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Twenty-one patients with advanced metastatic cancer received amphotericin B 
(AmB) plus BCNU in a Phase I chemotherapy trial. Of 11 patients with measur- 
able metastases from bronchogenic carcinoma, five had partial antitumor re- 
sponses lasting 1.5 to 12+ months, and one had objective improvement. Only 
two of six patients with other types of tumors had objective improvement 
of short duration. No consistent evidence of immunologic stimulation was 
observed in eight patients studied. These results suggest that amphotericin 
B may increase the therapeutic ratio of BCNU, and further trials of this new 
concept in chemotherapy of advanced tumors are in progress. The dose-limit- 
ing toxicity was myelosuppression, usually thrombocytopenia. No enhance- 
ment of BCNU toxicity by the addition of AmB was observed. The recom- 
mended dose for future studies is: AmB, 7.5 mg/mz on day 1,15 mg/m2 on day 
2,30 mg/m2 on days 3 and 4 ; plus BCNU, 250 mg/m2 on day 4 .  The regimen is 
repeated every 6 to 8 weeks. 
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MPHOTERICIN B ( A M B ) ~ ~  IS A P O I Y E N E  ANTI- A biotic that has no known antitumor effect 
in man. Increased cytotoxicity has been demon- 
strated in vitro with AmB in combination with 
cytotoxic agents against subcultures of human 
KB and HeLa cells, and against mouse L- 
 cell^.^'^ This may be due to AmB-induced in- 
creased cellular permeability, resulting in en- 
hanced uptake of cytotoxic agents by the tumor 
cell. 
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Medoff et al. demonstrated a n  enhanced an- 
titumor effect in vivo of the combination of 
AmH plus 1,3-bis (2-chloroethyl)-l-nitrosourea 
(BCNU-NSC No. 409962) in transplanted AKR 
mouse leukemia. Whereas no leukemic mice 
survived beyond the 6th day after AmB alone, or 
beyond the 13th day after BCNU alone, 38% of 
mice survived greater than 28 days after treat- 
ment with AmB plus BCNU. The number of 
leukemic clonogenic cells surviving 1 day after 
treatment with AmB plus BCNU was 50% less 
than the number after treatment with BCNU 
alone, as assayed by a spleen-colony method. 
However, at day 17 there was a second decline 
in the number of leukemic clonogenic cells in 
mice receiving AmB plus BCNU. Mice surviving 
28 days were resistant to a rechallenge of lo6 
leukemic cells, which suggests that a n  immuno- 
logic mechanism was the basis of the prolonged 
survival. In support of this concept, separate 
studies have documented an immunostimu- 
latory effect of ArnB in mice.' 

BCNU is effective in many types of advanced 
human malignancies. However, except for in 
patients with hematologic malignancies, the 
percentage of patients responding to BCNU is 
low, being 20% or less.' 

A trial of AmB plus BCNU in patients with 
advanced malignancy was initiated because of 
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the encouraging results in model tumor systems, 
and in an attempt to increase the response rate 
to BCNU. This report details the Phase I tox- 
icity study of the combination, and presents the 
preliminary data on antitumor and immuno- 
logic effects. 

METHODS 
Patients 

Between August 1973, and August 1975, 21 
patients were treated with AmB plus BCNU. 
Patients had biopsy-proven malignant disease 
incurable by conventional antineoplastic ther- 
apy, and were refractory to adequate trials of 
prior chemotherapy. All patients had normal 
hepatic, renal, and hematopoietic function and 
had recovered from the toxicity of any prior 
therapy. Patients gave voluntary informed con- 
sent before participation in this study. 

Therapeutic Regimen 
Patients were given AmB plus BCNU in the 

doses described in Table 1. The  initial dose of 
BCNU was arbitrarily chosen as 30% of the 
recommended single dose.3 AmB was given 1 
day prior to BCNU because early data in mice 
indicated therapeutic synergy in that schedule. 
At higher dose levels AmB was given for 4 days 
because that dosage was found to be optimal in 
mouse studies6 At each higher dose level, either 
the AmB or the BCNU dose was increased. 
AmB was diluted in 5% dextrose in water, 
shielded from light, and administered in- 
travenously over a 6-hour period. 

BCNU was obtained from the National Can- 
cer Institute. I t  was diluted in absolute ethanol 
as provided with the BCNU, and was then ad- 
ministered in 5% dextrose in water over a 30- 
minute period. When AmB and BCNU were to 
be given on the same day, the BCNU was ad- 
ministered at the conclusion of the AmB admin- 
istration. Patients were hospitalized only for the 

TABLE 1. Dose Escalations 

Amphotericin B BCNU 
(mdm')  (mg/mz) 

Dose D aY aY 
level 1 2 3 4 4 ___ 

1 4 75 
2 7.5 75 
3 4 4 7.5 7.5 75 
4 4 4 7 . i  7.5 150 
3 4 4 7.5 7.5 200 
6 7..5 1.5 30 30 2.50 
7 7..5 15 30 30 300 

2 or 4 days of intravenous therapy. Courses of 
therapy were repeated at the same dose every 6 
to 8 weeks, and were delayed until the platelet 
count  h a d  recovered to greater  t h a n  
100,000/mm3 and the leukocyte count had re- 
covered to above 4,000/mm3. 

Toxicity Evaluation 
White blood cell, platelet and differential 

counts, and hemoglobin concentrations were 
mehured before therapy and weekly after ther- 
apy. Before therapy and every 3 weeks after 
therapy the following tests were performed: se- 
rum urea nitrogen (BUN), prothrombin time, 
serum glutamic-oxalacetic t ransaminase 
(SCOT), bilirubin concentration, and serum al- 
kaline phosphatase. Electrocardiograms and 
creatinine clearance determinations were per- 
formed before each course of therapy. 

Immunologic Evaluation 
Serial tests of immunologic function were per- 

formed in eight patients at the higher dose iev- 
els. Details of the evaluation will be published 
separately. Delayed hypersensitivity was tested 
using histoplasmin, PPD (5  T.U.) ,  streptoki- 
nase-streptodornase (5 units), trichciphyton-oi- 
diomyces-epidermophyton (TOE;), mumps an- 
tigen, and keyhole limpet hemocyanin. A 
positive response was defined as greater than 2.5 
mm2 of induration within 72 hours. Dinitroch- 
lorobenzene (DNCB) sensitization was per- 
formed with 10 pmoles DNCB, and challenge 
with 1 pmole. Transformation of patients' puri- 
fied peripheral blood lymphocytes was per- 
formed with lo5 cells in 0.1 ml per microtiter 
plate well with 1 pg per ml PHA-P, 10 I g  per ml 
concanavalin A, or 1/400 dilution of pokeweed 
mitogen; or using 5 X lo5 cells in 0.1 ml with a 
1/4000 dilution of histoplasmin, 125 pg PPD per 
ml, or a 1/20,000 dilution of TOE. Tritiated 
thymidine incorporation into acid-insoluble ma- 
terial was measured after 5 days of incubation. 

Evaluation of Antitumor Response 
Patients were evaluable for antitumor effect if 

they had tumor measurable by radiologic or 
physical examination prior to the initial course 
of therapy. Responses were defined as follows: 
good partial response, decrease in measured tu- 
mor area by 50-100% for greater than 4 weeks 
without the appearance of new tumors (meas- 
ured tumor area was defined as the sum of the 
products of the cross-sectional diameters of all 
tumors measured); objective improvement, de- 
crease in measured tumor area by between 2570 
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and 50%; stable, response less than above but no 
significant progression; progression, appearance 
of new manifestations of tumor, or greater than 
25% increase in measured tumor area. Central 
nervous system responses were measured by 
brain scan while patients were without corticos- 
teroid therapy. 

RESULTS 
Antitumor Response 

Seventeen patients were evaluable for antitu- 
mor responses (Table 2). Five of 11 patients 
with bronchogenic carcinoma had good partial 
responses, and anpther had objective improve- 
ment. The  durations of good responses, meas- 
ured from time of the initial response, were 1.5, 
2, 3, 9+, and 1 2 f  months. Of the patients with 
good partial responses of lung tumors, two 
patients had pulmonary, one had osseous, one 
had soft tissue, and three had central nervous 
system metastases. One  patient with hepatic 
metastases had objective improvement. 

Of six patients with tumors of organs other 
than lung, only two patients had objective im- 
provement lasting only 1.5 months. Both 
patients had cutaneous metastases, and the 
patient with thyroid carcinoma also had pul- 
monary involvement. 

Toxicity 
The  dose-limiting toxicity from this thera- 

peutic regimen was myelosuppression (Table 3). 
Significant granulocytopenia was seen only at 
the two highest dose levels. At dose level 6, nadir 
granulocyte  counts  ranged from 60 to 
8400/mm3. The  two lowest nadirs were 1,100 
and 60/mm3, and both occurred 5 weeks after 
initiation of therapy. At dose level 7, nadir gran- 
ulocyte counts were 4200, 1,900, 1,700 and 
1 ,400/mm3. O f  the three granulocytopenic na- 
dirs, two occurred 7 weeks and one occurred 8 
weeks after initiation of therapy. Granulocyte 
recovery to levels above 2, 500/mm3 occurred 

TABLE 2. Antitumor Responses to Amphotericin B 
Plus BCNU 

Good Objective 
Tumor partial improve- Pro- 

type response ment Stable gression 

Lung 
Cndifferentiated 1 ( 7 ) *  1 (7) 1 ( 5 )  - 

(oat cell) 
2 (1,1) 

1 ( 6 )  

1 ( 4 )  
2 (4,6) 

1 ( 3 )  

Epidermoid l ( 6 )  - - 

Adenocar- l ( 5 )  - 1 ( 2 )  - 

Undifferentiated 2 (5,2) - - 
cinoma 

(large cell) 
__ - - Stomach 

Rectum - 

Breast - 

- - 

- 1 ( 7 )  - Thyroid - 
1 ( 7 )  - 

Rhabdomyo- - - - 

TOTAL 5 3 2 7 

- 

sarcoma 

* Dose level is included in parenthesis. 

within 1 to three weeks after the occurrence of 
the nadir. Six of eight patients who received 
multiple courses had evidence of cumulative tox- 
icity with lower granulocyte nadirs in later 
courses. No patient had a n  infection during this 
study. 

Thrombocytopenia occurred at the three 
highest dose levels, and was the dose-limiting 
toxicity in most patients. At dose level 5, nadir 
platelet  counts  ranged from 106,000 to 
192,000/mm3. The  two lowest platelet count na- 
dirs, 145,000 and 106,000/mm3, occurred at 5 
weeks after therapy. At dose level 6 the platelet 
count nadirs ranged between 26,000 and 
1 78,000/mm3. O f  the eight thrombocytopenic 
nadirs, two occurred at 4 weeks, four at 5 weeks, 
one at 6 weeks, and one at 7 weeks after in- 
itiation of therapy. At dose level 7 all of the four 
patients were thrombocytopenic at the nadir 
with platelet counts of 30,000, 49,000, 65,000 
and 79,000/mm3. One  of the nadirs occurred at 
3 weeks, and 3 at 5 weeks after therapy. Platelet 
counts returned to normal levels one to 3 weeks 

TABLE 3 Xlyelosuppression Followinq Amphotericin B Plua BCNU 

Nadir Granulocyte Count (X  IO3/mm3) Nadir Platelet Count ( X  103/mm3) 
Dose Number Number 
level patients courses >2 0 15-2 0 0 5-1 5 <O 5 hlean >150 3-150 25-50 XIean 

- - 5.6 2 - 230 I 2 2 2 
- - 5.4 3 - 348 2 2 3 3 

3 2 2 2 - - - 6.2 2 __ 476 
- - 6.6 2 __ 392 2 

7 - - - 6.2 3 2 -~ 1 .50 
4 2 2 
-5 3 5 
6 6 10 8 - 1 1 3.9 2 8 - 95.2 
7 4 4 1 2 1 - 2.3 - 2 2 55.8 

- - 
- - 
- 
- - 
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after the occurrence of the nadir. Seven of eight 
patients who received multiple courses of ther- 
apy had evidence of cumulative toxicity with 
subsequent doses. No patient had major hem- 
morhage during the study, and no patient had a 
fall in hemoglobin concentration in excess of 2 
g/lOO ml. 

All patients experienced chills during the 
AmB infusion, but this never necessitated dis- 
continuation of the infusion. Thirteen of the 21 
patients had temperature elevations in excess of 
101°F. Temperature elevations in excess of 104" 
responded promptly to oral acetaminophen. 
Vomiting lasting 4 to 18 hours after BCNU ad- 
ministration occurred in two-thirds of patients. 

During the more marked febrile responses, 
four patients experienced transient hypotension. 
The lowest blood pressure recorded was 80/40, 
and this returned to normal within 1 hour after 
an increased rate of fluid administration. No 
patient developed renal dysfunction after a 
hypotensive episode. Hypotension was not dose- 
related, since two episodes occurred at dose level 
2, one at dose level 3, and one at  dose level 7. 
One patient experienced ventricular bigeminy 
for 30 minutes, and another developed transient 
inversion of 'T-waves on electrocardiogram. One 
patient had an  acute myocardial infarction 6 
weeks after his last course of therapy that was 
presumed to be unrelated to drug treatment. 

Three patients had transient abnormalities in 
liver function. At dose level 1, one patient had a 
rise in SGOT from 21 to 40 units per 1, and a rise 
in serum alkaline phosphatase from 114 to 248 
and a return to 27 units/liter. Another patient at 
dose level 1 had a rise in SGOT from 75 to 140 
and a return to 110 units/liter. At  dose level 2, 
one patient had a rise in serum alkaline 
phosphatase from 114 to 278 units/liter. In ad- 
dition, one patient at dose level 5 had a rise in 
BUN from 6 to 23, which returned to 9 mg/dl. 

Immunologic Evaluation 
Tests of immune function were performed se- 

rially in eight patients. Three initially anergic 
patients remained anergic. Although three of the 
five patients with at  least one initially positive 
delayed hypersensitivity skin test had a two-fold 
increase in the area of induration on subsequent 
testing, four of these patients had conversion of 
at least one positive skin test to negative after 
one or more courses of therapy. Five patients 
could not be sensitized to DNCB despite at least 
two attempts. O n e  patient was successfully sen- 
sitized during the first course of treatment, and 
another who was not sensitized during the first 

course of treatment was sensitized after the sec- 
ond course of therapy. 

Five patients had technically satisfactory se- 
rial tests of lymphocyte transformation. After 
one to two courses of therapy, one patient 
showed a markedly enhanced response to PHA- 
P, and another to PHA-P, concanavalin A, and 
pokeweed mitogen. However, two patients 
showed an  equally dramatic decrease in re- 
sponse to all mitogens, and another patient 
remained unresponsive before and after therapy. 
None of the patients showed significant transfor- 
mation in response to antigens before or after 
therapy. 

DISCUSSION 

The  Phase I toxicity study of AmB plus 
BCNU demonstrated that the dose-limiting tox- 
icity was myelosuppression, usually throm- 
bocytopenia. Based upon the results of this 
study, dose level 6 is recommended as the op- 
timal dosage level for subsequent Phase JI or 111 
studies. 

The  myelosuppression produced by BCNU 
250 mg/m2 given alone every 6 to 8 weeks, re- 
ported by DeVita et al.,3 was approximately the 
same as that observed following that dose of 
BCNU combined with AmB in this study (dose 
level 6). This indicates that AmB in the doses 
used can be combined with BCNU without any 
significant increase in dose-limiting myelosup- 
pression. 

Although AmB has been found to be an im- 
munostimulant in mice, the preliminary data 
from immunologic evaluation of these patients 
with advanced malignancies do not demonstrate 
a consistent pattern of immune stimulation. Al- 
though a few patients demonstrated enhanced 
immune response after therapy, as many dem- 
onstrated suppressed responses. Clearly, this is 
a preliminary study and a larger study of the 
effect of this treatment regimen on immune 
function is in progress in a Phase I J  trial. Since 
immune response is frequently depressed in 
patients with advanced malignant disease, se- 
rial studies of immune function following AmB 
treatment of patients for non-neoplastic diseases 
would also be of interest. 

Even though this report deals primarily with 
the Phase I toxicity study of AmB plus BCNU, 
the antitumor responses observed in patients 
with evaluable metastatic disease are highly en- 
couraging for patients with advanced broncho- 
genic carcinoma. Five of 11 patients (45%) with 
lung cancer had good objective responses to 
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therapy. This included three patients with oat 
cell carcinoma refractory to adequate doses of 
combination chemotherapy regimens including 
cyclophosphamide. The response rate (45%) 
may be higher than might be expected for 
BCNU alone,' which is reported as 6% in epi- 
dermoid carcinoma of the lung, 9% in undif- 
ferentiated carcinoma (large cell), 21% in oat- 
cell carcinoma, and 0% in adenocarcinoma. I t  is 
possible that the response rate could be en- 
hanced further by combining AmB with other, 
more effective, single agents. Further Phase I1 
studies are in progress at this institution to de- 
termine more precisely the response rates and 
response durations for the histologic subtypes of 

bronchogenic carcinoma. Although the objective 
' responses were not impressive in tumors other 
than lung, it should be emphasized that all of 
those patients were previously refractory to ade- 
quate trials of other chemotherapy. 

In summary, AmB plus BCNU is a well-toler- 
ated treatment regimen. The toxicity of each 
agent is independent and directed at different 
organ systems. Since the regimen has produced 
encouraging antitumor responses in patients 
with bronchogenic carcinoma, the addition of 
AmB to BCNU may increase the therapeutic 
ratio. A larger Phase I1 trial of this new combi- 
nation in chemotherapy of advanced tumors is 
in progress. 
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