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Low dose intravenous infusion of amphotericin B for prevention of
fungal infection in patients with acute leukemia
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The effect of amphotericin B (AMPH) on the prevention of fungal infection in twenty-
eight patiénts with acute myeloblastic leukemia (AML) was studied. The patients
received a BHAC-DP regimen as consolidation and intensification chemotherapy; Enoci-
tabin (BH-AC) 250 mg/day for 7 days, Daunorubicin (DNR) 40 mg/day for 3 days, and
Prednisolone (PSL) 30 mg/day for 7 days. Intravenous infusion (i.v.) of AMPH (0.15
mg/kg/day) was dosed, in addition to oral administration of AMPH (2,400 mg/day), in
41 treatment periods in patients with AML (i.v. infusion group). Oral AMPH alone was
administered, in 38 treatment periods, to patients with AML (oral administration group) .
The period of apyrexia, the period of fever, C reactive protein (CRP), erythrocyte
sedimentation rate (ESR), culture data, incidence of adverse effects, and the quantity of
endotoxin were compared between the two groups. The i.v. infusion group showed
significantly better results than the oral administration group;the period of fever was
significantly shorter (2.7+3.5 days, p<0.05), and serious systemic fungal infection was
less offen detected (0 cases) than in the oral administration group (3 cases). No serious
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adverse events were observed.
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Introduction

Patients with acute leukemia who become granu-
locytopenic during and after chemotherapy are
prone to many bacterial and fungal infections'-?.
These infections are the cause of death in some
patients, and reflect their prognosis. In patients
with leukemia, once they develop a fungal infec-
tion, it is very difficult to achieve a complete cure
because of prolonged granulocytopenia, immunode-
ficiency, and mucosal injury induced by antitumor
agents® The prevention of infections therefore
remains extremely important in these patients.

Advances in antibiotics and antifungal agents and
development of various hemopoietic factors has led
to a gradual decrease in these complications.
AMPH is one of the most effective antifungal
agents with respect to its spectrum and potency.

Oral administration of AMPH for the prevention of
fungal infections in patients with acute leukemia
has been reported in many centers‘~®. However in
severely granulocytopenic patients with hematolo-
gic disorders, not all types of fungal infections can
be prevented” Intravenous infusion of AMPH is
useful, but its adverse effects of fever, hypokalemia
and renal toxicity, for example, are potentially
serious problems associated with its use. Various
methods of administering this drug to decrease its
toxicity have been described®~'". We used a low
dose (maintenance dosage, 0.15mg/kg/day) i.v.
infusion of AMPH in patients with acute leukemia,
and discuss the utility of this regimen for the preven-
tion of fungal infection in these patients.
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Patients and methods

Background of patients

Twenty-eight patients with acute myeloblastic
leukemia (AML) admitted to the hospital of the
Hamamatsu University School of Medicine from
January 1986 to January 1992 were studied. They
were treated with a BHAC-DP regimen, composed
of BHAC 250 mg (day 1—7), DNR 40 mg (day 1—
3), and PSL 30 mg (day 1—7) in a laminar air flow
room, as consolidation and intensification therapies
(Fig.1). We analysed a total of 79 treatment
periads in 28 patients. Patients with other types of
leukemia and those receiving remission induction
therapy were excluded from this study because of
variations in their chemotherapy regimens. On
admission for chemotherapy, the treatment periods
were randomized to either (1) oral administration of
AMPH (2,400 mg/day) or (2) oral administration
and i.v. infusion of AMPH (2,400 mg/day and
0.15mg/kg/day, respectively) for prevention of
fungal infections. The former treatment periods
numbered 41, the latter 38. The cases were allocat-
ed to one of the two administration groups by the
blind envelope method in each of 79 courses. No
significant differences were observed between the
two administration groups in sex, age, WBC count
at nadir, and CRP value before the administration

of AMPH (Table1). All patients were given poly-
mixin B (300%10* U/day) and sulfamethoxazole-
trimethoprim (ST) (1,200 mg and 2,400 mg/day,
respectively) for intestinal decontamination, but
recombinant human granulocyte colony stimulating
factor (rhG-CSF) was not administered. All of the
patients had pancytopenia with circulating granu-
locyte counts of less than 500/ul, and were at risk
of bacterial and fungal infections. The patients who
had obvious bacterial infections (ex sepsis) were
excluded.
Administration method of AMPH

For thei.v. infusion technique, AMPH was start-
ed at a daily infusion dose of 1 mg/day, and gradu-
ally escalated in 1 mg/day increments to reach a
maintenance dose of 0.15 mg/day. AMPH was in-
fused over 6 hours once a day in 250 ml of a 5%
glucose solution.
Evaluation of the effect of the therapy

Evaluation of the therapy was performed using
the following data; maximum value of CRP, the
period during which the CRP value was greater than
1mg/dl, the period of apyrexia after chemother-
apy, the period of fever, the periods during which
ESR was greater than 30 and 50 mm/h, the posi-
tivity of fungal cultures sampled from the pharynx,
sputum, urine, stool, and blood, and endotoxin

Components of BHAC-DP regimen

Day 1 2 3 4 5 6 7

BHAC (170 mg/m?) drip infusion
DNR (30 mg/m?) drip infusion

PSL (20 mg/m?) oral administration
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Fig. 1.

Details of administration of the BHAC-DP regimen.

Table 1. Details of patients (age, sex, WBC count in nadir and CRP value
before the administration of amphotericin B)

Oral administration

i.v. infusion group

group (n=38) (n=41)
Age (y. 0.) 40.8+14.0 42.0%15.3
Sex (male/female) 21/17 23/18
WBC count in nadir 621 +286 604 +230
CRP value 0.11+0.10 0.14+0.17

* Statistically different from the oral administration group, (p<0.05)
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measurements. Adverse effects of therapy were
monitored by creatinine clearance, fever, serum
electrolytes, skin eruption and other clinical signs.
Serum was sampled before administration of
AMPH, and once every two days.
Measurement of serum concentration of AMPH

Serum concentrations of AMPH were determined
in some patients. In the i.v. infusion group (n=
12), serum samples were collected at minimum
before (trough) and immediately after (peak)
each infusion. Sera were also collected ten days
after administration from patients in the oral ad-
ministration group (n=10). The AMPH concentra-
tion was measured by bioassay'?.
Endotoxin test

Endotoxins were also studied to analyze the inci-
dence of fungal infection. We analyzed three en-
dotoxin parameters including the Toxicolor Test
(T-test), Endospecy Test (E-test) and S-glucan.
An antitumor carboxymethylated (1—3)-8-glucan
(CMPS), a component of the fungal cell wall,
correlates with fungal infection. The amount of 8-
glucan in plasma was estimated by subtracting the
E-test results from those of the T-test. Plasma was
sampled before administration of AMPH, during

the febrile periods, and 10 days after the end of
chemotherapy. Data were compared between the
oral administration and i.v. infusion group*?®,
Differences between the two groups were analysed
with Student’s non-paired T test.
Results

The results of maximum CRP value, the period
during which CRP was greater than 1 mg/dl, the
period of apyrexia after chemotherapy, the period
of fever, the periods during which ESR was greater
than 30 and 50 mm/h, and the positivity of fungal
cultures sampled from the pharynx, sputum, urine,
stool, and blood were compared between the oral
administration group and the i.v. infusion group
(Table 2) . The periods of fever greater than 37.5°C
were 4.8+4.3 days and 2.7+3.5 days, respective-
ly, significantly shorter days (P<0.05) inthei.v.
infusion group. The maximum CRP values were
7.8+7.3 and 4.8+4.1 mg/dl, respectively, with a
significantly lower value in the i.v. infusion group
than in the oral administration group (P<0.05).
No significant differences were observed in the
other parameters.

The results of fungal cultures are summarized in
Tables 3 and 4. If at least one sample culture from

Table 2. Period of fever, period of apyrexia, CRP and ESR values in the
oral administration and i.v. infusion groups (meanz%S. D.)

Oral administration

i.v. infusion group

group (n=38) (n=41)
Period of fever (>37.5C)
+ .

(days after chemotherapy) 4.8+4.3 2.7£3.5
Period of apyrexia
(<37.0C) 14.615.9 16.4+5.8
(days after chemotherapy)
Maximum CRP value (mg/dl) 7.8+7.3 4.8+4.1°
Period of CRP
less than 1.0 mg/dl 7.4%5.2 4.91t4.4
(days after chemotherapy)
Period of ESR 9.248.5
greater then 30 mm/h (days) ’ ’ 8.6£7.7
Period of ESR

7.2+8.8 6.8+5.1

greater then 50 mm/h (days)

* Statistically different from the oral administration group, (p<0.05)
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Table 3, Results of fungal cultures in patients in the i.v. infusion (n=41) and
oral administration groups (n=38)

Fungal culture Positive Negative Total
i.v. infusion group 4 (9.6%)° 37 41
Oral administration group 11 (28.9%) 27 38
Total 15 64 79

* Statistically different from oral administration group, (p<0.05)

Table 4. Detailed results of fungal cultures in the i.v. infusion (n=4/41) and
oral administration groups (n=11/41)

Sites of positive

Method of AMPH

No. Fungus L. K
cultures administration

01 stool Candida albicans i.v. infusion
02 pharynx Candida albicans i.v. infusion
03 pharynx Candida albicans i.v. infusion
04 stool Torulopsis glabrata i.v. infusion
05 stool Candida albicans oral

06 pharynx Candida tropicalis oral

07 pharynx Candida albicans oral

08 sputa Aspergillus fumigatus oral

09 blood Candida albicans oral

10 pharynx Candida albicans oral

11 pharynx Candida albicans oral

12 stool Candida albicans oral

13 blood Candida tropicalis oral

14 stool Aspergillus fumigatus oral

15 stool Candida albicans oral

AMPH, amphotericin B.

the pharynx, sputum, urine, stool, or blood was
positive, the case was judged as positive. The rate
of positivity in the i.v. infusion group was 9.6%,
while that in the oral administration group was
28.9%. Candida albicans was the most frequently
detected fungus, while Aspergillus species were
detected in two cases of the oral administration
group, but none in the i.v. infusion group. Fungus
was detected on blood cultures in two cases in the
oral administration group, but none in the i.v.
infusion group.

The adverse effects considered to be induced by
AMPH in thei.v. infusion group are summarized in
Table5. Drug eruption was seen in two cases,
while hypokalemia and mild renal dysfunction were

seen in one each. No other adverse effects, such as
liver dysfunction and fever, were observed in this
study. No adverse effects were observed in the oral
administration group except for mild nausea.

AMPH concentrations in blood were measured.
The peak blood concentration of AMPH in thei.v.
infusion group was 0.80+0.38 xg/ml (n=10), and
the trough was 0.17+0.08 ug/ml (n=10). The
concentration in the oral administration group was
0.11%+0.09 £g/ml (n=10).

The data on endotoxin changes are shown in
Table6. Values obtained by subtracting E-test
from T-test results, which correlate with g-D-
glucan, were significantly lower (1.0+1.6 pg/ml)
in the i.v. infusion group than in the oral adminis-
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Table 5. Details and incidence of adverse events in the i.v. infusion group (n=14)

Number and incidense

Adverse event

of adverse event

Total number of cases
of AMPH administration

Drug eruption 2 (14.3%) 14
Hypokalemia 1(7.1%) 14
Renal dysfunction 1(7.1%) 14

AMPH, amphotericin B.

Table 6, Endotoxin levels before and after administration of amphotericin B in the
oral administration group and i.v. infusion group (meanzS. D.)

Oral administration group (n=38)

S ) Before administration Febrile period Change
ample of AMPH (a) (b) (b—a)
T-test (T 1) 2 742.0 18.8+14.8 16.1£14.9
(pg/ml)
E-test (E 1 1.9+1.4 10.7+ 7.0 8.7+ 7.7
(pg/ml)
TV-(ED 0.8+0.8 7.5+11.6 6.8+11.2
(pg/mi)
Intravenous infusion group (n=41)
Before administration Febrile period Change
Sample
of AMPH (a) (b) (b—a)
T-test (T 1) 2.5+1.7 12.6+8.2 10.1+8.0
(pg/ml)
E-test (E1) 2.2+1.3 11.5+8.0 9.3+8.0
(pg/ml)
TH-ED 0.3+0.9 1.0+1.6* 0.7+1.5°
(pg/ml)

* Statistically different from oral administration group (p<0.05)

tration group (7.5%11.6 pg/ml) (p<0.05) during
the febrile periods. The difference in value between
the febrile period and before AMPH administration
was significantly lower (0.7+6.8 pg/ml) in the i.
v. infusion group than in the oral administration
group (6.8+11.2pg/ml) (p<0.05). Other endoto-
xin indexes, such as T-test and E-test results
alone, showed no significant difference.
Discussion

Fungal infection is one of the most significant
problems experienced by patients with hematologic
malignancies, especially acute leukemia. Immuno-
deficiency, mucosal injury, catheterization, granu-

locytopenia, and the administration of broad spec-
trum antibacterial agents are associated with in-
creased frequency and severity of fungal infec-
tions™!4!%  QOral antifungal prophylaxis has been
tried in many centers, but sufficient effect has not
been achieved in systemic infection'®'®  Many cen-
ters, including our hospital, have tested oral admin-
istration of AMPH in the prevention of fungal infec-
tions associated with hematological malignant di-
sorders**'®  QOral administration was effective, but
was insufficient for the prevention of fungal infec-
tions, except for some types of fungus. One of the
reasons is that AMPH was not administered in
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sufficiently high doses in patients with acompanying
gastrointestinal disorders. Empirical administra-
tion of AMPH is a therapy worth considering in
patients with hematologic malignancy who remain
febrile in spite of administration of broad spectrum
antibiotics?*~??, Other authors have suggested em-
piric dosing guidelines for AMPH therapy'+3~%,
However, the toxicity of intravenous administra-
tion of AMPH has limited its use to resistant syste-
mic infections. In one study, almost all patients
who had received intravenous administration of
AMPH at doses greater than 0.3 mg/kg/day had
one or more adverse effects'®. We may have to wait
for the development of a more effective and less
toxic drug, or devise a new administration method.
It is considered that among the available antifungal
agents, AMPH has a valuable effect, and thus
should be administered so as to minimize its adverse
effects and maximize its antifungal efficacy. We
therefore investigated the preventive effect of low
dose i.v. infusion of AMPH in patients with acute
leukemia. In the i.v. infusion group, the period of
fever was shorter, and the maximum CRP value
was significantly lower than in the oral administra-
tion group. The incidence of serious fungal infec-
tion in the i.v. infusion group was less (0 cases)
than that in the oral administration group (3 cases,
2 cases of suspected fungal sepsis, one of Aspergil-
lus pneumonia) . Moreover, only a Candida spp.
was cultured in the i.v. infusion group. We there-
fore reason that administration of AMPH by i.v.
infusion, in addition to oral administration, is more
effective for preventing fungal infections than oral
administration alone. Adverse events in the i.v.
infusion group consisted of hypokalemia, renal
dysfunction, and drug eruption, but these were mild
and resolved shortly after the drug was stopped.
Measurement of AMPH concentration showed
that the serum concentration with oral administra-
tion of AMPH was insufficient for the prevention of
many kinds of fungal infection. For example,
Candida torulopsis, Corynebacterium neoformans,
Aspergillus fumigatus, and Aspergillus niger, with
respective MIC of 0.2~0.5 zg/ml, 1.25 ug/ml, 0.2
ug/ml, 1.9 ug/ml and 1.25 ug/ml*®, were not suffi-
ciently prevented with oral administration of

AMPH. This indicates that oral administration of
AMPH is not sufficient for prevention of invasion by
routes other than the gastrointestinal mucosa. The
serum concentration of AMPH with i.v. infusion in
addition to oral administration was 7,3 times higher
than that with the latter alone, which may prevent
the colonization of many fungi, including those
mentioned above. Some Aspergillus species, Mucor
species, and other fungi may be insufficiently inhib-
ited with this administration method. However,
these types of fungal infection are rare in the clincal
setting. We therefore conclude that the i.v. infu-
sion dose of 0.15mg/kg/day is appropriate for
prophylactic use, in view of serum levels and tox-
icity. The concentration of AMPH may be affected
by factors such as deoxycholation, A-lipoprotein
and cholesterol levels, as well as the function of the
liver and other organs.

The diagnosis of fungal infections is difficult in
clinical practice. Methods which facilitate diagno-
sis of fungal infection include measurement of §-D-
glucan, which was calculated from T-test and E-
test results in this study. The value of g-glucan in
the i.v. infusion group was lower than in the oral
administration group. This finding also demon-
strates the advantage of prevention of fungal infec-
tions. We plan to perform further studies of other
diagnostic methods in the future.

References

1) Bodey G P:Fungal infection and fever of un-
known origin in neutropenic patients. Am J Med
80: 112~119, 1986

2) Estey E H, Keating M J, McCredie K B, Bodey
G P, Freireich E J: Causes of initial remission
induction failure in acute myelogenous leukemia.
Blood 60: 309~315, 1982

3) Meunier F: Fungal infections in the compromised
host. In Clinical Approach to Infection in the
Compromised Host. 2 nd ed. Rubin R H & Young
L S, Eds, 193~220, 1988

4) Ezaki K, Hirano M, Ohno R et. al.: Evaluation
of the prophy lactic effect of oral Amphotericin B
on fungal infection. Acta Haematol Jpn 53: 1147
~1155, 1990

5) Wolff L J: Use of prophylactic antibiotics: Am J
Ped Hematol Oncol 6: 267~276, 1984

6) Gunther N, Kaben U, Dunker H, Brijmohan-
Gunther R, Konrad H: Fungal infections in acute
leukemia patients during selective decontamina-



884

CHEMOTHERAPY

AUG, 19983

7

8)

9)

10)

11)

12)

13)

14)

15)

16)

17)

tion of the digestive tract —a clinical, laboratory
and pathological study— J Exp Clin Med 11: 15~
22, 1986

Meunier-Carpenter F: Chemoprophylaxis of fun-
gal infections. Am J Med 76: 652~656, 1984
Sculier J P, Bron D, Coune A, Meunier F: Suc-
cessful treatment with liposomal Amphotericin B
in two patients with persisting fungemia. Eur J
Microbiol Infect Dis 8: 903~907, 1989
Lopez-Berestein G, Bodey G P, Frankel L S,
Mehta K: Treatment of hepatosplenic Candidiasis
with Liposomal-Amphotericin B. J Clin Oncol 5:
310~317, 1987

Shikhoda A, Lopez-Berestein G, Holbert J M,
Luna M A: Hepatosplenic fungal infection: CT
and pathologic evaluation after treatment with
Liposomal Amphotericin B, Radiology 159: 349~
353, 1986

Meunier F, Sculier ] P, Coune A et. al:Am-
photericin B encapsulated in liposomes adminis-
tered to cancer patients. Ann NY Acad Sci 544:
598~610, 1988

Bindschadler D D, Bennett J E: A pharmacologic
guide to the clinical use of Amphotericin B. ]
Infect Dis 120: 427~436, 1969

Obayashi T, Tamura H, Tanaka S, et. al:A
new chromogenic endotoxin-specific assay using
recombined limulus coagulation enzymes and its
clinical applications. Clin Chim Acta 149: 55~65,
1985

Gegregorio M W, Lee W M F, Linker C A, Ries
C A:Fungal infections in patients with acute
leukemia. Am J Med 73: 543~548, 1982

Rose H D:Venous catheter-associated can-
didemia. Am J Med Sci, 265~269, 1978
Brincker H: Prophylactic treatment with micon-
azole in patients highly predisposed to fungal
infection. A placebo-controlled double-blind
study. Acta Med Scand 204: 123~128, 1978
Degregolio M W, Lee WM F, RiesC A, Candida

18)

19)

20

21)

22)

23)

24)

25)

26)

infections in patients with acute leukemia: ineffec-
tiveness of nystatin prophylaxis and relationship
between oropharyngeal and systemic candidiasis,
Cancer 50: 2780~2784, 1982

Brincker H: Prevention of mycosis in granulocy-
topenic patients with prophylactic ketokonazole
treatment, Mykosen 26: 242~247, 1983

Ezdinli EZ, O'Sullivan DD, Wasser LP, Kim U,
Stutzman L: Oral Amphotericin for Candidiasis in
patients with hematologic neoplasms —an auto-
psy study— JAMA 242: 258~260, 1979

Stein R S, Greer J P, Ferrin W, Lenox R, Baer
M R, Flexner J M:Clinical experience with
Amphotericin B in acute myelogenenous leuke-
mia, South Med J 79: 863~870, 1986

Stein R S, Kayser ] Flexner: Clinical value of
empirical Amphotericin B in patients with acute
myelogenous leukemia, Carcer 50: 2247~2251,
1982

Holleran W M, Wilbur J R, DeGregorio M W:
Empiric Amphotericin B therapy in patients with
acute leukemia. Rev Infect Dis 7: 619~624, 1985
Pizzo P A, Commers J, Cotton D et. al.: Approa-
ching the controversies in antibacterial manage-
ment of cancer patients Am J] Med 76: 436~449,
1984

Joshi J H, Schimpff S C, Tenney J H, Newman
K A, de Jongh C A: Can antibacterial therapy be
discontinued in persistently febrile granulocy-
topenic cancer patients? Am ] Med 76: 450~457,
1984

Pizzo P A, Robichaud K J, Gill F A, Witebsky F
G: Empiric antibiotic and antifungal therapy for
cancer patients with prolonged fever and granu-
locytopenia. Am J Med 72: 101~111, 1982
Mikami Y, Hour-Yong C, Yazawa K, Uno J,
Arai T, Kanno H: Some new approaches to the
evaluation of antifungal activities of Amphoter-
icin B. Jpn J Med Mycol 28: 385~391, 1987



VOL. 41 NO. 8 Prophylactic Use of Intravenous Amphotericin B in AML 885

AMEMRICBI A7 747 ) Y BOYRRMRESICELD
WERBR D TR

T BER-FE & -EN HE- - KF ®=
RMERIALE 3 IR

HERR O TR 23 2 amphotericin B (AMPH) 04 RSMBEOHRIZOWLWTAKE
REMERMHR D 28 Flic s\ TRET L 7z, BF IZE » Mk L 3{kMik L L T BHAC-DP Mk
»HifT& -, BHAC-DP #¥: i3 Enocitabin (BHAC) 250 mg/H % 7 HM, Daunorubicin
(DNR) 40mg/H % 3 HM, Predonisolone (PSL) 30 mg/H % 7 HMMEITL 7. AMPH i
RAEBEREREORERCHT, AWMBRENTIZ AMPH (0.15mg/kg/H) O RKE%x
AMPH (2,400 mg/H) OfROHRE IR T 4 EOHRBEMIcEE S n, BOKEHTIR
AMPH (2,400 mg/H) »338 EOGBEM &5 2, EREM, F24M, CRP, M
W, HEER, BER, = F b3 20 2 Bl TR S hic, RN CIERY
MBEECEEah, EEREREOEE (0F) bROKREEH Q) KL THhhdo
72c AMPH OABREAREC L 2BALBIEHRED S hizho Tz,

* GERATHEHET 3600



