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The clinical courses of 54 consecutive adult patients with acute myelogenous leukemia (AML) who 
underwent 67 courses of intensive remission induction therapy were analyzed to assess factors associated 
with development of serious fungal and bacterial infections. Fever developed in 65 of 67 remission 
induction attempts and was due to bacterial, bacterial-fungal, and fungal etiologies in 49%, 14%, and 9% 
of cases, respectively. No etiology of fever was found in 28% of cases. Bacteremia occurred in 54% of 
remission induction attempts. Invasive fungal disease (IFD) occurred in 22% of cases with an overall 
mortality of 60%, including 45% of the patients who died during treatment. Using multivariate logistic 
regression analysis, a mathematical model was constructed which correlated with the risk of IFD. Major 
factors associated with patients who ultimately develop IFD included the duration of chemotherapy, the 
number of sites colonized with fungi and the number of fungal species isolated on certain surveillance 
cultures, particularly Aspergillus species. These studies define characteristics of patients a t  high risk 
for development of IFD for whom early initiation of empiric antifungal therapy is strongly recommended. 
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VER T H E  LAST DECADE, considerable progress has 0 been made in the therapy of adult acute myelog- 
enous leukemia (AML), with improved remission in- 
duction rates being achieved.' These newer treatment 
programs require achievement of severe marrow hypo- 
plasia with a resultant period of prolonged pancytopenia. 
During this interval, patients are at high risk for devel- 
opment of infection, and this has remained the single 
most important factor limiting treatment success, with 
the majority of patients who fail to achieve remission 
dying of infectious 

There is now growing evidence that invasive fungal 
disease (IFD) is becoming a major cause of morbidity 

and mortality in patients with A critical 
problem limiting effective therapy has been difficulty in 
early diagnosis of IFD.6.9-" In order to help develop a 
rational approach to the problem of fever management, 
we have retrospectively reviewed and critically analyzed 
the remission-induction therapy courses of a series of 
adult patients with AML, all treated with an identical 
chemotherapy and infection control program, with spe- 
cific attention being given to factors associated with de- 
velopment of the two most serious infectious compli- 
cations, IFD and bacteremia. A mathematical model uti- 
lizing multivariate logistic regression analysis was used 
to aid analysis of these issues. 
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Methods 

h t i r w r  I'opirlurion 

From September 1975 to November 1978. 54 consec- 
utive adult patients received 67 courses of remission-in- 
duction treatment for newly diagnosed and first-relapse 
acute myeloblastic, myelomonocytic, or monocytic leu- 
kemic, collectively referred to as AML (Table I ) .  The 
patients undergoing therapy for leukemia i n  relapse were 
not necessarily the same as the 44 included in the newly 
diagnosed group, but rather represented consecutive pa- 
tients treated during this time period. Ten of the 23 pa- 

41 l 
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TABLE 1 .  Patient Characteristics and Results of Daunorubicin- 
Cytosine Arabinoside-6-Thioguanine Acute Myelogenous 

Leukemia Remission-Induction Therapy 

Newly First 

AML AML inductions 
diagnosed relapse All 

No. of induction courses 
Male/female 
Age (yrs) 

Mean* 
Median (range) 

No. of days of 
chemotherapy 

No. of days to achieve 
marrow hypoplasia 

No. of days from hypoplasia 
to PMN cell count greater 
than 500/mm3 (patients 
achieving complete 
remission only) 

Percent achieving: 
Complete remission 
Partial remission 
Fail 

44 
24:20 

5 0 +  15 
52 (20-8 I )  
12.0 2 4.1 

14.8 2 6.4  

15.6 f 6.2  

61 

9 
30 

23t  
13:lO 

50 f 10 
49 (18-74) 
10.4 f 3.2 

13.4 f 5 .  I 

14.6 f 4.2 

65 

9 
26 

67 
37:30 

5 0 2  16 
50.5 ( 18-8 I ) 
11.5 f 3.9 

14.3 f 6.0 

15.3 f 5.6 

63 

9 
28 

Means f SD. 
t Includes 10 patients similarly treated for newly diagnosed AML during an 

earlier study period. 

tients analyzed for first relapse had received treatment 
for newly diagnosed AML during an earlier study period. 
Patients with promyelocytic leukemia, erythroleukemia, 
subacute leukemia, acute undifferentiated leukemia, and 
blast crises of chronic myelogenous leukemia, were ex- 
cluded from analysis, as outcomes in these patients have 
been shown to differ from those with standard AML. Five 
patients with a previous history of chemotherapy with or 
without radiation therapy for other malignancies (two 
Hodgkin’s disease, one non-Hodgkin’s lymphoma, one 
multiple myeloma, one Waldenstrom’s macroglobulin- 
emia) have been included in the analysis of first induction 
therapy results, and one patient with AML subsequent 
to therapy for Hogdkin’s disease has been included in 
the analysis of first relapse therapy results. 

A M L  Remission Induction Regimen 

All patients, both newly diagnosed and in relapse, were 
treated with combination chemotherapy consisting of 
daunomycin, cytosine arabinoside, and 6-thioguanine 
(DAT), as previously reported.” Daunomycin (D), 60 
mg/m2, was administered by rapid intravenous (IV) in- 
fusion on the first day of the regimen, followed in 12 
hours by cytosine arabinoside (A) 3 mg/kg IV and 6- 
thioguanine (T), 2.5 mg/kg orally, every 12 hours for 3 
days (6  doses). At this point, a second dose ofdaunomycin 
was administered, as well as an additional 3 to 5 days 
(6-10 doses) of therapy with AT. On day 10, bone marrow 
aspiration and biopsy specimens were obtained. If the 

biopsy sample was devoid of hemopoietic cells (hypo- 
cellular), with only persisting plasmacytes, histiocytes, and 
lymphocytes, therapy was not reinstituted. If leukemia 
infiltrate was still present, another cycle of therapy was 
given, administering therapy similar to the initial cycle, 
but modified according to the degree of marrow cellularity. 
All patients were treated until severe marrow hypoplasia 
was achieved, as determined by biopsy. The “number of 
days to reach hypoplasia” has been defined as the interval 
number of days from the first day of chemotherapy to 
the day of marrow biopsy confirmation of adequate hy- 
poplasia, and the “absolute number of days of chemo- 
therapy” is defined as the number of days during this 
time interval on which chemotherapy was actually ad- 
ministered, thus excluding “rest” days. Remission status 
was determined at the time of starting maintenance ther- 
apy, 2 to 3 weeks after the onset in rise of the leukocyte 
count, using previously reported criteria.” 

I n  firtion Surveillunct~ Control 

All patients were treated on the general Medical Service 
at Stanford Medical Center or at the Palo Alto Veterans 
Administration Hospital. Patients were hospitalized in 
single-bed rooms with reverse isolation procedures (hand 
washing and masks). All patients received oral nystatin 
2 to 4 X 10‘ units/day in divided doses. 

Initial laboratory evaluation of all patients at the time 
of admission to the hospital included a chest x-ray ex- 
amination, and bacterial screening cultures from stool, 
urine, throat, sputum, and skin ulcers. Candida precipitins 
were determined by counterimmunoelectrophoresis.’4 
Thereafter, Candida precipitins were monitored weekly, 
and urine, throat, blood, stool, and sputum cultures were 
surveyed at least twice weekly by the microbiology lab- 
oratory using standard microbiological techniques. Chest 
x-rays were obtained at least weekly, but, frequently, more 
often as indicated. 

A febrile episode was considered to be a single fever 
spike of 38.5”C oral, if unrelated to administration of 
blood products, or two consecutive days of fever > 38°C. 
When patients developed a fever, they were examined 
for signs of localized infection, cultures of throat, sputum, 
urine, blood, and other appropriate sites were obtained, 
and urinalysis and chest x-ray were performed. Blood for 
culture was inoculated into both brain-heart infusion and 
thioglycolate broth. Specimens were processed for routine 
bacteria and mycobacteria and fungi if indicated, using 
standard microbiological techniques in the diagnostic mi- 
crobiology laboratory. For febrile episodes, therapy with 
triple antibiotics-cephazolin, I g every 6 hour: genta- 
micin, 2 mg/kg every 8 hours: and carbenicillin, 2.5 g 
every 2 hours, IV-was initiated unless contraindicated. 
Once begun, antibiotics were continued for 10 days if no 
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identifiable organism was isolated or fever persisted, but 
modifications were made if a definite organism was iso- 
lated with known sensitivity. If fever persisted after 10 
days of antibiotic therapy, the antibiotics were discon- 
tinued, and repeat cultures were obtained. Blood cultures 
were obtained for all febrile episodes > 38.5"C. 

Beginning in September, 1976, patients were eligible 
to receive leukocyte transfusion support if they had doc- 
umented bacteremia unresponsive to 48 hours of "triple" 
antibiotic therapy, if they were deteriorating clinically, 
or if bacterial infection was strongly suspected. Leukocyte 
transfusions administered during 25 of 67 (37%) remission 
induction attempts, were obtained by filtration or cen- 
trifugation with no significant differences in outcome with 
either method. Eight patients with IFD received one or 
more 5-day courses of leukocyte transfusions for bacter- 
emia and/or persistent fever and suspected bacterial in- 
fection. Only 2 of these 8 (25%) patients survived, com- 
pared to 12 to 17 (71%) patients who received leukocyte 
transfusions for similar indications but without docu- 
mented IFD (P < 0.10). 

Fever was considered to be due to infection if associated 
with evidence of inflammatory changes on physical ex- 
amination, radiographic examination, autopsy exami- 
nation, or proven by culture. The diagnosis of pneumonia 
was considered to be established if the patient had a com- 
patible chest x-ray and sputum culture or evidence at 
autopsy. The presence of cellulitis was established by clin- 
ical signs, even if no etiologic agent could be identified. 
Febrile episodes for which no evidence of infection could 
be identified by culture were considered to be fevers of 
undetermined origin, if unrelated to drug allergy or blood 
product administration. 

Bacterial and fungal surveillance cultures from sites 
other than blood were considered significant only if a 
specific species was isolated in at least two cultures from 
the same site on two separate days. However, the isolation 
of Aspergillus species in any culture was considered sig- 
nificant in light of previously published data.I5,l6 Bac- 
teremia was defined as the presence of at least one positive 
blood culture in a patient whose clinical condition was 
compatible with this diagnosis. Coagulase-negative 
Staphylococci were considered to be responsible for bac- 
teremia only if cultured from at least three separate sites 
on two consecutive days. The diagnosis of invasive fungal 
disease was made only if documented by biopsy of in- 
volved tissue, isolation of fungi from blood cultures with 
a compatible clinical picture, or if found at autopsy. When 
invasive fungal disease was diagnosed, or unexplained 
fever persisted after 10 days at combination, amphotericin 
B therapy was initiated at a low dose, but with rapid 
escalation to 0.5 mg/kg IV daily. During the study period, 
20 of 67 (30%) remission induction attempts had fatal 
outcomes. Autopsies were obtained in nine cases (45%). 

For statistical analysis, the chi-square test was used to 
determine p values for comparison of independent pop- 
ulations.'7 

Multivariate logistic regression analysis" was used to 
determine which characteristics of patients were important 
in predicting the development of invasive fungal disease. 
The probability P of this event was related to a patient's 
characteristics through the following equation: 

where In is the natural logarithm, P I ,  P2,  . . ., /3, are 
regression coefficients estimated from the data in a step- 
wise fashion, and x ,  , x 2 ,  . . ., x n  are the individual char- 
acteristics being assessed. Each /3 coefficient adjusts the 
weight given to a characteristic according to its correlation 
with other characteristics as predictors for development 
of invasive fungal disease. All characteristics were eval- 
uated both singly and in stepwise multivariate analysis. 
The validity of the model was assessed by comparing the 
predicted versus observed probabilities of development 
of invasive fungal disease in the patient population. 

The study group for the logistic regression analysis con- 
sisted of all patients who entered into the remission in- 
duction therapy program and survived more than 4 days. 
Three patients who died within this time period and one 
patient for whom data were incomplete, were excluded 
from analysis. The remaining 50 patients underwent 63 
remission induction attempts (42 inductions for newly 
diagnosed AML and 21 for AML in first relapse). Mul- 
tivariate analysis of patients treated only for newly di- 
agnosed AML was not different from results of the com- 
bined population, and data have therefore been combined. 
Results of statistical analyses were considered significant 
if P was less than 0.05 (two-tailed). 

Results 

Analysis of Fever 

The clinical characteristics and outcomes of patients 
undergoing remission induction therapy for newly di- 
agnosed and first relapse AML are shown in Table 1. The 
overall complete remission rate was 63%. Fever developed 
at some time during 65 of 67 (97%) remission induction 
attempts: in 32 (49%), fevers could be ascribed to a bac- 
terial etiology; in 9 (14%) patients, both bacterial and 
fungal infections were diagnosed, although not necessarily 
concurrently, as being responsible for fever; in 6 (9%) 
patients, fevers were found to be caused by fungus only; 
and in 18 (28%) patients, no causative organisms or in- 
fectious etiology could be assigned to the fevers. One 
patient ( 1.5%) in the entire series had documented Pneu- 
mocystis curinii infection, diagnosed antemortem, in ad- 
dition to a proven bacterial infection. 



414 CANCER February 1 1984 VOl. 53 

Bucterem iu 

Bacteremia was a frequent complication of A M L  re- 
mission induction therapy, occurring in 52% of first and 
56% of second remission induction attempts, or 54% 
overall. Eleven patients (25%) undergoing therapy for 
newly diagnosed A M L  had more than one organism iso- 
lated during the treatment course, as did two patients 
(970) during therapy for A M L  in first relapse, or 19% 
overall. Gram-negative bacteremia occurred in 46% of 
patients and comprised 77% (41 of 53) of all organisms 
isolated from the blood during these treatment courses. 
Gram-positive bacteremia occurred in 18% of patients 
and accounted for 23% of all bacteremia organisms iso- 
lated. Psrudomonas arriiginosa, E. coli, Klebsiellu species, 
and Enterobacter species occurred with similar frequencies 
as a cause of bacteremia during first remission induction 
attempts, but in relapsing A M L  therapy, Pseirdomonas 
aeriiginusa accounted for 6 of 14 (43%) of the gram- 
negative bacteremic episodes ( P  = NS). The mean time 

of the first episode of bacteremia was 14 f 6 days. The 
majority of bacteremic episodes commenced within the 
first 20 days of therapy. Only 15 of 53 (28%) organisms 
isolated from the blood were cultured from surveillance 
cultures prior to the bacteremic episode. These positive 
cultures appeared 10 f 6 days prior to the bacteremia. 

Invasive Firngul Disc.ase 

Invasive fungal disease (IFD) occurred in 12 of 44 (27%) 
patients with newly diagnosed A M L  and 3 of 23 ( 1  3%) 
patients in first relapse, or 15 of 67 (22%) overall. The 
clinical characteristics of these patients are shown in Table 
2. Cundidu albicuns, other Candidu species, and Asper- 
gilliis species were frequently identified organisms in this 
series. The time until diagnosis of IFD was 28 f 13 days 
(mean -t SD), median 25 days, for all 15 patients. 

Invasive Cundidu infection occurred in 10 patients 
(Table 2). Involvement of the esophagus was diagnosed 
in three and the pharynx in two. Three patients had Cun- 

TABLE 2. Characteristics of AML Patients With lnvasive Fungal Disease (IFD) 

Days required Fungal surveillance cultures 
to achieve Days of Days to Days to Identity of 

Patient marrow chemo- diagnosis initiation of Naso- i nvasi ve Organ Method of 
outcome Age* hypoplasiat therapy$ of IFDg amphotericing pharynx Sputum Urine Stool fungus involvement diagnosis 

18 

21 
19 

10 
14 
IS 
22 

17 

I 6  
9 

21 

23 

29 

23 

I 8  

13 

21 
16 

9 
I I  
8 

20 

15 

13 
8 

17 

22 

18 

I 7  

16 

13 

21 
20 

12 
36 
20 
41 

34 

29 
16 
20 

30 

30 

25 

61 

14 

20 
19 

NT 
37 
24 
18 

14 

23 
16 
21 

NT 

21 

17 

29 

c c  - 

- ASP - 

Asp Asp. C T  C. CT 
- C. Asp. Tr  - 
- C P  - 

C .  C. Asp C 
ASP 

c C.UY - 

Hypopharynx. 
pharynx. 
esophagus 

Disseminated 
Hypopharynx. 

esophagus 
Blood 
Disseminated 
Lung. blood 
Lung. brain 

Lung 

Nose, lung 
Lung 
Blood 
Disseminated 
Disseminated 
Lung 
Blood 
Disseminated 
Lung. 

esophagus 
Esophagus 

Nose. lung 

Disseminated 
Lung 

Culture. ENT. 
esophagogram 

Autopsy 
ENT & culture 

Blood culture 
Skin biopsy 
Blood culture 
Lung biopsy 
Autopsy 
Bronchoscopic 

biopsy 
Nasal biopsy 
Lung biopsy 
Blood culture 
Autopsy 
Autopsy 

Blood culture 
Autopsy 
Sputum culture 
Autopsy 
Esophagograrn 

Nasal & pleural 

Autopsy 
biopsies 

* Subscript I or 2 refers to remission induction attempt. I .  2: patients with 

t Number of days from the start of chemotherapy to achieve bone marrow 

$ Number of days of chemotherapy administered during interval (c). 
8 Number of days from the start of Chemotherapy to the diagnosis of invasive 

fungal disease or initiation of treatment with amphotericin B. NT = not treated. 
11 Candida precipitin test positive 1:4. 
S: survived: D: died: C: C'undidu ulhicuiis; CT: Cundidu r r i ~ p i c d i . ~  C P  ('undidu 

purupsilosr: CPs: Cundidu p.~,seiidlJrriJjJicu/i.~, Asp: Aspergillus species: T: T(irii1i~pw 
gluhruru; Tr: Tricliospi~ron ciiiuniwii. UY: unidentified yeast: ENT: ear. nose and 
throat examination. 

newly diagnosed and 1st relapse AML, respectively. 

hypoplasis. 
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TABLE 3. Clinical Features and Factors Predictive for Development of lnvasive Fungal Disease in A M 1  Patients 
Undergoing Remission Induction Therapy 

Without IFD With IFD P value$ 

No. of patients 
No. of doses of  daunomycin* 
No. of days of chemotherapy (mean) 
No. of days to hypoplasia (mean) 
Positive Aspergillus species culture at any site 
Positive Candida species culture at any site 
Positive fungal urine culture 
Positive fungal sputum culture 
No. of fungal species isolated on surveillance cultures: 

< I  
> I  

0 
21 

No. of sites colonized with fungi: 

48 

10.4 f 3.0 
13.2 * 6.0 
2.1% 

39.6% 
23% 
29% 

2.4 ? 0.8t 

908 
10%) 

50% 
50% 

15 
3.2 i 1.0 

14.9 i 4.5 
18.5 f 5.1 
40% 
73% 
53% 
60% 

60% 
40% 

13% 
8790 

0.005 
0.0006 
0.007 
0.0025 
0.03 
0.03 
0.04 

0.005 

0.03 
Abnormal chest x-ray during remission induction therapy 44% 8790 0.0 I 

* 60 mg/m'/dose. 
t Means f SD. 

didu fungemia (multiple positive blood cultures over a 
prolonged period of time), and two had autopsies. In both 
cases disseminated IFD was found; both also had invasive 
Aspergillus infection. In contrast, only one patient in 
whom IFD was not documented had a positive blood 
culture; this occurred in a single isolate, at a time when 
the patient was clinically well, and she received no specific 
treatment. Visceral involvement with Candida species was 
found in six patients overall. Aspergillus infections, oc- 
curred in nine patients, with involvement of the lung in 
all nine patients. The diagnosis of invasive aspergillosis 
was made by biopsy in five of nine (55%) ofthese patients. 
Two of these individuals also had nasopharyngeal disease. 
One patient in this series developed pulmonary Torulopsis 
infection with fungemia. In 5 of the 15 (33%) patients 
with IFD, more than one invasive fungal species was 
identified, but the presence of the second fungal infection 
was made antemortern in only two. In two patients, nei- 
ther fungus was diagnosed antemortem. 

Thirteen of 15 (87%) patients with IFD and 14 of 48 
(29%) patients without documented IFD were treated with 
amphotericin B. Therapy was generally initiated late in 
the course of remission induction attempts, with the mean 
time to initiation of therapy being 21 k 6 (median 20) 
days in the group of patients with I F D  and 19 k 4 (median 
19) days in the group of patients without documented 
IFD (Table 2). Only 6 of I3 patients treated in the group 
with IFD received empiric therapy with amphotericin B 
prior to the diagnosis of IFD. 

Of the individual clinical characteristics analyzed, ten 
were found to be associated with development of IFD 
(Table 3). In general, patients who ultimately developed 
IFD required more days to achieve adequate marrow 
hypoplasia, received more doses of daunomycin, and re- 
ceived more absolute days of chemotherapy than non- 

$ Univariate analysis. 

infected patients. Only 3 of 33 (9%) patients who received 
10 days or less of chemotherapy developed IFD, but 9 
of 13 (69%) individuals who received 15 or more absolute 
days of chemotherapy developed IFD (Fig. 1 ) .  Persistent 
fever without obvious etiology in patients who had not 
achieved adequate marrow hypoplasia by  the 15th day 
of treatment was also an ominous finding, with IFD ul- 
timately being diagnosed in 12 of 25 (48%) such indi- 
viduals (data not shown). Patients with IFD also had 
significantly more sites colonized with fungi, more in- 
dividual fungal species isolated, and a significantly higher 
frequency of chest x-ray abnormalities (Table 3). Sputum 
and urine surveillance cultures were particularly useful 
in being associated with subsequent IFD, with I3 of 15 
patients having at least one of these cultures to be positive 
and specific for the causative organism (Table 2). The 
isolation of an Aspergi / /w species in the sputum was an 
especially ominous finding. Invasive fungal disease was 
ultimately diagnosed in six of seven such individuals. The 
seventh patient had cavitary pulmonary lesions consistent 
with IFD and was treated with therapeutic doses of am- 
photericin B with recovery, but he did not have biopsy 
confirmation. 

Although a positive Aspergillus culture was highly 
suggestive of invasive Aspergillits disease, in two of six 
such cases additional invasive fungal species were also 
documented. Five of the nine (56%) patients in whom 
invasive Aspergillosis was ultimately diagnosed also had 
positive urine cultures for Candida species. Three of these 
patients (Patients 12, 13, 14) had evidence for invasive 
Candida disease as well. 

Only two parameters proved to be independent in the 
multivariate analysis for factors associated with devel- 
opment of IFD. These factors were the isolation of an 
Aspc~rgi1lu.s species on any surveillance culture and the 
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:LJL 0 5 I 
I Fungal Disease 
0 No Fungal Disease 

FIG. 1. Absolute number of days of chemotherapy 
administered to patients subsequently diagnosed as 
having invasive fungal disease (IFD) versus those who 
were not diagnosed as having IFD during AML re- 
mission induction therapy. 

n 

15 i0 

NUMBEROFDAYSOFCHEMOTHERAPY 

number of days of chemotherapy administered. Perform- 
ing stepwise logistic regression analysis, a model was con- 
structed for estimating the risk of IFD using these two 
variables (Fig. 2). This model correlated closely with the 
risk of having IFD (Tables 4 and 5) in the retrospective 
population studies. 

Factors which did not distinguish patients who ulti- 
mately developed IFD from those who did not included 
age, sex, the time to onset of fever, the time to initiation 
of antibiotic therapy, the time to development of chest 
x-ray abnormalities, the time to onset of positive fungal 
surveillance cultures, the day on which therapy with am- 
photericin B was initiated, the percentage of patients with 
bacteremia or the time to onset of bacteremia, and the 
results of the Candida precipitin test. Forty nine percent 

of the patients in whom IFD was ultimately documented 
were febrile at the start of remission induction treatment, 
as were 58% of patients in whom such disease was not 
found, and the percentages of patients thus receiving early 
treatment with antibiotics were similar in both groups. 
There were also no significant differences in the times to 
onset of fever or initiation of antibiotics between the two 
groups of patients for patients initially afebrile at ad- 
mission. No patients entered with identifiable IFD. Two 
patients (1 3%) in whom IFD was ultimately diagnosed 
had abnormal chest x-rays at the start of therapy, but 
abnormalities cleared in one. Similarly, three patients 
(6%) in whom IFD was not detected entered with ab- 
normal chest x-rays, these abnormalities resolving in all 
three with antibiotic therapy. Chest x-ray abnormalities, 

c /---- 

FIG. 2. Predicted probability (P) o f  IFD relative to 
the absolute number of days of chemotherapy ad- 
ministered during AML remission induction with and 
without isolation of Aspergillus species on any sur- 
veillance culture. These curves were computer drawn 
using the logistic equation In (P / l  - P) = -5.15 
+ 0.288 (abs. days chemo.) + 3.05 (Aspg). where "abs. 
days chemo." is the absolute number of days of che- 
motherapy administered from the onset of chemo- 
therapy at a given point in time and "Aspg" = I i f  
any AsprrKillus species are isolated on surveillance 
culture and = 0 if no ,4.spergi//ic.c species are isolated. 

5 10 15 20 25 
NUMBER OF DAYS OF CHEMOTHERAPY 
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albeit present in significantly more patients with IFD, 
were common in patients in whom IFD was not docu- 
mented as well and appeared at similar times in the course 
oftreatment ( 1  5.2 f 9.6 days for patients with IFD versus 
17.1 f 8.7 days for patients without). The time of isolation 
of the first positive fungal surveillance culture from any 
site was also similar for both groups, 1 1.6 f 8.2 days for 
patients with documented IFD and 10.1 & 8.7 days for 
those in whom IFD was not detected. Analysis by  site 
(oropharynx, sputum, urine, stool) also showed no sig- 
nificant differences in times to isolation of first positive 
cultures between the two groups of patients, although the 
percentage of patients with positive sputum and urine 
cultures was significantly higher for the group of patients 
in whom IFD was ultimately diagnosed (Table 3). Only 
two patients in the series developed a positive Candida 
precipitin test, one patient with Candida involvement of 
the larynx and esophagus (Patient I ,  Table 2) and another 
in whom IFD was not documented. In both cases, titers 
were weak, I 1 :4, and became positive only very late in 
the treatment course. None of seven patients with dis- 
seminated Candida infection demonstrated a positive test. 

Mortality 

Twenty deaths occurred during 67 first and second 
remission induction attempts; bacteremic shock was re- 
sponsible for 9 (45%) of these deaths. However, three of 
these individuals also had advanced IFD, two had return 
of leukemic cells after achievement of marrow hypoplasia, 
and one patient with documented pneumocystis carinii 
infection refused further therapy. Therefore, in 6 of 9 
deaths attributed to bacteremic shock, additional factors 
contributed to the patients’ deaths, and bacteremia alone 
was responsible for only 3 of the 20 deaths. An additional 
six deaths were due primarily to IFD. One of these patients 
had recurrence of leukemia after achievement of adequate 
marrow hypoplasia, but two patients died of IFD (pul- 
monary aspergillosis) while in complete remission. Only 
two of nine patients with invasive Aspergillus infection 
survived. None of the patients in whom more than one 
invasive fungus was diagnosed survived. Overall mortality 
from IFD was 60%, and IFD contributed to or was pri- 
marily responsible for 9 of 20 (45%) deaths in our series. 
One additional patient died with overwhelming pneu- 
monia with a clinical and radiologic picture highly 
suggestive of a fungal pneumonia. Cerebral hemorrhage 
and leukostasis accounted for one death each in this series. 

Discussion 

Invasive fungal disease (IFD) is now being recognized 
in AML patients with increasing Whereas 
autopsy series in the 1960s established the frequency of 
major fungal infections in leukemia patients to be 13% 

TABLE 4. Logistic Regression Analysis of Development of Invasive 
Fungal Disease in Relation to Characteristics of Leukemic Patients’ 

Characteristics Regression coefficient P 

Constant -5 .15  
No. of days of chemotherapy 

Positive Aspergillus species 
administered (# days chemo.) 0.288 0.004 

surveillance culture (Aspg.) 3.05 0.0 I4 

* The logistic regression equation used for these calculations was as 
follows: 

In(P/I - P) = -5.15 + 0.288 (abs. days chemo.) + 3.05 (Aspg.) 

where “abs. days chemo.” is the absolute number ofdays of chemotherapy 
administered from the onset of chemotherapy at a given point in time 
and “Aspg” = I if any Aspergillus species are isolated on surveillance 
culture and = 0 if no Aspergillus species are isolated. 

to 31%,7*19,20 in our study IFD was identified in 22% of 
patients undergoing remission induction therapy and in 
45% of patients who expired during treatment. The anal- 
ysis of causes of mortality also illustrates the growing 
problem of I F D  complicating leukemia therapy. Although 
bacteremic shock was responsible for 45% of induction- 
related deaths, most of these patients also had contributing 
factors, including IFD. On the other hand, ofsix additional 
deaths which were attributed directly to IFD, five died 
either after reaching marrow hypoplasia or after achieve- 
ment of complete remission. 

Despite this evidence that IFD is becoming a major 
cause of morbidity and mortality, a critical problem lim- 
iting effective therapy has been the difficulty i n  early di- 
agnosis of IFD.h,9-11 In our series, the mean time prior 
to diagnosis was 28 f 13 days (median, 25). In 5 of 15 
(33%) of our patients with IFD, a second invasive fungal 
disease was identified. The presence of the second fungal 
infection was made antemortem in only two, however, 
and in two patients, neither fungus was diagnosed an- 
temortem. Although the vast majority (87%) of patients 
with IFD received parenteral antifungal therapy with am- 
photericin, the difficulty in establishing the diagnosis re- 
sulted in the delayed introduction of specific antifungal 
therapy and likely contributed to the high mortality as- 
sociated with IFD, 60% in this series. 

TABLE 5. Observed and Predicted Probabilities of Development of 
lnvasive Fungal Disease 

Predicted probability No. of No. developing 
(p) of IFD patients* IFD (a) 

0.0-0.09 32 2 ( 6 )  
0.10-0.19 8 I (12) 
0.20-0.49 I2 4 (33) 
0.50- I .0 1 1  8 ( 7 3 )  

* Number of patients within each probability range. as determined 
by logistic regression equation, at risk for development of IFD. 
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In order to identify clinical parameters associated with 
an increased risk of developing IFD we used a logistic 
regression equation” to analyze patient characteristics. 
We have compared patients with documented fungal dis- 
ease to those in whom such disease was not detected. It 
is possible that some patients classified as noninfected in 
fact did have occult IFD, which could influence the results 
of the analysis. Nevertheless, our data showed statistically 
significant differences between this group and the group 
in which IFD had been documented. Furthermore, if one 
presumes that patients with undetected 1FD included in 
the noninfected patient group had the same characteristics 
as those patients with documented IFD, then removal of 
such patients from the “control” would have lead to even 
more striking differences in the multivariate analysis. 
Thus, although it is possible that inclusion of patients 
with occult undetected fungal disease in the “noninfected” 
group may have masked additional differentiating fea- 
tures, it is unlikely that the features found to be significant 
on multivariate analysis would be changed substantially. 

The multivariate analysis technique has proven to be 
a powerful method of relating covariates, and has allowed 
us to assign relative weights to a large number of cofactors. 
We demonstrated that the major factors which distin- 
guished patients who ultimately developed IFD from those 
who did not included the number of sites colonized with 
fungi on surveillance cultures, the number of separate 
fungal species isolated, the presence of fungi in the sputum 
or urine, the isolation of an Aspergillus species on sur- 
veillance cultures, the development of an abnormal chest 
x-ray, the number of days required to achieve marrow 
hypoplasia, the absolute number of days of chemotherapy 
administered, and the number of doses of daunomycin 
administered (Table 3). Virtually all patients became fe- 
brile during therapy, so fever per se was not helpful in 
distinguishing patients with IFD from those without. 
However, persistent fever without obvious etiology in pa- 
tients who had not achieved adequate marrow hypoplasia 
by the 15th day of treatment, was an ominous finding, 
with IFD ultimately being diagnosed in 12 of 25 (48%) 
of such individuals. No etiology for fever was found in 
28% of the cases. 

The absolute number of days of chemotherapy ad- 
ministered and the isolation of an Aspergillus species on 
surveillance culture were shown to be significant inde- 
pendent prognostic factors in multivariate analysis. Only 
9% of individuals who received 10 days or less of che- 
motherapy developed IFD, but the incidence rose to 69% 
for those requiring 15 days or more of chemotherapy. 
This observation implicates a prolonged chemotherapy 
period as an important determinant for development of 
IFD. Such prolonged chemotherapy may predispose to 
fungal invasion by depressing host immune mechanisms 
in addition to its myelosuppressive effect.”.” The ap- 

pearance of even one positive surveillance culture for 
Aspergillus species was highly suggestive of IFD. IFD was 
documented in six of seven patients in whom an Asper- 
gillus species was detected on surveillance cultures, and 
the seventh case had a clinical picture consistent with 
invasive disease. Aisner et uf. IS  have previously empha- 
sized the utility of nasal cultures for the diagnosis of as- 
pergillosis. Even when diagnosed early, the prognosis for 
patients with invasive Aspergillus infection is 
In our study, only two of six patients in whom the di- 
agnosis was made during life survived. 

Five of nine (56%) patients in whom invasive Asper- 
gillus infection was ultimately diagnosed also had positive 
urine cultures for Candida species, and invasive Candida 
infection was found in three of these individuals. Overall, 
in 33% of patients with IFD, a second invasive fungal 
disease was identified. Thus, the clinical features we have 
noted to be useful indicators for high risk of IFD, e.g., 
isolation of an Aspergillus species on surveillance culture 
or culture or positive sputum or urine fungal cultures, 
should not necessarily be construed as being specific for 
a single fungal type but should be interpreted as suggesting 
a higher risk for any IFD, possibly involving multiple 
types. 

The role of antibiotics in predisposing to fungal infec- 
tion in patients receiving prolonged courses of chemo- 
therapy is unclear.’O We found no differences in the time 
prior to onset of fever, the time to initiation of antibiotic 
therapy, or the incidence of bacteremia in leukemic pa- 
tients who ultimately developed IFD and those who did 
not. In addition, fungal surveillance cultures first became 
positive at approximately the same time in both patient 
groups. Antibiotics per se therefore appear not to be the 
major predisposing factor for development of IFD. Other 
factors which did not distinguish patients with IFD from 
those without included the presence of fever or an ab- 
normal chest x-ray at the start of remission induction 
therapy, whether antibiotics were instituted early in the 
treatment course, the percentage of patients with bacter- 
emia, and the results of the Candida precipitin test. There 
were no significant differences in ages or sex ratios between 
the two patient groups. 

Bacteremia was also a frequent complication of re- 
mission induction therapy, occurring in approximately 
50% of treatment courses in this series, with the peak 
incidence of bacteremia coinciding with the achievement 
of marrow hypoplasia. Gram-negative organisms ac- 
counted for 77% of episodes of bacteremia during AML 
remission induction therapy. However, gram-positive 
isolates accounted for 23% of the bacteremias in the cur- 
rent study, which was in contrast to a previous study of 
leukemic patients at Stanford in which no gram-positive 
bacterial infections were identified.’ Organisms respon- 
sible for bacteremia were isolated on surveillance cultures 
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from the oropharynx, sputum, urine, and stool in only 
28% of cases preceding the episode. Selection of antibiotic 
therapy, therefore, cannot be reliably based on the results 
of this selective surveillance culture program. The in- 
creasing incidence of serious gram-positive infections in 
leukemic patients suggests, however, appropriate empiric 
antibiotic therapy should include gram-positive as well 
as gram-negative coverage. 

Appropriate management of fever in granulocytopenic 
leukemic patients must to a certain extent be individu- 
alized. However, as a result of this study, several gener- 
alizations may be made. Bacteremia may occur at any 
time during remission induction therapy, but is statisti- 
cally most likely to occur at or near the time of achieve- 
ment of marrow hypoplasia. Limited bacterial surveillance 
cultures have not been useful in deciding upon appropriate 
antibiotic therapy, and empiric antibiotic therapy, in- 
cluding gram-positive as well as gram-negative coverage, 
is warranted. We have defined several clinical parameters 
which may be useful in identifying patients at risk for 
development of IFD. These high-risk patients include 
those with persistent fever who have received or are ex- 
pected to receive more than 10 days of chemotherapy, 
those who have not reached marrow hypoplasia within 
12 to 14 days, and any patient in whom an Aspergillus 
species is isolated on surveillance culture. Other char- 
acteristics associated with increased risk include isolation 
of fungi from several surveillance sites, isolation of mul- 
tiple fungal species, and persistent unexplained chest x- 
ray abnormalities. Given the high mortality associated 
with IFD, we believe empiric therapy with amphotericin 
B should be considered early in such patients while at- 
tempting to document such infection. Early initiation of 
specific antifungal therapy may increase survival of these 
patients. Prophylactic use of antifungal agents is now 
being tested and may prove useful in diminishing fungal 
infection for this group of patients.23 
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