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We reviewed the records of 32 patients with acute Ieukemla and 
proved Invasive fungal infectkns to determlne the cllnkal and 
pathologk charactertstks of systemk mycosfs in patfents under- 
going Intensive Induction dremo(herapy. The Incidsnco of krvaslve 
fungal infections among our patients was at feast 27 percent, and 
Candlda and Asperglffus accounted )or the majorfty of these lnfec- 
tions. Patients with systemic candldlasis generally had prolonged 
severe neutropenia, fever refractory to antlbktks, and evkfence 
of mucosal colonization by w. At aulopsy, Cadkls was always 
widely disseminated. Patfents wfth aspergffksts gonerally had 
neutropenla,fever,sndfWmnsryHll(r&esatthettmeofachWlon 
to the hospltal and, at autopsy, their InfectIons were prlmarffy con- 
flned to the lungs. Patients Infected with both Candlda and Asper- 
gillus had clinical and pathokgk fMlnf#s that were a combfnatkn 
of the features of each type of Mectkn. A dlrqrodr of lnvasfve 
fungal InfectIon was establbhed be&r. death In enfy nine of the 
patien&allolwWmhadsystemk~ FoUolthUef,UthlM 
were successfutfy treated and survived their hospftafltatkn. The 
reasons for frequeMy mM&gnosfng and unsuccessfully treating 
systemk mycosfs in patfents wfth acute feufremfa are examw, 
andqgesWnsaremadeforl4nprovedmanagsmentofpatMtsat 
hfgh risk for these Infections. These sug@setkns are based upon 
recognftlonofthectlnkdseWngslnwhkhfuqjalinfectfonsoccur, 
the aggressfve use of invasive dfegnostk prooodures, and the early 
emplrk use of amphoterkln B. 

Patients with acute leukemia who undergo intensive induction che- 
motherapy often develop invasive fungal infections that are most 
frequently caused by Candida sp and Aspergillus sp [l-5]. Despite 
the availability of the antifungal agent amphotericin B, these fungi 
cause considerable morbtiity and mortality in this population of pa- 
tients [ l-51. Those with acute leukemia and neutropenia are vulner- 
able to these infections, primarily because of severely compromised 
host defenses: but other factors, M result in delayed diagnosis and 
treatment of fungal infections, contribute to the mfavorable outcome 
[ l-51. At the present time, the period of severe marrow aplasia and 
compromised host defenses is an unavoidable part of the successful 
treatment of adult acute leukemia. However, it may be possible to 
improve the management of systemic fungal infections through a 
better understanding of the factors that currently delay detection and 
effective treatment of these infections. As is well recognized, it is 
frequently difficult to obtain microbiologic confirmation of systemic 
fungal infection in these patients [ 5-81, and deep tissue biopsies using 
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TABLE I Clinical Findings of Patients with and without Documented Fungal Infections 

Candida’ Aspergillust 

Candida 
plus 

Aspergillus 

No 
Fungal 

Inlection 

No. of patients 
Neutrophils <1,000/mm3 on admission 
Fever on admission (>38.5’C) 
One febrile episode 
Two or more febrile episodes 
Pulmonary consolidation on 

admission 
Developed pulmonary consolidation 

after starting chemotherapy 
Bacteremia 
Oropharyngeal candidiasis 
Urinary candidiasis 
Hepatomegaly 

17 
12 
7 
7 

10 
3 

13 

10 
15 
12 
13 

25 
11 
6 

18 
6 
7 

17 

13 
7 
7 

6 

l One patient had Torulopsis glabrata with Candida sp. 
t One patient had Cryptococcus with Aspergillus. 

invasive procedures are often necessary for such 
confirmation [g-15]. In the absence of a definite mi- 
crobiologic or histologic diagnosis of systemic fungal 
infection, clinicians hesitate to use amphotericin B 
because of the well-known adverse effects of this 
drug. 

In order to circumvent some of these problems, and 
to attempt to improve the management of patients with 
systemic fungal infections, we reviewed the records of 
all our patients with acute leukemia who developed 
these infections. Our goal was to (1) improve the rec- 
ognition of early clinical signs suggesting the presence 
of fungal infections, (2) determine when to employ ag- 
gressive diagnostic procedures, and (3) define those 
circumstances in which empiric amphotericin B therapy 
would be appropriate. 

and noted the following parameters: age, sex, type of leu- 
kemia, duration and severity of neutropenia, the number and 
nature of febrile episodes, the results of chest x-ray exami- 
nations, the findings on physical examination, microbiologic 
evidence of bacterial or fungal infection, antibiotic and anti- 
fungal drug use, the duration of hospitalization, and the 
number of previous hospitalizations for induction chemo- 
therapy. If the patient survived that hospitalization, the records 
of subsequent hospitalizations were reviewed. 

RESULTS 

METHODS 
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From 1973 through 1980, 119 adult patients with acute leu- 
kemia were treated at the University of California San Fran- 
cisco Medical Center. One hundred five of these patients died, 
and autopsies were performed on 52. The hospital records 
and autopsy reports of these 52 patients were reviewed for 
documentation of disseminated fungal infections. Twenty-five 
of these patients were proved not to have fungai infections 
and formed the “control” group. The remaining 27 patients, 
plus an additional five patients who were not autopsied, were 
all shown to have systemic fungal infections and formed the 
study group. The demonstration of fungi in tissue, blood, or 
cerebral spinal fluid specimens by histologic examination or 
by culture was considered sufficient evidence of disseminated 
infection. Growth of fungi in at least two blood cultures, drawn 
at different times from different sites, was considered proof 
of systemic infection, whereas a single positive blood culture 
without concomitant documentation of tissue invasion was 
not sufficient. We reviewed the patients’ clinical course during 
the hospitalization when fungai infection was documented 

Twenty-seven of the 52 patients examined at autopsy 
were found to have invasive fungal infections; five ad- 
ditional patients, who were not autopsied, had systemic 
fungal infection proved before death. Twenty-four of 
these patients had infection with Candida sp; 16 had 
Candida alone, one had Candida and Torulopsis glabrata 
(in the subsequent discussion considered with those 
who had only Candida), and seven had infectiqn with 
both Candida and Aspergillus. Fourteen patients had 
infection with Aspergillus; six had infection with As- 
pergillus alone, one had infection with Aspergillus and 
Cryptacoccus neoforrhans (in the subsequent discus- 
sion, considered with those who had only Aspergillus), 
and seven had infection with both Candida and Asper- 
gillus. One patient had infection with Mucor (Phycom- 
ycetes). Eleven of the patients with fungal infections 
were treated between 1973 and 1976, and the re- 
maining 21 were treated between 1977 and 1980. 
Certain factors that affect the frequency of these in- 
fections and the ability to diagnose them, such as the 
number of patients treated for acute leukemia, the type 
of induction therapy, the number of antibiotics used, and 
the number of patients autopsied, changed with time. 
Nevertheless, a smaller proportion of autopsied patients 
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TABLE II Number of Induction Hospitalizations and Status of Leukemia at the Time of Death 

No. of 
Patients 

First 
Induction 

Second 
Induction 

Three or More 
inductions Hvooolasia’ 

Refractory 
Leukemia’ 

Recovery of 
Bone Marrow’ 

Patient with Candida 17 6 2 9 6 2 2 
alone 

Patients with Aspergillus 7 4 2 1 5 1 1 
alone 

Patients with Candida 7 4 1 2 4 1 2 
and Aspergillus 

Patients without 25 9 5 11 7 15 3 
fungal infection 

l Includes only autopsied patients. 

had systemic mycoses before 1977 (eight of 22) than 
after that period (19 of 30). 

Table I shows the clinical findings of the 32 patients 
who had fungal infections and of the 25 patients who 
had no evidence of systemic mycosis at autopsy. Table 
II shows the number of hospitalizations for induction 
chemotherapy and the status of the bone marrow and 
leukemia at the time of death of all the patients. Table 
Ill shows the autopsy findings in the patients infected 
with fungi. 
Candida. A uniform characteristic of the 17 patients 
who had invasive fungal infection with Candida alone 
was the presence of fever refractory to broad-spectrum 
antibiotic therapy. Most had two or more episodes of 
fever during hospitalization; the first bout of fever, which 
usually responded to antibiotic therapy, was followed 
by a second persistent febrile episode. The remaining 
patients had a single unremitting course of fever. Almost 
all the patients with systemic candidiasis also had 
prolonged severe neutropenia. These patients fre- 
quently had oropharyngeal and urinary tract colonization 
by Candida during hospitalization, and hepatomegaly 
often developed. Other characteristics of this group of 
patients were not helpful in distinguishing them from 
those without fungal infections. The patients with sys- 
temic candidiasis generally had relapsed leukemia and 
were in the later stages of the disease. Most patients 
died after five weeks of hospitalization (median time, 
42 days) with hypoplastic marrows. Twelve of the pa- 
tients had autopsy examinations, and most were found 
to have disease disseminated to the liver, spleen, lung, 
and kidneys; no patient had only single organ involve- 
ment. 

Management of these patients was generally un- 
successful. Antemortem diagnosis of systemic candi- 
diasis was achieved in only nine of 17 patients. The 
most frequent sites from which Candida was cultured 
were blood (five of nine), followed by cerebrospinal fluid 
(two of nine), lung (one of nine), and liver (one of nine). 
Only six of these nine patients received more than three 
days of amphotericin B at doses of greater than 0.3 

mg/kg per day. None of the eight patients who had 
systemic candidiasis diagnosed postmortem had re- 
ceived significant doses of this drug. Four of the patients 
who were correctly diagnosed and treated survived 
hospitalization, but each patient died during subsequent 
admissions; three of these patients were autopsied and 
found to have active systemic candidiasis at the time 
of death. 
Asperglllus. Seven patients had documented fungal 
infection with Aspergillus alone. Most of these patients 
had neutropenia, fever, and pulmonary infiltrates at the 
time of admission; those patients with Aspergillus who 
were afebrile or had normal chest roentgenograms at 
the time of admission all had fever or pulmonary infil- 
trates after receiving induction therapy. None of the 
patients had resolution of their fever or pulmonary in- 
filtrates with antibiotic therapy. Other characteristics 
were not helpful in d/stinguishing these patients from 
those without fungal infection or with only systemic 
candidiasis. Most of the patients with Aspergillus in- 
fection were recently diagnosed as having leukemia and 
were undergoing initial induction treatment. The median 
length of hospitalization before death for these patients 
was 22 days, and two patients died within 10 days of 
starting chemotherapy. Most patients had hypoplastic 
marrows at the time of death. At autopsy, all the patients 

TABLE Ill Sites of Autopsy-Proved Organ 
Involvement of Candlda and Asperglllus 

Patients with Patients with Patients wfth 
Candfda Aspetglllus both Candlda 

Alone Alone and Asperglllus 
-- 

Number 12 7 7 
Candida Aspergillus 

Lung 10 7 4 7 
Liver 11 1 3 1 

Spleen 9 1 2 0 

Kidney 7 1 2 1 

Heart 4 1 2 0 
Brain 2 2 1 0 
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had invasive Aspergillus in the lungs, with only two 
showing dissemination to other organs. 

None of these patients was correctly diagnosed be- 
fore death or treated with amphotericin B. The failure 
to diagnose pulmonary aspergillosis appeared to be due 
to three major factors. First, most of the patients had 
growth of bacteria in blood cultures, and the pulmonary 
infiltrates were assumed to have a bacterial origin. 
Second, physicians were reluctant to use invasive 
procedures (bronchoscopy or open lung biopsy) to de- 
termine the infectious origin of these infiltrates. Finally, 
the index of suspicion of Aspergillus infection was 
low. 
Mixed Fungal Infections. Seven patients had docu- 
mented infection with both Candida and Aspergillus. At 
the time of admission, these patients resembled those 
with only Aspergillus infection in having neutropenia, 
fever, and pulmonary infiltrates. Later in their hospital 
course, these patients had oropharyngeal and urinary 
candidiasis, and hepatomegaly, which are character- 
istics found in those with systemic candidiasis. None 
of these patients had the fungal infections diagnosed 
antemortem or received antifungal therapy; not sur- 
prisingly, fever or pulmonary infiltrates did not resolve 
in any of these patients. The median length of hospi- 
talization before death was 21 days, which was similar 
to that of patients with Aspergillus infection. At autopsy, 
infection with Candida was widely disseminated, 
whereas infection with Aspergillus was generally 
confined to the lungs. 

COMMENTS 

Invasive fungal infections in patients with acute leu- 
kemia undergoing intensive chemotherapy are often 
life-threatening complications [l-5]. The difficulties 
and uncertainties encountered in diagnosing systemic 
mycosis would be expected to lead to the empiric use 
of amphotericin B [ 161. However, the well-known side 
effects and toxicities of this drug [7,8,17] have made 
empiric antifungal therapy less acceptable than empiric 
antibiotic therapy. This tendency to withhold ampho- 
tericin B until there is microbiologic or histopathologic 
proof of invasive fungal infection has contributed to 
many fungus-related deaths among the patients treated 
at our institution. 

Our current review establishes the magnitude of this 
problem. Between 1973 and 1980, we saw 32 patients 
with documented fungal infections. Since most of these 
patients were discovered to have systemic mycosis only 
at postmortem examination, many of the patients who 
were not autopsied probably also had unsuspected in- 
fection. Thus, 27 percent (32 of 119) represents a 
minimum estimate of the risk of invasive fungal infection 
in the patients treated during this period; the true risk 

is probably much higher. Furthermore, the risk of de- 
veloping fungal infections may have increased over the 
last few years [4,5.18]. This is probably due to the use 
of more aggressive cytotoxic therapy, which has re- 
sulted in patients experiencing more prolonged neu- 
tropenia and receiving more broad-spectrum antibiotics. 
Similar to reports in other series [l-5], the fungi re- 
sponsible for the vast majority of infections in our pa- 
tients with acute leukemia were Candida and Asper- 
gillus. 
Candida. Our results indicate that the typical patient 
with disseminated candidiasis had severe and generally 
prolonged neutropenia after induction chemotherapy, 
unremitting fever while on antibiotics, and obvious sites 
of superficial colonization by Candida, particularly in 
the oropharynx [ l-3,19]. This constellation of findings 
was found in almost all of our patients with systemic 
candidiasis, and a patient with these clinical features 
was more likely to have disseminated candidiasis than 
not. Many of these patients also had hepatomegaly and 
pulmonary infiltrates. These events occurred well after 
the appearance of what we now consider to be the early 
signs of systemic candidiasis and were probably due 
to advanced dissemination of fungi. Consequently, they 
were not useful as early clues to infection, but suggest 
that the pathogenesis of systemic candidiasis starts with 
invasion by fungi at sites of mucosal colonization. Ac- 
cess to the bloodstream results in hematogenous dis- 
semination, which, if untreated, develops into a miliary 
pattern of fungal abscesses and granulomas at the site 
of dissemination. Because the bowel is probably the 
most frequent portal of entry of Candida, hepatic and 
splenic enlargements are common. 

Our ability to diagnose systemic candidiasis and to 
treat successfully those who were diagnosed was 
generally poor. The reasons for this are apparent: (1) 
Patients were not considered to have systemic candi- 
diasis unless cultures grew Candida. (2) Effective anti- 
fungal therapy was not instituted until there was such 
proof. (3) By the time most patients received ampho- 
tericin B, they already had advanced disease and were 
generally in poor clinical condition. Knowing these 
factors, we have now adopted an aggressive policy of 
starting empiric amphotericin B in patients with the triad 
of neutropenia, refractory fever, and mucosal candidi- 
asis. When this triad is present, a 1 mg test dose fol- 
lowed by 0.3 mg/kg dose on day one, which is escalated 
to 0.5 mgfkg per day by the second day of therapy, is 
administered. Once started, this drug is continued until 
the patient is no longer neutropenic. If, at that time, 
definite or good presumptive evidence for systemic 
candidiasis exists, a full course of antifungal therapy is 
given. Otherwise, amphotericin B is stopped and the 
patient is carefully observed. Using these guidelines 
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would have led to the unnecessary use of amphotericin 
in 10 of 25 patients in our control group. 

Four patients treated for systemic candidiasis sur- 
vived, were subsequently readmitted for treatment of 
relapsed leukemia, and died during the subsequent 
hospitalization. Three of these patients were autopsied 
and found to have widely disseminated, active candi- 
diasis at the time of death. This suggests that, in patients 
with acute leukemia, systemic candidiasis is either 
difficult to eradicate or is likely to recur during subse- 
quent episodes of severe neutropenia. In all likelihood, 
our patients had well-advanced systemic candidiasis 
by the time treatment was started, and this made 
eradication of the infection difficult or impossible. With 
the early use of empiric amphotericin B, treatment of 
these infections may be more effective, and permanent 
control of Candida in individual patients may be 
achieved. Nevertheless, our data suggest that a neu- 
tropenic patient who has a previous history of systemic 
candidiasis should be strongly suspected of having re- 
current disease and should be treated early with anti- 
fungal therapy. 
Aspergillus. The distinguishing features of patients 
with documented Aspergillus infection include fever, 
neutropenia, and pulmonary infiltrates, all of which were 
present at the time of or shortly after admission. These 
findings agree with those in other case reports [ 10,131. 
The presence of these findings so early in the hospi- 
talization suggests that Aspergillus infections are es- 
tablished before cytotoxic therapy or early in the course 
of therapy. The fact that untreated pulmonary asperg- 
illosis caused death as early as a few days after the 
institution of chemotherapy is consistent with this 
pathogenesis. Since many of the patients infected with 
this fungus had recently diagnosed and previously un- 
treated acute leukemia, their early deaths due to As- 
pergillus curtailed an excellent chance for remission 
and prolonged survival. 

Knowledge of the frequency and characteristic 
presentation of Aspergillus infections has altered our 
approach to pulmonary infiltrates that devefop early in 
a patient’s hospitalization. Immediate evaluation is 
carried out by obtaining tissue for histologic and mi- 
crobiologic examinatiom’this may be achieved either 
by bronchoscopy (with washings, brushings, and 
biopsies) or by open lung techniques. Concomitantly, 
broad-spectrum antibiotic coverage is initiated. In the 
event that bronchoscopy is carried out first and does not 
provide a diagnosis, open lung biopsy is performed. The 
alternative to establishing a definitive etiology for the 
pulmonary infiltrates is to start empiric amphotericin 
B therapy soon after it is apparent that antibacterial 
therapy will not resolve the patient’s @filtrates and 
fever. The manner in which amphotericin is given to 

these patients is similar to that used for those with 
suspected Candida infections, with the exception that 
the final dose of this drug is escalated to 1 mg/kg by the 
fourth day as tolerated. Such an empiric approach would 
have led to early and appropriate antifungal treatment 
in the vast majority of our 14 patients who were infected 
with Aspergillus, either alone or with Candida. It would 
have led to the unnecessary use of amphotericin B in 
only six of the 25 patients who were found not to have 
Aspergillus infections. Our data add a note of caution 
concerning the interpretation of bacterial growth from 
blood cultures drawn at the time pulmonary infiltrates 
are being investigated. Early positive bacterial blood 
cultures were obtained in the majority of our patients 
with pulmonary aspergillosis and led to the erroneous 
assumption that the pulmonary infiltrates were bacterial 
in origin. Consequently, further diagnostic studies were 
not carried out, and physicians persisted in the use of 
antibiotic therapy even when a clinical response was 
not seen. In light of our data, it is important to keep a 
high index of suspicion for pulmonary aspergillosis, and 
to respond to the failure of antibiotics to clear infiltrates 
rapidly by either aggressively pursuing a definitive 
pulmonary diagnosis or instituting empiric antifungal 
therapy. 
Mixed Infections. Seven of our patients had both 
Candida and Aspergillus infections. These patients had 
clinical and pathologic findings that were a combination 
of the features of systemic candidiasis and pulmonary 
aspergillosis. They appeared to have an initial early 
Aspergillus infection, and, later during hospitalization, 
systemic candidiasis developed. Death, which occurred 
early, was probably related to the Aspergillus infection. 
Successful management of leukemia probably depends 
upon successful treatment of the early Aspergillus in- 
fection. If empiric amphotericin therapy is instituted for 
this infection, dissemination of Candida probably will 
not happen. 

CONCLUSIONS 

Proper management of invasive fungal infections in 
patients with acute leukemia undergoing intensive 
chemotherapy includes the knowledge that these in- 
fections are frequent and have caused many deaths. 
Given the magnitude of this problem, the toxicities as- 
sociated with the use of amphotericin B should not 
prevent its use. Our review of the clinical and pathologic 
features of fungal infections in these patients provides 
a description of the early features of systemic candi- 
diasis and pulmonary aspergillosis and recommenda- 
tions for the empiric use of amphotericin B based upon 
these features. We believe that earlier treatment of 
patients with suspected fungal infections may result in 
improved survival and cause acceptable toxicity 
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[ 10,15,16]. Approximately 50 percent of the patients 
in our control group would have received unnecessary 
amphotericin therapy under these guidelines (A total of 
13 patients would have received empiric amphotericin 
for likely infection: seven for Candida, three for As- 
pergillus, and three for either Candida or Aspergillus 
infection). Future trends in the management of these 
infections may include the development of effective 
prophylactic therapy, of accurate and sensitive tests 
for the presence of early fungal infection, and treatment 
of established infection that is associated with less 
toxicity [ 17,20,21]. 

Approximately 20 patients have received empiric 
amphotericin since the development of our guidelines. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

Virtually all patients who had received empiric am- 
photericin had at least one of the more commonly re- 
ported side effects: nausea, vomiting, fever, headaches, 
chills, mild reversible renal dysfunction, or electrolyte 
abnormalities. A single patient who had severe hypo- 
tension with the first dose had amphotericin discontin- 
ued. The remaining patients tolerated these side effects 
well and received a full course of therapy. Three pa- 
tients had a temporary interruption of therapy because 
of mild azotemia (creatinine of 1.5 to 2.5 mg/dl). 
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