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Abstract
The incidence of invasive fungal infections in
immunocompromised cancer patients has continued to
increase over the last few decades. With an increase in
the use of broad spectrum antifungal prophylaxis, changes
in transplant protocols, novel chemotherapeutic agents as
conditioning regimens, use of potent B and T cell
immunosuppressive agents to decrease the incidence of
graft virus host disease, and an increase in the
immunocompromised pool of patients, there has been a
noticeable shift in the epidemiology of invasive fungal
infections. Empiric therapy targeting frequently reported
or expected fungal pathogens may fail because of the
emergence of rare pathogens and a change in risk factors
in the host. Emergence of rare yeasts and molds, often
poses a challenge to clinicians involved in the care of
these patients. This article provides a brief overview of
rare fungal pathogens that have emerged in cancer
patients over the last several years. It is meant to deliver
an integrated and strategical approach for the diagnosis
and management of these unique infections, from a
clinical perspective.
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Introduction
Invasive fungal infections (IFI) continue to pose a

therapeutic challenge in immunocompromised cancer patients
and are associated with a high incidence of morbidity and
mortality. Despite several advances in the field of fungal
diagnostics and therapeutics, mortality trends from IFI have
continued to rise over the last two decades with a 35.7%
increase from 1980 to 1997 [1]. Historically, Candida and
Aspergillus species have accounted for most of yeast and mold
infections reported in immunocompromised cancer patients.
However, in the last decade, there has been a perceptible
emergence of non-Candida yeast, non-fumigatus Aspergillus

species, Fusarium spp, Scedosporium spp, Zygomycetes and
the Phaeohyphomycoses from various cancer centers around
the world [2-9]. The reasons for this observation are purely
speculative at this time; some of the conceivable explanations
include the introduction of novel, highly potent
chemotherapeutic and immunosuppressive agents that have
prolonged the survival of cancer patients and the antifungal
prophylactic protocols, implemented at various transplant
centers [10]. Specific risk-based antifungal strategies have
been implemented by various transplant centers leading to the
use of voriconazole and echinocandins as prophylactic and
pre-emptive therapies [10,11]. Fungal diagnostics and
therapeutics remains a challenge. This review provides a
summary of the emerging fungal pathogens, the
epidemiological shift, diagnostic clues and management
options that are currently available to treat these infections
[12-15].

Yeast-like Fungi

Trichosporon species
Trichosporon is an extremely rare but important pathogen in

immunocompromised cancer patients. This group includes 8
different species with variable antifungal susceptibilities. They
were previously grouped under T. beigelii of which T. asahii is
the most common species associated with disseminated
trichosporonosis. Unlike most fungal pathogens, in addition to
being distributed widely in the environment, they are normal
commensals of the human respiratory and gastrointestinal
tract as well. Risk factors overlap with most other
opportunistic fungi the most significant ones being
hematological malignancy, hematopoietic stem cell
transplantation and hemochromatosis or other iron overload
conditions. Trichosporon often coexists with other
opportunistic fungi, and has been frequently associated with
fungemia and skin lesions. It has also been associated with
catheter-related infections, pneumonia, prosthetic valve
infections, peritoneala-dialysis catheter associated peritonitis,
prosthetic joint infections, brain abscess, ventriculo-meningeal
infections, and disseminated infections. Studies have reported
breakthrough infections in patients treated with echinocandins
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and therefore should be considered in patients who have
recently been on echinocandins [16-21].

Diagnosis is met with difficulties as BAL and tissue cultures
are frequently negative. Blood cultures occasionally are
positive for yeast-like forms and hence diagnosis relies on
histopathological examination of tissue specimens (hyphae
and pseudohyphae with characteristic arthroconidia), serum
galactomannan antigen or 1,3 beta D-glucan testing. Molecular
diagnosis using pan fungal PCR assay and the recently
introduced MALDI-TOF (Matrix Assisted Laser Desorption
Ionization-Time of Flight Mass Spectrometry) appear
promising [22-24].

Management strategies for disseminated trichosporonosis
have not been clearly defined due to paucity of clinical data.
Most species produce biofilm that renders them 1000 times
more resistant to triazoles and polyenes. Amphotericin B,
fluconazole, miconazole and ketoconazole have been used in
the past with variable success rates. Breakthrough infections
have been reported during antifungal therapy with either
voriconazole or echinocandin [25,26].

Voriconazole has been used with limited success. Chen et al.
have reported treatment with a combination of liposomal
AMB and caspofungin with a successful outcome in a patient
who had breakthrough infection on voriconazole [27]. Data
with posaconazole is insufficient except for a liver transplant
patient with disseminated T. mucoides who responded well to
posaconazole therapy [28]. Several antifungal combinations of
polyene with azoles (ketoconazole, miconazole and
fluconazole) or 5-flucytosine, have been reported in literature
with variable success rates [29-33].

Rhodotorula species
Rhodotorula rubra and R. mucilaginosa are red yeasts that

were long considered to be non-pathogenic saprophytic
organisms. However, in the past decade, reports of invasive
infections including catheter related fungemia, skin infections,
peritonitis, meningitis, endocarditis, keratitis and
endophthalmitis have emerged in cancer patients.
Predisposing risk factors in a descending order of frequency
include the presence of an indwelling central venous catheter,
hematological or solid organ cancers, corticosteroid or
cytotoxic chemotherapy [34]. In fact, a 9-year retrospective
study by Capoor et al. reported that prolonged hospitalization
for >1 month and >1 month of exposure to broad spectrum
antibiotics were major predisposing fatoirs for infection. In a
recent review by Tuon et al. the most common pathogen was
Rhodotorula mucilaginosa, 79% were catheter related
fiungemias, 87% of patients had underlying cancer or
immunosuppression and most patients responded well to
amphotericin therapy with or without catheter removal
[35,36]. Recovery of neutropenia and a reduction in
immunosuppressive therapy play a crucial role in
management. Report of successful treatment with catheter
removal alone without antifungal therapy has also been
reported. In general, Trichosporon is considered to be a low-
virulent pathogen with an associated mortality rate of ~12%
[37]. Diagnosis is by standard fungal culture methods and

panfungal PCR. These fungi are capable of producing biofilms
that make more resistant to antifungal therapy. Polyenes are
the drug of choice with AMB exhibiting the lowest

MIC of ≤ 1 mcg/ml, compared to azoles and echinocandins
that have poor activity against these yeasts (Voriconazole
MIC90 4 mcg/ml; Caspofungin MIC ≥ 64 mcg/ml; Fluconazole
>4 mcg/ml). Breakthrough infections with Rhodotorula species
have occurred in patients receiving azole or echinocandin
prophylaxis that is partly attributed to its intrinsic resistance to
these antifungal agents. Posaconazole (MIC50 0.25 mg/L) and
flucytosine (MIC59 0.12 mg/L) have demonstrated good in
vitro activity but data on clinical efficacy is lacking [38-41].

Malassezia furfur
Classically, these organisms have been associated with

pityriasis versicolor and folliculitis. However, in cancer
patients, they have been reported to cause invasive infections
including catheter-related fungemia and disseminated
infections. Most cases have been reported from neonates,
children and immunocompromised cancer patients,
particularly those requiring parenteral with lipid emulsions.
This is likely related to the lipophilic nature of the yeast with
lipids presumably providing growth factors required for
replication. The pathogenesis involves initial colonization of
intravenous catheters with subsequent dissemination [42].
Diagnosis is my standard microbiological culture. Imidazoles
and triazoles have a variable in vitro susceptibility pattern with
MIC in the range of 0.03-16 mg/L and cannot be used in
serious infections.

Malessezia breakthrough pachydermatitis has been
reported on posaconazole prophylaxis in a patient with acute
myeloid leukemia [43]. The antifungal drug of choice with the
most available clinical data is amphotericin B and catheter
removal is in general associated with the best outcome
[44,45].

Geotrichum capitatum (formerly
Blastoschizomyces capitatus)

G. capitatum is a yeast ubiquitous in nature and like Candida
spp. is a normal flora of the human respiratory and
gastrointestinal tracts and has been isolated from sputum and
feces of healthy humans. The mode of acquisition includes
inhalation or ingestion. The most important predisposing
factors are profound, prolonged neutropenia in hematological
malignancies, and broad spectrum antibiotic exposure.
Disseminated infections although rare are exclusively reported
in immunocompromised patients, particularly those with
hematological cancers [46-48]. In a 20-year multicenter study,
Giirmenia et al. have reported that 65% of patients had AML,
76.9% had concomitant fungemia and the mortality rate was
57.1% [19]. Diagnosis is by standard microbiological
identification and has significantly improved with the
introduction of MALDI-TOF and galactomannan assays.
Molecular diagnosis based on PCR analysis is under evaluation
[49,50]. Polyenes and voriconazole have demonstrated good in
vitro antifungal activity. Although historically amphotericin B
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has been the drug of choice, clinical success with voriconazole
alone or in combination with amphotericin B has been
reported in literature. Breakthrough infections in patients on
caspofungin prophylaxis have occurred due to its intrinsic
resistance to echinocandins. A combination of voriconazole
and caspofungin was successfully tried in a case of probable
geotrichosis in a leukemic patient. Despite appropriate
therapy, geotrichosis has an extremely poor prognosis with a
mortality rate approaching 60-75% [51].

Mold Filamentous Fungi

Aspergillus species
A. fumigatus is the most common cause of invasive

aspergillosis (IA) followed by A. flavus, A. terreus, A. niger, A.
ustus and A. lentulus. Several cancer centers around the world
have reported the emergence of A. niger, A. flavus and A.
terreus over the last several years which is thought to be a
consequence of the widespread use of voriconazole
prophylaxis in cancer patients. Non- fumigatus Aspergillus spp.
have a variable susceptibility pattern to the available
antifungal agents [2-4]. A. flavus, A. ustus and A. lentulus are
known to have higher MIC to voriconazole. Also, A. terreus is
intrinsically resistant to Amphotericin B and this complicates
management when voriconazole is used empirically for
suspected invasive aspergillosis. There is also a geographic
variation in the distribution of various species with A. flavus
being reported as the predominant pathogen in some
institutions in Europe, arid regions of Africa and South East
Asia. Clinical syndromes associated with aspergillosis in
patients with pre-existing lung disease include allergic
pulmonary aspergillosis, chronic necrotizing aspergillosis and
aspergilloma. On the contrary, the most common form
reported in immunocompromised cancer patients is invasive
pulmonary aspergillosis, although it could invade other organs
including the central nervous system or cause disseminated
infections [52-54]. Earlier studies have reported most cases of
IA during the prolonged neutropenic phase in the early post-
HSCT period (13% of mismatched allograft recipients) [55].
However, recent observations have noted a shift in the time of
occurrence of IA with late-onset disease being increasingly
reported in the following groups: (a) unrelated hematopoietic
stem cell recipients (HSCT) with graft versus host disease
(GVHD) requiring intense immune-suppression with
corticosteroid (b) T- cell depleted patients and (c) CMV
disease. Among solid organ transplant recipients, invasive
pulmonary aspergillosis is most often reported in lung
transplant recipients, with single lung transplant recipients at
higher risk, where they acquire infection from the non-
transplanted colonized lung [55,56].

Diagnosis is frequently made by demonstration of the acute
angled septate hyphae from histopathological examination of
tissue from tissue biopsy specimens. Bronchoscopy followed
by culture of the bronchoalveolar lavage has a poor sensitivity
of 30-50%. However because of problems with
thrombocytopenia and bleeding risks, invasive techniques are
not favored. As a result, non-invasive techniques looking for

fungal cell wall components have gained momentum in the
recent years. The galactomannan antigen and beta-D glucan
tests are being widely used although false positive and
negatives remain a problem. PCR analysis for identification of
fungal DNA directly from blood would be a valuable diagnostic
tool, but requires standardization and validation prior to being
implemented in the clinical practice [57-60]. In fact some of
the PCR tests have been validated and standardized. Johnson
et al. have described the 2 novel tests namely the Aspergillus
specific lateral flow device and real time PCR assay that have
good sensitivity and specificity [61]. In patients with invasive
pulmonary aspergillosis, a combination of high resolution
computerized-tomographic scan (CT scan) of the thorax with
galactomannan antigen testing of bronchoalveolar fluid (more
sensitive than serum) and serum may aid in earlier diagnosis
and better outcome. The CT scan findings include pulmonary
nodules or infiltrates with halo sign in neutropenic phase and
the air crescent sign in the neutrophil recovery phase although
none of these are specific for aspergillosis and may be seen
with other molds as well [54-58].

The drugs currently approved for the treatment of invasive
aspergillosis include polyenes voriconazole and the latest
addition isavuconazole. A randomized, double-blind
comparison clinical trial for treatment of invasive aspergillosis
found that the efficacy of isavuconazole was non-inferior to
that of voriconazole. Drug-related toxicities have made AMB a
less favorable agent and it has been replaced by VCZ which is
currently indicated as first line therapy for IA. The landmark
study that led to approval of VCZ for primary therapy involved
277 patients with 144 in the VCZ group and 133 in the AMB
deoxycholate group. At the end of 12 weeks, the response rate
was 52.8% of patients in the VCZ group and 31.6% of patients
in the AMB group.

Since the publication of this study, VCZ has been widely
accepted as the drug of choice for the treatment of IA [62]. In
the ambiload trial, voriconazole was compared with high-dose
liposomal amphotericin B (10 mg/kg/day) and the authors
concluded that there was no beneficial effect with
administration of a high loading dose of liposomal AMB and in
fact, the high dose was associated with an increased risk of
nephrotoxicity. With its better toxicity profile voriconazole is
preferred to AMB or its lipid formulations. Nonetheless,
Amphotericin B (conventional or its lipid formulations) may be
preferred in certain clinical situations as follows: (1) previous
use of a mold active agent for prophylaxis or empiric therapy;
(2) concomitant use of drugs with major interactions with VCZ
(cyp450 interaction) such as tacrolimus, sirolimus, rifampin or
warfarin; (3) hepatic impairment (4) adverse effects to
voriconazole (5) high suspicion for zygomycoses or other mold
that may not be susceptible to VCZ (6) presence of cardiac risk
factors such as prolonged QT interval or cardiomyopathy [63].
Posaconazole although approved for prophylaxis, has been
widely used as salvage therapy for refractory invasive
aspergillosis [64,65]. Isavuconazole is the novel addition to the
antifungal armamentarium with several advantages over
voriconazole such as (1) fewer drug interactions (2) fewer
adverse effects (3) availability of water soluble parenteral
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formulation (4) excellent oral bio-availability and (5) excellent
pharmacokinetic parameters [66,67].

Echinocandins, although approved exclusively for salvage
therapy, have also been evaluated for primary therapy against
IA. The overall response rate to caspofungin or micafungin
monotherapy for invasive aspergillosis ranges from 50-56%
and has been dismal. Although echinocandins appear
intuitively promising, given their unique mechanism of action
on the cell wall glucan, clinical data so far, has recommended
against the use of echinocandin monotherapy. A study from
Denning et al., that evaluated the efficacy of micafungin either
alone or in combination showed a response rate of 50%.
However, the group of patients that received micafungin alone
was small (n=23) [15]. A recent extensive review by Martin-
Pena et al. discussed the use of various antifungal
combinations, including echinocandin combination with either
amphotericin B or voriconazole based on literature review
[68].

With several in vitro and in vivo animal studies
demonstrating synergy with the combination of voriconazole
and echinocandins, studies on combination therapy for IA have
gained momentum over the last few years. Combinations of
voriconazole plus caspofungin, liposomal AMB plus
caspofungin (Combistrat trial) and micafungin plus AMB or
triazoles have been tried with reasonably good response rates
[13]. Despite lack of supporting data, sequential addition of
echinocandin to voriconazole is common practice in patients
with refractory/progressive IA with the presumption that if
offers better efficacy. A randomized double blind multicenter
clinical trial assessed the safety and efficacy of voriconazole
and anidulafungin compared with voriconazole monotherapy
for treatment of IA. Authors concluded that combination
therapy with voriconazole plus anidulafungin led to higher
survival in subgroups of patients with IA, compared to
voriconazole monotherapy [69].

Scedosporium species
S. apiospermum (the asexual form of P. boydii) and S.

prolificans are ubiquitous in the environment, found in soil and
decaying organic matter and are the most common species
associated with infections in cancer patients. The spectrum of
infection in immunocompromised hosts includes pneumonia,
invasive fungal sinusitis, cutaneous infections, osteomyelitis,
brain abscess, endophthalmitis and disseminated
scedosporiosis with septic shock. It has been associated with
cutaneous or bone infections in immunocompetent hosts and
in near-drowning incidents in normal hosts as well.
Scedosporium infections account for about 20% of all non-
aspergillus mold infections in solid-organ transplant patients
with an associated mortality rate of 50% [70-78].

In a recent study by Husain et al. involved 270 patients, 57
cases were seen in organ transplant recipients, 23 cases in
HSCT recipients and 190 cases in non-transplant recipients.
The most common risk factors reported include neutropenia
and immunesuppression in the post-transplant period.
Although S. apiopsermum was the most common pathogen
overall, S. prolificans was predomionantly seen in HSCT, had a

higher incidence of fungemia (57% versus 8% in S.
apiospermum), high risk for dissemination and was associated
with a higher mortality [79]. A retrospective study conducted
over a 12 year period in Australian patients reported an
incidence of 33.3% of Scedosporium infections and the
commonest comorbidities included hematological
malignancies (46.3%), diabetes mellitus (23.5%) and chronic
pulmonary diseases (16%) [80]. Clinical presentation, imaging
findings and histopathology have a marked resemblance to
that of invasive aspergilllosis. In the absence of a positive
culture, this has clinical implications as S. apiospermum is
universally resistant to amphotericin B and if used empirically
for presumed IA, it would be ineffective. Also, S. prolificans
exhibits a very poor susceptibility profile being resistant to
most currently available antifungal agents. It is also
noteworthy that unlike Aspergillus spp., Scedosporium spp. has
adventitial forms capable of in vivo sporulation that promotes
rapid hematogenous dissemination.

Microbiological diagnosis of Scedosporium infections has
relied on conventional culture and morphological
characterization of isolates from histopathological examination
of tissue. The latest introduction of MALDI-TOF mass
spectrometry has aided in the rapid diagnosis of these
infections [81]. Antigen based diagnostic tests and molecular
tools for microbiological detection are under investigation.

All species of Scedopsorium are resistant to polyenes. The
currently available triazoles have good efficacy against S.
apiospermum. Cross resistance has been reported among all
triazoles except posaconazole. Echinocandins have
demonstrated good in vitro antifungal activity against S.
apiospermum, although clinical data is insufficient. On the
contrary, S. prolificans is resistant to most currently available
antifungal agents including the second generation triazoles
and poses an enormous challenge to the managing physician.
Several novel triazole agents are currently under investigation
and are in the pipeline. The combination of voriconazole and
terbinafine was efficacious with successful outcome in an
orthopedic infection [82]. Most published reports are on the
successful use of voriconazole, data on posaconazole use is
scarce, but it has been used with favorable outcome [83-86]. A
reduction in immune-suppressive therapy and surgical
resection of localized lesions if feasible must be an integral
part of management of these difficult to treat fatal infections
[84]. Trubiano et al. have used a combination of voriconazole
with adjunctive miltefosine and a cyp2C19 inhibitor namely
cimetidine, with success, in a patient with disseminated S.
prolificans infection who was a rapid metabolizer [87].

Fusarium species
Among the 50+ species reported so far only F. solani (most

common), F. oxysporum, F. moniliforme, F. verticillioides, F.
dimerum and F. proliferatum are known to be pathogenic in
humans. The principal portal of entry is the respiratory tract
with a wide spectrum of presentation that includes
pneumonia, cutaneous infections, brain abscess, invasive
fungal sinusitis, fungemia or disseminated infections,
depending on the immune status of the host. Based on data
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from in vivo animal studies F. solani is considered to be the
most virulent of all fungal pathogens reported. Published data
suggests that high-dose corticosteroid therapy, severe T-cell
dysfunction and prolonged neutropenia are significant risk
factors associated with disseminated fusariosis. The risk
factors, patient characteristics, clinical features and
histopathology, overlap with those of Aspergillus and
Scedosporium spp. Differentiating the two pathogens in the
clinical setting may be challenging for the physician in the
already perplexing field of fungal diagnostics, particularly in
the absence of culture results. Although Fusarium infections
are relatively less common than IA, the presence of fungemia,
cellulitis, onychomycosis or cutaneous catheter-related
infections should be considered as subtle clues to the possible
diagnosis of fusariosis [88-95].

A 13-year (2002-14) review by Stempel et al. reported that
the most common underlying conditions were hematological
malignancies (87%), juvenile idiopathic arthritis (7%), and 3rd
degree burns (7%). Of these 53% were skin and soft tissue
infections, 27% were associated with febrile neutropenia, 13%
were pneumonia and 7% of reported cases were septic
arthritis. A vast majority of infections have been reported in
HSCT recipients (~6 per 1000 HSCTs; ~20 per 1000 in
mismatched HSCTs) compared to solid organ transplant
recipients [96]. In a study of 84 patients with hematological
diseases by Nucci et al. 56% of cases occurred in patients with
acute leukemia and most (86%) of them were neutropenic at
the time of diagnosis. There was a trimodal distribution
demonstrated in HSCT patients with the first peak in the early
post-transplant period, the second peak in the 3rd month seen
in patient receiving corticosteroid therapy for acute GVHD and
the 3rd peak >1 year post transplant in patients with chronic
GVHD on corticosteroids [97].

Early diagnosis cannot be overemphasized as it greatly
impacts mortality. Importantly, blood cultures are positive in
82% of disseminated infections. Growth of Fusarium spp. can
be detected in blood cultures 10 to 35 hrs earlier, when fungal
medium was used particularly in the presence of low fungal
inoculums [98]. Differentiating it from Aspergillus spp. and
other hyalohyphomycoses is a persistent issue as tissue
cultures are frequently negative. Diagnosis is based on
histopathological examination of tissue specimens where the
presence of acute dichotomously branching septate hyphae
along with yeast-like structures in tissue (adventitious
sporulation) is strongly suggestive of fusariosis. A positive 1, 3,
beta D-glucan test with a negative galactomannan antigen test
in the appropriate clinical context is highly suggestive of
fusariosis. MALDI-TOF mass spectrometry has good sensitivity
and specificity [98,99]. Molecular testing using PCR is still in
development and not standardized.

Fusarium species exhibit differential susceptibility patterns
to various antifungal agents available. Clinical experience is
limited and most data available are from retrospective analysis
and salvage studies. F. solani and F. verticilloides are usually
resistant to triazoles whereas F. oxysporum and F. moniliforme
may be susceptible to voriconazole and posaconazole. Most
species are resistant to polyenes [100-103]. Nucci et al.

performed a retrospective analysis of 84 patients with
hematologicl malignancies and invasive fusariosis who
received amphotericin B deoxycholate or a lipid formulation of
amphotericin B. The response rate to the lipid formulation was
46% in comparison to amphotericin B deoxycholate (32%) but
it was not statistically significant. However, the 90-day
mortality rate from the time of diagnosis was ~80% [97].
Another retrospective review of HSCT recipients demonstrated
a poor outcome to treatment with either regular AMB, lipid
formulation of AMB or caspofungin, reaffirming the previous
study. On the other hand, there were few other salvage studies
one using amphotericin B (n=26 with response rate of 46%)
and the other using voriconazole (n=11 with a response rate of
45%). The better outcome seen in these salvage studies is
likely related to a selection bias, with patients surviving long
enough to receive salvage therapy having a better prognosis to
begin with in comparison to the other group. Posaconazole
(minimal data) has demonstrated modest success rates when
used as salvage therapy in 21 patients of whom 76% had
hematological malignancy and 38% were neutropenic at the
time of diagnosis. The overall success rate was 48% with better
results seen in localized disease as compared to disseminated
infection [100,101]. Combination of AMB with caspofungin,
VCZ or terbinafine and VCZ plus terbinafine has been tried
with variable success rates [102,103].

Granulocyte transfusions, G-CSF and GM-CSF have also been
employed as adjuncts in combination with antifungal agents.
In practice, several different combination therapies are being
advocated based on case reports and anecdotal data. The
paucity of clinical data emphasizes the need for more in vivo
studies and pending further studies, a definite
recommendation on combination therapy cannot be made at
this time.

Zygomycetes
Zygomycosis is an aggressive and often lethal infection that

occurs most commonly in immunocompromised patients
representing 5-20% of all invasive fungal infections in this
population. Illness is rapidly progressive with angioinvasion
and tissue infarction (hallmark features of this disease).
Mortality despite appropriate therapy remains high. The
clinical syndrome in human disease encompasses
rhinocerebal, pulmonary, cutaneous, gastrointestinal, and
disseminated zygomycosis. The most common risk factors in
the transplant setting include an underlying myelodysplastic
syndrome associated with repeated blood transfusions
resulting in an iron overload condition, prolonged
neutropenia, diabetes mellitus, chronic GVHD on
corticosteroid therapy and recipients of antithymocyte
globulin. Etiological agents reported in order of frequency are
Rhizopus and Mucor followed by Absidia and Rhizomucor.
There has been an emergence of zygomycoses noted in various
transplant centers in the United States and around the world
[104-106]. This increased incidence is in part attributable to
the prophylactic protocols (triazoles or echinocandins) that
offer protection against Candida spp., Aspergillus spp. and
Scedosporium spp. This subsequently paves way for
colonization of these patients with Zygomycetes leading to
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invasive infection when the host immunity further wanes
[106,107].

Most cases of disseminated zygomycoses are diagnosed
post-mortem. It cannot be overemphasized that the index of
suspicion should be high in selected high-risk patients. Early
diagnosis is critical as it directly impacts mortality. The major
hurdle in the management of Zygomycoses is the angioinvasive
nature of the pathogen with intravascular thrombosis resulting
in necrosis that hinders the penetration of antifungal drugs at
the site of infection. Urgent surgical debridement is an integral
part of management to thwart further dissemination. Hence
localized or focal lesions (pulmonary, cutaneous or
rhinocerebral) must be aggressively pursued by a diagnostic
tissue biopsy, followed (if positive) by surgery. Blood and tissue
cultures are virtually always negative. Molecular diagnosis
using PCR/RT-PCR is available in certain laboratories. Diagnosis
therefore relies on conventional histopathological examination
of tissue that demonstrates broad aseptate hyaline hyphae on
gomori methanamine silver staining. Examination of frozen
sections of tissue at the time of surgical intervention is crucial
in order to expedite the diagnosis and initiate appropriate
antifungal therapy [108,109].

The optimal treatment for zygomycosis has not been well
defined owing to the lack of controlled prospective trials
involving this relatively uncommon opportunistic mycosis.
Historically polyenes have been the only agents available for
treatment of infections due to zygomycetes. Recently, the
novel extended spectrum triazole, PCZ has demonstrated good
efficacy in vivo, against zygomycetes and is currently being
used as salvage therapy for zygomycosis. Based on published
literature, both agents seem to have good antifungal efficacy
and equivalent survival rates in vivo. A brief review of
prospective/retrospective studies, clinical trials and case
reports has demonstrated reasonably good success rates in
patients when posaconazole was used as salvage therapy
[110-112]. Nonetheless, despite the seemingly favorable
response rates observed with posaconazole, results from these
studies must be interpreted with caution. Importantly, all
study patients had received a course of AMB prior to the
initiation of PCZ. Therefore there remains a possibility that the
favorable outcome observed in these cases may have been a
consequence of either sequential therapy (AMB followed by
PCZ) or a synergistic effect owing to the long half-life of AMB
and not exclusively due to PCZ by itself [110].

An open-label trial that studied primary as well as salvage
therapy of invasive mucormycosis showed that efficacy of
isavuconazole was similar to amphotericin B and
posaconazole, with a better safety profile compared to other
antifungal agents. The study included a total of 37 patients
with mucormycosis who received isavuconazole for a median
of 84 days. All-cause crude mortality recorded on day 42 of
treatment was 33% and similar to the group that was treated
with amphotericin B [111].

The role of echinocandins against zygomycetes has not been
well established. Despite poor in vitro activity, clinical success
with a combination of polyene and micafungin has been
reported. This is thought to be related to the possible anti-

inflammatory property of echinocandins. More studies are
needed before any further recommendations can be made
regarding the routine use of echinocandins as adjunctive
therapy for zygomycoses [112].

Novel iron chelators that are hydroxypyridinone derivatives
such as deferiprone and deferasirox, unlike deferoxamine, do
not exhibit a higher affinity for iron and therefore deprive
fungi of iron. These agents have been widely tested in vitro
and in vivo and are being used as adjuncts on a compassionate
basis for treating life threatening zygomycoses [113]. Clinical
trials evaluating the antifungal efficacy of this interesting
combination are ongoing. Other adjunctive therapies that have
received significant consideration in the past have involved the
use of hyperbaric oxygen therapy, cytokines and colony
stimulating growth factors. However their role has not yet
been adequately studied and available data is insufficient to
warrant their use in the management of these infections.

Phaeohyphomycetes
Dematiaceous or black molds are a heterogenous group of

organisms that obtained their nomenclature from the
presence of a brown-black pigment (melanin) incorporated in
their cell wall. The genera include Bipolaris, Alternaria,
Curvularia, Exophiala, Exserohilum and Wangiella species.
Bipolaris spicifera is the etiological agent frequently reported
from immunocompromised cancer patients. Although
considered to be less virulent in general, it is also known to
cause serious disseminated infections in cancer patients. Being
distributed widely in soil, wood and decomposing plant debris,
infections are airborne, involve the skin or the sinuses and are
commonly reported from tropical countries and usually affect
immunocompetent individuals. A recent review suggested that
the number of case reports has increased 10-fold over the last
30 years. Disseminated infection is uncommon, but its
incidence is increasing, particularly among
immunocompromised individuals. Some are considered to be
neurotropic, including Cladophialophora bantiana,
Ramichloridium mackenziei, and Wangiella dermatitidis
[114-119].

A multi-state outbreak of spinal infections was reported in
2012, secondary to contamination of methylprednisolone
acetate with the black mold, Exserohilum rostratum. More
than 13,000 patients were exposed to the potentially
contaminated drug, 741 were confirmed to be drug-related
infections, and 55 deaths were recorded. Fatal meningitis and
localized epidural, paraspinal, and peripheral joint infections
occurred. Diagnosis is made on the observation of yeast-like
cells, hyphae and pseudohyphae alone or in combination and
the dark-wall seen on special staining procedures. Blood and
tissue cultures have poor sensitivity and there are no antigen
based or standardized PCR tests currently available. The above
mentioned outbreak cases were diagnosed by
immunehistochemstry and PCR from infected tissue [120].
With the rare occurrence of invasive infections in cancer
patients, available data are scarce to come up with any reliable
conclusions pertaining to therapy. However, published
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literature suggests that patients benefit from a combination of
both surgical and medical intervention.

The lack of standardized antifungal susceptibility testing
with the pattern of heterogenous antifungal susceptibility
pattern further complicates the management of infections due
to black molds. Antifungal agents known be efficacious include
AMB-deoxycholate and itraconazole. Data on use of
voriconazole and posaconazole is scarce. Itraconazole has been
the most frequently used agent; the role of lipid formulations
of AMB is unclear; and voriconazole activity approximates that
of itraconazole with MICs for both agents in the range of 0.25
to 2 mcg/ml depending on the genera tested. Posaconazole
has demonstrated good in vitro fungicidal activity against
Exophiala jeanselmi and in vivo activity against central nervous
system infection in an animal model. Fluconazole and
echinocandins have no activity against any of the species. The
azole in development UR 9825 has good in vitro activity
against E. spinifera. Surgical resection of localized lesions with
a reduction in immunosuppression is recommended in all
cancer patients if feasible [121].

Cryptococcus
C. neoformans and C. gattii are the two major species

associated with cryptococcal infections. C. gattii was the
etiologocal agent in an outbreak of cryptococcosis in
immunocompetent humans and animals on Vancouver Island
and surrounding areas within Canada and the northwestern
United States. Cryptocoocus meningitis and
meningoencephalitis are frequently seen in human
immunodeficiency virus infections and relatively less common
in immunocompromised cancer patients and hematopoietic
stem cell recipients. Our overview here will focus on
immunocompromised solid organ transplant recipients, where
it is usually reported ~1 to 2 years post-transplant depending
on the intensity of immunosuppression with an incidence rate
of 2.8%. Cryotococcal fungemeia has been reported in 25% of
these patiens. Infections frequently involve the lung in 25%–
54% and in 6%–33% of these patients, the disease is limited to
the lungs only. Meningoencephalitis, cryptococcoma and
disseminated cryptococcosis have been documented in 52%–
61% of patients [122-125].

Diagnosis is made by a positive serum cryptococcal antigen
titer and has been documented in 33%–90% of transplant
recipients with pulmonary cryptococcosis. A negative serum
cryptococccal antigen test does not exclude pulmonary
cryptococcosis. Patients with central nervous system (CNS)
disease or disseminated cryptococcosis have been shown to
have a positive serum cryptococcal antigen test (95% and 97%,
respectively). Therefore, an organ transplant recipient with a
positive serum cryptococcal antigen test needs to be worked
up for cryptococcal meningitis or dissemination infection
[126-129].

For CNS disease, liposomal AmB (3–4 mg/kg/day IV) or ABLC
(5 mg/kg/day IV) plus flucytosine (100 mg/kg/day in 4 divided
doses) for at least 2 weeks. If induction therapy does not
include flucytosine, lipid formulation of AmB is indicated for at
least 4–6 weeks as induction therapy. A dosage of 6 mg/kg per

day of liposomal AmB must be considered in high–fungal
burden disease or relapse. Fluconazole at 400 mg [6 mg/kg]
per day for 6–12 months is indicated for mild-to-moderate
non-CNS disease. For moderately severe–to-severe non-CNS or
disseminated disease, without CNS involvement, treatment is
the same as CNS disease. In the absence of any clinical
evidence of extrapulmonary or disseminated cryptococcosis,
severe pulmonary disease is treated the same as CNS disease.
Fluconazole maintenance therapy should be continued for at
least 6-12 months [130,131]. Management of cryptococccal
infection involves decreasing the dosage of steroids and a
reduction in immunosuppressive therapy if feasible.
Amphotericin deoxycholate is not recommended as first-line
therapy in this patient population due to significant
nephrotoxicity. Cosmplications including elevated intracranial
pressure must be managed by serial lumbar punctures or
drainage as appropriate [132]. Also, drug interactions with
calcineurin inhibitors could complicate management issues
and should be watched for. C.gattii has been reported
frequently in immunocompetent hosts, and is rare in AIDS and
in transplant recipients. In HIV-negative patients, CNS infection
with C. gattii has been associated with more complications,
delayed response to therapy, and a higher requirement for
neurosurgical intervention, compared to C. neoformans
[133-135]. Given the infrequent occurrence of cryptococcal
infections, and questions regarding subclinical infection and
recurrence, primary prophylaxis is not indicated at this time, in
this patient population.

Conclusions
The availability of novel chemotherapeutic agents and

transplant procedures has significantly improved patient
survival rates from cancer. However invasive fungal infections
remain a significant therapeutic challenge for physicians and
continue to pose a potential threat for patients who survive
cancer. Several of the infections once considered rare are
being increasingly reported from various cancer centers. With
an obvious epidemiological shift, prompt detection of patients
at high risk, early diagnosis and appropriate therapy are crucial
in the management of these emerging fungal infections.
Management of these rare fungi is further complicated due to
their heterogenous antifungal susceptibility pattern and
intrinsic resistance to the routinely used standard antifungal
agents.

The high mortality associated with these rare invasive fungal
infections, echoes a long unmet need for more reliable, non-
invasive, early diagnostic tools and novel antifungal agents
with more potency. Ongoing research in the field of fungal
diagnostics and therapeutics would facilitate the introduction
of novel, more potent antifungal agents including
immunomodulatory therapies that will eventually improve the
morbidity and mortality of these serious infections.
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