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Opportunistic Mycoses in the Immunocompromised Host: 
Experience at a Cancer Center and Review 

Elias Anaissie From the Section of Infectious Diseases, 

Department of Medical Specialties, The University of Texas 
M. D. Anderson Cancer Center, Houston, Texas 

The field of opportunistic mycoses in the patient with cancer is rapidly changing. Not only are 

fungal infections increasing in frequency in this patient population, but these infections are 

occurring earlier during the course of cytotoxic chemotherapy, and newer fungi are increasingly 
recognized as potentially lethal pathogens. Candidiasis remains the most commonly encountered 
infection. The spectrum of disease includes candidemia and acute and chronic disseminated 
candidiasis. Pulmonary aspergillosis and disseminated aspergillosis are common and remain 

relatively resistant to therapy. Disseminated fusariosis and trichosporosis are almost always fatal 
in the setting of persistent profound neutropenia. Therapy for these mycoses relies on the use of 

amphotericin B and 5-fluorocytosine. Newer antifungal agents, such as fluconazole and itracona- 

zole, appear to exhibit good activity against a variety of fungi. Newer approaches need to be 
tested for the treatment of the more-resistant mycoses and may include the use of maximally 
tolerated doses of antifungal agents, colony-stimulating factors, and combination therapy. 

During the past decade, progress has been made in the 
treatment of patients with cancer, and the proportion of pa- 
tients achieving complete remission and longer survival has 
increased [1]. A significant number of patients still fail to 
achieve complete remission, and infection remains a fre- 

quent cause of treatment failure, particularly in patients with 

hematologic malignancies [2]. Although the problem of high 
mortality rate associated with bacterial infections has been 
overcome with the administration of empiric antibiotics 

early in treatment, fungal infections have become one of the 

leading factors contributing to morbidity and mortality in 
this patient population [3-5]. Most opportunistic mycoses 
are caused by Candida species and Aspergillus species, al- 

though we have recently witnessed the emergence of several 

fungi-previously considered harmless colonizers-as the 
cause of life-threatening infections in humans [6, 7]. In this 
review, an attempt to define the magnitude of the problem of 

opportunistic mycoses in patients with cancer will be made 
and some approaches to management will be offered. 

Incidence of Fungal Infections 

The increasing incidence of fungal infection was first de- 
tected among patients with acute leukemia. Stefanini and 

Allegra [8] found that between 1943 and 1947 only 3% of 
their leukemic patients had had fungal infections, but that 
between 1954 and 1956 this figure had increased to 22%. In a 
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study of autopsy findings of patients with acute leukemia [4], 
the 10% incidence of major fungal infections between 1954 
and 1958 had increased to 30% between 1959 and 1964. 

The increasing incidence of serious fungal infections has 
been documented at several other institutions [3, 5, 9-14]. 
Overall, fungi account for 4%-12% of nosocomial pathogens 
in this patient population. The increasing incidence ofcandi- 
diasis has been reported from general hospitals. For example, 
Myerwitz et al. [14] found a 0.1% incidence of candidiasis 
from autopsy reports between 1963 and 1970 and a 1.2% 
incidence between 1971 and 1975. Recent results from a 

community teaching hospital showed an eightfold increase 
in incidence of candidemia (one case per 266 bed-years in 
1982 and one case per 32 bed-years in 1985) [15]. The 
Centers for Disease Control (Atlanta) has been conducting a 

survey of nosocomial infections for over a decade that in- 
cludes university, government, and community hospitals. 
The incidence of candidemia has increased during this pe- 
riod and now accounts for 5.6% of all primary bloodstream 
infections [16]. 

Until recently, aspergillosis was a rare infection, even 

among immunocompromised patients. Only 30 cases of 

aspergillosis were found among patients on whom autopsies 
were performed between 1951 and 1963 at Memorial Sloan- 

Kettering Cancer Center (New York) [17]. Four cases of 

aspergillosis could be found in a review of 261 autopsy re- 

ports of patients with leukemia between 1930 and 1961 [18]. 
However, between 1964 and 1971, 93 cases of aspergillosis 
were detected at Memorial Sloan-Kettering Cancer Center 
[ 19], with the majority occurring among patients with hema- 

tologic malignancies. An additional 91 cases were reported 
from the same institution between 1971 and 1976 [20]. At 
the National Institutes of Health (Bethesda, Maryland) 22 
cases of aspergillosis were indicated among 1,839 reports of 
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autopsy examinations; there was a 6% frequency among leu- 
kemic patients and a 0.5% frequency among patients with 
other cancers [21]. A total of 93 cases were found among 
3,374 reports of autopsy examinations in a later series from 
the National Institutes of Health [22]. 

More recently, however, there has been a disturbing 
change in the pattern of aspergillosis. While this infection 
was almost exclusively seen in leukemic patients in the past, 
the spectrum of underlying diseases associated with aspergil- 
losis today is very broad [23]. Furthermore, the incidence of 
this infection among leukemic patients has increased signifi- 
cantly. Aspergillosis is also occurring earlier during initial 
remission induction therapy [2]. Analysis of the experience 
at the M. D. Anderson Cancer Center (Houston) over two 
decades provides an example of the changing pattern of 

aspergillosis [23]. During the 1981-1985 period, aspergillo- 
sis accounted for 35% of disseminated mycoses, as compared 
with only 12% during the 1966-1970 period. Among leuke- 
mic patients, 19% of major fungal infections were caused by 
Aspergillus species during 1978-1982; Aspergillus caused 
7.5% of major fungal infections during 1966-1972. Experi- 
ence from other institutions indicates a frequency of 20%- 
30% among leukemic patients [20, 24]. 

The presence of newly recognized fungal pathogens, such 
as Fusarium species, Curvularia species, Trichosporon spe- 
cies, and others, had been thought to represent contamina- 
tion or harmless colonization when these species were iso- 
lated from humans. More recently, the role of these and 
other newly recognized fungi as serious pathogens in patients 
with cancer has been clearly established [6-7]. 

Factors Predisposing to Fungal Infections 

Several factors predispose patients to invasive fungal in- 
fections. Defects of immune cells and ulcerations of the skin, 
oropharynx, and gastrointestinal tract are all known predis- 
posing factors. Presence of any one of these defects may pre- 
dispose a patient to infection, although it is not unusual for 
some patients to suffer from multiple defects simultaneously. 

Neutropenia is probably one of the most important factors 
responsible for the increased frequency of fungal infections 
[4]. The duration of neutropenia depends primarily on the 

underlying disease and its treatment. Patients are at greatest 
risk for serious fungal infections when their neutrophil count 
falls below 100 cells/mL and when this profound neutro- 
penia persists for >1 week. In addition, the trend exhibited 
by the neutrophil count is an important determinant of the 
course of the infection: a rising count during therapy is asso- 
ciated with a more favorable prognosis than a count that 
continues to decrease or one that remains low. In vitro, neu- 
trophils ingest and kill Candida albicans and hence are recog- 
nized as the primary defense against infection caused by this 
organism [25-28]. The importance ofneutrophils and macro- 
phages in protecting against aspergillosis has also been docu- 

mented. In vitro, macrophages prevent germination and kill 
spores, whereas neutrophils protect against hyphae [29]. Re- 
cent work in our laboratory indicates that similar defense 
mechanisms may be responsible for the control of infection 

by Fusarium species (unpublished observation from our labo- 

ratory). It is also likely that neutrophils may play an impor- 
tant role in protecting against trichosporosis, given the high 
incidence of neutropenia among patients with this infection, 
the poor response to antifungal chemotherapy ifneutropenia 
persists [5], and the increased mortality and tissue fungal 
burden among neutropenic animals compared with controls 

(unpublished observation from our laboratory). 
The ulcerations in the oropharynx and along the entire 

gastrointestinal tract caused by chemotherapeutic agents for 
treatment of cancer set the stage for colonization and inva- 
sion by Candida species. It is well established that the use of 

broad-spectrum antibacterial agents, particularly those that 
achieve a high concentration in the gastrointestinal tract and 
that exhibit good activity against gram-negative anaerobes, 
results in a substantial increase in the gastrointestinal con- 
centrations of Candida species. This increased concentra- 
tion, together with ulcerations following cytotoxic chemo- 

therapy, may lead to disseminated candidiasis. 
Other factors known to predispose patients with cancer to 

Candida infections include adrenal corticosteroid therapy, 
abdominal surgery, and concomitant diabetes mellitus. 
Whether central venous catheterization and the administra- 
tion of total parenteral nutrition predispose patients to dis- 
seminated candidiasis remains controversial, although sev- 
eral reviews implicate these factors in the pathogenesis of 
disseminated infection. 

Adrenal corticosteroid therapy and neutropenia are the 
two most important predisposing factors for the develop- 
ment of aspergillosis and tend to act in concert, thus increas- 
ing the risk of infection [29-31]. 

Candidiasis 

Candidiasis remains the most frequently encountered fun- 
gal infection in patients with cancer [2, 3, 5, 12-16]. For 
many years, C. albicans was responsible for the vast majority 
of these infections. In recent years, other species including 
Candida tropicalis, Candida parapsilosis, Candida guillier- 
mondii, Candida krusei, and Candida lusitaniae have 
emerged as important pathogens in patients with cancer [12, 
32-41]. With the introduction of antifungal prophylaxis 
with the newer triazoles, it is possible that this trend for in- 
fection with non-albicans species will be further accentuated 
and that C. krusei and Torulopsis glabrata will account for an 
increasing number of cases of disseminated candidiasis. Can- 
dida species can cause a variety of infections that can be 
either localized-such as oral thrush, esophagitis, peritonitis, 
and superficial urinary and cutaneous infections-or dissemi- 
nated. 
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The spectrum of disseminated candidiasis in the neutro- 

penic patient with cancer includes both an acute and a 
chronic presentation. Acute disseminated candidiasis (ADC) 
may be sudden in onset and usually evolves over days, with 
skin lesions, fungemia, and sometimes shock [42], while the 
chronic form of the infection-referred to as hepatosplenic 
candidiasis-extends over several months and is character- 
ized by progressive debilitation [43]. Despite these differ- 
ences, it is wise to consider these two aspects of disseminated 
candidiasis as occurring on a continuum. Although it is be- 
lieved that the chronic infection usually follows an acute 

episode, the chronic syndrome may also convert to an acute 
infection when the patient's immune status suffers further 
deterioration. 

Chronic disseminated candidiasis is being recognized with 

increasing frequency [43-53]. Typically, the patient has a 

hematologic malignancy and acquires the infection after my- 
elosuppressive chemotherapy. The diagnosis of the infection 
is usually made after the patient has recovered from myelo- 
suppression but has persistent fever that is unresponsive to 

therapy with broad-spectrum antibacterial agents. Deep- 
seated abscesses of the liver, spleen, kidneys, and lungs can 
be best identified by computed tomography, and the infec- 
tion can be confirmed by biopsy or isolation of the organism 
from an otherwise sterile site. This infection has been re- 

ported with increasing frequency, is responsible for signifi- 
cant delays in the therapy for the underlying malignancy, is 

highly likely to be fatal if therapy is not administered, is diffi- 
cult to diagnose and treat, and therefore frequently requires 
long-term combination chemotherapy with amphotericin B 

plus 5-fluorocytosine. Only 50% of patients respond to ther- 

apy with amphotericin B with or without 5-fluorocytosine, 
and a significant number of patients die of infection despite 
antifungal therapy [43-53]. 

Although the previously used term "hepatosplenic candi- 
diasis" suggests that the infection is limited to the liver and 

spleen, the clinicopathological features of this syndrome 
clearly indicate that the infection involves multiple organs. 
A more appropriate descriptive term is chronic disseminated 
candidiasis (CDC) [43]. This is not a purely semantic issue 
but has important diagnostic and therapeutic implications. 
Rather than causing a focus on hepatosplenic infection, a 
disseminated process would encourage the careful clinical 
and laboratory evaluation of the extent of involvement of 
various organs and the continuation of therapy until infec- 
tion at all sites, including the extraabdominal sites, has re- 

sponded. A disseminated process would also imply that 

agents that are distributed widely in body tissues should be 

given serious consideration in the treatment of this infection. 
Of note, however, is that CDC is almost exclusively limited 
to patients rendered neutropenic by cytotoxic chemotherapy 
and has been seen very rarely in non-neutropenic patients 
postoperatively. This syndrome should be clearly delineated 

from the candidemia and the ADC that occur in this latter 

patient population. 
ADC has a more rapidly progressive clinical picture and 

usually refers to the presence of infection with Candida spe- 
cies at two or more noncontiguous sites. In the proper clini- 
cal setting, the presence of multiple deep-seated cutaneous 
lesions due to Candida species is also indicative of dissemi- 
nated infection [54-58], even if cultures of blood specimens 
fail to yield the organism. Furthermore, the isolation of Can- 
dida species from the bloodstream of a patient with persistent 
profound neutropenia (<100 neutrophils/mL for >7 days) is 

usually, although not always, indicative of disseminated in- 
fection [3, 5, 51]. 

The distinction between ADC and candidemia may be dif- 
ficult. At the M. D. Anderson Cancer Center, we consider 
candidemia to be present when there is clinical evidence of 
infection, at least one culture positive for Candida species 
from specimens obtained from the bloodstream (preferably 
through venipuncture), and no evidence of organ involve- 
ment after careful clinical and laboratory work-up. 

The issue of catheter-related candidemia is somewhat con- 

fusing and usually refers to the presence of candidemia in a 

patient who has a central venous catheter. Whether the cath- 
eter and the hyperalimentation fluids are the primary source 
of the infection or whether the catheter is seeded from a 
remote source remains unknown. Evidence supporting or 

negating the role of the catheter in the pathogenesis or persis- 
tence of the infection is lacking. Hence, optimal manage- 
ment of bloodstream candidal infections in this setting re- 
mains to be defined. 

Two studies from the pediatric literature suggest the need 
for catheter removal because of the higher rate of complica- 
tion and death if the catheter is not removed. Both studies, 
however, included very few patients and were retrospective 
in nature. Furthermore, data on important predictors of out- 
come in ADC-the degree of immunosuppression, the per- 
formance status of the host, and the fungal burden-were 
not available [59-60]. On the other hand, it is important to 

recognize that the gastrointestinal tract is the most likely pri- 
mary source of the infection in the neutropenic patient with 
cancer, that ADC can be reproduced in experimental ani- 
mals after colonization of the gastrointestinal tract with Can- 
dida species, and that management of bloodstream candidal 
infections in this setting could be successful with the catheter 
left in place (D. Armstrong, personal communication, and 
author's personal experience). 

Furthermore, in this setting of persistent profound neutro- 
penia, repeated removals of central venous catheters fail to 
improve overall outcome because most patients with dissemi- 
nated candidiasis in this setting will die of the infection un- 
less recovery from myelosuppression occurs quickly (au- 
thor's personal experience). It should be kept in mind that 
the routine removal of catheters may interfere with the medi- 
cal management of these seriously ill patients with cancer by 
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depriving them of much-needed and often difficult-to-re- 

place venous access. It is the opinion of physicians at the M. 
D. Anderson Cancer Center that the management of candi- 
dal bloodstream infections in neutropenic patients with 
cancer does not usually require removal of the central ve- 
nous catheter unless septic thrombophlebitis is suspected in 
the setting of persistent candidemia. 

In the patient undergoing surgery, the most likely primary 
source of candidemia appears to be the gastrointestinal tract 

[61-65]. The passage of Candida through an intact mucosal 
barrier into the lymphatic or portal venous circulation has 
been proposed as a mechanism of candidal bloodstream in- 
fection [66-68]. This process is referred to as "persorption." 
Its clinical relevance remains unclear, however. What ap- 
pears to be a more accepted view is the dissemination of 
Candida species via subtle mucosal damage that occurs in a 

variety of medical and surgical illnesses. An abnormality in 
nodal killing of translocated organisms has been recognized 
in patients with serious burns [69]. 

Despite these findings, which indicate that the gastrointes- 
tinal tract appears to be the primary source of candidemia, 
one could still postulate that contamination of the central 
venous catheter during bloodstream infection may create a 
nidus of persistent infection. Data to substantiate this claim 
are not available, however. Hence, the management of can- 
didemia in the non-neutropenic patient remains controver- 
sial. Removal of the central venous catheter in such a setting 
is an established practice that lacks scientific support. Only 
carefully planned, prospective studies may give a definitive 
answer to this controversial issue. 

Aspergillosis 

Aspergillus species are ubiquitous organisms, commonly 
found in soil, water, organic debris, and decaying vegetation 
[70]. In worldwide surveys of airborne fungi, Aspergillus 
spores accounted for 0.1%-22% of total spores collected, 
ranking Aspergillus species first to 15th in frequency among 
airborne molds. In the hospital setting, Aspergillus species 
can be isolated from the air, accumulated dust, and environ- 
mental surfaces. Most nosocomial aspergilloses are acquired 
via airborne transmission. 

Colonization of the respiratory tract is followed by inva- 
sive disease if predisposing factors are present. Sources of 
airborne fungi in microepidemics have frequently been asso- 
ciated with construction within the hospital or at adjacent 
sites [71-74]. Disturbance of dust above false ceilings repre- 
sents a significant risk to susceptible patients, and dust-gen- 
erating activities, such as vacuuming, should be avoided in 
hospitals that care for patients at high risk for aspergillosis. In 
one study, fire-proofing material was contaminated with 
Aspergillus spores, and in two other studies, hospital air ducts 
were contaminated by bird droppings [75-77]. In most cases, 
the air supply of the patient's room has been found to be 
contaminated [76, 78]. However, contamination of the oper- 

ating room or the radiology department has been associated 
with microepidemics of aspergillosis. 

Guidelines for hospital construction include the follow- 
ing: (1) sealing off areas of patient care from the construction 

activity with impermeable plastic barriers, and removing seri- 

ously immunocompromised patients from floors adjacent to 
construction activity (these patients should not be readmit- 
ted to renovated areas before these areas have been thor- 

oughly cleaned) and (2) ensuring that the ventilation system 
near the construction area is working properly and is not 

circulating contaminated air from construction sites to other 
hospital areas [79]. 

Microepidemics of aspergillosis may be difficult to recog- 
nize. Only a few patients (those who are immunocompro- 
mised) may develop the infection. The common source may 
not always be detected, but if one is present, it is usually a 
defective or contaminated ventilation system [72, 74]. Be- 
cause air sampling may be inadequate for detecting the 
source, the filtering system and intake ducts must be exam- 
ined for contamination. Copper-8-quinolinolate can clean 
contaminated air systems [73]. High-efficiency particulate 
air (HEPA) filters remove almost all Aspergillus spores and 
reduce the risk of nosocomial aspergillosis [80]. Particular 
attention should be paid to preventing infiltration of unfil- 
tered air (through drafts in elevator shafts and open doors 
and windows) in the hospital air supply system. Plant engi- 
neering and infection control personnel should routinely re- 
view the practices for preventive maintenance relating to the 
air handling system. Other modes of transmission of aspergil- 
losis have been reported, including infections associated with 

foreign bodies, catheters, and bandages [81-83]. 
Acute invasive pulmonary aspergillosis is the most com- 

mon form of Aspergillus infection in immunocompromised 
patients, particularly among leukemic patients who are un- 
dergoing remission induction chemotherapy [5, 23, 75, 84]. 
The organisms have a propensity for invading blood vessels, 
thus causing thrombosis and infarction of the surrounding 
tissues. The infection may manifest itself as acute vascular 
events, such as pulmonary embolus, myocardial infarction, 
cerebral hemorrhage, or Budd-Chiari syndrome [85]. Pulmo- 
nary infection includes necrotizing bronchopneumonia and 
hemorrhagic pulmonary infarction, each accounting for 
about one-third of these infections [19]. Pulmonary aspergil- 
losis may extend to contiguous organs or lead to dissemi- 
nated infection. The rhinocerebral form of aspergillosis oc- 
curs less often than does pulmonary infection. It originates in 
the sinuses and progresses through the soft tissues, cartilage, 
and bone, causing lesions in the palate and the nose. Occa- 
sionally, the infection progresses through the base of the 
skull and involves the brain. 

Emerging Pathogens 

Fungi such as Fusarium species, Curvularia species, Alter- 
naria species, or Trichosporon beigelii had been thought to 
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represent contamination or harmless colonization when iso- 
lated from human tissue specimens. More recently, the role 
of these and other newly recognized fungi as serious patho- 
gens has been clearly established [5-7]. 

Fusarium species. Patients with hematologic malignan- 
cies who are receiving cytotoxic chemotherapy are at an in- 
creased risk for disseminated fusarial infections [7, 86]. The 
clinical characteristics of patients with disseminated infec- 
tion due to Fusarium are similar in many respects to those 
with disseminated aspergillosis. They share in common the 
occurrence of nodular erythematous skin lesions with central 
necrosis. The portals of entry for both infections include the 

paranasal sinuses, lung, and skin. However, infection with 
Fusarium species is associated with a significantly higher in- 
cidence of skin and subcutaneous lesions and a much higher 
yield of the organism in cultures of blood specimens than is 
infection with Aspergillus species [7, 86]. Because the clinical 
features of fusarial infections are not distinctive and because 
of the histopathologic similarities between aspergilli and fu- 
saria, fungal cultures are essential for establishing the diag- 
nosis. 

Probably the most important factor predicting the out- 
come of infection due to Fusarium is the immune status of 
the host. All patients with an underlying malignancy and 
disseminated fusarial infection had severe neutropenia at the 
onset of their infection [7]. Except for three patients reported 
by Merz et al. [86], no patient with disseminated multiple-or- 
gan infection survived even when adequate doses of ampho- 
tericin B were given. 

In the above-mentioned report, three of four patients with 
disseminated fusarial infection responded. Of note, in two of 
these three patients myelosuppression rapidly resolved and 
there did not appear to be extensive multiple-organ infec- 
tion. Because of the paucity of data on the management of 
invasive fusarial infections, we developed a murine model of 

systemic fusariosis in CFi male mice made by injection of 1 
X 106 conidia of Fusarium solani. The activity of the tria- 
zoles-fluconazole, itraconazole, saperconazole, and SCH 
39304-at doses of 50 mg/kg twice daily was compared with 
the activity of amphotericin B at doses of 1 and 2 mg/kg 
injected ip daily. As expected from the poor activity of am- 
photericin B against disseminated human fusarial infections, 
amphotericin B therapy was not associated with prolonga- 
tion of survival or significant reduction in fungal clearance 
from the organs in treated compared with control animals, 
despite administration of escalating doses of the drug. Treat- 
ment with the triazoles, particularly SCH 39304 and flucon- 
azole, led to significantly longer survival [87]. However, the 
triazole doses given were significantly higher than standard 
doses. The use of combination chemotherapy is currently 
being investigated in this animal model. 

Trichosporon beigelii. Not much is known about the 
pathogenesis and treatment of infection caused by Tricho- 
sporon beigelii. The most likely primary source of the infec- 
tion is the patient's own gastrointestinal and respiratory 

flora, which have been shown to be sites of fungal coloniza- 
tion in hospitalized patients. 

The most important systemic host factors for this infection 
are similar in many respects to those for disseminated candi- 
diasis. They include granulocytopenia and the administra- 
tion of adrenal corticosteroids [5]. Hemochromatosis and the 
presence of a prosthetic cardiac valve are also known predis- 
posing factors for disseminated trichosporosis [5, 88]. It is 
not surprising that Trichosporon species may have (as do 
other microbial agents) a siderophore receptor, and iron 
stores in the host may very well be important in the pathogen- 
esis of trichosporosis. It is interesting to note that most re- 

ported cases of T. beigelii infection were in the United States, 
whereas infections caused by Trichosporon capitatum were 
more commonly encountered on the European continent. 

The clinical presentation of disseminated trichosporosis 
mimics that of disseminated candidiasis and may be acute or 
chronic. Acute disseminated trichosporosis may have a sud- 
den onset; be associated with skin lesions, fungemia, pulmo- 
nary infiltrates, renal and ocular involvement, and hypoten- 
sion; and usually evolves over days [5]; whereas chronic 
disseminated trichosporosis extends over several months and 
is characterized by progressive debilitation. Chronic dissemi- 
nated trichosporosis presents clinically in the same way as 
does CDC (also known in the literature as hepatosplenic can- 
didiasis). 

The diagnosis of disseminated trichosporosis rests on a 
combination of clinical and laboratory findings. Histopatho- 
logically, the infection is characterized by the presence of 
arthroconidia, blastoconidia, hyphae, and pseudohyphae. 
The result of the latex agglutination test for Cryptococcus 
neoformans may be positive. 

The outcome of disseminated trichosporosis in neutro- 
penic patients with cancer has been poor. Trichosporon spe- 
cies seem relatively resistant to amphotericin B [89, 90]. Of 
25 patients who had disseminated trichosporosis and persis- 
tent profound neutropenia who were treated with amphoteri- 
cin B at our cancer center, 21 died with infection. Data on 
the susceptibility of Trichosporon species to various antifun- 
gal agents are scarce. Results from our laboratory and others 
indicate that T. beigelii may be resistant to amphotericin B in 
vitro [89, 90]. Recent findings in our murine model of dis- 
seminated trichosporosis indicate that triazoles, including 
fluconazole and SCH 39304, appear to exhibit good activity 
(superior to that of amphotericin B) against 10 pathogenic 
strains of T. beigelii (unpublished observation from our labo- 
ratory). Similar findings were shown in a rabbit model of 
infection with T. beigelii [91]. The successful treatment of 
disseminated trichosporosis with fluconazole in five of our 
patients with cancer, including one with chronic dissemi- 
nated trichosporosis, is encouraging (unpublished observa- 
tion from our institution). Additional work is clearly needed, 
however, for determination of the efficacy of the triazoles in 
the management of disseminated trichosporosis. 
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Several other newer fungi have been reported as causing 
life-threatening infection [6, 92]. 

Therapy for Invasive Mycoses 

A major obstacle to the successful management of serious 
fungal infections is the inability to establish the diagnosis. 
Thus, empiric therapy with amphotericin B has become stan- 
dard practice for the management of neutropenic patients 
with persistent fever that is unresponsive to therapy with anti- 
bacterial agents. One study evaluated neutropenic patients 
who had fever of unknown origin for 1 week after receiving 
an antibacterial regimen [93]. Patients were randomly as- 
signed to three groups: (1) to continue the same antibacterial 
regimen, (2) to discontinue all antibacterial therapy, or (3) to 
receive amphotericin B in addition to the antibacterial regi- 
men. Significantly fewer fungal infections were documented 
in the group of patients receiving amphotericin B. 

Another prospective study randomly assigned patients 
who remained febrile after 4 days of antibacterial therapy to 
two groups: (1) to continue the same antibacterial regimen or 
(2) to receive amphotericin B in addition. The subsequent 
response rates were 53% and 69%, respectively (P = .09) [94]. 

Empirical therapy with amphotericin B is clearly indicated 
for some patients, but unfortunately, many patients who do 
not have fungal infection suffer the toxicities of amphoteri- 
cin B unnecessarily. In addition, amphotericin B-deoxycho- 
late may not be well available to fungi. Despite the presence 
of high drug concentrations in various tissues of patients with 
cancer on whom an autopsy was performed and despite the 
good susceptibility of these fungi in vitro to the drug, in one 
study patients still died of disseminated fungal infections and 
were determined to have had extensive mycoses at the time 
autopsy was performed [95]. 

In another study of patients with cancer succumbing to 
fungal infections, amphotericin B was detected in very small 
concentrations in kidneys and lungs, which are usual sites of 
serious mycoses; fungicidal concentrations of the drug were 
seldom achieved in tissues; and biodiffusion and bioavailabil- 
ity of the drug were poor [96]. In addition, substances in 
serum and tissue seem to inhibit the fungicidal activity of 
amphotericin B [97]. In vitro, Candida species can convert to 
slow anaerobic growth in the presence of amphotericin B and 
thus not be susceptible to the fungicidal effect of the drug 
[98]. Since no prospective studies have addressed the role of 
amphotericin B in the therapy for ADC, one must rely on 
retrospective analysis of patients treated with this drug. 
Overall, a 45% response rate has been reported in a cumula- 
tive review [99]. However, a recent study indicated that no 
significant differences in rates of survival could be observed 
between patients with disseminated candidiasis who received 
amphotericin B and those who did not [100]. Although the 
latter was a retrospective study, the serious limitations of the 
use of amphotericin B, particularly in severely immunocom- 

promised patients, were nonetheless indicated. On the other 
hand, another retrospective study indicated that use of am- 
photericin B early in the course of infection decreased the 
mortality associated with fungal infection and reduced the 
incidence of disseminated mycoses and the frequency of per- 
sistent fungemia [101]. 

The apparent lack of activity ofamphotericin B in severely 
ill patients has been further compounded by the emergence 
of resistance to this agent in this patient population [39, 
102]. Amphotericin B remains, however, the drug of choice 
for the treatment of invasive aspergillosis [5, 23, 84]. 

Other agents that could be useful in the treatment of sys- 
temic mycoses include 5-fluorocytosine. However, high rates 
of failure and secondary emergence of resistance have been 
reported when 5-fluorocytosine was used alone in the ther- 
apy for cryptococcosis, and serious concerns exist regarding 
the myelosuppressive potential of this drug [103, 104]. A 
review of the results from five studies from the literature on 
the activity of 5-fluorocytosine in the treatment of ADC and 
candidemia indicates a good response rate [105-109]. Re- 
sponses were seen in 31 of 40 patients (78%), including three 
patients with T. glabrata infection. On the basis of the phar- 
macokinetics of 5-fluorocytosine and of the in vitro suscepti- 
bility of Candida species to the drug, much lower doses of 
5-fluorocytosine will likely maintain serum and tissue levels 
significantly higher than the MIC needed for most suscepti- 
ble strains throughout the course of therapy. For example, a 
dose of 50 mg/(kg d) given at 6-hour intervals would result 
in peak and trough serum levels of -50 and 10 ,g/mL, re- 
spectively, assuming a steady state and a normal kidney 
function in a 70-kg male patient. Since the MIC of 5-fluoro- 
cytosine for most susceptible Candida species is usually <1 
,g/mL, such a dosage schedule will probably constitute ap- 
propriate therapy, particularly if the drug is used in combina- 
tion with other antifungal agents. This approach may de- 
crease the myelosuppressive potential of this drug, usually 
associated with levels of 100 .g/mL, and may lead to its 
wider use. 

Yet another family of promising antifungal agents is the 
triazoles, such as itraconazole, fluconazole, SCH 39304, and 
saperconazole. These agents have clearly demonstrated sig- 
nificant in vivo activity against various mycoses [110-113]. 
In our experience at the M. D. Anderson Cancer Center, 
fluconazole achieved an 88% response rate in a series of 16 
patients who had cancer and CDC and who had failed to 
respond to adequate doses of amphotericin B (>2 g) or had 
significant dose-limiting toxicities [43]. This good response 
rate was seen even among those patients who had failed to 
respond to large doses ofamphotericin B and among patients 
who continued to receive cytotoxic chemotherapy for under- 
lying leukemia. Although it could be argued that despite 
clinical and laboratory evidence of ongoing infection in all 
our patients at the time of initiation of fluconazole therapy, 
amphotericin B could have already induced a major response 
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in the refractory patients, previous experience suggests other- 
wise. In fact, patients treated with similar doses ofamphoter- 
icin B, as used in this study, had such a high rate of failure 
that recommendations for using much higher doses in combi- 
nation with 5-fluorocytosine were made [46]. 

It is not unlikely, however, that amphotericin B could 
have caused some inhibition of growth, thus allowing flucon- 
azole to exert its activity on an already reduced fungal inocu- 
lum. On the basis of the long half-life (t{) of amphotericin B 
in humans and the known additive or synergistic effect be- 
tween amphotericin B and the triazoles, an additive effect of 

amphotericin B and fluconazole may possibly have occurred 
in patients who had received >2 g of amphotericin B. Similar 
results with fluconazole in the therapy for CDC have also 
been reported by others [53]. In an open prospective study 
conducted at our institution, fluconazole (400 mg) was given 
once daily iv to 21 patients who had cancer and either candi- 
demia (13 patients) or ADC. Eight patients had hematologic 
malignancies and 13 had solid tumors. Six patients had pro- 
found neutropenia (<500 neutrophils/mL). The distribution 
of Candida species was as follows: C. albicans, eight patients; 
C. parapsilosis, five; C. tropicalis, three; T. glabrata, two; C. 

guilliermondii, one; and mixed infections, two. Ten of 13 

patients with candidemia (77%) responded, compared with 
four of eight patients (50%) with ADC. Responses were ob- 
served in four of six neutropenic patients and corresponded 
with neutrophil recovery in all four patients. Outcome was 
unrelated to fungal species. 

In two clinical trials, ketoconazole was compared to am- 

photericin B in the empiric therapy for neutropenic patients 
with fever. The results of the first study indicate that both 

agents had similar activity, although amphotericin B ap- 
peared to have superior activity in cases of established C. 

tropicalis infection [114]. Results of the other randomized 
trial indicated that significant differences between amphoter- 
icin B and ketoconazole could not be detected with regard to 
the overall survival rate, the number of deaths due to fungal 
infection, the number of documented mycoses, and the num- 
ber of days before defervescence occurred [115]. 

In addition, empirical therapy with miconazole has been 
found to significantly decrease the incidence of life-threaten- 

ing mycoses in patients with fever and neutropenia [116]. It 
is clear, however, that despite early institution of antifungal 
chemotherapy, a significant number of patients with cancer 
will have progressive fungal infection and die. Several ap- 
proaches could be considered for the management of these 
resistant mycoses: 

1. More effective prophylaxis. In a prospective, random- 
ized, double-blind, placebo-controlled, multicenter 
study of patients undergoing bone marrow transplan- 
tation, prophylaxis with fluconazole (400 mg/d) effec- 

tively prevented fungal infections, including superfi- 
cial and disseminated candidiasis [117]. In addition, 
we have compared in a prospective, randomized trial 

the role of oral fluconazole (400 mg/d) or iv ampho- 
tericin B (0.5 mg/kg thrice weekly) in the prophylaxis 
for neutropenic patients with acute leukemia [118]. 
Seventy adults with leukemia undergoing remission 
induction chemotherapy were studied. Both drugs 
were 100% effective in preventing thrush. Five cases of 
disseminated infections occurred: C. albicans (one) 
and Aspergillus species (two) in the amphotericin B 

group, and T. glabrata (one) and Aspergillus terreus 

(one) in the fluconazole group. Fluconazole was well 
tolerated, and the adverse effects of nausea (two pa- 
tients) and diarrhea (three patients) did not necessi- 
tate discontinuation of prophylaxis. Significant neph- 
rotoxicity was observed in six patients in the 

amphotericin B group, and discontinuation of drug 
therapy was required in all six cases. 

2. Chemotherapy with higher, maximally tolerated doses. 

Higher doses of amphotericin B in combination with 
5-fluorocytosine have been associated with an im- 

proved response rate in cases of aspergillosis [119]. 
Liposomal formulations of amphotericin B allow the 
administration of much higher doses of amphotericin 
B [120, 121]. These formulations have been shown to 
have significant antifungal activity in patients failing 
to respond to standard therapy with amphotericin B. 
However, factors other than the higher doses may be 
responsible for the observed therapeutic effects with 
these liposomal formulations. We are currently also 

looking at the activity of maximally tolerated doses of 
fluconazole (up to 2,000 mg/d) in various mycoses. 
Preliminary evidence indicates that the drug is well 
tolerated even at these very high doses. 

3. Combination chemotherapy. The role of combina- 
tion antifungal chemotherapy has been established in 
a study comparing amphotericin B plus 5-fluorocyto- 
sine to amphotericin B alone for the treatment of 
cryptococcal meningitis [122]. We and others have 
been reluctant, however, to use a combination of am- 
photericin B and an azole because of a previous report 
of the potential antagonism between amphotericin B 
and ketoconazole in murine aspergillosis [123]. Sub- 
sequent reports from several investigators indicate 
that such combinations involving a triazole and am- 
photericin B may, at times, be associated with an 
improved response rate in certain animal models of 
infections, including disseminated candidiasis, cryp- 
tococcosis, and trichosporosis [124-127]. Further- 
more, enhanced antifungal activity can be achieved 
when azoles, such as ketoconazole or fluconazole, are 
combined with 5-fluorocytosine. We are currently 
considering a prospective study of the role of triple- 
combination chemotherapy with amphotericin B, flu- 
conazole, and 5-fluorocytosine for resistant mycoses. 
The future availability of -1 ,3-glycan synthetase in- 
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hibitors may render combination chemotherapy even 
more attractive [128, 129]. 

4. Immune modulation. Since one of the most impor- 
tant predictors of outcome in invasive mycoses re- 
mains the status of the patient's immune system, it 
would seem logical to use antifungal chemotherapy in 
combination with biological response modifiers. We 
have examined the activity ofamphotericin B in com- 
bination with granulocyte-macrophage colony-stimu- 
lating factor (GM-CSF) for the treatment of serious 
fungal infections [130]. GM-CSF was given in a dose 
of 400 ug/(m2 d) and amphotericin B in a dose of 1 

mg/(kg d). Therapy with GM-CSF was continued 
until resolution ofneutropenia or serious toxicities oc- 
curred. Eight patients (seven patients with leukemia 
and one recipient of a bone marrow transplant) were 
enrolled. The results of this pilot study were encourag- 
ing: five of eight patients achieved a complete clinical 
and laboratory response. However, serious toxicities 
were encountered, in particular capillary leak syn- 
drome, known to be associated with administration of 
the higher doses of GM-CSF used in our study. Other 

immuno-stimulatory agents may also prove to be use- 
ful for the management of systemic mycoses. 

5. Fungus, host, and site-specific therapy. The response 
of specific fungal infections to antifungal chemother- 

apy depends on several factors, including the suscepti- 
bility of the pathogen to the antimicrobial agent used, 
the severity and extent of disease, the status of the 
host's immune system, and the concentrations of 

drugs achieved at various infection sites. For example, 
although both amphotericin B and fluconazole ap- 
pear, in our experience, to exhibit good activity 
against candidemia in the "normal host," neither 

agent alone would be appropriate for the treatment of 
this infection in patients with persistent profound 
neutropenia. And while candidemia may require a few 
weeks of therapy, a much longer period of time is re- 

quired for treatment of CDC. Overall, it is likely that 

achieving successful therapy would require the mainte- 
nance of serum and tissue levels several times higher 
than the MIC of the offending pathogen in the "nor- 
mal host" and higher than the minimal fungicidal 
concentration in the "severely immunosuppressed 
host." These requirements are particularly relevant 
with azole therapy, for which a dose-response curve 
has been established, and with use of liposomal for- 
mulations of amphotericin B, which may allow deliv- 

ery of significantly higher doses of the drug. 

Conclusions 

We have learned several lessons from our experience and 
those of others with fungal infections and antifungal chemo- 
therapy. Clearly, amphotericin B is not an "all-around" anti- 

fungal agent, given the very high rate of failure among im- 

munosuppressed patients with cancer (nor is it likely that 

any such "all-around" agent will be available soon). We 
have also learned that the status of the immune system is the 
most important predictor of outcome in cases of invasive 

mycoses and that fungi that were considered simple colon- 
izers or contaminants only a few years ago have now 

emerged as significant pathogens in this patient population. 
Only through collaboration between clinicians, pathologists, 
microbiologists, and pharmacologists can these fungal infec- 
tions be recognized and treated effectively. It is hoped that 
the advent of newer antifungal agents and biological re- 

sponse modifiers will result in significant improvement in 
the prevention and treatment of these life-threatening oppor- 
tunistic infections. 
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