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Eighteen patients with unresectable bronchogenic carcinoma were treated with amphotericin B (7.5 
mgim' on day I ,  I5 mg/m2 on day 2, and 30 mg/m2 on days 3 and 4) plus BCNU (250 mg/m2 on day 4 
following amphotericin B) with courses of therapy repeated every 8 weeks. All patients had metastatic 
disease, and S had received prior chemotherapy. Antitumor responses were observed in 8 patients. Six 
patients had partial responses (>SO% decrease in tumor area): I of 3 with small cell undifferentiated 
carcinoma, 1 of 4 patients with large cell undifferentiated carcinoma, 2 of 7 patients with 
adenocarcinoma, and 2 of 4 patients with epidermoid carcinoma. Two patients had objective 
improvement (25-S0% decrease in tumor area): 1 with small cell undifferentiated carcinoma and 1 with 
epidermoid carcinoma. The median duration of remission was 3 months. The median duration of 
survival was 7 months for patients achieving partial response, and only 2 months for other patients. 
Myelosuppression was the dose limiting toxicity. One patient died with hepatocellular dysfunction, 
possibly related to BCNU. Transient hypotension was observed in 2 patients. We conclude that 
amphotericin B plus BCKU produced an encouragingly high response rate in patients with hronchogenic 
carcinoma, and that a randomized phase 111 trial is warranted to determine whether amphotericin B 
enhances the antitumor effects of nitrosoureas or  other known antitumor agents. 
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MPHOTERICIN B is a polyene antibiotic which has A undergone initial testing in antineoplastic 
therapy as a result of laboratory observations. It en- 
hances the uptake of other antibiotics into fungi6 and 
the uptake of antineoplastic drugs such as actino- 
mycin Di and nitrogen mustard" into tumor cells. 
Amphotericin B plus BCNUt produced long-term 
cures of transplanted A K R  leukemia which were not 
observed with either agent used alone.R This phe- 
nomenon was thought to be caused by immunological 
enhancement by amphotericin B since whole-body 
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irradiation eliminated the synergistic antileukemic 
effect. Subsequent studies have confirmed that ampho- 
tericin B enhanced immune function in mice2 and that 
this stimulation involved T cell, B cell and macrophage 
functions. 

Based upon these preclinical observations, a phase 
I trial of amphotericin B combined with BCNU was 
conducted. lo No enhanced toxicity was produced by 
the combination, and there were five partial responses 
and one objective improvement in 11 patients with 
bronchogenic carcinoma treated at many different dose 
levels. Therefore, a phase I1 trial seemed warranted in 
patients with advanced bronchogenic carcinoma. In 
this report we present the results of the phase I1 evalu- 
ation, which included the seven patients who in the 
phase I trial received the doses described below. The 
details of therapy in those seven and in 11 additional 
patients are given below. 

Mater ia ls  a n d  Methods  

Pa tien ts 

Between August 1974 and August 1976, 18 patients 
were treated with amphotericin B plus BCNU at the 
doses described below. Seven of the patients have pre- 
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viously been described in the report of our phase I 
t rd .10  Four other patients in that trial were not evalu- 
ated in this report since they received doses below 
those described below (one of those patients had a 
partial response). 

Patients had biopsy-proven bronchogenic carcinoma 
which was metastatic or incurable by conventional 
antineoplastic therapy. Patients with small cell undif- 
ferentiated carcinoma of the lung were resistant to prior 
chemotherapy with cyclophosphamide and adriamy- 
cin. Some patients with other than small cell car- 
cinoma had had prior chemotherapy. All patients had 
normal renal function (creatinine clearance greater 
than 60 ml/min) and had recovered from the toxicity 
of any prior therapy. Patients gave voluntary informed 
consent before participating in this study. 

Therapy 

Patients were given amphotericin B intravenously as 
a six-hour infusion in 500 ml of 5% dextrose in water. 
The doses used were 7.5 mg/m2 on day 1, 15 mg/m' on 
day 2, and 30 mg/m2 on days 3 and 4. On day 4, after 
termination of amphotericin B, BCN U was given intra- 
venously over 30 minutes at  a dose of 250 mg/m'. 
Diphenhydramine and acetaminophen were given to 
control chills and fever, and prochlorperazine was 
given to control nausea and vomiting. 

Therapy was repeated every 8 weeks. However, in 
patients with prolonged myelosuppression, therapy 
was delayed until the platelet count had recovered to 
greater than 100,000 cells/mm3 and the leukocyte count 
had recovered to greater than 4,000 cells/mm3. If the 
nadir granulocyte count was below 750/mm3, or  the 
nadir platelet count was below 50,000/mm3, the dose 
of BCNU was reduced to 125 mgim' for the next course. 

Evaluation 

All patients were evaluable. Responses were defined 
as: partial, a greater than 50% reduction in measured 
bidimensional tumor areas by physical examination or 
radiologic evaluation (measured tumor area was the 
sum of the products of the perpendicular diameters of 
measured bidimensional tumor masses); objective 
improvement, a 25-5096 reduction in measured tumor 
area; progression of disease, a greater than 25% in- 
crease in measured tumor area; stable disease, less than 
objective improvement without evidence of progres- 
sion. For patients with hepatic involvement, a partial 
response was defined as a reduction by more than 30% 
in the sum of the distances between the costal margin 
and the liver edge measured in the right and left mid- 
clavicular lines and in the midline; an objective im- 
provement was defined as a 20% reduction in that sum. 

To have a partial response or objective improvement it 
was also required that no measured tumor area increase 
in size during the observation period, and that no new 
areas of tumor appear. Survival was measured from the 
first day of treatment. 

White blood cell, platelet, and differential counts 
and hemoglobin concentrations were measured prior 
to therapy and weekly thereafter. Before therapy and 
every 3 weeks afterwards, the following tests were 
performed: SGOT,S bilirubin concentration, and 
serum alkaline phosphatase. Blood pressure was moni- 
tored every 15 minutes during amphotericin B adminis- 
tration and every 3 hours for one day after therapy. 
Electrocardiograms were performed before each 
course of therapy. 

Results 

Characteristics of the patients studied are given in 
Table 1. Of the 18 patients, only 4 were female. The 
mean age was 56 years. Three patients had small cell 
undifferentiated carcinoma of the lung, 4 had epider- 
moid carcinoma, 7 had adenocarcinoma, and 4 had 
large cell undifferentiated carcinoma. Five patients had 
not received any prior therapy. The 5 patients with 
disease confined to the lungs had contralateral lung 
metastases untreatable by radiation therapy. Thirteen 
of the patients had received prior radiation therapy, and 
5 patients had received prior chemotherapy. Only 5 
patients had disease confined to the lungs alone, the 
remaining patients having evidence of distant metas- 
tases. The mean pretreatment performance status 
(Karnofsky) was 73.8%. 

Antitumor responses were observed in eight pa- 
tients. Sites of response included bone, lung, lymph 
node, liver, and brain metastases. Six patients had 
partial responses. These were seen in I of 3 patients 
with small cell carcinoma, 1 of 4 patients with large 
cell undifferentiated carcinoma, 2 of 7 patients with 
adenocarcinoma, and 2 of 4 patients with epidermoid 
carcinoma. In addition, objective improvement was 
observed in 2 patients, 1 with small cell carcinoma of 
the lung, and 1 with epidermoid carcinoma of the lung. 
Only 1 patient (with adenocarcinoma) had stable dis- 
ease, and the remaining patients had progressive dis- 
ease after one course of therapy or died during the first 
course of therapy. The mean pretreatment performance 
status of patients with partial responses was 7756, and 
of those with objective responses, 75%. 

Although measurement of antitumor responses in 
brain and bone are often difficult to quantitate, patients 
1 and 2 had improvement in bone and brain scans and 
__- 

:L SGOI = serum glutamic-oxalacetic transaminase; BUN = blood 
urea nitrogen. 
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TABLE I .  Patient Characteristics 

Pretreatment Anti- 
Age performance Prior Organ tumor duration Survival 

Patient (years) Sex status (5%) Histology therapy involvement response (months) (months) 

Remission 

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
I I  
I2 
13 
14 
15 
16 
17 
18 

64 
57 
41 
61 
45 
45 
48 
65 
57 
48 
38 
63 
73 
61 
60 
67 
65 
58 

M 
M 
M 
F 
F 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
F 
F 
M 

70 
80 
60 
80 
90 
80 
80 
70 
80 
80 
70 
70 
70 
70 
80 
80 
60 
60 

Epidermoid 
Adeno 
Epidermoid 
Adeno 
Large cell 
Small cell 
Epidermoid 
Small cell 
Large cell 
Adeno 
Adeno 
Adeno 
Small cell 
Adeno 
Large cell 
Epidermoid 
Adeno 
Large cell 

RT 
RT 
RT, C T  
RT 

RT, C T  
RT 
RT, C T  
RT, C T  
RT 

RT 
RT. C T  
RT 

- 

- 

- 
- 

RT 
- 

BO. BR 
BR 
BO, LU,  H E P  
L U .  NO, BR 
L U  
BO. N O  
LU 
H E P  
L U .  BR 
LU.  BO 
H E P  
LU. H E P  
LU 
LU. BO 
LU. NO, H E P  
LU 
L U  
HEP.  BR 

PR 
PR 
PR 
PR 
PR 
PR 
OBJ 
OBJ 
PROG 
PROG 
STABLE 
PROG 
PROG 
PROG 
PROG 
Died 
Died 
Died 

~ 

23 
19 
8 
8 
6 
4 
6 
I 

13 
7 
3 
3 
3 
2 
2 
2 
I 
1 

* RT = radiotherapy: CT = chemotherapy: BO = bone; BR 
= brain: LU = lung: H E P  hepatic; NO = lymph node: PR 

= partial response: OBJ = objective improvement; PROG = pro- 
gressive disease. 

decreased symptoms. Since both patients had long re- 
missions and long survivals, an unequivocal antitumor 
response had been produced by the therapy. 

The median duration of remission in the 8 patients 
with antitumor responses was 3 months (Fig. IA). The 
mean duration of remission was 5.8 months, reflecting 
two long remissions. One patient with objective im- 
provement showed progression of disease by 3 months, 
and the other died of sepsis 1 month after therapy with- 
out evidence of tumor regrowth. The single patient 
with stable disease remained stable for only 2 months 
prior to progression of disease. 

The median duration of survival was 7 months for 
patients achieving partial response, and only 2 months 
for the other patients, reflecting the extensive amount 
of tumor in the patients studied. Overall, the median 
duration of survival was 3 months (Fig. 1B). This does 
not appear to differ from the survival of the patients 
treated with BCNU alone, according to data from his- 
torical controls. 

Myelosuppression was the dose-limiting toxicity in 
this treatment program (Table 2). A fall in hemoglobin 
concentration was observed in 13 patients. This was 
mild ( 1  to 3 g/dl decrease) in 10 and moderate (3 to5 g/dl 
decrease) in 3. The mean hemoglobin decrease was 
from 12.2 g/dl prior to therapy to 10.1 g/dl following 
therapy. The lowest hemoglobin concentration was 5.7 
g/dl in a patient who developed drug-related hepatitis. 

Granulocytopenia was observed in 6 patients. In 2 
patients the granulocytopenia was mild (nadir granulo- 
cyte count 1,500 to 2,000 cells/mm’) and in 4 i t  was 
severe (nadir granulocyte count below 500 cells/mm”). 

One patient had septicemia which was fatal. The pa- 
tient’s nadir granulocyte count at time of sepsis was 
4,200 cells/mm3. The mean nadir granulocyte count 
during this treatment program was 3,130 cells/mm3. 

Thrombocytopenia was observed in 8 patients. In 3 
patients, this was mild (nadir platelet counts 75,000- 
100,000 cells/mm3)), in 2 patients, moderate (25,000- 
75,000 cells/mm3) and in 3 patients, severe (less than 
25,000 cells/mm”). One patient developed non-fatal 
hemorrhage. The mean nadir platelet count was 
1 13,000 cells/mm”. Myelosuppression was usually 
maximal at 6 weeks following therapy, and recovery 
was sufficient to permit retreatment at 8 weeks fol- 
lowing therapy. 

All patients experienced fever and chills following 
amphotericin B administration. These symptoms were 
mild (fever less than 101°F) in 10 of the 18 patients. 
Two patients developed transient azotemia with an 
elevation of BUN in one patient from 6 to 23 mg/dl, 
with a subsequent decrease to 9 mg/dl. A second 
patient had an elevation from 11 to 22 mg/dl, with a 
subsequent fall to 10 mg/dl. 

The only apparently drug-related fatality occurred 
in a patient who developed severe hepatocellular dys- 
function and died in hepatic coma. At autopsy there 
was no evidence of tumor in the liver. This patient 
was presumed to have BCNU-related hepatotoxicity. 
Only one other patient developed abnormal liver func- 
tion, reflected by a rise in the alkaline phosphatase 
from 63 to 139 U/1. Hypokalemia was observed in one 
patient (2.9 mEq/l). 

Transient hypotension was observed in 2 patients; 



No. 1 BCNU PLUS AMPHOTERICIN B I N  LUNG CANCER . Presrint rt  al .  9 

the blood pressure in one dropped from 120/80 to 85/70 
mm Hg, and in the other from 120/80 to 80/40 mm Hg. 
In both patients, the blood pressure returned to normal 
within 2 hours following amphotericin B discontinu- 
ation. Half of the patients developed malaise for 
approximately 2 weeks following therapy. It was dif- 
ficult to separate this side effect from symptoms of 
metastatic tumor. 

Discussion 
BCNU used alone is a poor drug in bronchogenic 

carcinoma (Table 3).  The overall remission induction 
rate has been 11 responses in 137 patients, or 8%.1.394,y,11 
In those series that mention the histological types of 

A 

- 1  2 4 6 8 I0 12 14 16 18 20 22 

l o t  

TIME (MONTHS) 
FIG. 1. (A) Remission duration in patients treated with ampho- 

tericin B plus BCNU. Solid circles, patients achieving partial re- 
sponse. Open circles, patients achieving objective improvement. 
Open squares, patients with stable disease after one course of 
therapy. (B) Duration of survival in patients treated with BCNU. 
Solid circles, patients in the present study receiving amphotericin B 
plus BCNU. Open circles, historical controls treated with BCNU 
alone at equivalent doses (data replotted from reference 11). 

TABLE 2. Toxicity 

Degree of toxicity 

Type of toxicity None Mild Moderate Severe 

Myelosuppression 
Anemia 
Granulocytopenia 
’Thrombocytopenia 

Fever and chills 
Azotemia 
Hepatotoxicity 
H ypokalemia 
Hypotension 

5’ 
I ?  
10 
0 

16 
16 
17 
16 

10 3 
3 
3 2 

10 8 
3 
I 
I 
2 

- 

- 
- 

- 

- 

* Number of patients. 

tumors treated, partial response rates were 1 of 29 for 
epidermoid carcinoma, I of 16 for large cell undifferen- 
tiated carcinoma, 0 of 13 for adenocarcinoma, and 4 of 
15 for small cell undifferentiated carcinoma. It should 
be noted that the schedules of BCNU administration 
have varied somewhat, and that the criteria for partial 
responses have not been uniform. 

In the present study, BCNU with amphotericin B 
produced 6 partial responses and 2 objective improve- 
ments in 18 patients, for an overall response rate of 
44%. When small cell carcinoma patients were ex- 
cluded, responses were still observed in 6 of 15 patients 
(40%). If one evaluates r i l l  patients receiving any ampho- 
tericin B plus BCNU (including the 4 patients who re- 
ceived lower doses in the phase I study and were not 
included in the detailed analysis in Table I ) ,  the re- 
sponse rate is 9 of 22 patients, or 41%. 

Therefore, the response rate in the present series of 
BCNU plus amphotericin B compares favorably with 
that which would be expected based on historical re- 
ports of BCNU used alone. However, it should be 
noted that one study of BCNU administered daily for 
5 days demonstrated 4 responses in 19 patients,” a 
result similar to that observed in this study. The median 
survival in the present study was only 3 months, even 
though our 3 patients with the longest remissions 
seemed to produce a “tail” in the lower 20% of the 
survival curve. Since antitumor response rates in our 
patients were less than 50%, one might not expect an 
increase in the overall median survival time. The 
median survival was similar to that of the Veterans 
Administration Lung Cancer Study Groupi2 which is 
indicated in Fig. 1B. The short median survival time 
suggests that in future treatment programs, results might 
be improved if amphotericin B plus nitrosoureas were 
combined with other antitumor agents, rather than 
used alone. 

Although myelosuppression from amphotericin B 
plus BCNU was not greater than that from BCNU 
alone, and was similar to that which we had previously 
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TABLE 3. BCNU in Bronchogenic Carcinoma 

Partial 
BCNU response Response Ref- 

Treatment schedule criterion rate erence 

BCNU Daily x 5 50%* 41 I9t 6 

BCNU Weekly, 50% 3128 7 
Daily x 3 ,  
and Once 
only 

BCNU Daily x 3 33% 3125 8 

BCNU Once only 2.5% 0123 9 

BCNU Daily x 2 SO% 1142 10 

BCNU + Am- Once only 50% 6118 Present 
photericin B 25% 8/18 study 

* Partial response defined as a reduction in measured tumor area 

t Number of complete or partial responseslnumber evaluable 
greater than the percent indicated. 

patients treated. 

observed in our phase I studys, it is possible that 
amphotericin B enhanced the hepatotoxic effect of 
BCNU since one patient died of hepatocellular dys- 
function. Lethal nitrosourea-related hepatitis has been 
observed previously following BCNU.5 Since we have 
not observed severe or irreversible hepatic toxicity 
in 45 other patients receiving BCNU or CCNU§ plus 
amphotericin B, we presume that the one patient in this 
report who died of hepatic failure had an idiosyncratic 
reaction to BCNU. 

Since amphotericin B has been found to be an im- 
munostimulant in mice,2 it is possible that enhance- 
ment of immune responses was responsible for the ob- 
served antitumor effects. Serial tests of immune 
response have been performed on some of the patients 
in this study. Nine of 12 patients demonstrated a signifi- 
cant increase in at least one test of immune response 
(usually delayed hypersensitivity skin tests of mitogen- 
induced lymphocyte transformation).lI No relationship 
between antitumor effect and immunostimulation was 

5 CCNU = I-(2-chloroethyl)-3-cyclohexyl- I-nitrosourea. 
I' Presant, C. A., Olander, J., Birnkrant, A. B., King, T. C., and 

Gatewood-Bohner, D.: Enhancement of immune competence in 
metastatic bronchogenic carcinoma after amphotericin B plus 
BCNU. Submitted for publication. 

apparent. Therefore, it is unlikely that the enhanced 
immune response in these patients was responsible 
for the enhanced antineoplastic effect observed. 

We conclude that amphotericin B plus BCNU pro- 
duced an encouraging response rate in patients with 
bronchogenic carcinoma. The combination of ampho- 
tericin B plus nitrosoureas may be useful in combina- 
tion chemotherapy studies in these patients. Although 
only a randomized phase I11 clinical trial can deter- 
mine whether amphotericin B enhances the antitumor 
effects of other agents, the results above suggest that 
such a study is warranted. 
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