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PURPOSF~ In an attempt to decrease the risk for 
reactivation of life-threatening invasive aspergillo- 
sis (IA) during subsequent myelosuppression in pa- 
tients with previously diagnosed IA who were re- 
ceiving antileukemic treatment, we evaluated the 
role of intensive antifungal therapy with ampho- 
tericin B and 5-fluorocytosine administered pro- 
phylactically throughout the antileukcmic regimen 
and induced granulecytopenia to prevent IA reac- 
tivation without compromising the intensive che- 
motherapy. 

PATIENTS AND METHODS: During a 30-month peri- 
od, 10 patients with acute myelogenous leukemia 
and primary IA developing during initial antileu- 
kemia induction therapy and severe granulocyto- 
penia (less than 100/ram3) underwent 14 subse- 
quent courses of intensive marrow 
aplasia-preducing chemotherapy during early 
complete remission or at leukemia relapse. All pa- 
tients had evidence of ongoing IA healing by lung 
computerized tomography (CT) prior to reinstitu- 
tion of intensive chemotherapy. Nine patients re- 
ceiving 13 chemotherapy courses also received ag- 
gressive prophylactic anti-IA therapy with 
amphotericin B (1.0 mg/kg/day) and 5-fluorocyto- 
sine beginning at least  48 hours prior to antileuke- 
mia therapy institution and continued until the 
time of granulocyte recovery. 

RESULTS: All nine patients receiving aggressive 
antifungal therapy survived without clinical evi- 
dence of IA reactivation. Transient radiographic 
evidence of IA reactivation during granulocyto- 
penia was detected by lung CT during two of the 
13 chemotherapy courses. In contrast, the patient 
who did not receive anti-IA prophylaxis had both 
clinical and radiographic evidence of IA reactiva- 
tion during severe granulocytopenia and died. 
Anti-IA prophylaxis was achieved without irre- 
versible nephrotoxicity, prolonged marrow sup- 
pression, alteration of antileukemia treatment, or 
negative impact on clinical outcome relative to 
acute leukemia. 

CONCLUSION: This approach of antifungal pro- 
phylaxis in adults with acute leukemia and docu- 
mented primary IA occurring during initial induc- 
tion chemotherapy has been successful in 
preventing clinically significant IA reactivation 
during subsequent granulocytopenic courses, and 
allows for admini~tration of additional intensive 
antileukemia therapy. 
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I nvasive aspergiLlosis (IA) is a weLl-recognized and 
potentially life-threatening infection complicating 

intensive cytotoxic chemotherapy and attendant deep 
bone marrow aplasia [1-9]. Recent studies by our- 
selves [3] and others [10-13] have demonstrated that 
early detection and prompt institution of aggressive 
antifungal therapy can result in enhanced survival of 
patients with IA occurring during antileukemic che- 
motherapy and profound granulocytopenia. The role 
of aggressive antifungal therapy is to achieve fungal 
stasis until granulocytes recover to serve as the final 
arbiter of host protection and infection control 
[3,10,14,15]. Our previous study demonstrated that 
the majority of our adult population in whom IA de- 
veloped were patients undergoing intensive induction 
therapy for newly diagnosed acute leukemia [3]. In 
this population, intensive antifungal therapy with 
high-dose amphoteriein B and 5-fluorocytosine was 
administered during drug-induced marrow aplasia 
without severe or permanent nephrotoxicity and with- 
out prolonged hematopoietic suppression [16]. Granu- 
locyte recovery was associated with both clinical and 
radiographic evidence of IA healing [3,17], and was 
thus the major factor leading to eventual suppression 
of active fungal disease. 

Patients with acute leukemia are candidates to re- 
ceive intensive therapy in complete remission aimed 
at prolonged disease-free survival [18]. However, those 
with the prior diagnosis of IA would be at high risk for 
IA reactivation during their granulocytopenic courses, 
as recently documented by multiple investigators 
[14,19]. In particular, Robertson and Larson [19] de- 
tected a 52 percent reactivation rate of fungal pneu- 
monia caused by Candida or Aspergillus species during 
repeated courses of granulocytopenia. Furthermore, 
the threat of IA recrudescence during subsequent 
drug-induced aplasia has precluded the administra- 
tion of further intensive therapy for some patients in 
our oncology center. In an attempt to decrease the risk 
for reactivation of life-threatening IA during subse- 
quent myelosuppression in patients with previously 
diagnosed IA, we evaluated the role of intensive anti- 
fungal therapy with amphotericin B and 5-fluorocyto- 
sine administered prophylactically throughout the an- 
t i leukemie chemotherapy  course and induced 
granulocytopenia to prevent IA reactivation without 
compromising that intensive chemotherapy. 

PATIENTS AND METHODS 
Study Population 

Of a total of 165 adults with acute leukemia admit- 
ted consecutively to the Adult Leukemia Service of 
The Johns Hopkins Oncology Center from October 
1984 to March 1987, primary IA developed during in- 
tensive antileukemie chemotherapy in 25 (15.2 per- 
cent). Of these 25, 10 were admitted for repeat courses 
of intensive aplasia-inducing treatment after primary 
IA developed during induction chemotherapy. Seven 
of these 10 patients were previously described for their 
initial development of IA and response to antifungal 
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therapy during drug-induced marrow aplasia [3]. Each 
initial induction therapy regimen induced bone mar- 
row aplasia with granulocytopenia (100/mm 3 or less) 
lasting a mean 32 days (range: 16 to 52); retreatment 
courses induced granulocytopenia of a mean 37 days' 
duration (range: 30 to 55). All patients undergoing 
subsequent therapeutic courses had acute myeloge- 
nous leukemia (mean age 42 years, range: 19 to 59). 

Anti-lA Therapy during Initial Chemotherapy 
All patients with primary ~A developing during in- 

duction therapy had received high-dose amphotericin 
B (1.0 to 1.5 mg/kg/day; mean dose 1.67 g, range: 0.8 to 
3.3) and 5-fluorocytosine (mean total dose 89 g, range: 
31 to 200) until resolution of aplasia, with amphoteri- 
cin B continued for an average of 4.9 weeks (range: 
three to eight) following granulocyte recovery. This 
approach resulted in a mean total amphotericin B dose 
of 2.7 g (range: 1.7 to 3.9) administered from the time 
of initial IA onset until the time of subsequent inten- 
sive antileukemic chemotherapy, which began a mean 
nine weeks (range: 3.5 to 15) following recovery from 
t.he initial course of induced granulocytopenia. Tran- 
sient renal dysfunction was detected during granulo- 
cytopenia in the majority (seven of 10) of these pa- 
tients (mean peak serum creatinine level 2.2 mg/dl, 
range: 1.2 to 3.4) with return of serum creatinine 
toward normal by the time of granulocyte recovery 
and further resolution by the beginning of the second 
course of chemotherapy, despite continuation of am- 
photericin B. 

During granulocytopenia, all patients received in- 
tensive support measures including frequent red blood 
cell and platelet transfusions, and antibacterial antibi- 
otics for fever of presumed or documented infections 
during the period of drug-induced granulocytopenia 
[20]. No patient received imiclazoles or prophylactic or 
therapeutic granulocyte transfusions. 

Clinical data, microbiologic culture data, histologic 
findings from biopsy or autopsy tissues, and findings 
on serial chest radiographs and lung computerized to- 
mography (CT) scans [17] from each granulocytopenic 
course were reviewed. Documented IA was defined by 

of multiple features including the detection Aspergil- 
lus organisms by biopsy tissue histopathology (four 
patients), positive results of cultures of sputum (three 
patients), and/or specific lesions (four patients) from 
patients with compatible clinical and radiographic ev- 
idence of IA infection and exclusion of other patho- 
gens [3]. Aspergillus flavus was recovered from four 
patients, whereas A.fumigatus was recovered from two 
patients. 

AntHA Therapy Approach during Subsequent Chemo- 
therapy Courses 

Treatment with high-dose amphotericin B (1.0 mg/ 
kg/day) and 5-fluorocytosine (dosed to achieve peak 
serum levels of 30 to 60 ~g/ml monitored by high- 
pressure liquid chromatography) was begun at least 48 
hours prior to institution of intensive antileukemic 
therapy in nine of the 10 patients, and was continued 
until granulocyte recovery (500/mm 3 or more). Inten- 
sive chemotherapy regimens consisted of cytosine ara- 
binoside and daunorubicin given in timed sequence 
[181 and were not altered in terms of either drug dose 
or schedule for these patients receiving anti-IA pro- 
phylaxis. Serial lung.CT scans were obtained prior to 

reinstitution of aplasia-producing therapy, weekly 
throughout granulocytopenia, and one month after 
marrow recovery to monitor evidence of IA activity 
[3,17]. Fungal surveillance culture specimens of 
throat, stool, and urine were obtained twice weekly 
throughout all granulocytopenic courses. 

RESULTS 
Ten patients underwent a total of 14 second or sub- 

sequent courses of intensive timed sequential augmen- 
tation therapy during early first complete remission 
[18] or timed sequential reinduction therapy for acute 
leukemia in relapse from January 1985 to June 1987. 
Ten courses (nine of the 10 patients) of intensive aug- 
mentation therapy and four courses (four of 10 pa- 
tients, three of whom had received prior augmenta- 
t ion) of in tens ive  r e induc t ion  t he r apy  were 
administered. Mean granulocyte count at the time of 
prophylactic amphotericin B institution for the nine 
patients undergoing 13 courses of intensive chemo- 
therapy, in whom amphotericin B was begun prior to 
antileukemia drug treatment, was 3,811/mm 3 (range: 
300 to 9,100). Pre-chemotherapy granulocyte count 
for the patient who did not receive antifungal prophy- 
laxis was 4,100/mm3; the granulocyte count at the time 
of amphotericin B institution was 11/mm 3 (Day 16 
following chemotherapy). The mean duration of gran- 
ulocytopenia for these retreatment chemotherapy 
courses was 37 days (range: 30 to 55). 

The antifungal therapy and outcome during the 14 
courses of drug-induced marrow aplasia in the 10 pa- 
tients are detailed in Table I. Nine of the 10 survived 
their reinduced aplasia episodes without clinically de- 
tectable reactivation of IA. Clinical evidence of IA re- 
activation occurred in only one patient (Patient 1), 
manifested by refractory fever, pleuritic chest pain, 
hemoptysis, and hypoxemia; this patient did not re- 
ceive amphotericin B plus 5-fluorocytosine prophylax- 
is immediately prior to or concomitant with institu- 
tion of the second course of chemotherapy and 
presence of functional granulocytes. The mean total 
dose of amphotericin B given during the first retreat- 
ment course was 2.36 g (range: 1.4 to 4.0), with mean 
cumulative dose for the initial and first retreatment 
courses being 4.51 g (range: 3.2 to 5.8). Three patients 
(Patients 3, 5, and 8) received an additional four 
courses of antileukemic treatment with antifungal 
prophylaxis, during which an additional 2.78 g (1.8 to 
4.0) of amphotericin B per course was administered. 
Transient renal dysfunction was again detected dur- 
ing aplasia and amphotericin B therapy (mean peak 
serum creatinine level 2.5 mg/dl, range: 1.6 to 3.7), but 
renal function returned toward baseline in all except 
the patient (Patient 1) who died from recurrent IA 
(mean serum creatinine value 1.5 mg/dl, range: 0.9 to 
2.4). 

All patients had radiographic (lung CT) evidence of 
Ongoing healing of previous IA lesions before chemo- 
therapy; five patients (Patients 1, 5, 6, 8, 9) had persis- 
tent but resolving cavitary lesions, whereas the re- 
maining five had full resolution with only residual 
fibrosis (scar). Lung CT evidence of IA reactivation, as 
demonstrated by appearance of new pulmonary le- 
sions or recurrent cavitation in previously document- 
ed lesions, was detected during three of the 14 courses 
(Patients 1, 5b, and 6). Subsequent healing and scar 
formation with fibrosis were noted following marrow 
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TABLE I 

Characteristics and Antifungal Therapy during Subsequent Courses of Induced Granulocytopenia 

Interval 
Between Antifungal Therapy 

First 
Recovery AMP-B 5-FC 

Lung CT and Second Chemotherapy Total Total 
Leukemia before Therapy Day of Dose Dose Lung CT 

Patient Status Therapy (weeks) Institution (g) (g) Reactivation Outcome 

1 CR* Mass w/ 8 16 1.4 50 + Deceased with IA ' 
healing 
cavity 

2 Relapse Scar 6 Continued 3.4 340 - Survived, no evidence of 
IA, no tumor response 

3a CR Scar 15 - 2  1.6 195 - 
b Relapse Scar - 3  2.4 198 - CR 

4 CR Scar 12 Continued 1.7 118 - CR 
5a CR Healing 11 - 2  2.3 150 - CR 

cavities 
b Relapse Scar, 3 1.8 232 + CR 

small 
cavities 

c CR Scar - 3  4.0 126 - CR 
6 CR Healing 10 - 5  2.7 238 + CR 

cavities 
7 CR Scar 12 - 1 2  3.1 65 - CR 
8a CR Healing 3.5 Continued 1.8 120 - CR 

cavity 
b Relapse Scar - 2  2.9 ]17 - Survived, no evidence of 

IA, no tumor response 
9 CR Healing 5 Continued 2.8 223 - CR 

cavity 
10 CR Scar 8 - 4  2.8 90 - CR 

AMP-B = amphotericin B; 5-FC = 5-fluorocytosine. 
'* Complete remission. Antifungal therapy was administered continuously from initial diagnosis of IA. 

recovery in two of these three (Patients 5b, and 6) 
without any change in antifungal therapy. No microbi- 
ologic evidence for IA reactivation was detected. No 
other fungal infections occurred during any of these 
retreatment courses. 

COMMENTS 
Our approach of high-dose antifungal prophylaxis 

in adults with acute leukemia and documented IA oc- 
curring during induction chemotherapy has been suc- 
cessful in preventing clinically significant IA reactiva- 
tion during subsequent granulocytopenic courses. 
Therefore, repeat courses of intensive antileukemic 
therapy can be administered without untoward mor- 
bidity, or mortality from recrudescent IA. Further- 
more, this prophylaxis was clinically tolerable, with- 
out producing irreversible nephrotoxicity, prolonged 
marrow suppression, alteration of antileukemic treat- 
ment, or negative impact on clinical outcome relative 
to acute leukemia. Realistically, some patients may 
not tolerate this aggressive approach, and may require 
attenuated doses or discontinuation of antifungal 
drugs. 

The administration of amphotericin B at a time 
when functional granulocytes are present may have 
had a positive suppressive effect on any Aspergillus 
organisms still present in these hosts. The presence of 
granulocytes likely augments the fungicidal activity of 
amphotericin B, resulting in suppression of potential- 
ly active disease before the patient's condition is com- 
promised by lack of effector cells [3,10,14,15]. That 
such organisms indeed remain and can cause infection 
during reinduced aplasia is suggested by the lung CT 
evidence of reactivation during three of the 14 granu- 

locytopenic courses and the clinical reactivation oc- 
curring in the patient who did not receive antifungal 
prophylaxis. Such reactivation likely occurs frequent- 
ly in this patient population [19]. It is of interest that 
three of the five patients who had persistent lung CT 
changes prior to retreatment had radiographic evi- 
dence of IA reactivation during subsequent marrow 
aplasia. Alternatively, none of the five with more com- 
plete healing (scar) of primary IA had such evidence of 
reactivation; perhaps in these patients, organisms may 
not have been viable and antifungal prophylaxis may 
not have been necessary. A controlled study with serial 
monitoring of lung CT scans is required to determine 
the need for anti-IA prophylaxis in patients with evi- 
dence of complete healing. In the absence of such data, 
we have opted to use this prophylactic approach, al- 
though decisions regarding therapy could be made on 
a patient-to-patient basis. 

An aggressive approach to early detection and 
prompt institution of intensive antifungal therapy for 
primary IA developing during severe granulocyto- 
penia has resulted in a high survival rate [3]. Unfortu- 
nately, data from in vitro susceptibility testing for fila- 
mentous fungi have not reproducibly correlated with 
in vivo clinical responses to single or multiple antifun- 
gal agents [21,22]. Therefore, in this small and uncon- 
trolled series, a combination shown to be highly effec- 
tive in our population with primary IA [3,17] was 
amphotericin B and 5-fluorocytosine, administered 
uniformly. This regimen is only one of many potential 
approaches for prevention of IA reactivation. Prophy- 
laxis with high-or low-dose amphotericin B as a single 
agent or in combination with rifampin [22] cannot be 
assessed for relative clinical efficacy without con- 
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trolled studies. However, despite the absence of such 
controlled trims, anti-IA prophylaxis for those pa- 
tients with primary IA developing during initial che- 
motherapy allows for the administration of additional 
intensive severe aplasia-induced antileukemic thera- 
py, which produces long disease-free survival in a sig- 
nificant proportion of adults with acute myelogenous 
leukemia [18]. 
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