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Abstract

Invasive fungal infections (IFI) have become a leading cause of morbidity and
mortality in cancer patients. Infections with these organisms are often difficult
to diagnose and treat. Appropriate and timely diagnosis requires a high index of
suspicion and invasive procedures, including biopsy, to confirm the diagnosis.
Treatment may be difficult, secondary to variable susceptibility and difficulty
with exact and specific characterization of the fungal pathogen. The pathogens
that are seen range from yeasts to invasive molds. Fortunately newer,
noninvasive diagnostic techniques are available to aid in the diagnosis and
treatments have become better tolerated and more efficacious.
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Invasive fungal infections (IFI) are recognized as a leading cause of morbidity and
mortality in cancer patients. The highest risk has been seen in those individuals
undergoing hematopoietic stem cell transplantation (HSCT); however, these
infections are now recognized as significant sequelae in patients with cancer
receiving chemotherapy alone. Infections with these organisms are often difficult
to diagnose and require a high index of suspicion and invasive procedures with
tissue biopsy are often needed to confirm the diagnosis. Treatment of these
infections continues to be a challenge as many of these organisms have variable
susceptibility to the available antifungal agents, and treatment is often empiric as
the causative agent is being identified. This empiric treatment often requires
multiple agents or agents with a higher side effect profile, placing the patient at
risk for drug-induced complications. In response to these limitations, newer
diagnostic protocols, noninvasive testing, and broader spectrum antifungals have
been developed to aid in the diagnosis and management of these infections [1].

Three major classes of fungi cause infection: yeasts, molds, and dimorphic
fungi. The yeasts, which include Candida spp., Cryptococcus spp., and Tricho-
sporon spp., lack true hyphae, and infection is related to invasion through com-
promised host defenses. The molds, which include Aspergillus spp., Fusarium
spp., and the agents of mucormycosis, are transmitted via inhalation of conidial
(spore) forms, and these organisms have true hyphae. The dimorphic fungi,
Blastomycosis, Histoplasma, and Coccidioides, have both yeast and hyphal forms
and are generally restricted to specific geographic areas. The majority of fungal
infections in cancer patients are caused by Candida and Aspergillus. Over the past
two to three decades, there has been an increasing trend and recognition of non-
candidal infections, especially those caused by non-Aspergillus molds. See
Table 1 for a brief description of the various fungal pathogens, typical diseases
they cause, and treatments of choice.

This chapter will focus on a general overview of fungal infections. It will offer a
review of the epidemiology and risk factors for fungal infections as well as a
description of the commonly encountered fungal pathogens and the infections that
they cause. A review of the available antifungal agents will also be described.
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Table 1 Typical fungal pathogens, type of infection, and treatment of choice

Pathogen Type of infection Treatment of choice

Candida spp.

• C. albicans
• C. krusei
• C. tropicalis
• C. glabrata
• C. parapsilosis
• C. lusitaniae

Mucocutaneous
Blood infections
Endocarditis
Disseminated (Hepatosplenic)
Ocular

Azoles
• C. krusei and C. glabrata azole
resistant
Echinocandins
• C. parapsilosis resistant to
echinocandins
Polyenes
• C. lusitaniae resistant to
polyenes

Tricosporon spp.

• T. asahii
• T. asteroides
• T. cutaneum
• T. inkin
• T. mucoides
• T. ovoides
• Geotrichum capitatum

Cutaneous
Pneumonia

Fluconazole

Pneumocystis jirovecii

Pneumonia TMP–SMX
Pentamidine
Primaquine ? clindamycin
Atovaquone

Cryptococcus spp.

• C. neoformans
• C. gattii

Pneumonia
Cutaneous
CNS (meningoencephalitis)

AMB-D/L-AMB ? 5-FC
*Disseminated and CNS disease
Fluconazole

Aspergillus spp.

• A. fumigatus
• A. terreus
• A. flavus
• A. niger

Pneumonia
Sinusitis
Cerebral

Voriconazole
Polyenes

Mucormycosis

• Mucor spp.
• Rhizopus spp.
• Rhizomucor spp.
• Cunninghamella spp.
• Absidia spp.
• Basidiobolus spp.
• Conidiobolus spp.

Sino-orbital
Rhinocerebral
Pneumonia

L-AMB
AMB-D
Posaconazole

(continued)
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Table 1 (continued)

Pathogen Type of infection Treatment of choice

Fusarium spp.

• F. solami
• F. oxysporum

Sino-pulmonary
Skin and soft tissue
Fungemia

Voriconazole
Posaconazole

Scedosporium spp.

• S. apiospermum
(Pseudallescheria boydii
asexual state)
• S. prolificans

Mycetoma
Fungemia
Disseminated infection (brain
abscess, muscle)

Voriconazole
*Optimal therapy unknown
*Typically resistant to most
antifungal agents

Paecilomyces spp.

• P. variotti
• P. lilacinus

Pneumonia
Cutaneous

Voriconazole
Posaconazole

Phaeohyphomycoses (dematiaceous/black molds)

• Cladophialophora spp.
• Wangiella spp.
• Ramichloridium spp.
• Chaetomium spp.
• Alternaria spp.
• Curvularia spp.

Sinusitis
CNS infection (brain abscess)

Voriconazole
Surgical debridement
*Optimal therapy unknown

Histoplasma capsulatum

Pneumonia
Lymphadenitis
Disseminated (CNS, bone
marrow, skin)

AMB-D, L-AMB
Itraconazole

Blastomyces dermatitidis

Pneumonia
Cutaneous
Bone and joint

AMB-D, L-AMB
Itraconazole

Coccidioides immitis

Pneumonia
Pleuritis
Cutaneous
Meningitis
Brain abscess

AMB-D, L-AMB
Fluconazole

AMB-D amphotericin B deoxycholate; 5-FC 5-flucytosine; L-AMB lipid amphotericin B; TMP–
SMX trimethoprim–sulfamethoxazole
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1 Epidemiology

The epidemiology of IFI in cancer patients is continually changing. In the 1980s,
Candida species played a significant role in infection in cancer patients, and
candidiasis was more prevalent than infections caused by molds. With the intro-
duction of azole antifungals, a shift in fungal pathogens was seen. The azoles
offered increased tolerability, compared with polyene antifungals, and their
widespread use as prophylaxis led to a decrease in the incidence of candidal
infections [2]. Along with this decrease, there has been an increase in infections
caused non-Candida albicans yeast, Aspergillus, and other molds over the last two
decades.

A major consequence of azole use has been a shift in the Candida species
causing infection, with a shift to azole-resistant species such as Candida krusei and
C. glabrata. These azole-resistant species now account for more than half of
candidal isolates identified [3–5]. Newer antifungal agents, such as the echino-
candins, have a broader spectrum of activity and are useful in treating azole-
resistant candidal isolates. As the use of these agents has increased, there has also
been a rise in the incidence of echinocandin-resistant organisms such as C. par-
apsilosis [6]. It remains unclear if this shift is secondary to the pressures of the
antifungal agents or other host and treatment factors.

The true incidence of IFIs is difficult to assess as much of the data have come
from single centers or regional retrospective studies, with most studies having an
incidence ranging from 5 to 30 % in patients with cancer. Over the past two
decades, there has been a shift in the causative agents of IFI, with an increase in
infections by molds such as Aspergillus spp., Fusarium spp., and the agents of
mucormycosis [7–9]. Autopsy studies from the MD Anderson Cancer Center have
evaluated the prevalence of IFI from 1989 to 2003. Over the study period, the
overall rate of IFI remained stable at approximately 30 %. The major finding was a
rise in the prevalence of invasive mold infections, from 60 to 76 %, and a cor-
responding decrease in candidal infections, from 40 to 26 %. Major increases were
seen in infections caused by Aspergillus spp. and endemic fungi and in mucor-
mycosis [8, 10].

Retrospective case series have identified similar trends in the epidemiology of
IFI in cancer patients. Auberger et al. reviewed the incidence and outcomes of IFI
in a single Austrian center between 1995 and 2004. During the study period, IFIs
occurred in 167 of 1,095 (15 %) patients. A significant increase in the incidence of
IFI was seen over time, 12.7 % (1995–2000) to 18.1 % (2001–2004). The vast
majority of cases were attributed to invasive mold infections (87 %), with
Aspergillus spp. predominating. Overall mortality from IFI was 35 %, with a
significant reduction in mortality between the periods studied, 44 % (1995–2000)
versus 28 % (2001–2004) [11]. Similar results have been reported by Hahn-Ast
et al. who compared the incidence of IFI from 1995 to 2006 in a German cancer
center. In this series, the incidence of IFI was 8.8 %, with an increase in the
incidence over time, 7.1 % (1995–2001) to 10.9 % (2001–2006). Most of IFIs
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(approximately 63 %) occurred in individuals with acute mylogenous leukemia
(AML). The overall mortality from these infections was 41 %; however, there was
a decrease in the mortality seen over the two time periods, 56.9 versus 28.6 %.
Better survival was observed in those with controlled cancer, age \60 years,
infection during 2002–2006 and the use of novel antifungal agents (echinocandin
and/or voriconazole) [12]. In an Italian multicenter review, Pagano et al. found that
a majority of IFIs were secondary to molds, especially Aspergillus spp., and the
incidence was greatest in individuals with AML. Mortality from these infections
was high, especially for mucormycosis (mortality rate of *64 %) [13].

There are limited data available on the epidemiology of IFI in pediatric cancer
patients. Children with acute leukemia are at the highest risk of IFI, with incidence
rates varying between 4.9 and 29 % [14–18]. Neutropenia, diagnosis of acute
leukemia, corticosteroid use, and antifungal prophylaxis are associated with the
development of IFI in pediatric cancer patients [16–18]. As seen in the adult
population, there is a declining incidence of candidal infections with an increase in
aspergillosis [14, 16, 17]. Other studies in the pediatric population have confirmed
similar rates of fungal infections in children, with a majority of cases occurring in
the setting of acute leukemia and with Candida spp. and Aspergillus spp. the
leading causative organisms [14, 16].

2 Risk Factors

Fungal organisms are ubiquitous in the environment, and humans are constantly
exposed to fungal spores via the respiratory tract and on skin and mucosal sur-
faces. Anatomic barriers and an intact immune system are highly efficient at
containing these fungal elements in the immune competent host. Systemic fungal
infections occur as a result of breaks in the normal host defenses such as those seen
in patients with cancer. The first line of defense against these organisms is the
anatomic barrier provided by structures such as skin and mucous membranes.
These surfaces prevent the entry of microorganisms from entering the body and
produce enzymes and other antimicrobial secretions that lead to the removal of
fungal organisms. These barriers are compromised in cancer patients through
invasive procedures such as indwelling central venous catheters and mucosal
damage, resulting from chemotherapy. Compromise of these structures allows for
the penetration of fungal organisms into the tissues and accesses the bloodstream
[19]. The next line of defense against fungal infection is an intact immune system.
The complement cascade, phagocytosis, and cell-mediated immunity all play a
critical role in controlling and protecting against IFI. Many of the components of
the immune system become compromised in patients with cancer secondary to the
malignancy itself, chemotherapy, radiation therapy, and the use of immunosup-
pressive agents [20, 21]. This breakdown of immune defenses increases the sus-
ceptibility of cancer patients to fungal infections.
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The major risk factors for IFI in cancer patients are the underlying malignancy,
neutropenia, older age, and degree of immunosuppression. Other factors that con-
tribute to the development of IFI are the state of the underlying malignancy,
indwelling venous catheters, broad spectrum anti-bacterial therapy, renal insuffi-
ciency, intensive care unit admission, total parenteral nutrition, prior IFI, mucosal
colonization with Candida spp., and innate immune defects [20]. To assess the risk of
IFI, Prentice et al. developed a risk stratification that categorizes patients into low-,
intermediate-, and high-risk groups. Those individuals at the highest risk of infection
have prolonged and severe neutropenia, use of high doses of corticosteroids, treat-
ment with high-dose cytarabine, AML, and colonization with Candida spp. [22]. This
stratification tool has been validated and may help to provide more effective anti-
fungal prophylaxis and early detection and treatment of IFI in cancer patients [23].

The two most significant risk factors for IFI are the underlying malignancy
diagnosis and neutropenia. The risk of IFI is greater for individuals with hema-
tologic malignancy, compared with those of solid tumors, and is greatest among
those with acute leukemia (AML and acute lymphocytic leukemia, ALL) [20, 24].
Patients with acute leukemia are also at risk of developing these infections early,
even before chemotherapy or during induction chemotherapy. A review of inva-
sive filamentous fungal infections in cancer patients found that 7 % of infections
occurred prior to initiation of chemotherapy, mostly in patients with acute leu-
kemia and myelodysplastic syndrome [24]. The study also found that nearly half of
the infections occurred during the first-induction chemotherapy [24]. The reason
for the high rate of early infection is unclear, but it has been suggested that the
bone marrow aplasia as a result of the leukemia may play a role [18].

Neutropenia is the most important risk factor for the development of IFI.
Almost all patients undergoing chemotherapy will develop neutropenia during the
course of therapy; however, the degree and duration of neutropenia varies. Indi-
viduals with solid tumors typically have short-lived neutropenia (usually less than
7 days), and IFI is an infrequent complication [19]. The degree of neutropenia is
an important risk factor, and those with an absolute neutrophil count of
\0.1 9 109 cells/lL have the highest risk of infection [22]. Prolonged neutropenia
greater than 10 days confers a much higher risk of IFI than shorter durations of
neutropenia [24–26]. It is estimated that there is a 1 % risk of developing an IFI for
each day a patient is neutropenic. This risk increases to[4 % per day if the patient
remains neutropenic for more than 24 days [25]. Furthermore, short intervals
between neutropenic episodes (\14 days) increase the risk of IFI [26].

Many of the chemotherapies used to treat malignancy have also been associated
with increased risk of IFI. Studies have demonstrated an increased risk of IFI
with the use of high doses of corticosteroids and fludarabine-based regimens
[20, 27–29]. Use of monoclonal antibodies has also demonstrated an increase risk
of infection, especially with fungi. Alemtuzumab, a humanized anti-CD52 anti-
body, leads to the depletion of CD4 and CD8 T-cells. This depletion increases the
risk of severe infection, especially with Candida spp., Aspergillus spp., and
Pneumocystis jirovecii [30, 31].
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Genetic immune defects in host recognition and response to fungal organisms
may also play a role in the risk of infection. The mannose-binding lectin (MBL)
and toll-like receptors (TLR) play a critical role in immune recognition of fungal
organisms, and defects in these proteins have been linked to increased risk of
fungal infection [32]. MBL is a secreted pattern-recognition receptor of the innate
immune system. These proteins bind to conserved carbohydrates found on many
microorganisms and promote the initiation of the compliment cascade and
phagocytosis [32]. Mutations in the mbl2 gene led to a non-functional protein that
has been linked to an increased risk of fever and serious infection, including fungal
infections [33–36]. MBL binds to the mannan-rich outer wall of Aspergillus
leading to the clearance of the organisms, and MBL-deficient mice are much more
susceptible to infection with Aspergillus [36]. In immunocompromised humans,
MBL deficiency has been significantly linked to the development of invasive
Aspergillus infection [32]. The TLR is a transmembrane protein that detects
specific ‘‘microbe-associated molecular patterns,’’ and binding of these receptors
leads to cytokine release and immune activation [37]. TLR2 and TLR4 are major
components of the initial immune response to fungal pathogens, and defects in
these receptors lead to decreased neutrophil recruitment and reduced cytokine
production [37, 38]. In humans, genetic polymorphisms within the TLR4 gene
have been associated with an increased risk of cavitary aspergillosis [39]. Defects
in dectin-1, tumor necrosis factor (TNF), and interleukin-10 (IL10) have also been
linked with increased risk of fungal infections [40–44].

The environment, geographic location, and hospital exposure can all play a role
in acquisition of fungal pathogens. Fungal spores are ubiquitous in the environ-
ment, and humans are constantly exposed to these organisms. Climate can have a
profound impact on the burden of fungal spores in the environment, with higher
rates of infection seen in warm, dry climates compared with more temperate
climates [45, 46]. For example, Aspergillus spore counts have been shown to
increase during warm and dry months in Seattle, Washington; Coccidioides pro-
liferate during periods of high precipitation, and spread of infection has been
linked to the warm and dry months in Arizona [46–48]. Nosocomial spread of
infection has been linked with fireproofing material, carpets, hospital water supply
(especially showers), and food products such as tea, pepper, fruit, and freeze-dried
soups [49–56]. Hospital air has also been found to contain fungal spores, espe-
cially during building construction, and the use of HEPA filtration in hospital can
dramatically reduce the spore load of air [50, 56].

3 Diagnosis of IFI

The diagnosis of fungal infections remains a challenge. Infections with these
organisms can present in a myriad of ways, including persistent fever, sepsis,
fungemia, and organ invasive disease. Isolation and identification of the causative
fungus often require invasive procedures, and many of the molds are difficult to
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cultivate in the laboratory. The primary step in identification of an IFI is having a
high index of suspicion based on the clinical signs of illness. An aggressive search
should be made to identify a causative fungus. This may require cultures per-
formed on tissue specimens, histopathology of these specimens, the use of fungal
antigen assays, and molecular tests to identify fungal specific DNA.

The European Organization for Research and Treatment of Cancer/Invasive
Fungal Infections Cooperative Group and the National Institute of Allergy and
Infectious Diseases Mycoses Study Group (EORTC/MSG) have developed defi-
nitions to classify IFI and aid in the diagnosis of IFI [1]. This classification system
assigns levels of probability to the diagnosis of an IFI in individuals with cancer or
recipients of an HSCT. The classification system is divided into ‘‘proven,’’
‘‘probable,’’ or ‘‘possible’’ IFI based on the patients’ underlying condition and
clinical factors combined with histopathologic, microbiologic, and radiographic
data. ‘‘Proven’’ infection is based on the identification of fungal elements with
tissue destruction on biopsy specimens and microbiologic identification of a
fungus from a normally sterile site, such as blood, cerebrospinal fluid (CSF), or
biopsy specimen. ‘‘Probable’’ infection requires the presence of a host factor (e.g.,
neutropenia and prolonged use of corticosteroids), a clinical criterion (e.g.,
symptoms of sinus infection and radiographic findings concerning for a nodular
pneumonia), and a mycological criterion (e.g., growth of a mold on culture,
positive antigen-detection assay). ‘‘Possible’’ infection is defined as the presence
of host and clinical factors in the absence of mycological data. The primary use of
this system has been in the development of clinical trials for the treatment of
fungal infection and validation of diagnostic assays; however, their implementa-
tion into clinical practice has not identified a difference in clinical outcomes
between the categories [20]. Given the difficulty in making a ‘‘proven’’ diagnosis,
individuals with a ‘‘probable/possible’’ diagnosis should be treated as aggressive as
those with ‘‘proven’’ infection while continuing to confirm the diagnosis.

The gold standard for the diagnosis of fungal infection is the histopathologic
identification of fungal elements on biopsy specimens and the growth of fungal
organisms in culture from blood or other clinical specimens; however, there are
limitations to obtaining these specimens. Often patients are not suitable to undergo
invasive procedures due to their illness or high risk of complication. Also the
sensitivity of fungal culture is limited and may be as low as 35 %, especially for
Aspergillus spp. and other molds [57]. Currently, there are multiple non-culture-
based assays available that can help to aid in the diagnosis of fungal infections and
can be performed on serum or urine specimens. These assays include serologic
assays and fungal antigen-detection assays. Serology can be helpful in the diag-
nosis of infections with coccidioidomycosis and paracoccidioidomycosis [1, 58].
Antigen detection has also been useful in the diagnosis of infections caused by
cryptococcosis, histoplasmosis, and blastomycosis [59, 60].

Two antigen assays are currently available for the diagnosis of candidiasis and
aspergillosis, the (1?3)-B-D-glucan and the galactomannan assays. The (1?3)-B-
D-glucan is a cell wall component present in many fungi, limiting the specificity of
the assay. The assay identifies (1?3)-B-D-glucan in serum, and the presence of
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the antigen can aid in early treatment for fungal infection. The sensitivity to the
(1?3)-B-D-glucan is variable, with a range of 61–88 % sensitivity for the diag-
nosis of aspergillosis [61–63] and 71–97 % for candidiasis [61, 64–67]. Another
major issue with the (1?3)-B-D-glucan is the lack of specificity among fungal
organisms and the high rate of false positive results in patients on hemodialysis and
those with bacteremia [60]. The galactomannan assay offers increased specificity
for the diagnosis of aspergillosis. This assay detects specific components of the
Aspergillus cell wall and for some patients, detection of galactomannan in the
serum may precede clinical signs and symptoms of infection [60, 68]. The sen-
sitivity of the galactomannan assay on serum specimens is variable, between 49
and 89 %, with a lower sensitivity seen in those individuals receiving mold active
agents as either prophylaxis or treatment [61, 69]. The assay has also been tested
on respiratory specimens to increase the sensitivity and diagnostic yield of the
assay. Performance of the assay on bronchoalveolar lavage (BAL) specimens has
demonstrated an increased sensitivity when compared with serum galactomannan
results. Maertens et al. evaluated the performance of BAL galactomannan com-
pared with culture and microscopy of BAL fluid. A greater sensitivity was found
on the BAL galactomannan (91 %) compared with that of culture and microscopy
(50 and 53 %, respectively) [70]. The galactomannan assay can also be followed
serially, usually twice per week, to help provide early diagnosis of IFI [71]. These
assays may allow for earlier diagnosis and earlier treatment for individuals sus-
pected of having a fungal infection, especially Aspergillus infection.

Polymerase chain reaction (PCR) is a diagnostic technique with the potential to
offer an accurate and definitive diagnosis via noninvasive testing. PCR assays
demonstrate high specificity, ranging from 92 to 100 % depending on the gene that
is amplified [63, 72–74]. White et al. evaluated the utility of monitoring twice
weekly the blood PCR assay specific to Aspergillus. The negative predictive value
for this approach was[99 %, and serial positive results were predictive of proven
or probable infection [74]. It has been suggested to combine PCR testing with
galactomannan testing; however, the accuracy and practicality of this approach
have not been evaluated. The major drawback to PCR assays for the diagnosis of
aspergillosis is that they lack standardization, are prone to contamination, and have
not been shown to be superior to the galactomannan assay [60]. At this time, PCR
assays remain experimental; perhaps with the development of a commercial or
standardized assay, this testing method may develop more widespread use and
acceptance.

4 Selected Fungal Organisms

4.1 Candidal Infections

Candidal species are part of the normal microbiota of the skin, airways, genito-
urinary tract, and the gastrointestinal tract. Individuals with malignancies are
predisposed to invasion with these organisms secondary to neutropenia, mucositis,
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broad spectrum antibacterial therapy, total parenteral nutrition, and invasive
central venous catheters [75]. Prior to the use of anti-fungal prophylaxis Candida
spp. represented 20 % of all blood stream isolates and were the fourth leading
cause of death from nosocomial sepsis [76, 77]. Incidence rates for candidal
infections have remained stable in recent years despite increased use of antifungal
prophylaxis [6]. Candida albicans is the most frequently isolated species; how-
ever, there has been a shift to azole-resistant non-C. albicans yeast, especially
C. krusei and C. glabrata [4, 78]. A recent single center review identified a greater
than 50 % reduction in the number of infections caused by C. albicans and
a 2–3 fold increase in infections caused by C. krusei and C. glabrata. In patients
with hematologic malignancies, 86 % of candidal isolates were non-C. albicans
species, and the major risk factor for infection with these organisms was the use of
fluconazole prophylaxis and neutropenia [79].

Candidal infections range from mucosal infection, such as thrush and esopha-
gitis, to bloodstream and multi-organ-disseminated infection. Breakdown of skin
and mucosal barriers allows for the invasion into the blood stream and eventual
dissemination of the organisms. The most common source for invasion is the
gastrointestinal and genitourinary tracts; however, isolation of C. parapsilosis
usually indicates contamination of a central venous device. Candidemia is asso-
ciated with significant morbidity and mortality, with mortality rates ranging from
30 to 75 % [6, 79, 80]. The major factors associated with mortality are hemato-
logic malignancy, neutropenia, and infection with C. glabrata [6, 79–81]. Dis-
seminated (hepatosplenic) candidiasis typically arises as a complication of
candidemia and is the result of seeding of candidal organisms in various organs,
especially the liver and spleen. Often, the only symptom present is persistent
fevers. As neutropenia resolves, lesions within the affected organ(s) may become
apparent on imaging and with the development of organ dysfunction. Dissemi-
nated candidiasis has been reported in about 6 % of individuals with acute leu-
kemia, and remission of the leukemia is associated with recovery from the
candidal infection [82].

Mucocutaneous candidiasis can be treated with topical agents, such as nystatin
for thrush or clotrimazole for vulvovaginal infection, or with systemic triazoles
such as fluconazole for esophagitis [83]. All patients with suspected or docu-
mented candidemia require systemic antifungal therapy. The current recommen-
dation for treatment of neutropenic patients with candidemia is to initiate an
echinocandin and tailor therapy once the organism has been identified. Typically,
C. albicans and C. tropicalis are susceptible to the triazoles, such as fluconazole
and voriconazole. C. glabrata and C. krusei tend to be resistant to the triazoles;
therefore, it is recommended that an echinocandin can be used for treatment.
C. parapsilosis has in vitro resistance to the echinocandins, and treatment with an
azole or polyene (amphotericin B product) is recommended [83]. In addition to
antifungal therapy, indwelling catheters should be removed. In non-neutropenic
individuals, catheter removal has been associated with earlier sterilization of the
blood, which may decrease the likelihood of dissemination. In neutropenic indi-
viduals, catheter removal may be problematic since removal of the central line
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may lead to access problems. Additionally, there is a lack of association between
early catheter removal and improved survival [84, 85]. However, catheter removal
should be undertaken in all patients with persistent candidemia or with worsening
infection while on appropriate antifungal therapy, and in all other individuals with
candidemia, central venous catheter removal is strongly recommended [83].

4.2 Trichosporonosis

Trichosporonosis is an uncommon infection usually seen in immunocompromised
hosts, especially those with hematologic malignancies. The major causes of
trichosporonosis are the Trichosporon spp. (T. asahii, T. asteroides, T. cutaneum,
T. inkin, T. mucoides, T. ovoides) and Geothrichum capitatum [86]. These yeasts
are part of the normal skin, gastrointestinal, and pulmonary microbiota and have
also been identified in multiple environmental sources [86, 87]. Portal of entry for
these organisms is via breaks in mechanical barriers such as skin or mucosa.
Fungemia and pneumonia are the primary infections seen with these yeasts.
A large Italian review identified 52 cases of trichosporonosis over a 20-year
period, with 33 % secondary to Trichosporon spp. and 67 % secondary to G. ca-
pitatum. Fungemia was the most frequent manifestation of infection, and mortality
was high (57 % for G. capitatum, 65 % Trichosporon spp.) [87]. Pulmonary
infection resembles classic mycetoma with round lung lesions and a halo sign on
imaging [88]. Respiratory tract infection with these fungi is difficult to diagnose
since these organisms may colonize the airways.

The azoles, such as fluconazole, are the treatment of choice for these infections
based on in vitro susceptibility testing. Despite in vitro susceptibility data,
recurrent or breakthrough infections are common [86, 89, 90]. Mortality rates are
high, ranging between 55 and 65 % [86, 87]. Factors associated with favorable
outcomes are neutrophil recovery, lack of hyperglycemia, and azole therapy [86].

4.3 Pneumocystis jiroveci Infection

Pneumocystis jiroveci was initially classified as a protozoan; however, it is now
considered a fungus based on gene sequencing and analysis of cell wall constit-
uents. There are multiple species of Pneumocystis, each with its own genetic
distinctiveness and host specificities. Based on this species uniqueness, the human
pathogen has been renamed P. jiroveci, formerly known as P. carinii. Infection
with Pneumocystis relies on defective T-cell immunity. This T-cell defect is most
commonly seen in individuals with T-cell depletion such as those with acquired
immunodeficiency syndrome (AIDS) and is less common in patients with malig-
nancy. The highest risk appears to be individuals with lymphoproliferative con-
ditions [91, 92]. In a series of 55 cases of P. jiroveci pneumonia (PJP) over a
10-year period, patients with non-Hodgkin’s lymphoma and lymphoid leukemia
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had the highest risk of infection [93]. Infection is also seen in patients with solid
tumors, especially those treated with long-term steroids [91, 94]. A more recent
risk factor for the development of PJP is the use of lymphocyte-depleting anti-
bodies, such as rituximab [95, 96]. It is estimated that 11–14 % of individuals
treated with rituximab develop PJP [95, 96]. P. jiroveci has a unique tropism for
the lung where it resides as an alveolar pathogen, rarely causing disseminated
disease. Infection typically presents with the slow onset of dyspnea, cough, and
fevers. Examination may reveal tachycardia, crackles, and hypoxia.

Unlike other fungal infections, antifungal agents have little to no effect in the
treatment of PJP. The treatment of choice is trimethoprim–sulfamethoxazole
(TMP/SMX). Acute therapeutic alternatives are intravenous pentamidine, pri-
maquine combined with clindamycin, or atovaquone. Given the high risk of
infection with P. jiroveci in patients treated with steroids or rituximab, primary
prophylaxis should be considered. As with treatment, TMP/SMX is the preferred
agent for prophylaxis and is administered daily or thrice per week. Alternatives are
monthly inhaled pentamidine, daily oral atovaquone, or dapsone.

4.4 Cryptococcosis

Infection with Cryptococcus results in a wide spectrum of illness, ranging from
asymptomatic disease to life-threatening meningoencephalitis [97]. Cryptococcus
is ubiquitous environmental yeast, with the C. neoformans species complex
causing most human infection. Cryptococcosis is an infrequent complication in
patients with malignancy, and underlying hematologic malignancy accounts for
the majority of cases [98]. The major risk factors for cryptococcosis are steroid
use, chemotherapy with fludarabine, and lymphopenia [98]. Pulmonary infection
occurs in [60 % of cases with patients presenting with nonspecific symptoms,
such as fever (37 %), dyspnea (37 %), cough (37 %), chest pain (16 %), and
ARDS (11 %). Asymptomatic disease is seen in more than 30 % of cases pul-
monary cryptococcosis [98]. Only 10 % of cryptococcal infections involve the
central nervous system (CNS) in patients with malignancy, much less frequent
when compared with other patient populations. The signs and symptoms of CNS
infection are similar to other patient populations and include altered mental status,
headaches, and fevers [98] (see Chapter Central Nervous System Infectionsin
Cancer Patients and Hematopoietic Stem Cell Transplant Recipients).

4.5 Aspergillosis

Infection with Aspergillus is the most common invasive mold infection encoun-
tered in individuals with malignancy. There are more than 200 species of Asper-
gillus, but only a few cause disease in humans, namely Aspergillus fumigatus,
A. terreus, A. flavus, and A. niger [8].
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Infection may occur in the lung, sinuses, skin, mucosal surfaces, eye, and CNS.
The most common sites of acquisition are the lungs and sinuses. Clinical mani-
festations of invasive pulmonary aspergillosis (IPA) may be varied and range from
cough and fever to hemoptysis and respiratory failure. The most frequent mani-
festations of disease in neutropenic individuals are fever, cough, and dyspnea [99].
The earliest indications of IPA are radiographic findings, especially with com-
puterized tomography (CT) scanning of the lung. CT scan of the lung may identify
micronodules, macronodules, diffuse interstitial infiltrates, the ‘‘halo sign’’ or the
‘‘air-crescent sign’’ [100, 101]. These findings can allow for early recognition of
IPA, and appropriate testing can be obtained to make an early diagnosis.

Cerebral aspergillosis is a rare condition with an incidence of approximately
7 % but a mortality rate greater than 90 % [13, 102]. The clinical presentation is
nonspecific with fevers, altered mental status, focal neurologic deficits, and sei-
zures [103, 104]. These nonspecific findings can be found in other infectious and
non-infectious conditions of the CNS. Diagnosis of CNS aspergillosis relies on
neuroimaging. The typical findings associated with aspergillosis on CT or mag-
netic resonance (MR) imaging are multiple, complex ring-enhancing lesions
within the brain parenchyma [105, 106]. Those with sinus disease may have dural
enhancement adjacent to the involved sinuses [105, 106]. Evaluation of the
cerebral spinal fluid (CSF) is of limited use, and culture positivity is rare. How-
ever, in a small series of patients, levels of galactomannan in CSF were signifi-
cantly higher in patients with CNS aspergillosis versus controls [107]. This assay
may provide a means to establish an early diagnosis and allow for early directed
therapy against CNS aspergillosis.

Sinus infection with Aspergillus is most often symptomatic with facial swelling,
periorbital swelling, and sinus drainage that is bloody or black [108]. It is often
difficult to distinguish sinus infection with Aspergillus from other causes,
including bacteria and other molds. Diagnosis is most often made by sinus
endoscopy. Endoscopic findings include crusting of the nasal mucosa, nasal
ulceration, and necrotic, or dusky nasal mucosa [109]. Therapy involves a com-
bination of surgical debridement and anti-fungal medications (either voriconazole
of amphotericin B-based therapy) [108].

Evaluation of biopsy specimens reveals tissue invasion of the fungus, with
invasion into blood vessels. The fungus appears as 45� angle branching, septated
hyphae; this is not a unique feature of Aspergillus and may be seen with other
invasive molds such as Fusarium and the agents of mucormycosis. Given the
similarity of the various molds on pathologic specimens, culture is required to
make a definitive diagnosis. Aspergillus can be grown easily on routine fungal
culture media, and large white or black colonies are seen on the media plates
[110]. Microscopically, the mold consists of hyphal stalks and a conidial head.
Newer PCR techniques can be performed directly on tissue specimens, but iden-
tification may only be to the genus level and susceptibility information cannot be
obtained.
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4.6 Mucormycosis

Over the last few decades, there has been a steady increase in cases of mucor-
mycosis with a stable mortality rate between 40 and 50 % [111]. The increase in
these infections may be related to newer chemotherapies, increased longevity of
individuals with malignancy, and increased awareness of this infection in this
population [111]. Infections with the Zygomycetes class of fungi belong to two
orders, Mucorales and Entomophthorales. Multiple genera within these two orders
can lead to infection, but the most frequently encountered genera are Rhizopus,
Mucor, and Rhizomucor [111]. These molds are ubiquitous in the soil and
decaying organic material. Infection occurs through inhalation of fungal spores in
a susceptible host; however, infection can also occur via direct cutaneous inocu-
lation or ingestion of contaminated foods [112]. Infection in patients with
malignancy is uncommon, and the vast majority of infections occur in individuals
with hematologic malignancies, especially those with acute leukemias [13]. The
major sites of infection are the lung and sinuses, with infection of the skin, throat,
and gastrointestinal tract seen less frequently. The major findings with respiratory
tract infection are fever, cough, thoracic pain, and dyspnea. Patients with sinus
infection may develop orbital cellulitis, paresis of the extraocular muscles, or
proptosis. These molds can result in vascular invasion and destruction of bone that
may lead to direct invasion of the brain in sinus infections [13, 111].

Diagnosis is often based on the combination of clinical signs and symptoms
along with radiographic imaging. Infection results in vascular invasion with
resultant vascular occlusion and infarction and necrosis of infected tissue.
Radiographic imaging may identify hemorrhage, abscess or consolidation of
inflammation within the lungs [113]. Rhinocerebral or sino-orbital infection may
demonstrate inflammation of the sinuses with destruction of boney structures and
direct invasion into the orbit or brain [113]. Biopsy specimens will identify the
characteristic right angle branching, pseudoseptate, and ribbon-like hyphae [114].
Fungal cultures can help to identify the genera and species of the mold; however,
they are positive in less than 50 % of cases [111].

Treatment of mucormycosis involves surgical debridement, reduction or cor-
rection of immunosuppression, and antifungal medications. Surgical resection of
necrotic, infected tissue can help to enhance antifungal activity and decrease the
fungal burden [112]. Antifungal therapy is limited to the polyenes and posaconazole.
The polyenes remain the initial treatment of choice (amphotericin B deoxycholate,
liposomal amphotericin B, and lipid complex amphotericin B). The lipid formula-
tions of amphotericin (AmB-L) offer the advantage of higher doses of amphotericin
and a decrease in nephrotoxicty [111, 115]. Retrospective data demonstrate response
rates of 52–69 % and improved survival with AmB-L compared with amphotericin
B deoxycholate [115]. A newer extended spectrum azole, posaconazole, has in vitro
and in vivo activity against Mucorales. Posaconazole has been evaluated as salvage
therapy for treatment of mucormycosis [116, 117]. In 91 patients treated with po-
saconazole as salvage therapy for mucormycosis, successful treatment was seen in
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60 % of patients at 12 weeks, complete response was seen in 14 %, and partial or
clinical response was seen in 46 % of patients [117]. The major disadvantage to
posaconazole is that it is only available as an oral formulation and requires a high fat
meal to enhance absorption, making it difficult to administer to all patients. Other
therapies have been investigated for the treatment of mucormycosis such as colony
stimulating factor, interferon therapy, iron chelation, and combination antifungal
therapy, all with varying results, and are not recommended for use at this time [118].
Currently, it is recommended that therapy begin with a polyene and any surgical
debridement, if possible, followed by a change to posaconazole once a response to
therapy has been identified [118].

4.7 Other Mold Infections (Fusarium, Alternaria,
Phaeohyphomycosis, Endemic Fungi)

Over the past few decades, there has been an increase in infections with exotic,
environmental molds. The genera most commonly identified are Fusarium spp.,
Scedosporium spp., and the dematiaceous molds. These molds are ubiquitous in
the environment and have been identified in water, soil, and on vegetation
worldwide, and it is believed that acquisition of these infections primarily occurs
outside the hospital [112, 119]. A variety of infections, from cutaneous infection to
disseminated disease with fungemia, may be caused by these molds. Fusarium spp.
is a common mold of plants and decaying matter. A majority of reported infections
with these molds have occurred in patients with hematologic malignancy and
neutropenia [120]. The major syndrome related to Fusarium is disseminated dis-
ease with fungemia and multiple organ involvement; however, this mold may also
cause skin, sinus, and pulmonary infection [120–122]. Most patients are treated
with a combination of antifungals, and, despite therapy, mortality rates are[50 %,
especially for patients with fungemia and disseminated disease [120]. The two
major Scedosporium spp., Scedosporium apiospermum and S. prolificans, are
found worldwide and are the major causative agents of mycetoma (S. apiosper-
mum) and localized bone infection (S. prolificans) [123]. Infection typically
involves the lungs with dissemination of the mold to secondary sites of infection
including muscle, brain, and fungemia [124–126]. Resistance to the polyenes and
echinocandins occurs in both species of Scedosporium, and the most active agent
in vitro is voriconazole; however, mortality rates remain very high for this
infection [126, 127]. Phaeohypohomycosis results from infection with the pig-
mented molds. These infections remain extremely rare in patients with malig-
nancy, but can lead to brain abscess, pneumonia, and fungemia [128].

Histoplasma, Blastomyces, and Coccidioides all can cause endemic mycoses.
These fungi are dimorphic and have a yeast phase seen at human body tempera-
tures and a mold phase seen on culture or in the environment. These infections are
rare in patients with malignancy and are often restricted to the geographic location
of the fungus. Disease results from newly acquired infection related to
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environmental exposure or reactivation of latent infection. Most individuals will
develop pneumonia from these molds, but cutaneous, CNS, and disseminated
disease can occur [129–131]. The key to diagnosis is early recognition of a
potential endemic mycoses and identification of the yeast forms on histopathologic
specimens and early institution of therapy [131].

5 Antifungal Therapy

Multiple antifungal agents are currently available with diverse mechanisms of
action, spectrum of activity, and tolerability. The major classes of antifungals are
the polyenes, echinocandins, and the azoles. Table 2 lists the common antifungal
agents, their route of administration, spectrum of activity, and common adverse
effects. Specific treatment varies based on the fungal pathogen, the site of infec-
tion, drug tolerability, and toxicity profile of the chosen agent.

5.1 Polyenes

The polyenes, amphotericin B deoxycholate, and the lipid-associated amphotericin
preparations bind to ergosterol in the fungal cell membrane. This binding leads to
the formation of ion channels in the cell membrane and the physical disruption of
the membrane. The polyenes have a broad spectrum of activity and are reactive
against most fungi. The greatest limitation to the use of amphotericin B deoxy-
cholate is nephrotoxicity, which can lead to renal failure and the need for dialysis
[132, 133]. The lipid formulations of amphotericin B have the advantage of less
nephrotoxicity and allow for infusion of higher doses of amphotericin.

5.2 Echinocandins

The echinocandins (caspofungin, micafungin, anidulafungin) are lipopeptides that
inhibit the synthesis of 1,3-b-glucan, a polysaccharide involved in strengthening
the cell wall. The inhibition results in changes in the osmotic integrity of the
fungal cell leading to cell destruction. Activity of these agents is restricted to those
fungi that possess the 1,3-b-glucan in their cell membrane; in particular Candida
spp. and Aspergillus spp. The utility of the echinocandins has been demonstrated
in the treatment of candidal infections, refractory invasive aspergillosis, and as
empiric therapy for neutropenic fever [134–137]. These agents have also dem-
onstrated efficacy in the treatment of refractory aspergillosis when combined with
voriconazole [138, 139]. Major adverse effects of the echinocandins include ele-
vations in liver aminotransferases (especially caspofungin), gastrointestinal upset,
and headaches. Serum levels of the echinocandins may be increased by cyclo-
sporine, and conversely they may increase the serum levels of tacrolimus [140].
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Table 2 Antifungal agents

Antifungal
agent

Route Dose Toxicity Spectrum of activity

Polyenes

Amphotericin
B

IV 0.5–1.0 mg/kg Nephrotoxicity
Hypokalemia
Hemolysis
Infusion related

Broad spectrum of
activity:
Candida
Aspergillus
Mucormycosis
Blastomyces
Coccidioides
Histoplasma
Cryptococcus

ABCD IV 2.5–5 mg/kg As above,
Less
nephrotoxicity

ABLC IV 2.5–7.5 mg/kg

L-AMB IV 2.5–10 mg/kg

Echinocandins

Caspofungin IV 70 mg load then,
50 mg

Hepatic Candida spp.
Aspergillus spp.

Micafungin IV 50–100 mg Hepatic
GI upset
Phlebitis
Headache

Anidulafungin IV 100 mg load then, 50 mg GI upset
Hepatic

Azoles

Fluconazole PO/IV 200–1,200 mg Hepatic Candida
Coccidioides
Cryptococcus

Itraconazole PO/IV 100–400 mg Hepatic
Hypokalemia
Edema
Cardiac
Poor absorption

Candida
Aspergillus
Blastomyces
Histoplasma

Voriconazole PO/IV 6 mg/kg load then 4 mg/
kg BID

Hepatic
Neurologic
Vision changes

Candida
Aspergillus
Fusarium
Scedosporium

Posaconazole PO 200–300 mg TID
100–200 mg BID

Hepatic
Poor absorption

Candida
Aspergillus
Coccidioides
Mucormycosis
Fusarium
Scedosporium
Cryptococcus

ABCD amphotericin B colloidal complex; ABLC amphotericin B lipid complex; BID twice daily;
IV, intravenous; L-AMB liposomal amphotericin B; PO per mouth; TID thrice a day
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5.3 Azoles

The azoles constitute a group of antifungals with a similar mechanism of action,
but varying spectrum of activity. The azoles inhibit the production of ergosterol
biosynthesis by inhibiting lanosterol 14-a demethylase, which results in an altered
fungal cell membrane. Currently, there are four widely used azole antifungal
compounds used in patients with malignancy, fluconazole, itraconazole, vorico-
nazole, and posaconazole. Fluconazole is a narrow spectrum azole that is primarily
used to treat candidal infections. This agent has good tolerability and is available
in an oral and intravenous formulation. Itraconazole is a broader spectrum azole
with activity against Candida spp., Aspergillus spp., and the endemic fungi. There
are both oral and intravenous formulations; however, the capsular formulation of
this agent has erratic GI absorption and may lead to GI upset.

Newer azoles such as voriconazole and posaconazole offer broader spectrum of
activity and better tolerability. Voriconazole is structurally similar to fluconazole;
but has a spectrum of activity that includes Aspergillus. Based on available data,
voriconazole is considered the drug of choice for the treatment of proven or
suspected invasive aspergillosis [141, 142]. Individual variability of voriconazole
metabolism may lead to altered serum drug concentrations. This variability may
lead to sub-therapeutic levels or toxic levels of the agent that can lead to decreased
efficacy or increased toxicity [143]. The major toxicities of voriconazole are visual
disturbances, hepatotoxicity, and renal toxicity (intravenous formulation only).
The newest azole available in the United States, posaconazole, has been shown to
have enhanced activity against a wide variety of fungi, including the Mucorales
[144–146]. Clinical data have demonstrated the efficacy of posaconazole as sal-
vage therapy for aspergillosis, mucormycosis, fusariosis, and coccidioidomycosis
[116, 117, 147–150].

6 Discussion

IFI are a growing cause of morbidity and mortality in cancer patients. Studies from
single, large cancer centers have identified the growing burden of these infections.
Strategies to enhance the diagnosis along with the growing armamentarium to treat
these infections offer promise at improved survival from these infections. With the
use of these newer, broad spectrum agents, the emergence of rare and more
resistant fungal pathogens cannot be overlooked.

Fungal Infections in Cancer Patients 147



References

1. De Pauw B, Walsh TJ, Donnelly JP et al (2008) Revised definitions of invasive fungal
disease from the European organization for research and treatment of cancer/invasive fungal
infections cooperative group and the national institute of allergy and infectious diseases
mycoses study group (EORTC/MSG) consensus group. Clin Infect Dis 46:1813–1821

2. Marr KA (2010) Fungal infections in oncology patients: update on epidemiology,
prevention, and treatment. Curr Opin Oncol 22:138–142

3. Horn DL, Neofytos D, Anaissie EJ et al (2009) Epidemiology and outcomes of candidemia
in 2019 patients: data from the prospective antifungal therapy alliance registry. Clin Infect
Dis 48:1695–1703

4. Pagano L, Antinori A, Ammassari A et al (1999) Retrospective study of candidemia in
patients with hematological malignancies. Clinical features, risk factors and outcome of 76
episodes. Eur J Haematol 63:77–85

5. Pfaller MA, Castanheira M, Messer SA, Moet GJ, Jones RN (2010) Variation in Candida
spp. distribution and antifungal resistance rates among bloodstream infection isolates by
patient age: report from the SENTRY antimicrobial surveillance program (2008–2009).
Diagn Microbiol Infect Dis 68:278–283

6. Sipsas NV, Lewis RE, Tarrand J et al (2009) Candidemia in patients with hematologic
malignancies in the era of new antifungal agents (2001–2007): stable incidence but
changing epidemiology of a still frequently lethal infection. Cancer 115:4745–4752

7. Husain S, Alexander BD, Munoz P et al (2003) Opportunistic mycelial fungal infections in
organ transplant recipients: emerging importance of non-Aspergillus mycelial fungi. Clin
Infect Dis 37:221–229

8. Leventakos K, Lewis RE, Kontoyiannis DP (2010) Fungal infections in leukemia patients:
how do we prevent and treat them? Clin Infect Dis 50:405–415

9. Marr KA, Carter RA, Crippa F, Wald A, Corey L (2002) Epidemiology and outcome of
mould infections in hematopoietic stem cell transplant recipients. Clin Infect Dis
34:909–917

10. Chamilos G, Marom EM, Lewis RE, Lionakis MS, Kontoyiannis DP (2005) Predictors of
pulmonary zygomycosis versus invasive pulmonary aspergillosis in patients with cancer.
Clin Infect Dis 41:60–66

11. Auberger J, Lass-Florl C, Ulmer H et al (2008) Significant alterations in the epidemiology
and treatment outcome of invasive fungal infections in patients with hematological
malignancies. Int J Hematol 88:508–515

12. Hahn-Ast C, Glasmacher A, Muckter S et al (2010) Overall survival and fungal infection-
related mortality in patients with invasive fungal infection and neutropenia after
myelosuppressive chemotherapy in a tertiary care centre from 1995 to 2006.
J Antimicrob Chemother 65:761–768

13. Pagano L, Caira M, Candoni A et al (2006) The epidemiology of fungal infections in
patients with hematologic malignancies: the SEIFEM-2004 study. Haematologica
91:1068–1075

14. Athanassiadou F, Tragiannidis A, Kourti M, Papageorgiou T, Velegraki A, Drevelengas A
(2006) Invasive fungal infections in children with hematological malignancies: a 5-year
study. Pediatr Hematol Oncol 23:163–166

15. Gozdasoglu S, Ertem M, Buyukkececi Z et al (1999) Fungal colonization and infection in
children with acute leukemia and lymphoma during induction therapy. Med Pediatr Oncol
32:344–348

16. Kaya Z, Gursel T, Kocak U, Aral YZ, Kalkanci A, Albayrak M (2009) Invasive fungal
infections in pediatric leukemia patients receiving fluconazole prophylaxis. Pediatr Blood
Cancer 52:470–475

148 M. Angarone



17. Rosen GP, Nielsen K, Glenn S, Abelson J, Deville J, Moore TB (2005) Invasive fungal
infections in pediatric oncology patients: 11-year experience at a single institution. J Pediatr
Hematol Oncol 27:135–140

18. Wiley JM, Smith N, Leventhal BG et al (1990) Invasive fungal disease in pediatric acute
leukemia patients with fever and neutropenia during induction chemotherapy: a multivariate
analysis of risk factors. J Clin Oncol 8:280–286

19. Maertens J, Vrebos M, Boogaerts M (2001) Assessing risk factors for systemic fungal
infections. Eur J Cancer Care (Engl) 10:56–62

20. Bow EJ (2008) Considerations in the approach to invasive fungal infection in patients with
haematological malignancies. Br J Haematol 140:133–152

21. Guiot HF, Fibbe WE, van‘t Wout JW (1994) Risk factors for fungal infection in patients
with malignant hematologic disorders: implications for empirical therapy and prophylaxis.
Clin Infect Dis 18:525–532

22. Prentice HG, Kibbler CC, Prentice AG (2000) Towards a targeted, risk-based, antifungal
strategy in neutropenic patients. Br J Haematol 110:273–284

23. McLintock LA, Jordanides NE, Allan EK et al (2004) The use of a risk group stratification
in the management of invasive fungal infection: a prospective validation. Br J Haematol
124:403–404

24. Pagano L, Girmenia C, Mele L et al (2001) Infections caused by filamentous fungi in
patients with hematologic malignancies. A report of 391 cases by GIMEMA infection
program. Haematologica 86:862–870

25. Gerson SL, Talbot GH, Hurwitz S, Strom BL, Lusk EJ, Cassileth PA (1984) Prolonged
granulocytopenia: the major risk factor for invasive pulmonary aspergillosis in patients with
acute leukemia. Ann Intern Med 100:345–351

26. Muhlemann K, Wenger C, Zenhausern R, Tauber MG (2005) Risk factors for invasive
aspergillosis in neutropenic patients with hematologic malignancies. Leukemia 19:545–550

27. Baddley JW, Stroud TP, Salzman D, Pappas PG (2001) Invasive mold infections in
allogeneic bone marrow transplant recipients. Clin Infect Dis 32:1319–1324

28. Fukuda T, Boeckh M, Carter RA et al (2003) Risks and outcomes of invasive fungal
infections in recipients of allogeneic hematopoietic stem cell transplants after
nonmyeloablative conditioning. Blood 102:827–833

29. Malagola M, Peli A, Damiani D et al (2008) Incidence of bacterial and fungal infections in
newly diagnosed acute myeloid leukaemia patients younger than 65 yr treated with
induction regimens including fludarabine: retrospective analysis of 224 cases. Eur J
Haematol 81:354–363

30. Klastersky J (2006) Adverse effects of the humanized antibodies used as cancer
therapeutics. Curr Opin Oncol 18:316–320

31. Martin SI, Marty FM, Fiumara K, Treon SP, Gribben JG, Baden LR (2006) Infectious
complications associated with alemtuzumab use for lymphoproliferative disorders. Clin
Infect Dis 43:16–24

32. Lambourne J, Agranoff D, Herbrecht R et al (2009) Association of mannose-binding lectin
deficiency with acute invasive aspergillosis in immunocompromised patients. Clin Infect
Dis 49:1486–1491

33. Schlapbach LJ, Aebi C, Otth M et al (2007) Serum levels of mannose-binding lectin and the
risk of fever in neutropenia pediatric cancer patients. Pediatr Blood Cancer 49:11–16

34. Schlapbach LJ, Aebi C, Otth M, Leibundgut K, Hirt A, Ammann RA (2007) Deficiency of
mannose-binding lectin-associated serine protease-2 associated with increased risk of fever
and neutropenia in pediatric cancer patients. Pediatr Infect Dis J 26:989–994

35. Peterslund NA, Koch C, Jensenius JC, Thiel S (2001) Association between deficiency of
mannose-binding lectin and severe infections after chemotherapy. Lancet 358:637–638

36. Neth O, Hann I, Turner MW, Klein NJ (2001) Deficiency of mannose-binding lectin and
burden of infection in children with malignancy: a prospective study. Lancet 358:614–618

37. Romani L (2004) Immunity to fungal infections. Nat Rev Immunol 4:1–23

Fungal Infections in Cancer Patients 149



38. Meier A, Kirschning CJ, Nikolaus T, Wagner H, Heesemann J, Ebel F (2003) Toll-like
receptor (TLR) 2 and TLR4 are essential for Aspergillus-induced activation of murine
macrophages. Cell Microbiol 5:561–570

39. Carvalho A, Pasqualotto AC, Pitzurra L, Romani L, Denning DW, Rodrigues F (2008)
Polymorphisms in toll-like receptor genes and susceptibility to pulmonary aspergillosis.
J Infect Dis 197:618–621

40. Bochud PY, Chien JW, Marr KA et al (2008) Toll-like receptor 4 polymorphisms and
aspergillosis in stem-cell transplantation. N Engl J Med 359:1766–1777

41. Ferwerda B, Ferwerda G, Plantinga TS et al (2009) Human dectin-1 deficiency and
mucocutaneous fungal infections. N Engl J Med 361:1760–1767

42. Plantinga TS, van der Velden WJ, Ferwerda B et al (2009) Early stop polymorphism in
human DECTIN-1 is associated with increased candida colonization in hematopoietic stem
cell transplant recipients. Clin Infect Dis 49:724–732

43. Sainz J, Hassan L, Perez E et al (2007) Interleukin-10 promoter polymorphism as risk factor
to develop invasive pulmonary aspergillosis. Immunol Lett 109:76–82

44. Sainz J, Perez E, Hassan L et al (2007) Variable number of tandem repeats of TNF receptor
type 2 promoter as genetic biomarker of susceptibility to develop invasive pulmonary
aspergillosis. Hum Immunol 68:41–50

45. Maschmeyer G, Haas A, Cornely OA (2007) Invasive aspergillosis: epidemiology,
diagnosis and management in immunocompromised patients. Drugs 67:1567–1601

46. Panackal AA, Li H, Kontoyiannis DP et al (2010) Geoclimatic influences on invasive
aspergillosis after hematopoietic stem cell transplantation. Clin Infect Dis 50:1588–1597

47. Comrie AC (2005) Climate factors influencing coccidioidomycosis seasonality and
outbreaks. Environ Health Perspect 113:688–692

48. Park BJ, Sigel K, Vaz V et al (2005) An epidemic of coccidioidomycosis in Arizona
associated with climatic changes, 1998–2001. J Infect Dis 191:1981–1987

49. Aisner J, Schimpff SC, Bennett JE, Young VM, Wiernik PH (1976) Aspergillus infections
in cancer patients. Association with fireproofing materials in a new hospital. JAMA
235:411–412

50. Alberti C, Bouakline A, Ribaud P et al (2001) Relationship between environmental fungal
contamination and the incidence of invasive aspergillosis in haematology patients. J Hosp
Infect 48:198–206

51. Anaissie EJ, Stratton SL, Dignani MC et al (2002) Cleaning patient shower facilities: a
novel approach to reducing patient exposure to aerosolized Aspergillus species and other
opportunistic molds. Clin Infect Dis 35:E86–E88

52. Anaissie EJ, Stratton SL, Dignani MC et al (2002) Pathogenic Aspergillus species recovered
from a hospital water system: a 3-year prospective study. Clin Infect Dis 34:780–789

53. Bouakline A, Lacroix C, Roux N, Gangneux JP, Derouin F (2000) Fungal contamination of
food in hematology units. J Clin Microbiol 38:4272–4273

54. Hansen D, Blahout B, Benner D, Popp W (2008) Environmental sampling of particulate
matter and fungal spores during demolition of a building on a hospital area. J Hosp Infect
70:259–264

55. Oren I, Haddad N, Finkelstein R, Rowe JM (2001) Invasive pulmonary aspergillosis in
neutropenic patients during hospital construction: before and after chemoprophylaxis and
institution of HEPA filters. Am J Hematol 66:257–262

56. Walsh TJ, Hiemenz J, Pizzo PA (1994) Evolving risk factors for invasive fungal infections–
all neutropenic patients are not the same. Clin Infect Dis 18:793–798

57. Levine SJ (1992) An approach to the diagnosis of pulmonary infections in
immunosuppressed patients. Semin Respir Infect 7:81–95

58. Pappagianis D (2001) Serologic studies in coccidioidomycosis. Semin Respir Infect
16:242–250

59. Goodman JS, Kaufman L, Koenig MG (1971) Diagnosis of cryptococcal meningitis. Value
of immunologic detection of cryptococcal antigen. N Engl J Med 285:434–436

150 M. Angarone



60. Wheat LJ (2006) Antigen detection, serology, and molecular diagnosis of invasive mycoses
in the immunocompromised host. Transpl Infect Dis 8:128–139

61. Hachem RY, Kontoyiannis DP, Chemaly RF, Jiang Y, Reitzel R, Raad I (2009) Utility of
galactomannan enzyme immunoassay and (1,3) beta-D-glucan in diagnosis of invasive
fungal infections: low sensitivity for Aspergillus fumigatus infection in hematologic
malignancy patients. J Clin Microbiol 47:129–133

62. Horiguchi Y (2004) The performance of (1, 3)-beta-D-glucan and Aspergillus galactomannan
measurement for early diagnosis of invasive aspergillosis in patients with hematological
diseases. Kansenshogaku Zasshi 78:566–573

63. Kawazu M, Kanda Y, Nannya Y et al (2004) Prospective comparison of the diagnostic
potential of real-time PCR, double-sandwich enzyme-linked immunosorbent assay for
galactomannan, and a (1?3)-beta-D-glucan test in weekly screening for invasive
aspergillosis in patients with hematological disorders. J Clin Microbiol 42:2733–2741

64. Digby J, Kalbfleisch J, Glenn A, Larsen A, Browder W, Williams D (2003) Serum glucan
levels are not specific for presence of fungal infections in intensive care unit patients. Clin
Diagn Lab Immunol 10:882–885

65. Odabasi Z, Mattiuzzi G, Estey E et al (2004) Beta-D-glucan as a diagnostic adjunct for
invasive fungal infections: validation, cutoff development, and performance in patients with
acute myelogenous leukemia and myelodysplastic syndrome. Clin Infect Dis 39:199–205

66. Ostrosky-Zeichner L, Alexander BD, Kett DH et al (2005) Multicenter clinical evaluation of
the (1?3) beta-D-glucan assay as an aid to diagnosis of fungal infections in humans. Clin
Infect Dis 41:654–659

67. Pickering JW, Sant HW, Bowles CA, Roberts WL, Woods GL (2005) Evaluation of a
(1?3)-beta-D-glucan assay for diagnosis of invasive fungal infections. J Clin Microbiol
43:5957–5962

68. Swanink CM, Meis JF, Rijs AJ, Donnelly JP, Verweij PE (1997) Specificity of a sandwich
enzyme-linked immunosorbent assay for detecting Aspergillus galactomannan. J Clin
Microbiol 35:257–260

69. Marr KA, Laverdiere M, Gugel A, Leisenring W (2005) Antifungal therapy decreases
sensitivity of the Aspergillus galactomannan enzyme immunoassay. Clin Infect Dis
40:1762–1769

70. Maertens J, Maertens V, Theunissen K et al (2009) Bronchoalveolar lavage fluid
galactomannan for the diagnosis of invasive pulmonary aspergillosis in patients with
hematologic diseases. Clin Infect Dis 49:1688–1693

71. Maertens J, Verhaegen J, Lagrou K, Van Eldere J, Boogaerts M (2001) Screening for
circulating galactomannan as a noninvasive diagnostic tool for invasive aspergillosis in
prolonged neutropenic patients and stem cell transplantation recipients: a prospective
validation. Blood 97:1604–1610

72. Loeffler J, Hebart H, Brauchle U, Schumacher U, Einsele H (2000) Comparison between
plasma and whole blood specimens for detection of Aspergillus DNA by PCR. J Clin
Microbiol 38:3830–3833

73. Pham AS, Tarrand JJ, May GS, Lee MS, Kontoyiannis DP, Han XY (2003) Diagnosis of
invasive mold infection by real-time quantitative PCR. Am J Clin Pathol 119:38–44

74. White PL, Linton CJ, Perry MD, Johnson EM, Barnes RA (2006) The evolution and
evaluation of a whole blood polymerase chain reaction assay for the detection of invasive
aspergillosis in hematology patients in a routine clinical setting. Clin Infect Dis 42:479–486

75. Eggimann P, Garbino J, Pittet D (2003) Epidemiology of Candida species infections in
critically ill non-immunosuppressed patients. Lancet Infect Dis 3:685–702

76. Edmond MB, Wallace SE, McClish DK, Pfaller MA, Jones RN, Wenzel RP (1999)
Nosocomial bloodstream infections in United States hospitals: a three-year analysis. Clin
Infect Dis 29:239–244

77. Jarvis WR (1995) Epidemiology of nosocomial fungal infections, with emphasis on Candida
species. Clin Infect Dis 20:1526–1530

Fungal Infections in Cancer Patients 151



78. Nguyen MH, Peacock JE Jr, Morris AJ et al (1996) The changing face of candidemia:
emergence of non-Candida albicans species and antifungal resistance. Am J Med
100:617–623

79. Hachem R, Hanna H, Kontoyiannis D, Jiang Y, Raad I (2008) The changing epidemiology
of invasive candidiasis: Candida glabrata and Candida krusei as the leading causes of
candidemia in hematologic malignancy. Cancer 112:2493–2499

80. Viscoli C, Girmenia C, Marinus A et al (1999) Candidemia in cancer patients: a prospective,
multicenter surveillance study by the invasive fungal infection group (IFIG) of the European
organization for research and treatment of cancer (EORTC). Clin Infect Dis 28:1071–1079

81. Anaissie EJ, Kontoyiannis DP, O’Brien S et al (1998) Infections in patients with chronic
lymphocytic leukemia treated with fludarabine. Ann Intern Med 129:559–566

82. Anttila VJ, Elonen E, Nordling S, Sivonen A, Ruutu T, Ruutu P (1997) Hepatosplenic
candidiasis in patients with acute leukemia: incidence and prognostic implications. Clin
Infect Dis 24:375–380

83. Pappas PG, Kauffman CA, Andes D et al (2009) Clinical practice guidelines for the
management of candidiasis: 2009 update by the infectious diseases society of America. Clin
Infect Dis 48:503–535

84. Cole GT, Halawa AA, Anaissie EJ (1996) The role of the gastrointestinal tract in
hematogenous candidiasis: from the laboratory to the bedside. Clin Infect Dis 22(Suppl
2):S73–S88

85. Nucci M, Anaissie E, Betts RF et al (2010) Early removal of central venous catheter in
patients with candidemia does not improve outcome: analysis of 842 patients from 2
randomized clinical trials. Clin Infect Dis 51:295–303

86. Suzuki K, Nakase K, Kyo T et al (2010) Fatal Trichosporon fungemia in patients with
hematologic malignancies. Eur J Haematol 84:441–447

87. Girmenia C, Pagano L, Martino B et al (2005) Invasive infections caused by Trichosporon
species and Geotrichum capitatum in patients with hematological malignancies: a
retrospective multicenter study from Italy and review of the literature. J Clin Microbiol
43:1818–1828

88. Martino P, Girmenia C, Venditti M et al (1990) Spontaneous pneumothorax complicating
pulmonary mycetoma in patients with acute leukemia. Rev Infect Dis 12:611–617

89. Pagano L, Caira M, Fianchi L (2005) Pulmonary fungal infection with yeasts and
pneumocystis in patients with hematological malignancy. Ann Med 37:259–269

90. Matsue K, Uryu H, Koseki M, Asada N, Takeuchi M (2006) Breakthrough trichosporonosis
in patients with hematologic malignancies receiving micafungin. Clin Infect Dis
42:753–757

91. Bollee G, Sarfati C, Thiery G et al (2007) Clinical picture of Pneumocystis jiroveci
pneumonia in cancer patients. Chest 132:1305–1310

92. Sepkowitz KA, Brown AE, Telzak EE, Gottlieb S, Armstrong D (1992) Pneumocystis
carinii pneumonia among patients without AIDS at a cancer hospital. JAMA 267:832–837

93. Pagano L, Fianchi L, Mele L et al (2002) Pneumocystis carinii pneumonia in patients with
malignant haematological diseases: 10 years’ experience of infection in GIMEMA centres.
Br J Haematol 117:379–386

94. Roblot F, Godet C, Le Moal G et al (2002) Analysis of underlying diseases and prognosis
factors associated with Pneumocystis carinii pneumonia in immunocompromised HIV-
negative patients. Eur J Clin Microbiol Infect Dis 21:523–531

95. Ennishi D, Terui Y, Yokoyama M et al (2008) Increased incidence of interstitial pneumonia
by CHOP combined with rituximab. Int J Hematol 87:393–397

96. Kamel S, O’Connor S, Lee N, Filshie R, Nandurkar H, Tam CS (2010) High incidence of
Pneumocystis jirovecii pneumonia in patients receiving biweekly rituximab and
cyclophosphamide, adriamycin, vincristine, and prednisone. Leuk Lymphoma 51:797–801

97. Mitchell TG, Perfect JR (1995) Cryptococcosis in the era of AIDS–100 years after the
discovery of Cryptococcus neoformans. Clin Microbiol Rev 8:515–548

152 M. Angarone



98. Kontoyiannis DP, Peitsch WK, Reddy BT et al (2001) Cryptococcosis in patients with
cancer. Clin Infect Dis 32:E145–E150

99. Park SY, Kim SH, Choi SH et al (2010) Clinical and radiological features of invasive
pulmonary aspergillosis in transplant recipients and neutropenic patients. Transpl Infect Dis
12:309–315

100. Caillot D, Casasnovas O, Bernard A et al (1997) Improved management of invasive
pulmonary aspergillosis in neutropenic patients using early thoracic computed tomographic
scan and surgery. J Clin Oncol 15:139–147

101. Caillot D, Couaillier JF, Bernard A et al (2001) Increasing volume and changing
characteristics of invasive pulmonary aspergillosis on sequential thoracic computed
tomography scans in patients with neutropenia. J Clin Oncol 19:253–259

102. Patterson TF, Kirkpatrick WR, White M et al (2000) Invasive aspergillosis. Disease
spectrum, treatment practices, and outcomes. I3 Aspergillus study group. Medicine
(Baltimore) 79:250–260

103. Boes B, Bashir R, Boes C, Hahn F, McConnell JR, McComb R (1994) Central nervous
system aspergillosis. Analysis of 26 patients. J Neuroimaging 4:123–129

104. Walsh TJ, Hier DB, Caplan LR (1985) Aspergillosis of the central nervous system:
clinicopathological analysis of 17 patients. Ann Neurol 18:574–582

105. Ashdown BC, Tien RD, Felsberg GJ (1994) Aspergillosis of the brain and paranasal sinuses
in immunocompromised patients: CT and MR imaging findings. AJR Am J Roentgenol
162:155–159

106. Yamada K, Shrier DA, Rubio A et al (2002) Imaging findings in intracranial aspergillosis.
Acad Radiol 9:163–171

107. Viscoli C, Machetti M, Gazzola P et al (2002) Aspergillus galactomannan antigen in the
cerebrospinal fluid of bone marrow transplant recipients with probable cerebral
aspergillosis. J Clin Microbiol 40:1496–1499

108. Segal BH, Bow EJ, Menichetti F (2002) Fungal infections in nontransplant patients with
hematologic malignancies. Infect Dis Clin North Am 16(4):935–964

109. Talbot GH, Huang A, Provencher M (1991) Invasive aspergillus rhinosinusitis in patients
with acute leukemia. Rev Infect Dis 13:219–232

110. Wiederhold NP, Lewis RE, Kontoyiannis DP (2003) Invasive aspergillosis in patients with
hematologic malignancies. Pharmacotherapy 23:1592–1610

111. Roden MM, Zaoutis TE, Buchanan WL et al (2005) Epidemiology and outcome of
zygomycosis: a review of 929 reported cases. Clin Infect Dis 41:634–653

112. Malani AN, Kauffman CA (2007) Changing epidemiology of rare mould infections:
implications for therapy. Drugs 67:1803–1812

113. Horger M, Hebart H, Schimmel H et al (2006) Disseminated mucormycosis in
haematological patients: CT and MRI findings with pathological correlation. Br J Radiol
79:e88–e95

114. Kara IO, Tasova Y, Uguz A, Sahin B (2009) Mucormycosis-associated fungal infections in
patients with haematologic malignancies. Int J Clin Pract 63:134–139

115. Perfect JR (2005) Treatment of non-Aspergillus moulds in immunocompromised patients,
with amphotericin B lipid complex. Clin Infect Dis 40(Suppl 6):S401–S408

116. Greenberg RN, Mullane K, van Burik JA et al (2006) Posaconazole as salvage therapy for
zygomycosis. Antimicrob Agents Chemother 50:126–133

117. van Burik JA, Hare RS, Solomon HF, Corrado ML, Kontoyiannis DP (2006) Posaconazole
is effective as salvage therapy in zygomycosis: a retrospective summary of 91 cases. Clin
Infect Dis 42:e61–e65

118. Spellberg B, Walsh TJ, Kontoyiannis DP, Edwards J Jr, Ibrahim AS (2009) Recent advances
in the management of mucormycosis: from bench to bedside. Clin Infect Dis 48:1743–1751

119. Raad I, Tarrand J, Hanna H et al (2002) Epidemiology, molecular mycology, and
environmental sources of Fusarium infection in patients with cancer. Infect Control Hosp
Epidemiol 23:532–537

Fungal Infections in Cancer Patients 153



120. Campo M, Lewis RE, Kontoyiannis DP (2010) Invasive fusariosis in patients with
hematologic malignancies at a cancer center: 1998–2009. J Infect 60:331–337

121. Bodey GP, Boktour M, Mays S et al (2002) Skin lesions associated with Fusarium infection.
J Am Acad Dermatol 47:659–666

122. Jossi M, Ambrosioni J, Macedo-Vinas M, Garbino J (2010) Invasive fusariosis with
prolonged fungemia in a patient with acute lymphoblastic leukemia: case report and review
of the literature. Int J Infect Dis 14:e354–e356

123. Guarro J, Kantarcioglu AS, Horre R et al (2006) Scedosporium apiospermum: changing
clinical spectrum of a therapy-refractory opportunist. Med Mycol 44:295–327

124. Ochiai N, Shimazaki C, Uchida R et al (2003) Disseminated infection due to Scedosporium
apiospermum in a patient with acute myelogenous leukemia. Leuk Lymphoma 44:369–372

125. Simarro E, Marin F, Morales A, Sanz E, Perez J, Ruiz J (2001) Fungemia due to
Scedosporium prolificans: a description of two cases with fatal outcome. Clin Microbiol
Infect 7:645–647

126. Tintelnot K, Just-Nubling G, Horre R et al (2009) A review of German Scedosporium
prolificans cases from 1993 to 2007. Med Mycol 47:351–358

127. Gilgado F, Serena C, Cano J, Gene J, Guarro J (2006) Antifungal susceptibilities of the
species of the Pseudallescheria boydii complex. Antimicrob Agents Chemother
50:4211–4213

128. Ben-Ami R, Lasala PR, Lewis RE, Kontoyiannis DP (2010) Lack of galactomannan
reactivity in dematiaceous molds recovered from cancer patients with phaeohyphomycosis.
Diagn Microbiol Infect Dis 66:200–203

129. Adderson EE (2004) Histoplasmosis in a pediatric oncology center. J Pediatr 144:100–106
130. Ashbee HR, Evans EG, Viviani MA et al (2008) Histoplasmosis in Europe: report on an

epidemiological survey from the European confederation of medical mycology working
group. Med Mycol 46:57–65

131. Kauffman CA (2002) Endemic mycoses in patients with hematologic malignancies. Semin
Respir Infect 17:106–112

132. Bates DW, Su L, Yu DT et al (2001) Mortality and costs of acute renal failure associated
with amphotericin B therapy. Clin Infect Dis 32:686–693

133. Wingard JR, Kubilis P, Lee L et al (1999) Clinical significance of nephrotoxicity in patients
treated with amphotericin B for suspected or proven aspergillosis. Clin Infect Dis
29:1402–1407

134. Arathoon EG, Gotuzzo E, Noriega LM, Berman RS, DiNubile MJ, Sable CA (2002)
Randomized, double-blind, multicenter study of caspofungin versus amphotericin B for
treatment of oropharyngeal and esophageal candidiases. Antimicrob Agents Chemother
46:451–457

135. Kuse ER, Chetchotisakd P, da Cunha CA et al (2007) Micafungin versus liposomal
amphotericin B for candidaemia and invasive candidosis: a phase III randomised double-
blind trial. Lancet 369:1519–1527

136. Reboli AC, Rotstein C, Pappas PG et al (2007) Anidulafungin versus fluconazole for
invasive candidiasis. N Engl J Med 356:2472–2482

137. Walsh TJ, Teppler H, Donowitz GR et al (2004) Caspofungin versus liposomal
amphotericin B for empirical antifungal therapy in patients with persistent fever and
neutropenia. N Engl J Med 351:1391–1402

138. Marr KA, Boeckh M, Carter RA, Kim HW, Corey L (2004) Combination antifungal therapy
for invasive aspergillosis. Clin Infect Dis 39:797–802

139. Singh N, Limaye AP, Forrest G et al (2006) Combination of voriconazole and caspofungin
as primary therapy for invasive aspergillosis in solid organ transplant recipients: a
prospective, multicenter, observational study. Transplantation 81:320–326

140. Walsh TJ, Anaissie EJ, Denning DW et al (2008) Treatment of aspergillosis: clinical
practice guidelines of the infectious diseases society of America. Clin Infect Dis
46:327–360

154 M. Angarone



141. Herbrecht R, Denning DW, Patterson TF et al (2002) Voriconazole versus amphotericin B
for primary therapy of invasive aspergillosis. N Engl J Med 347:408–415

142. Walsh TJ, Pappas P, Winston DJ et al (2002) Voriconazole compared with liposomal
amphotericin B for empirical antifungal therapy in patients with neutropenia and persistent
fever. N Engl J Med 346:225–234

143. Trifilio S, Pennick G, Pi J et al (2007) Monitoring plasma voriconazole levels may be
necessary to avoid subtherapeutic levels in hematopoietic stem cell transplant recipients.
Cancer 109:1532–1535

144. Almyroudis NG, Sutton DA, Fothergill AW, Rinaldi MG, Kusne S (2007) In vitro
susceptibilities of 217 clinical isolates of zygomycetes to conventional and new antifungal
agents. Antimicrob Agents Chemother 51:2587–2590

145. Lass-Florl C, Mayr A, Perkhofer S et al (2008) Activities of antifungal agents against yeasts
and filamentous fungi: assessment according to the methodology of the European committee
on antimicrobial susceptibility testing. Antimicrob Agents Chemother 52:3637–3641

146. Pfaller MA, Messer SA, Hollis RJ, Jones RN (2002) Antifungal activities of posaconazole,
ravuconazole, and voriconazole compared to those of itraconazole and amphotericin B
against 239 clinical isolates of Aspergillus spp. and other filamentous fungi: report from
SENTRY antimicrobial surveillance program, 2000. Antimicrob Agents Chemother
46:1032–1037

147. Anstead GM, Corcoran G, Lewis J, Berg D, Graybill JR (2005) Refractory
coccidioidomycosis treated with posaconazole. Clin Infect Dis 40:1770–1776

148. Catanzaro A, Cloud GA, Stevens DA et al (2007) Safety, tolerance, and efficacy of
posaconazole therapy in patients with nonmeningeal disseminated or chronic pulmonary
coccidioidomycosis. Clin Infect Dis 45:562–568

149. Raad II, Hachem RY, Herbrecht R et al (2006) Posaconazole as salvage treatment for
invasive fusariosis in patients with underlying hematologic malignancy and other
conditions. Clin Infect Dis 42:1398–1403

150. Walsh TJ, Raad I, Patterson TF et al (2007) Treatment of invasive aspergillosis with
posaconazole in patients who are refractory to or intolerant of conventional therapy: an
externally controlled trial. Clin Infect Dis 44:2–12

Fungal Infections in Cancer Patients 155


	4 Fungal Infections in Cancer Patients
	Abstract
	1…Epidemiology
	2…Risk Factors
	3…Diagnosis of IFI
	4…Selected Fungal Organisms
	4.1 Candidal Infections
	4.2 Trichosporonosis
	4.3 Pneumocystis jiroveci Infection
	4.4 Cryptococcosis
	4.5 Aspergillosis
	4.6 Mucormycosis
	4.7 Other Mold Infections (Fusarium, Alternaria, Phaeohyphomycosis, Endemic Fungi)

	5…Antifungal Therapy
	5.1 Polyenes
	5.2 Echinocandins
	5.3 Azoles

	6…Discussion
	References


