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Antifungal Treatment by Amphotericin B and 5- 
Fluorocytosine Delays the Recovery of Normal 
Hematopoietic Cells After Intensive Cytostatic 
Therapy for Acute Myeloid Leukemia 
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Systemic fungal infections are recognized at increasing frequency during the course 
of intensive therapy for acute leukemias and require parenteral antifungal 
treatment mostly by amphotericin B (ampho B) alone or in combination with 5- 
Fluorocytosine (5-FC). Because of the potential myelosuppressive side effects of 5- 
FC it was the aim of the current study to evaluate the recovery of hematopoietic 
cells after intensive antileukemic therapy in patients receiving ampho B and 5-FC 
treatment for proven or suspected systemic fungal infections. The study population 
comprised 87 patients who were treated by standard chemotherapy for acute 
myeloid leukemia (AML) at first diagnosis or relapse. Twenty-two patients 
underwent systemic antifungal therapy consisting of ampho B (3 to 10 mg/kg/d) 
and 5-FC (150 mg/kg/d) for 3 to 33 days (median, 1 2  days). The remaining 65 
patients served as controls to assess the hematologic recovery time (TR) as defined 
by the interval between the onset of chemotherapy and the post-treatment rise of 
granulocyte levels to greater than 500 cmm and thrombocyte levels to greater than 
20,000 cmm. In patients receiving antifungal therapy, a significant prolongation of 
TR was observed with a median TR of 29 days compared with a median TR of 24 
days ( P  = 0.0016) for the control group. No correlation was found between TR and 
the total dose of either ampho B or 5-FC or the type of antileukemic regimen. A 
possibly direct myelosuppressive effect of a fungal infection was unlikely to explain 
the findings because the ampho B/S-FC treatment was started in patients with 
proven or only suspected fungal infections, causing a similar delay of TR in both 
groups. The present data strongly suggest a myelosuppressive effect of ampho B/5- 
FC antifungal treatment in patients after intensive chemotherapy for acute 
leukemias. Cancer 68:Q-14,1991. 

NTENSIVE COMBINATION THERAPY is the treatment of I choice for patients with newly diagnosed acute myeloid 
leukemia (AML). By modern antileukemic regimens, 

complete remission (CR) is achieved in 50% to 70% of 
patients, a significant proportion of whom experience 
long-term disease-free survival. This approach, how- 
ever, is hampered by a chemotherapy-induced substantial, 
although reversible, suppression of normal hematopoietic 
cells, which Places patients at an increased risk of throm- 
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bocytopenia-associated bleeding and neutropenia-related 

of antileukemic therapy not only depends on active an- 
tineoplastic agents, but also on effective supportive mea- 

infectious comp~ications~6-8 Therefore, the final outcome 
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sures by the substitution of blood components and the 
early introduction of broad spectrum antibiotics upon 
signs of 

Recent improvements in transfusion medicine have re- 
duced the incidence of lethal complications due to 
thrombocytopenia-associated bleeding, and uncontrol- 
lable infections have become the predominant cause for 
treatment failure in adult AML.9*12-14 A survey of several 
representative multi-center trials indicates an overall death 
rate of 17% to 32% within the first 6 weeks of antileukemic 
therapy and a higher rate in patients older than 60 years 
of age (31% to 52%).'-4.'5,16 In the majority of these deaths, 
infections are the proven or suspected causative factors. 

The early use of broad-spectrum antibiotics has reduced 
the mortality rate from bacterial infections, but has re- 
sulted in a concomitant rise in nosocomial infections, a 
considerable proportion of which are due to f ~ n g i . ~ ~ ~ ~ ' ~ - ' ~  
The incidence of fungal infections increases during pro- 
longed myelosuppression and may account for more than 
40% of documented infections after the second week of 
persistent granul~cytopenia .~ ' -~~ 

Due to the high death rate from fungal infections, an- 
tifungal therapy is readily initiated in patients in whom 
the clinical symptoms or additional diagnostic measures 
suggest or prove a systemic fungal disease. Such treatment 
has become widely accepted for neutropenic patients with 
fever of unknown origin that does not respond to anti- 
biotics. 

The parenteral administration of amphotericin B (am- 
pho B) is the most frequently used form of therapy, al- 
though its optimal way of administration, the duration 
of treatment, and its pharmacology are still under inves- 
tigati~n.*'-~' Recent studies suggest that the activity of 
ampho B might be enhanced by the combination with 5- 
Fluorocytosine ( 5-FC).26328-30 Despite the therapeutic ad- 
vantage, the latter drug has been used reluctantly, and its 
application has been questioned by the possible rapid de- 
velopment of resistance and, more importantly, by its po- 
tential damaging effect on hematopoietic precursor 
 cell^.^'-^^ 

This issue is addressed in the current study, which eval- 
uates the length of aplasia in patients receiving antifungal 
therapy with ampho B and 5-Fluorocytosine (ampho B/ 
5-FC) for proven or suspected fungal infections after in- 
tensive cytostatic therapy for AML. A concurrently treated 
group of patients serves as a control undergoing the iden- 
tical antileukemic and antibiotic therapy without the re- 
quirement for parenteral antifungal medication. 

Patients, Materials, and Methods 

The study population comprised 87 consecutive pa- 
tients with AML who were admitted to the Department 
of Internal Medicine, University of Miinster, between 

January 1984 and July 1987 who had fever more than 
38.5"C and/or clinical signs of infections during antileu- 
kemic therapy requiring parenteral antimicrobial inter- 
vention. Patient age ranged from 17 to 67 years of age 
(median, 42 years of age). Fifty-four patients were seen 
with the first diagnosis of AML, and 33 were at first or 
second relapse. 

Antimicrobial treatment was carried out as a part of a 
multi-center trial of the Paul Ehrlich Society for Che- 
motherapy, which was investigating a three-step interven- 
tion strategy in neutropenic patients with malignant dis- 
orders who had fever of unknown origin or had clinically 
or microbiologically documented infections (Table 1).24.34 
Patients with fever of unknown origin were randomly as- 
signed to initial antibiotic therapy with either aminogly- 
coside plus ureidopenicillin or aminoglycoside plus third- 
generation cephalosporin or cephalosporin plus ureido- 
penicillin. 

In nonresponders, the two-drug combination was sup- 
plemented by either vancomycin or the third antibiotic 
drug not used initially. Antifungal treatment was started 
on nonresponse to the second escalation or on the reoc- 
currence of fever after initial response to the first antibiotic 
combination. 

For patients with microbiologically or clinically proven 
infections, this stratification was left as soon as a definite 
source of infection was identified, and treatment was 
modified according to the results of in vitro sensitivity 
testing or the clinically suspected underlying organism. 

Antifungal therapy consisted of ampho B/S-FC and was 
supplemented by either imipinem plus rifampicin or a 
double beta lactam combination plus rifampicin (Table 
I ) .  After an initial test dose of 0.1 mg/kg, ampho B was 

TABLE 1. Paul Ehrlich Society for Chemotherapy Intervention 
for Infections in Neutropenic Patients with Malignant 

Diseases Study Design 

Phase I (Empiric first line treatment) 
Randomized comparison of 

Penicillin plus aminoglycoside 
Cephalosporin plus aminoglycoside 
Penicillin plus cephalosporin 

Phase I1 (Supplemented first line treatment for patients failing on 
Phase I )  

Randomized comparison of 
Addition of vancomycin to the initial two-drug combination 
Completion of the initial two-drug regimen to the three-drug 

combination of cephalosporin plus penicillin plus 
aminoglycoside 

on Phase. I1 or relapsing after successful Phase I and/or I1 
treatment) 

Phase 111 (Intensified antibiotic-antifungal therapy for patients failing 

Randomized comparison of 
Double beta lactam combination supplemented with rifampicin 

Imipenem supplemented with rifampicin and amphotericin B 
and amphotericin B plus 5-Fluorocytosine 

plus 5-Fluorocytosine 
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escalated in three steps to a maximum dose of 0.75 mg/ 
kg/d administered as a 45-minute to 60-minute infusion 
every other day. 5-FC was applied daily every 6 hours by 
a 30-minute infusion (37.5 mg/kg/d). Patients with proven 
fungal infections remained on ampho B/S-FC therapy 
until resolution of the infection. For patients with fever 
of unknown origin, 5-FC was terminated after 5 days. 

In all patients, diagnostic procedures included weekly 
surveillance cultures for bacterial and fungal microorgan- 
isms from mouth smears, urine and stool samples, and 
anal and vaginal smears. Serologic testing was performed 
for antibodies against Candida and Aspergillus species 
and for Candida antigen. Repeated blood cultures were 
taken at each episode of fever more than 38.5"C. For 
patients in whom lung involvement was indicated or sus- 
pected by clinical signs or radiographs, bronchio-alveolar 
lavages were camed out as early as possible. 

Antileukemic therapy depended on the age of the pa- 
tient and whether treatment was initiated at first diagnosis 
or relapse. For patients with newly diagnosed AML, treat- 
ment was stratified by age as shown in Table 2. Patients 
younger than 60 years of age were randomly assigned to 
two modifications of double induction therapy by either 
TAD 9/TAD 9 or TAD 9/high-dose cytosine arabinosidel 
mitoxantrone (HAM) as described in detail elsewhere.? 
Older patients were randomized to receive the TAD 9 
protocol with daunorubicin (either 60 mg/m2/d or 30 mg/ 
m2/d).? 

Treatment at relapse consisted of one of two modifi- 
cations of the HAM protocol applied in two consecutive 
Phase I1 studies as shown in Table 3.35,36 

The current evaluation focused on the possible effect 
of antifungal therapy on the recovery time (TR) of normal 
hematopoietic cells. For this purpose, the time from the 
onset of antileukemic therapy to the recovery of throm- 
bocyte levels greater than 20,000 cmm and granulocyte 

TABI.E 2. Antileukemic Treatment at First Diagnosis 

Patients < 60 yr of age Patients 2 60 yr of age 

TAD 9 TAD 9 
Ara-C 100 mg/m'/d cont inf days 

Ara-C 100 mg/m2 every I2 hr, 

DNR 60 mg/m2/d 30-min inf 

6 TG 200 mg/m' /d orally days 

Same with DNR being 
I and 2 

30-min inf day 3-8 

days 3-5 

3-9 

randomly applied at 60 
mg/m2/d or 30 mg/m2/d 

HAM 
Ara-C 3 g/m2 every 12 hr. 3-hr 

Mitox 10 mg/m2/d 30 min inf 
infdays 1-3 

days 3-5 

Am-C cytosine arabinoside: cont inf: continuous infusion; HAM: high- 
dose Ara-C/mitoxantrone; DNR: daunorubicin; mitox: mitoxantrone. 

TABLE 3. Antileukemic Treatment at Relapse 

HAM 
Ara-C 3.0 g/m2 every 12 hr, 3-hr inf days 1-4 
Mitox 10 mg/m2/d 30-min inf days 2-5 

Ara-C 3.0 g or 1 .O g/m2 every 12 hr, 3-hr inf days 1 and 2 
Mitox 10 mg/m2/d 30-min inf days 3 and 4 
Ara-C 3.0 g/m2 or I .O g/m2 every I 2  hr, 3-hr inf days 8 and 9 
Mitox 10 mg/m2/d 30-min inf days 10 and 11 

Ara-C: cytosine arabinoside; inf: infusion; HAM: high-dose Ara-C/ 
mitoxantrone: S-HAM: sequential high-dose Ara-C/mitoxantrone; mitox: 
mitoxantrone. 

S-HAM 

levels greater than 500 cmm was determined. TR was 
compared between patients requiring antifungal medi- 
cation and a control group receiving antibiotic therapy 
alone. Results were analyzed by the Kaplan-Meier 
method, with differences being judged by the log-rank 
test. Patients dying during persistent granulocytopenia or 
thrombocytopenia were censored at the time of death. 

Results 

From the 87 patients eligible for the current evaluation. 
22 received antifungal therapy by ampho B and 5-FC. 
and the remaining 65 patients served as a control group 
undergoing a comparable antileukemic and antibiotic 
treatment only. In 5 of 22 patients, fungal infection by 
Candida alhicans could be documented by culture and/ 
or serologic testing. The other 17 patients received the 
ampho B/S-FC protocol as part of the third escalation 
step for fever of unknown origin as outlined previously. 

The duration of antifungal therapy ranged from 3 to 
33 days, with a median of 5 days for 5-FC (range, 3 to 33 
days) and a median of 13 days for ampho B (range, 7 to 
33 days). 

Twelve patients died during aplasia, six in the group 
receiving ampho B/SFC therapy and six in the control 
group. 

TR ranged from 14 to 65 days for all patients (median, 
26 days). Patients receiving antifungal treatment had a 
significantly longer TR compared with the control group 
(median TR of 29 days versus 24 days) (P = 0.00 16) (Table 
4) (Fig. 1). TR of more than 40 days was seen in 4 of 22 

TABLE 4. Time to Hematologic Recovery With or Without 
Antifungal Therapy 

TR 
No. of 

Therapy patients Median Range 

Ampho B/S-FC 22 29 17-65 
Control 65 24 14-43 

Ampho B/S-FC: amphotericin B/S-Fluorocytosine; TR: recovery time. 
P = 0.0016. 
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FIG. I .  Kaplan-Meier analysis of hematologic recovery times (TR) in 
patients with or without systemic antifungal medication. 

patients who were treated with ampho B/S-FC in com- 
parison to only 1 of 65 control patients ( P  less than 0.0 I )  
(Fig. 1). 

The prolongation of TR was independent of the type 
of antileukemic therapy and was seen after all antileu- 
kemic regimens, except for the one course TAD 9 induc- 
tion protocol in patients older than 60 years of age, during 
which antifungal intervention was not required (Table 5). 

The negative effect of ampho B/S-FC therapy seemed 
to be more pronounced in patients receiving 5-FC for 
more than 5 days, although the difference in patients with 
a shorter treatment duration was not statistically signifi- 
cant due to the small number of patients (Fig. 2 ) .  For the 
same reason, no clear relation was found either between 
the total dose of 5-FC and TR or between TR and the 
onset of ampho B/S-FC treatment after the end of anti- 
leukemic therapy (Figs. 3 and 4). 

Discussion 

During the last 20 years, an increasing frequency of 
systemic fungal infections has been recognized in patients 
undergoing intensive cytostatic treatment for malignant 

TABLE 5. Time to Hematologic Recovery in Relation to Antifungal 
and Antileukemic Therapy 

Antileukemic Antifungal 
therapy therapy 

TAD/TAD Yes 
No 

TAD/HAM Yes 
No 

HAM or SHAM Yes 
I No 

TAD (t 60 yr) Yes 
No 

TR 
No. of 

patients Median Range 

4 
17 
12 
12 
6 

26 

10 
- 

29 20-62 
22 18-32 
30 17-65 
24 17-32 
37 18-45 
27 18-43 
- - 
23 17-28 
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FIG. 2. Hematologic recovery time (TR) in patients receiving 5-FC 
for more or less than 5 days in combination with ampho B. 

diseases and for acute leukemias. Postmortem investiga- 
tions and recent clinical studies showed that in the latter 
group of patients, more than 40% of infectious episodes 
may be caused by fungi.17.18’2’,22.24.37 Th ese findings can 
be attributed to several factors such as the higher intensity 
of antileukemic treatment resulting in sustained myelo- 
suppression and immune suppression. In addition, the 
early use of broad-spectrum antibiotics and their efficacy 
in controlling initial bacterial infections facilitates the 
emergence of secondary nosocomial infections, especially 
systemic fungal  disease^.*-^.^^-*' The refore, parenteral an- 
tifungal therapy must be initiated in many patients un- 
dergoing intensive antineoplastic treatment despite its 
potential side effects, which mainly consist of chills and 
fever, myalgia and malaise, and n e p h r o t o x i ~ i t y . ~ ~ - ~ ~ * ~ ~  

The current study is focused on a negative effect of 
antifungal treatment with ampho B and 5-FC, that is, its 
potential damage to hematopoietic precursor cells. This 

total dole 
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FIG. 3. Relation between the time of hematologic recovery (TR) and 
the total dose of 5-FC. TR: recovery time. 
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FK;. 4. Relation between the time of hematologic recovery (TR) and 
the interval between the end of antileukemic therapy and the start of 
ampho B/S-FC treatment. 

effect is indicated by a significant delay in the recovery of 
hematopoietic cells after cytostatic treatment for AML. 
In patients receiving systemic ampho B/S-FC treatment, 
the time from onset of antileukemic therapy to the post- 
treatment rise of granulocyte levels greater than 500 cmm 
and of thrombocyte levels greater than 20,000 cmm was 
significantly longer compared with the control group 
(median TR of 29 days versus 24 days) (P = 0.0016). 

These findings may be explained by an indirect myelo- 
suppressive effect of 5-FC through its potential tempera- 
ture-dependent metabolism to 5-fluorouracil (5 -  
FU).’5.26.3’.32.38 Pharmacokinetic evaluations indicate that 
less than 1% of systemically applied 5-FC is transformed 
to 5-FU.3R-40 Zn vitro studies on normal hematopoietic 
cells failed to demonstrate a direct damaging effect of 5-  
FC on bone marrow cells,4’ although a higher suscepti- 
bility to a negative effect of 5-FC may develop after prior 
intensive cytostatic treatment. 

Another mechanism may result from the interaction 
of 5-FC with cytostatic drugs or their metabolites, es- 
pecially with cytosine arabinoside (Ara-C), which may in- 
fluence the activity of Ara-C and 5-FC.26,40342 The median 
interval between the end of cytostatic treatment and the 
onset of antifungal medication in the current evaluation 
(8 days) makes this possibility less likely. No or only minor 
suppressive effects on the hematopoietic system have been 
reported for ampho B alone, although its pharmacology 
and metabolism are still not fully el~cidated.’~-~’ After 
parenteral application, 10% of ampho B is bound to serum 
lipoproteins: its additional distribution and the possible 
formation of metabolites is unknown. 

Previous investigations indicated a synergistic antifun- 
gal effect of the ampho B/S-FC c o m b i n a t i ~ n . * ~ ~ ’ ~ - ~ ~  This 

is particularly relevant to fungal infections involving the 
central nervous system (CNS), which ampho B cannot 
penetrate. The co-administration of ampho B may influ- 
ence the metabolism of 5-FC by prolonging its elimination 
pha~e.~‘?~’  According to studies by Kauffman and Frame, 
this mechanism leads to an increased myelotoxicity of 5-  
FC if serum concentrations more than 100 pg/ml are sus- 
tained, especially when complicated by a concommitant 
impairment of renal f u n c t i ~ n . ~ ~ . ~ ~  

Independent of the underlying mechanisms, the current 
study indicates the potential risk of antifungal therapy 
using ampho B/S-FC in delaying the hematopoietic re- 
covery after intensive antileukemic therapy. These data 
should not lead to a general avoidance of 5-FC treatment, 
which was shown to effectively complement ampho B in 
fungal septicemia and CNS i n v o l ~ e m e n t . * ~ - ~ ~  However, 
the decision to apply the ampho B/S-FC combination 
must be based on critical judgment of possible benefits 
and potential risks, and clinical indications must be de- 
fined as clearly and rigidly as possible. Prolonged cyto- 
penia necessitates a reconsideration of therapy and may 
require the termination of 5-FC treatment, especially in 
patients with fever of unknown origin in whom antifungal 
medication was initiated as part of the empiric antimi- 
crobial intervention strategy. Additional studies are war- 
ranted to elucidate the underlying factors of the interaction 
between ampho B and 5-FC with hematopoietic cells. The 
search for alternative antifungal agents must be intensified 
to find new drugs with reduced severity and frequency of 
side effects, but without a loss in antifungal activity. These 
requirements may be achieved by some of the newly in- 
troduced agents such as itraconazol or fluconazol, which 
are currently under clinical i n ~ e s t i g a t i o n . ~ ~ , ~ ~  After prom- 
ising results of clinical Phase I1 studies, randomized trials 
are currently being performed to compare these new 
compounds with conventional antifungal regimens that 
may also result in more differentiated and organism-re- 
lated therapy. 
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