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The records of 40 consecutive patients with newly diagnosed acute 
noniymphocytic leukemia (ANLL) were reviewed to determine the risk 
of recurrent fungai pneumonia during multiple episodes of chemothera- 
py-induced granuiocytopenia. Fungai pneumonias were diagnosed as 
proven or probable using defined pathologic, microbiologic, radiologic, 
and clinical criteria. Sixteen patients died without a complete remis- 
sion; of these, ail 11 who underwent autopsy were found to have 
invasive fungai pneumonia. The 24 patients who achieved a complete 
remission received one to nine (median, four) additional courses of 
intensive chemotherapy for remission consolidation and/or relapse, 
and experienced 132 episodes of severe granuiocytopenia. Seven 
patients never had a pulmonary infection despite 34 granuiocytopenic 
episodes. However, fungai pneumonia complicated 32 (33 percent) of 
98 granuiocytopenic episodes in the other 17 patients. Fifteen of the 
patients who achieved a complete remission had at least one episode 
of fungai pneumonia; 12 received further chemotherapy, and nine (75 
percent) of these had a subsequent fungai pneumonia. in ail, 17 (52 
percent) of 33 subsequent granuiocytopenic episodes experienced by 
patients with a prior fungai pneumonia were complicated by another 
fungai pneumonia. All four patients with a probable fungal pneumonia 
diagnosed antemortem who subsequently underwent autopsy were 
found to have invasive fungai disease. ft would appear that patients 
with ANLL who have had one episode of fungai pneumonia are at high 
risk for recurrence during subsequent episodes of granuiocytopenia. 
Empiric or even prophylactic amphotericin B therapy may be warrant- 
ed for such patients. 

Infection is the leading cause of death in patients with acute nonlympho- 
cytic leukemia (ANLL) [ 1,2]. Fungal infections have become an increas- 
ingly common problem in these patients and have proved difficult to 
diagnose antemortem and to treat effectively [3-lo]. Often such fungal 
infection presents as a pulmonary infiltrate in a febrile granulocytopenic 
patient who is receiving broad-spectrum antibiotic therapy [ 1 l- 131; 
proposed risk factors have included antibiotics, corticosteroids, chemo- 
therapy, and prolonged granulocytopenia [6,14,15]. 

We observed that fungal pneumonia tended to recur in patients with 
ANLL given multiple courses of intensive chemotherapy. We postulated 
that such patients had chronic colonization with fungal organisms and that 
invasive fungal disease could reappear when chemotherapy caused 
prolonged granulocytopenia. This study was undertaken to examine the 
risk of recurrent fungal pneumonia in an unselected consecutive series of 
patients with ANLL followed at our institution over a period of five years. 
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PATIENTS AND METHObS 

Patients. Forty previously untreated patients with ANLL 
received intensive remission induction chemotherapy at the 
University ,of Chicago Medical Center between December 
1981 and December 1983. Unique patient numbers (UPN) 
were assigned. The diagnosis of ANLL was established by 
bone marrow examination, and each case was subclassi- 
fied according to the French-American-British Cooperative 
Group criteria. Indwelling silastic subclavian catheters 
were placed in all patients prior to chemotherapy. Chemo- 
therapy included cytarabine 100 mg/m* per day by continu- 
ous infusion for seven to IO days together with doxorubicin 
20 to 30 mg/m* per day by intravenous bolus for three days; 
for some patients, cytarabine alone was given in high doses 
of 2 to 3 g/m* every 12 hours for six days. Neither vincris- 
tine nor high doses of corticosteroids were used. Sixteen 
patients died without achieving a complete remission. 
Twenty-four patients had a complete remission, and each 
of these patients subsequently received additional intensive 
chemotherapy for consolidation of the initial remission and 
in some cases for the treatment of relapsed disease. Con- 
solidation chemotherapy using cytarabine and an anthracy- 
cline drug was given in the hospital and was sufficiently 
cytotoxic to produce profound myelosuppression lasting 
three to four weeks. No maintenance chemotherapy was 
given. 

usually received a course of 1 to 3 g of amphotericin B even 
after the recovery of normal numbers of granulocytes. 
Criteria for the Diagnosis of Fungal Pneumonia. Pulmo- 
nary infiltrates were classified according to the following 
criteria: 

C/ass A: Definite fungal pneumonia. Histopathologically 
documented invasive fungal infection in a lung biopsy or 
autopsy specimen. 

Class B: Probable fungal pneumonia. At least one of the 
following: (1) Positive results of fungal cultures from an 
open lung biopsy, bronchoscopy, or needle aspiration spec- 
imen without conclusive histopathologic findings. (2) Fever 
and a pulmonary infiltrate unresponsive to antibacterial 
antibiotics together with positive results of blood or sputum 
cultures for fungus or with clinical improvement after am- 
photericin B therapy was begun. Expectorated sputum cul- 
ture samples demonstrating Candida were not considered 
to represent lower respiratory tract infection. 

C/ass C: Possible fungalpneumonia. Any pulmonary infil- 
trate on a chest radiograph with an appearance suggestive 
of fungal infection but lacking the other criteria for classes 
A and B. Suggestive radiographic features included: infil- 
trates with cavitation and “mycetoma” formation; pleural- 
based wedge-shaped infiltrates with or without pleurisy and 
hemoptysis; and multiple discrete nodular infiltrates [ 16- 
19]. 

The medical records of these 24 patients were examined 
further, and data were collected on all granulocytopenic 
episodes that were complicated by pulmonary infection. 
Such data included the location and radiographic features 
of the pulmonary infiltrate; the duration of fever, granulocy- 
topenia, and antibacterial therapy preceding the appear- 
ance of the pulmonary infiltrate; the responses to antibacte- 
rial and to antifungal therapy; the results of all sputum, 
blood, and other pertinent cultures; and the results of all 
invasive diagnostic procedures. The results of all postmor- 
tem examinations among the 40 patients were also re- 
viewed. Complete follow-up through June 1986 was avail- 
able.on all patients except one (UPN 181) who was referred 
to another medical center after five courses of chemothera- 
py. Statistical differences were examined using Fisher’s 
exact two-tailed test with a significance level of 0.05. 
Management of Granulocytopenic Episodes. Daily oral 
trimethoprim/sulfamethoxazole and nystatin were routinely 
prescribed for all patients as prophylaxis during treatment. 
With the onset of granulocytopenia (absolute neutrophil 
count less than 500/$), reverse isolation procedures with 
strict handwashing and single rooms were adhered to; ster- 
ile diets and laminar airflow rooms were not employed. 
Febrile granulocytopenic patients were treated promptly 
with broad-spectrum antibacterial therapy. With rare ex- 
ceptions, administration of amphotericin B (0.5 mg/kg per 
day) was initiated if the fever had not remitted within three 
to four days after antibacterial therapy was begun. Even 
after fevers had resolved, all antibiotics were continued 
until patients had an absolute neutrophil count of more than 
500/1.~l. The total duration of amphotericin B therapy de- 
pended on the cli,nical features of each case; patients in 
whom fungal infection was proven or highly suspected 

Class 13: Indeterminate pulmonary infiltrate. Any pulmo- 
nary infiltrate not fulfilling the criteria for any other cate- 
gory. 

Class E: Nonfungal pneumonia. Any pneumonia for 
which the diagnosis of a bacterial or viral infection was 
made or which resolved with antibacterial therapy alone. 

Pulmonary infiltrates that satisfied the criteria for classes 
A, B, or C were considered fungal pneumonias. 

RESULTS 

Sixteen (40 percent) of the 40 consecutive patients with 
ANLL who began remission induction chemotherapy dur- 
ing the study period died without achieving an initial com- 
plete remission despite receiving one to five courses of 
chemotherapy. Nine of these 16 patients had had an 
antecedent myelodysplastic syndrome and had thus been 
immunocompromised for a variable period before acute 
leukemia developed. Autopsies were performed in 11 of 
these patients; all were found to have invasive fungal 
pneumonia (Table I). One patient had bilateral pulmonary 
infections with three different organisms (Mucor, Candida, 
and Aspergillus). Eight died with invasive pulmonary as- 
pergillosis within five weeks of initiation of chemotherapy; 
three patients were known to have had a prior myelodys- 
plastic syndrome. One additional patient without a prior 
myelodysplastic syndrome had fever, cough, and exten- 
sive bilateral pulmonary infiltrates at diagnosis and died 
within two weeks from disseminated aspergillosis. 

Twenty-four patients (60 percent) achieved a complete 
remission and then underwent from one to nine (median, 
four) additional courses of intensive chemotherapy, there- 
by experiencing 132 episodes of granulocytopenia. Pneu- 
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monia never developed in seven patients (29 percent) 
despite 34 granulocytopenic episodes. The remaining 17 
patients (7 1 percent) had 41 pneumonias of various 
causes (Table II). There were 32 episodes of fungal 
pneumonia in patients who achieved an initial remission. 
Four cases were proved at autopsy; of the 28 fungal 
pneumonias diagnosed without pathologic confirmation, 
15 fulfilled the criteria in Patients and Methods for class B 
and 13 for class C. Six fungal pneumonias occurred 
during initial remission induction chemotherapy, 14 oc- 
curred during consolidation chemotherapy, and 12 oc- 
curred after relapse of ANLL. Of the 15 patients who had 
at least one fungal pneumonia, 12 received further che- 
motherapy, and one to three additional fungal pneumonias 
developed in nine (75 percent) of these patients. Alto- 
gether, 17 (52 percent) of the 33 subsequent granulocy- 
topenic episodes experienced by those patients who had 
previously had a fungal pneumonia were complicated by 
another fungal pneumonia. No patients died from fungal 
pneumonia during consolidation therapy while their leuke- 
mia was in remission. The mortality from fungal pneumo- 
nia during retreatment of ANLL in relapse was considera- 
bly higher. 

TA8LE 1 Patients with Acute Nonlymphocytic 
Leukemia at the University of Chicago 
Medical Center (December 1981 to 
December 1983) 

Total number of patients treated 40 
Patients who achieved complete remission 24 (60%) 
Patients who died prior to complete remission 16 (40%) 

No autopsy 5 
Autopsy performed 11 

Aspergillus pneumonia 7 
Mucor pneumonia 2 
Candida pneumonia 1 
Mucor, Candida, and 1 

Aspergillus pneumonia 

Candida and Aspergillus were the predominant fungal 
pathogens isolated from these patients (Table Ill). In every 
case involving Aspergillus, the primary site of infection 
appeared to be the lungs, except for one patient with 
Aspergillus sinusitis. Fusarium moniliforme was isolated 
from the sputum of one patient with nodular pulmonary 
infiltrates, and this was believed to be clinically significant. 

TABLE II Clinical Features of 24 Patients Who Had a Complete Remission from Acute Nonlymphocytic Leukemia 

Total Infectious Pulmonary Infiltrates 
Number 01 Other/ 

Patient FAB” Chemotherapy Indeter- Current Autopsy 
Number Aae and Sex Diaqnosis Courses Total Bacterial Funaal Viral minale Status Result 

165 5OF 
175 51F 
176 47F 
200 54M 
151 17M 
187 68M 
168 64M 
164 50F 
188 54F 
196 59F 
150 50F 
183 35M 
182 24F 
189 33M 
181 30M 
194 74F 
152 44M 
199 74F 
148 42M 
160 58M 
167 72M 
184 35M 
179 35M 
180 44M 

Totals 

Ml 8 
M2 4 
M4Eo 3 
M5b 4 
Ml 10 
Ml 2 
M4Eo 8 
M5a 6 
M5a 9 
Ml 5 
M4 10 
M4Eo 6 
M4Eo 5 
M4 5 
M2 5 
M4 2 
MI 4 
M2 3 
M4Eo 6 
M5b 5 
M4Eo 5 
M3 6 
M4Eo 5 
Ml 4 

0 
0 
0 
0 
0 
0 
0 

41 

0 
2 
0 
0 
0 
0 
0 
0 
0 
0 

2 
2 

0 

0 0 Dead Aspergillus 
0 0 CCR 
0 0 Relapse, CR 
0 0 Dead ND 
0 1t Dead ND 
0 0 Dead ND 
0 0 Dead ND 
0 1 Dead Aspergillus 
0 0 Dead Aspergillus 
0 0 Dead Rhizopus 
0 0 Dead ND 
1 0 Relapse, CR 
0 0 CCR 
0 0 CCR 
0 0 Deadi 
0 0 Dead ND 
0 0 Dead Staphylococcus aureus 
0 0 Dead ND 
0 0 CCR 
0 0 Dead ND 
0 0 CCR 
0 0 CCR 
0 0 CCR 
0 0 CCR 

6 (15%) 32 (78%) 1(2%) 2(5%) 

l French-American-British Cooperative Group Classification. 
t Postobstructive mixed bacterial/fungal pneumonia. 
1 Lost to follow-up in 1983. 
CCR = continuous complete remission; CR = complete remission; ND = not done. 
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TABLE III Fungal Isolates from Patients with Acute 
Nonlymphocytic Leukemia and 
Pneumonia 

Fungus Isolated 
Number of 

Patients Culture Site 

Candida (all species) 

Aspergillus fumigatus 
Aspergillus flavus 

Aspergillus niger 

Aspergillus cervinus 
Aspergillus sydowi 
Fusarium moniliforme 
Rhizopus arrhizus 

11 Blood, cerebrospinal 
fluid, subclavian 
catheter tip, skin 
lesion biopsy, esopha- 
geal brushings, spu- 
tum, throat, urine, 
stool 

2 Blood, sputum 
3 Maxillary sinus, sputum, 

skin wound, naso- 
pharynx 

2 Bone marrow, pleural 
fluid, sputum 

1 Open lung biopsy 
1 Sputum 
1 Sputum 
1 Postmortem lung biopsy 

Candida was commonly found in oropharyngeal, spu- 
tum, and stool specimens in the absence of overt infec- 
tion and in such cases was presumed to represent nonin- 
vasive colonization. Invasive candidiasis was documented 
in only two patients. One patient (UPN 187) had diffuse 
interstitial infiltrates on chest radiographs and Candida 

isolated from multiple sputum cultures; in addition, biopsy 
of skin lesions revealed Candida both histopathologically 
and by culture. The second patient (UPN 182) had multiple 
bilateral pulmonary nodules, retinal lesions consistent 
with septic emboli, and Candida in blood and subclavian 
catheter cultures. In these patients, pulmonary involve- 
ment presumably occurred through the hematogenous 
dissemination of Candida originating from intravenous 
catheters or gut infections. 

Invasive diagnostic procedures contributed relatively 
little to the management of these patients (Table IV). Only 
one of the four open lung biopsy specimens provided a 
definitive diagnosis (cytomegalovirus pneumonia). Five of 
six bronchoscopy samples and the one needle aspiration 
biopsy specimen were nondiagnostic. In not a single 
patient was the clinical diagnosis of fungal pneumonia 
confirmed histopathologically prior to death. 

All three patients in whom a probable fungal pneumo- 
nia had been diagnosed antemortem who subsequently 
underwent autopsy were found to have invasive pulmo- 
nary aspergillosis (Table Ill). In addition, one patient (UPN 
196) died three days after a new pulmonary infiltrate 
developed following chemotherapy for relapse of ANLL; 
fungal infection had not been suspected antemortem, and 
the patient had not been treated with amphotericin B. She 
was found to have massive fungal pneumonia with Rhizo- 
pus arrhizus at autopsy. 

Although the mean durations of granulocytopenia and 
broad-spectrum antibacterial therapy preceding the ap- 

TABLE IV 

Patient 
Number 

183 
183 

175 

175 

200 

188 

196 
151 

187 
187 
168 

Results of Invasive Diagnostic Procedures for Pulmonary Infiltrates 

Histopath- Micro- 
Pulmonary Invasive ologic biologic 

Infiltrate Procedure Diagnosis Diagnosis 

First Bronchoscopy CMV None 
First Open lung None CMV 

biopsy 
First Needle None None 

aspiration 
Third Open lung None Aspergillus 

biopsy cervinus 
Fourth Open lung None None 

biopsy 
First Open lung None None 

biopsy 
First Bronchoscopy Not donet None 
Third Bronchoscopy Obstructing Mixed 

POfYP bacteria 
First Bronchoscopy None None 
Second Bronchoscopy Not donet None 
First Bronchoscopy Not donet Mixed 

bacteria 

Flnal 
Clinical 

Diagnosis* 

CMV 
CMV 

Possible fungal 

Probable fungal 

Probable fungal 

Possible fungal 

Probable fungal 
Postobstructive 

pneumonia 
Bacterial 
Possible fungal 
Probable fungal 

Result of 
Procedure 
Changed 

Management 

No 
Yes 

No 

No 

No 

No 

No 
No 

No 
No 
No 

* Based on all clinical, microbiologic, radiologic, and pathologic data available. 
t Bronchial washings and brushings were performed but not biopsy. 
CMV = cytomegalovirus. 
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pearance of the fungal pneumonias were longer than 
those preceding the nonfungal pneumonias, these differ- 
ences were not statistically significant (Table V). 

COMMENTS 

Fungal pneumonia was a common problem in patients 
with ANLL in this study. At least one episode of fungal 
pneumonia developed in the majority (62 percent) of 
patients achieving complete remission, and fungi ac- 
counted for 78 percent of pulmonary infections in these 
patients. Furthermore, although fungal pneumonia com- 
plicated 24 percent of granulocytopenic episodes overall, 
such pneumonia occurred in 52 percent of granulocyto- 
penic episodes experienced by patients with a prior histo- 
ry of fungal pneumonia. Thus, a prior fungal pneumonia 
did appear to be a risk factor for recurrent fungal infection 
during subsequent chemotherapy. 

The role that other putative risk factors for invasive 
fungal disease might have played in these patients ap- 
pears limited. No patient received high doses of cortico- 
steroids. All patients were given chemotherapy of compa- 
rable intensity and similar type. No statistically significant 
differences in the durations of leukopenia or antibacterial 
therapy preceding fungal as opposed to nonfungal infil- 
trates were observed (although the number of patients 
was small). The immunocompromised status of the pa- 
tients who had a prior myelodysplastic syndrome may 
have contributed to the early infectious deaths among 
those who did not achieve an initial complete remission. 
However, only one (UPN 18 1) of the 24 patients who did 
have a remission and were followed thereafter for recur- 
rent pulmonary infections had had a prior myelodysplastic 
syndrome. 

Aspergillus was the most common invasive fungal 
pathogen in our patients with leukemia. It has been sug- 
gested that the nosocomial inhalation of airborne spores 
during granulocytopenia accounts for most cases of pul- 
monary aspergillosis in patients with leukemia [7,20,21]. 
We propose that another possible source of recurrent 
fungal infection may be the proliferation of endogenous 
organisms. Thus, although all signs of fungal pneumonia 
almost invariably resolve in leukemia patients when their 
granulocyte count returns to normal, such patients may 
continue to have asymptomatic colonization with the veg- 
etative form of the fungus. Such chronic fungal coloniza- 
tion is well described in patients with allergic bronchopul- 
monary aspergillosis and with aspergillomas complicating 
cavitary lung disease [22]. The granulocytopenia follow- 
ing subsequent chemotherapy might then allow these 
endogenous spores to proliferate, invade tissue, and pro- 
duce clinically apparent infection. A similar pattern of 
recurrent infection has been observed in leukemia pa- 
tients with Aspergillus sinusitis [23]. 

We cannot totally exclude repeated nosocomial expo- 
sure to high concentrations of Aspergillus spores as an 

TABLE V Duration of Fever, Leukopenia, and 
Antibacterial Therapy preceding 
Pulmonary Infiltrates 

Fungal Nonfungal 
Mean Duration Infiltrates Infiltrates 

(days) (classes A, 8, C) (classes D, E) All Infiltrates 

Fever preceding 2.5 f 1.1’ 4.4 f 2.6 2.9 f: 1.7 
pulmonary 
infiltrate 

Leukopenia 14.5 f 3.0 9.8 f 5.3 13.5 f 1.7 
preceding pul- 
monary infil- 
trates+ 

Severe leukopenia 10.1 f 2.3 6.7 f 2.2 9.6 f 2.1 
preceding pul- 
monary infil- 
tratest 

Broad-spectrum 8.1 f 3.6 2.6 rt 3.6 6.9 f 3.0 
antibacterial 
therapy preced- 
ing pulmonary 
infiltrates 

l Mean number of days with 95 percent confidence limits. 
+ Total peripheral leukocyte count 5 1 ,OOO/pl. 
t Total peripheral leukocyte count 5 5OO/pl. 

explanation for the multiple fungal infections in our pa- 
tients. However, this seems less likely, since the recur- 
rence rate remained high throughout the five years of the 
study despite the relocation of our leukemia ward (in 
1983) to a new facility with high-efficiency air filters and 
low ambient spore counts. 

If many cases of pulmonary aspergillosis represent 
reactivation of latent organisms, little benefit would be 
anticipated from elaborate isolation techniques. Indeed, 
such techniques might not even prevent the initial fungal 
colonization in patients, since Aspergillus spores are 
ubiquitous in nature [20,22] and the first exposure to 
fungus might well occur prior to diagnosis and outside the 
hospital. Such pre-hospitalization acquisition of fungus 
may explain the high incidence of fungal infection early in 
the course of initial remission induction therapy observed 
among our patients and reported by one other center [24]. 

The incidence of fungal infection in this study was 
higher than has been observed in several other series 
[3,4,8,12,14]. The true incidence of invasive fungal infec- 
tion in patients with leukemia remains unknown because 
accurate antemortem diagnosis is very difficult. Clinical 
series that include only histopathologically proven cases 
probably greatly underestimate the incidence by omitting 
many cases in which invasive procedures were not per- 
formed or were nondiagnostic. In this study, histopatho- 
logic confirmation of fungal infection was seldom avail- 
able, and in most cases the diagnosis was based on 
clinical criteria. Our erroneous classification of some 
nonfungal infiltrates as fungal pneumonias may in part 
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aCCOunt for the frequency of fungal infection that we 
observed. However, even if all the class C infiltrates were 
to be re-classified as nonspecific infiltrates, fungal pneu- 
monia would still constitute 46 percent of all infiltrates in 
our patients. 

The optimal approach to suspected fungal infection in 
granulocytopenic patients remains controversial. Some 
have advocated bronchoscopic or open lung biopsy be 
routinely performed [25-291, whereas others recom- 
mend empiric antifungal therapy [30-331. Invasive proce- 
dures contributed little to the management of our patients; 
only 27 percent of all invasive procedures provided a 
specific diagnosis, and therapy was altered in only one 
patient based on the results of such procedures. How- 
ever, the experience with invasive diagnostic procedures 
reflected in this study is too limited to draw firm conclu- 
sions about their usefulness. Other studies have reported 
a variable diagnostic yield from invasive procedures, but 
few have documented how the results of such procedures 
influenced patient management, and none has clearly 
demonstrated any influence on the ultimate outcome of 
patients with ANLL [34-371. Further prospective studies 
will be required to clarify this issue. 

Aspergillus species are known to respond poorly to 
amphotericin B therapy in the absence of granulocytes 
[6-81. In fact, fungal pneumonias became clinically ap- 
parent in several of our granulocytopenic patients after 
they had been receiving amphotericin B empirically for a 
number of days for fever. The early institution of ampho- 

tericin B therapy may at best slow the progression of 
invasive Aspergillus sufficiently to allow bone marrow 
recovery following chemotherapy. Fungal pneumonia 
was rarely fatal among our patients with complete remis- 
sion who had rapid recovery of granulocytes following 
consolidation chemotherapy, but it was frequently the 
cause of death when patients were retreated at the time of 
relapse of ANLL and had delayed recovery of granulo- 
cytes. 

Currently we prescribe amphotericin B therapy for any 
granulocytopenic patient with ANLL who remains febrile 
despite 72 hours of broad-spectrum antibiotics. Antifun- 
gal therapy is continued until the patient is afebrile and 
recovers from granulocytopenia. On the basis of results of 
this study, we recommend consideration be given to the 
prophylactic use of amphotericin B in any patient with a 
prior history of fungal pneumonia undergoing intensive 
chemotherapy. For patients whose condition is in remis- 
sion, the risk of further chemotherapy must be carefully 
weighed against its anticipated benefits; the high risk of 
recurrent fungal infection may preclude such therapy. 

ACKNOWLEDGMENT 

We thank Karen M. Daly, R.N., and the nurses and medi- 
cal house staff of the Leukemia Service for their excellent 
care of these patients, Paul M. Arnow, M.D., and John W. 
Rippon, Ph.D., for helpful discussions, and Deborah Gif- 
ford for expert preparation of the manuscript. 

REFERENCES 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

a. 

9. 

Chang H, Rodriguez V, Narboni G, Bodey G, Luna M, Freir- 
eich E: Causes of death in adults with acute leukemia. 
Medicine (Baltimore) 1976; 55: 259-268. 

Hersh E, Bodey G, Nies B, Freireich E: Causes of death in 
acute leukemia: a ten-year study of 414 patients from 
1954-1963. JAMA 1965; 193: 99-103. 

Mirsky H, Cuttner J: Fungal infection in acute leukemia. 
Cancer 1972; 30: 348-352. 

DeGregorio M, Lee W, Linker C, Jacobs R, Ries C: Fungal 
infections in patients with acute leukemia. Am J Med 
1982; 73: 543-548. 

Cho S, Choi H: Opportunistic fungal infection among cancer 
patients: a ten-year autopsy study. Am J Clin Pathol 1979; 
72: 617-621. 

Bodey G: Fungal infection and fever of unknown origin in 
neutropenic patients. Am J Med 1966; 8O(suppl5C): 112- 
119. 

Krick J, Remington J: Opportunistic invasive fungal infec- 
tions in patients with leukemia and lymphoma. Clin Hema- 
tol 1976; 5: 249-310. 

Meyer R, Young L, Armstrong D, Yu B: Aspergillosis compli- 
cating neoplastic disease. Am J Med 1973; 54: 6-15. 

Young R, Bennett J, Vogel C, Carbone P, DeVita V: Aspergil- 
losis: the spectrum of disease in 98 patients. Medicine 
(Baltimore) 1970; 49: 147-173. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

ia. 

Bodey G, Bolivar R, Fainstein V: Infectious complications in 
leukemia patients. Semin Hematol 1982; 19: 193-226. 

Bodey G, Powell R, Hersh E, Yeterian A, Freireich E: Pulmo- 
nary complications of acute leukemia. Cancer 1966; 19: 
781-793. 

Sickles E, Young V, Greene W, Wiernik P: Pneumonia in 
acute leukemia. Ann Intern Med 1973; 79: 528-534. 

Tenholder M, Hooper R: Pulmonary infiltrates in leukemia. 
Chest 1980; 78: 468-473. 

Schwartz R, Mackintosh F, Schrier S, Greenberg P: Multivar- 
iate analysis of factors associated with invasive fungal 
disease during remission induction therapy for acute my- 
elogenous leukemia. Cancer 1964; 53: 41 l-419. 

Gerson S, Talbot G, Hurwitz S, Strom B, Lusk E, Cassileth P: 
Prolonged granulocytopenia: the major risk factor for 
invasive pulmonary aspergillosis in patients with acute 
leukemia. Ann Intern Med 1964; 100: 345-351. 

Curtis A, Smith G, Ravin C: Air crescent sign of invasive 
aspergillosis. Radiology 1979; 133: 17-21. 

Libshitz H, Pagani J: Aspergillosis and mucormycosis: two 
types of opportunistic fungal pneumonia. Radiology 1981; 
140: 301-306. 

Orr D, Myerowitz R, Dubois P: Patho-radiologic correlation 
of invasive pulmonary aspergillosis in the compromised 
host. Cancer 1976; 41: 2028-2039. 

238 February 1988 The American Journal of Medicine Volume 84 



RECURRENT FUNGAL PNEUMONIAS IN ACUTE NONLYMPHOCYTIC LEUKEMIA-ROBERTSON and LARSON 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

Dubois P, Myerowitz R, Allen C: Pathoradiologic correlation 
of pulmonary candidiasis in immunosuppressed patients. 
Cancer 1977; 40: 1026-1036. 

Rhame F, Streifel A, Kersey J, McGlave P: Extrinsic risk 
factors for pneumonia in the patient at high risk of infec- 
tion. Am J Med 1984; 76(suppl 5A): 42-52. 

Aisner J, Schimpff S, Bennett J, Young V, Wiernik P: Asper- 
gillus infections in cancer patients: association with fire- 
proofing materials in a new hospital. JAMA 1976; 235: 
411-412. 

Sharma 0: The many faces of pulmonary aspergillosis. J 
Respir Dis 1982; 3: 51-66. 

Viollier A, Peterson D, DeJongh C, et al: Aspergillus sinusitis 
in cancer patients. Cancer 1986; 58: 366-37 1. 

Estey E, Keating M, McCredie K, Bodey G, Freireich E: 
Causes of initial remission induction failure in acute my- 
elogenous leukemia. Blood 1982; 69: 309-315. 

Aisner J, Schimpff S, Wiernik P: Treatment of invasive 
aspergillosis: relation of early diagnosis and treatment to 
response. Ann Intern Med 1977; 86: 539-543. 

Pennington J, Feldman N: Pulmonary infiltrates and fever in 
patients with hematologic malignancy: assessment of 
transbronchial biopsy. Am J Med 1977; 62: 581-587. 

Albelda S, Talbot G, Gerson S, Miller W, Cassileth P: Role of 
fiberoptic bronchoscopy in the diagnosis of invasive pul- 
monary aspergillosis in patients with acute leukemia. Am 
J Med 1984; 76: 1027-1034. 

Leight G, Michaelis L: Open lung biopsy for the diagnosis of 
acute, diffuse pulmonary infiltrates in the immunosup- 
pressed patient. Chest 1978; 73: 477-482. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

36. 

37. 

Canham E, Kennedy T, Merrick T: Unexplained pulmonary 
infiltrates in the compromised patient: an invasive investi- 
gation in a consecutive series. Cancer 1983; 52: 32% 
329. 

Stein R, Kayser J, Flexner J: Clinical value of empirical 
amphotericin B in patients with acute myelogenous leu- 
kemia. Cancer 1982; 50: 2247-225 1. 

Pizzo P, Robichaud K, Gill F, Witebsky F: Empiric antibiotic 
and antifungal therapy for cancer patients with prolonged 
fever and granulocytopenia. Am J Med 1982; 72: lOl- 
110. 

Holleran W, Wilbur J, DeGregorio M: Empiric amphotericin B 
therapy in patients with acute leukemia. Rev Infect Dis 
1985; 7: 619-624. 

Pizzo P: Granulocytopenia and cancer therapy: past prob- 
lems, current solutions, future challenges. Cancer 1984; 
54: 2649-2661. 

Haverkos H, Dowling J, Pasculle A, Myerowitz R, Lerberg D, 
Hakala T: Diagnosis of pneumonitis in immunocompro- 
mised patients by open lung biopsy. Cancer 1983; 52: 
1093-1097. 

Hiatt J, Gong H, Mulder D, Ramming K: The value of open 
lung biopsy in the immunosuppressed patient. Surgery 
1982; 92: 285-291. 

McKenna R, Mountain C, McMurtrey M: Open lung biopsy in 
immunocompromised patients. Chest 1984; 86: 671- 
674. 

McCabe R, Brooks R, Mark J, Remington J: Open lung biopsy 
in patients with acute leukemia. Am J Med 1985; 78: 609- 
616. 

February 1988 The American Journal of Medicine Volume 84 239 


