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From August 1977 to October 1978, 23 patients with acute myelogenous leukemia (AML) received 
induction therapy at Vanderbilt University Hospital. Six patients died of documented fungal infection, 
predominantly aspergillus pneumonia; the complete remission rate was only 40%. Based on this ex- 
perience we began using amphotericin B empirically in any AML patient remaining febrile or having 
recurrent fever after a week of broad spectrum antibiotics. Of 22 patients treated from October 1978 
to August 1980, none died of fungal infection during induction therapy; the remission rate increased 
significantly to 77%. Chemotherapy and supportive care were otherwise unchanged during this period. 
While the first group was older, the improvement in remission rate was also seen in patients younger 
than 60 years of age. Since fungal infection may be difficult to document, this study suggests that 
empirical amphotericin B is reasonable therapy in leukemic patients remaining febrile or having a 
recurrent fever following a week of broad spectrum antibiotics, if the institution has a high incidence 
of fungal infections. 

Cancer 50:2247-2251. 1982. 

EBRILE NEUTROPENIC patients with acute myeloge- F nous leukemia (AML) require treatment with 
broad spectrum antibiotics, prior to obtaining the results 
of cultures, since potentially fatal sepsis may be pres- 
ent.'-2 However, the management of the AML patient 
who remains febrile or who has recurrent fever following 
a week of antibiotic therapy remains contr~versial.~ 
Clinical optrons include discontinuing antibiotics- 
which might cause clinical deterioration if infection is 
present and being suppressed, continuation of the same 
antibiotics-with a risk of superinfection, or the addi- 
tion of antibiotics such as clindamycin or amphotericin 
B, with the risks of superinfection and additional tox- 
icity. 

Following a review of clinical results at our institution 
during a 15-month period, a review which included au- 
topsies in seven of 15 treatment failures, we decided to 
empirically add arnphotericin B to the therapy of pa- 
tients with AML who remained febrile, or who had re- 
current fever, following a week of broad spectrum an- 
tibiotics. Details of this clinical experience form the basis 
of this report. 
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Met hods 

Patient Groups 

From August 1977 to August 1980, 45 patients re- 
ceived their initial induction therapy for AML at Van- 
derbilt University Hospital. All patients received cyto- 
sine arabinoside 100 mg/m2/day by continuous infusion 
for seven days, and daunorubicin 45 mg/m2/day, intra- 
venously on days 1 to 3. A bone marrow examination 
was repeated between days 15 and 22, and a second 
course of therapy was given to patients who had not 
achieved marrow aplasia, or evidence of early recovery 
of normal cells at that time. Complete remission was 
defined as less than 5% blasts in the marrow with nor- 
malization of blood counts and the physical examina- 
tion. 

During the entire period, febrile neutropenic patients 
received a combination of a cephalosporin, an aminogly- 
coside, and ticarcillin or carbenicillin. Patients not re- 
sponding to antibiotics who had either a positive blood 
culture or an identifiable source for their fever received 
granulocyte transfusions. 

Group I :  Control: Twenty-three patients received an- 
tileukemic therapy between August 1977 and October 
1978. During this period, there was no established policy 
regarding the management of patients who remained 
febrile or who had recurrent fever while receiving broad 
spectrum antibiotics. However, nearly all patients con- 
tinued to receive triple antibiotic therapy. Some received 
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TABLE I .  Clinical Features and ResDonse to Theraav 

Group 1 Group 2 
~ _ _ _ _ _ _  ~~ 

Aee (median) 62.5 40.5 . , ~  
Patients >'age 60 13 3 =I==- P = 0.005 Patients < age 60 10 19 

Ma1es:Females 14:9 149 
Patients febrile at 

Patients febrile by 

Complete remissions 9 (40%) 17 (77%) P = 0.009 
Partial remissions 2 1 
No response 12 4 
Total patients 23 22 

presentation 13 7 P = 0.09 

day 5 17 14 P = 0.53 

TABLE 2. Effect of Age on Complete Remission 

Age Complete remission/number of patients 

Group 1 Group 2 Total 

<60 3/10 P = 0.017 15/19 18/29 
>60 6/13 P =  1.00 213 8/16 
All 9/23 P = 0.016 17/22 26/45 

empirical trials of clindamycin and others received em- 
pirical granulocyte transfusions. Amphotericin B was 
given only when positive fungal (candidal) blood cul- 

TABLE 3. Causes of Death 

Group I* Group 2 

Infection: early 
(prior to day 35) 

Fungal infection 
Bacterial infection 
Etiologic cause unknown 

Infection: late 
(after day 35) 

Fungal infection 
Etiologic cause unknown 

Infection and hemorrhage 

Hemorrhage 
Leukostasis 
D.I.C.: Promyelocytic 
Ruptured spleen 

5 t  
3 
2 

I 
0 

1 

1 
1 
0 

* Includes two patients who died shortly after achieving a complete 
remission due to erosion of a bronchial artery by aspergillosis. 

t Autopsy confirmation of aspergillosis was obtained in four pa- 
tients, and disseminated candidiasis was confirmed at autopsy in an- 
other case. Clinical candida septicemia was established in a sixth pa- 
tient. 

TABLE 4. Evidence of Fungal Infection 

Number of patients 

Group 1 Group 2 

Pneumonia refractory to antibiotics 4 6 
Positive nasal or sputum culture 1 1 
Fungal infection at autopsy 5 0 

tures were obtained, when a cavitary pneumonia de- 
veloped, or when aspergillus was cultured from a site of 
infection. 

Group 2: Empirical amphotericin: Twenty-two pa- 
tients received anti-leukemic therapy between Novem- 
ber 1978 and August 1980. During this period, any pa- 
tient who remained febrile or who developed recurrent 
fever after seven to ten days of triple antibiotic therapy 
was started on empirical amphotericin B. The drug was 
started at 1 mg/day and increased by 5 or 10 mg/day 
increments to a daily dosage of approximately 0.4 mg/ 
k g / d a ~ . ~  The drug was administered by slow intravenous 
infusion over four to six hours. Hydrocortisone 50-100 
mg was usually placed in each intravenous bottle. An- 
tihistamines and antipyretics were given as needed. Once 
amphotericin B was instituted, the drug was continued 
until granulocyte recovery occurred. At that time, am- 
photericin B was continued to a total dose of between 
0.5-1 .O g only if the clinical evidence strongly suggested 
that a fungal infection had been present. 

Results 

The rate of achieving a complete remission was sig- 
nificantly higher in Group 2, the patients receiving am- 
photericin B, than in Group 1, 77 versus 40% respec- 
tively ( P  = 0.0 16, Fisher exact test). Clinical features of 
the 45 patients are presented in Table 1. Patients in 
Group 1 were older than patients in Group 2. However, 
as shown in Table 2, when one stratifies the patients on 
the basis of age and considers only the patients younger 
than 60 years old, the remission rate is still significantly 
improved in Group 2 as compared to Group 1. Although 
more patients in Group 1 presented with fever, by day 
5 of therapy most patients in both groups were receiving 
antibiotics (Table 1). 

Not only was the remission rate significantly higher 
in Group 2, but, as shown in Table 3, causes of death 
were markedly different. In Group 1, ten of 14 deaths 
were due to infection prior to day 35. No such infectious 
deaths occurred in Group 2 ( P  = 0.023, Fisher exact 
test). Furthermore, while fungal infections were proven 
to be a cause of death in six patients in Group 1, no 
deaths due to fungal infection occurred in Group 2 ( P  
< 0.0 1,  Fisher exact test). Other causes of death includ- 
ing late infection, hemorrhage, and mixed hemorrhage 
and infection occurred with similar frequency in the two 
treatment groups. 

Although deaths due to fungal infection did not occur 
in Group 2, many of these patients had suggestive evi- 
dence of fungal infection. As shown in Table 4, six pa- 
tients developed pneumonias which were refractory to 
triple antibiotic therapy and two of these pneumonias 
were cavitary. Sputum cultures revealed aspergillus in 
one patient but results of needle lung biopsies were neg- 
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TABLE 5 .  Clinical Features of Probable Fungal Infection (Group 1 )  

Evidence of fungal infection 

Day of therapy 
on which 

amphotericin Total dose of 
was started amphotericin B Outcome 

55/M 

67/M 

37/F 

Candida in blood and urine. Disseminated candida at autopsy. 

Progressivse pneumonia. Aspergillus at autopsy. 

Pnt:umonia; 6 of 6 blood cultures positive for candida 
on Day 18. 

Fatal pulmonary hemorrhage, aspergillus at autopsy. 
7 1/M Cavitary pneumonia noted as complete remission occurred. 

70/M Progressive pneumonia. Aspergillus at autopsy. 

7 I/F Aspergillus cultured from nasal exudate while patient had 
pneumonia. Fatal pulmonary hemorrhage occurred. 

~ 

20 161 mg Died, day 32 

- - Died, day 22 

18 36 mg Died, day 21 

24 51 mg CR; Died, day 33 

1 mg; anaphylaxis to Died, day 30 14 
test dose 

661 mg Died, day 41 19 

ative in two patients and not performed in the other 
four patients suspected of having fungal pneumonia. In 
all six cases, the pneumonia stabilized while the patients 
received amphotericin B and the pneumonia resolved 
when granulocyte recovery occurred. An additional pa- 
tient in Group 2 developed nasal inflammation and a 
biopsy revealed invasion of nasal cartilage by aspergillus. 
This patient was the only patient in Group 2 who had 
a positive nasal surveillance culture for aspergillus 
among 13 patients in Group 2 who had such surveillance 
cultures. Eleven patients in Group 2 received empirical 
amphotericin B treatment. Except for fever and nausea, 
toxicity attributable to amphotericin B was minimal. 

Three patients developed reversible elevations of serum 
creatinine levels, greater than 1.5 mg/dl (maximum, 3.2 
mg/dl) and two patients developed hypokalemia. The 
clinical features of the patients who had documented or 
suspected fungal infection, or who received prophylactic 
amphotericin B, are presented in Tables 5 and 6 .  

Discussion 

The use of broad spectrum antibiotics and granulo- 
cyte transfusions has decreased the frequency of deaths 
due to bacterial infection during the first weeks of in- 
duction therapy in patients with AML. As a result, these 
patients survive long enough to become at risk of de- 

TABLE 6. Clinical Features of Probable Fungal Infection (Group 2) 
~ ~~~ ~ 

Clinical evidence of fungal infection 

~ ~ ~ 

Day of therapy 
on which 

amphotericin B Total dose of 
was started amphotericin B Outcome 

56/M Pulmonary infiltrate 19 Not available* CR 

56/M Fever without source 14 126 mg CR 

28/F 

48/F Severe oral candida 

65/F 

I6/F 

38/M Pulmonary infiltrate 

Basilar infiltrates on chest x-ray, possible fluid overload 

Blood culture positive for yeast which was not identified 

Aspergillus identified on biopsy of lesion on nasal septum 

9 247 mg CRt 

21 141 mg CRt 

12 411 mg CR 

30 1751 mg CR 

1 1  465 mg Died day 51. 
No autopsy 

49/M Pulmonary infiltrate with cavitation 16 544 mg CR t 
35/F Pulmonairy effusion, multiple patchy infiltrates with cavitation 17 1121 mg PR 

62/M Pulmonaiy infiltrate 1 1  586 mg CR 

43/M Pulmonaiy infiltrate, aspergillus cultured from sputum 10 1166 mg CR 

* Patient was transferred to another institution. 
t Clinical evidence of fungal infection during re-induction. 

CR: complete remission; PR: partial remission. 
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veloping fungal superinfection. Nevertheless, there are 
no firm guidelines regarding the appropriate clinical use 
of amphotericin B in AML patients who remain febrile 
in spite of broad spectrum antibiotics or who develop 
recurrent fever after an initial response. Empirical use 
of amphotericin B in all patients remaining febrile on 
broad spectrum antibiotics runs the risk of unnecessary 
amphotericin toxicity, including chills, fever, hypoten- 
sion, hypokalemia, and renal insufficiency. For this rea- 
son, many clinicians employ a cautious approach to the 
use of amphotericin B. We employed such an approach 
during the period from August 1977 to October 1978, 
limiting amphotericin B to cases of proven fungal in- 
fection or cases with a high index of suspicion. By as- 
sessing the cause of treatment failure in all patients, in- 
cluding autopsies in seven of these patients, we found 
that fungal infection accounted for six deaths among 23 
patients. Amphotericin B had been added relatively late 
in the course of these patients, if at all, and during this 
period, our complete remission rate was only 40%. 

Our failure to control fungal infections during the 
period from August 1977 to October 1978 is not sur- 
prising. It has been shown that the response to ampho- 
tericin therapy in aspergillus pneumonia is best when 
therapy is instituted relatively early in the clinical course. 
In a series of 17 patients with aspergillus infections, 
Aisner et al.5 found that three of six patients treated 
within 96 hours of the appearance of infiltrates survived, 
whereas infection was fatal in all patients not treated for 
at least two weeks. Nevertheless, the early diagnosis of 
fungal pneumonia, especially aspergillus pneumonia, 
remains difficult. Invasive techniques such as transtra- 
cheal aspiration or bronchial brush biopsy, can yield 
false-negative results; furthermore, some patients may 
be unable to undergo these procedures due to throm- 
bocytopenia. 

As an alternate means of promoting early diagnosis 
and therapy of fungal infections, Aisner et aL6 have pro- 
posed the use of nasal surveillance cultures. In their se- 
ries, a nasal culture which was positive for fungus all 
but guaranteed the presence of a fungal pneumonia. 
However, only ten of 18 patients who developed a fungal 
infection had a positive nasal surveillance culture for 
fungus.6 Thus, while such cultures may be helpful in 
identifying patients with fungal infections, they may 
miss approximately half the patients in whom a fungal 
infection occurs. Additionally, it has been suggested that 
a finding of no growth on a nasal culture may predispose 
to fungal infection. Since fungal surveillance cultures 
were, unfortunately, not all evaluated for the absence 
of bacterial growth, we cannot comment on this point. 

Because of the high incidence of fungal infection at 
our institution, and the difficulty in establishing this clin- 
ical diagnosis, we administered amphotericin B to all 

neutropenic AML patients who remained febrile or had 
recurrent fever following a week of broad spectrum an- 
tibiotics, i.e., a cephalosporin, an aminoglycoside and 
ticarcillin. Such a policy has recently been supported by 
Pizzo et al.’ in a study involving cancer patients. 

From November 1978 to August 1980, we adminis- 
tered induction chemotherapy to 22 patients with AML, 
11  of whom received amphotericin B. It is interesting 
to note that while nasal surveillance cultures for fungi 
were obtained in 13 patients, they were positive in only 
one case. 

In contrast to the patients in Group 1, the remission 
rate increased from 50 to 77% during the period of em- 
pirical use of amphotericin B although treatment and 
supportive care were otherwise unchanged. No patient 
in Group 2 died of fungal infection. However, six pa- 
tients in Group 2 developed infiltrates on chest x-ray 
compatible with fungal pneumonia, and one patient 
developed invasion of the nasal cartilage with aspergil- 
lus. Except for this last patient, it cannot be proven that 
any of the patients in Table 6 had fungal infection, al- 
though this is our clinical suspicion. Since this is a his- 
torically controlled study, it is impossible to state firmly 
that empirical amphotericin B was responsible for either 
the decreased incidence of deaths due to fungus or for 
the improved remission rate which we observed. Patients 
in Group 2 were younger than the patients in Group 1, 
and Group I contained more patients who were febrile 
at admission. However, the remission rate in Group 2 
was higher even if one considers only patients younger 
than 60 years of age. Also the groups do not differ with 
respect to the number of patients requiring antibiotics 
within five days of instituting antileukemic therapy. 

Conceivably the incidence of fungal infection de- 
creased in November 1978 for reasons independent of 
amphotericin B. However, no hospital construction or 
renovations, factors associated with fungal infection, 
were completed near this While a controlled trial 
would be necessary to establish a causal relationship 
between our results and the use of amphotericin B, our 
study suggests that empirical amphotericin B was re- 
sponsible for the decreased incidence of fungal deaths 
and the increased remission rate which we observed. 

Once amphotericin B has been instituted, the optimal 
duration of such therapy is unknown. At the start of this 
study, our plan was to administer amphotericin B until 
granulocyte recovery occurred. We initially planned to 
continue amphotericin to a total dose of one gram if a 
site of probable fungal infection was established. For 
many of our patients this required inconvenient fre- 
quent outpatient visits and therefore we discontinued 
amphotericin after a total dose of approximately 500 mg 
in several patients with presumptive evidence of asper- 
gillus infection. None of these patients developed evi- 
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dence of recurrent fungal infection while in remission. 
However, the value of our dosage policy cannot be prop- 
erly assessed since some of these patients have required 
further amphotericin B for uncontrolled fever during 
relapse. Unfortunately, when presumptive aspergillus 
infection occurs during relapse, it is impossible to dis- 
tinguish relapse due to inadequate initial therapy from 
newly acquired inkction in these patients. 

In conclusion, our study suggests that in a leukemic 
patient remaining febrile after a week of broad spectrum 
antibiotics, empirical amphotericin B may be associated 
with a decreased fiequency of death due to fungal in- 
fection and an increased remission rate. Future studies 
will be needed to determine if newer, less toxic antifun- 
gal agents, such as ketoconazole, can provide effective 
prophylactic or empirical therapy for fungal infection 
in AML. 

ADDENDUM 

Since the submission of this article, the abstract cited as reference 
7 has been published in article form (Pizzo PA, Robichaud KJ, Gill 
FA, Witebsky FG. Empiiic antibiotic and antifungal therapy for cancer 
patients with prolonged fever and granulocytopenia. Ain J Med 1982; 
72:101-110). 
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