developed IFLP

TREATMENT

An empiric antifungal agent is indicated in high-risk
patients with prolonged (>4 days) fever, in whom no specific
cause has been detected by reassessment.””! Depending
on the type of infection and the causative pathogen, the
antifungal treatment is different.” It is difficult to compare
data among clinical trials of empiric antifungal therapy in
neutropenic cancer patients because of differences in several
aspects including inclusion of low-risk patients, lack of
blinding, and concomitant antibacterials, prior antifungal
prophylaxis, use of composite end points of efficacy, and
outcome criteria.” The antifungal spectrum, safety profile,
required dose, and the cost are important factors for the
regimen selection.!

In patients who have not been on antifungal
prophylaxis (usually fluconazole), Candida spp. are
the most common cause of IFls. In these patients,
caspofungin (or another echinocandin) is an
appropriate choice.l”?! In a randomized trial that
compared caspofungin with liposomal amphotericin B
in 1095 patients with persistent neutropenic fever, the
overall efficacy and the rates of fungal infections and
fever resolution were equal in both groups. Of note,
other echinocandins (micafungin and anidulafungin)
have not been sufficiently evaluated in these patient
populations; however, they can be used as alternatives
to caspofungin in the shortage situations.””! In patients
receiving prophylaxis, fluconazole-resistant Candida spp.
and invasive mold infections, especially aspergillosis,
are the most likely causes. Patients with pulmonary
nodules or nodular pulmonary infiltrates are more likely
to have invasive mold infection. In these situations,
voriconazole or a lipid formulation of amphotericin B are
preferred.’”! According to the present data, it is unknown
whether voriconazole or amphotericin B is optimal. In
an open-label randomized trial comparing voriconazole
to liposomal amphotericin B in 837 neutropenic patients
with persistent fever, the mortality rate was similar in
both arms. However, there was a trend toward a better
success with liposomal amphotericin B.® The choice of
the initial agent is dependent to the most likely diagnosis.
In situations which mucormycosis is also a suspected
differential diagnosis, amphotericin B is preferred, while
when aspergillosis is the most likely IFI, voriconazole
is usually selected as the first choice. In these patients,
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posaconazole and isavuconazole are alternative agents;
of note, these two azoles have activity against Aspergillus
spp. and mucormycosis agents.””!

In spite of in vitro activity against Aspergillus spp.,
echinocandins are unable to completely kill or inhibit these
species.’”l There are no comparative randomized trial for
echinocandins in this regard. However, caspofungin is
Food and Drug Administration-approved for use as salvage
therapy in patients who are refractory to or intolerant of
other mentioned therapies.”

Currently, there are insufficient data for combination therapy
of IA. Combined use of voriconazole and anidulafungin
versus voriconazole alone was evaluated in a clinical trial
of patients with IA.B% According to the results, compared
with voriconazole monotherapy, combination therapy
with anidulafungin led to higher survival. However, due
to the insignificant difference and the limitations in the
study power, definitive conclusions about the superiority
of the combination regimen were impossible. Therefore,
at present, there is no firm recommendation for the use of
combination therapy.

For invasive zygomycosis, as the most resistant fungal
infection, clinical trials have shown that liposomal
amphotericin-B can be used as the most effective agent.® In
addition, posaconazole and isavuconazole are appropriate
alternative therapeutic agents in the cases of resistant
zygomycosis.®

Regarding the comparison of amphotericin B
deoxycholate (conventional) and lipid formulations of
amphotericin B in neutropenic patients, one clinical trials
has been published. In a randomized, double-blind,
multicenter trial, using a composite end-point, liposomal
amphotericin B and conventional amphotericin B were
equivalent in overall efficacy. However, the liposomal
amphotericin B treatment group had fewer proven fungal
infections, fewer infusion-related side effects and less
nephrotoxicity.[®!

For pediatric HM patients, empirical antifungal treatment
must be administered in the cases of persistent fever (more
than 4 days).®”! For IA, voriconazole is the first-line
treatment, while liposomal amphotericin-B can be used
as an alternative for children under 2 years of age or
when the patient cannot tolerate voriconazole.'*! For
invasive candidiasis, it is mostly recommended to use
echinocandins.®%1 Caspofungin and micafungin both
can be used for pediatric patients. Amphotericin-B
is an alternative therapeutic option in patients with
central nervous system or cardiac involvement. After
the first course of treatment, fluconazole can be used,
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