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Ninety-four evaluable patients with metastatic soft tissue and bone sarcomas entered into a prospective 
randomized trial (SEG 78SAR327) to determine whether amphotericin B (AMB), a membrane-per- 
meabilizing and immunopotentiating agent, could increase either the response rates or the survival of 
patients treated with a three-drug combination chemotherapy regimen consisting of Adriamycin, cyclo- 
phosphamide, and methotrexate (ACM). Pretreatment patient characteristics were similar in each arm. 
In patients treated with ACM there were 4% complete responses and 34% partial responses, compared 
with only 5% partial responses on ACM + AMB (P < 0.05). However, there was no difference in the 
median time to progression (5.0 months on either arm) or in survival (7.0 months on ACM, and 6.0 
months on ACM + AMB). Myelosuppression was the dose-limiting toxicity, and was equal in each 
treatment arm. The addition of AMB to dactinomycin during maintenance therapy did not result in any 
complete or partial responses. It is concluded that despite definite biologic activity in experimental tumor 
models, AMB is not useful clinically in potentiating chemotherapeutic drug activity in patients with 
metastatic sarcomas, and actually results in a decrease in the frequency of objective responses. 
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N THE SOUTHEASTERN CANCER STUDY GROUP, we have I been developing combination chemotherapy ap- 
proaches to patients with unresectable or metastatic sar- 
comas of soft tissue and bone. In prior studies, we iden- 
tified encouraging responses obtained with the combi- 
nation of Adriamycin, cyclophosphamide, and 
methotrexate (ACM).' Those results indicated a 20% 
complete plus partial response rate, and a 41% stable 
disease rate. Complete responses lasted a median of 45 
weeks, and partial responses 19 weeks. The 9-month me- 
dian survival was similar to that of the other effective 
regimens. 

Recognizing the need for improvement in the quality 
of antitumor chemotherapy in these types of diseases, we 
initiated a trial of amphotericin B (AMB) in combination 
with the ACM regimen. Amphotericin B was chosen partly 
because of its membrane-permeabilizing affects which re- 
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sult in increased uptake of antitumor drugs as demon- 
strated in experimental  system^.^-^ This increased uptake 
was found to produce a marked potentiation of antitumor 
effects of most of the chemotherapeutic drugs tested,5 
including a 330-fold potentiation for Adriamycin (dox- 
orubicin), 180-fold for cyclophosphamide, and 4.4-fold 
for methotrexate. In addition, AMB induces immunoad- 
juvant effects"" on both humoral and cellular immune 
responses. 

In preliminary experiments which were performed to 
determine whether AMB enhanced the toxicity of ACM. 
it was found that AMB mildly increased the myelosup- 
pression observed with those drugs. Therefore, the doses 
of ACM, when combined with AMB, were reduced by 
one third in the case of Adriamycin and cyclophospha- 
mide, and one fifth in the case of methotrexate. This 
article summarizes the results of our randomized pro- 
spective clinical trial comparing ACM with ACM plus 
AMB as outlined in Table 1.  

Methods 

Patients were eligible for Southeastern Cancer Study 
Group protocol 78-SAR-327 if they had histologically 
proven, advanced, metastatic sarcoma, and if they were 
not considered to be candidates for curative surgery or 
radiation therapy. Patients with solitary pulmonary nod- 
ules were considered for surgical or radiation therapeutic 
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management and were not entered into this protocol. 
Patients were required to have measurable disease of re- 
cently documented progression; they had to be older than 
15 years of age; they had to be untreated previously with 
chemotherapy drugs used in this study: and they were 
required to give voluntary informed consent for partic- 
ipation. 

All of the histopathologic types of sarcomas included 
in Table 1 were eligible. Patients were ineligible if they 
had hyperbilirubinemia (> 1.2 mg/dl), azotemia (creati- 
nine > 1.4 mg/dl), congestive heart failure, abnormal 
cardiac rhythm, a granulocyte count less than 2000/mm3 
or a platelet count less than 100,000/mm3. 

TABLE 1 .  Patient Characteristics 

ACM ACM + AMB 

Age 
Mean 
Median 

Sex 
Male 
Female 

Performance status 
Mean 
Median 

Diagnosis 
Angiosarcoma 
Chondrosarcoma 
Ewings 
Fibrosarcoma 
Leiom yosarcoma 
Liposarcoma 
Mesothelioma 
Osteogenic sarcoma 
Rhabdom yosarcoma 
Schwannoma 
Synovial sarcoma 
Uterine sarcoma 
Other 

Prior therapy* 
Surgery 
Radiotherapy 

Lung 
Pleura 
Liver 
Bone marrow 
Bone 
Skin 
Subcutaneous 
G.I. 
Nodes 
Spleen 
Brain 
Other 

Metastatic disease site* 

54. I 
57.6 

27 (6090) 
18 (40%) 

75.8 
80.0 

2 (4%) 

1 (290) 
14 (31%) 
9 (2090) 
7 (1690) 
2 (4%) 
1(2%) 
I(2%) 

8 (18%) 

38 (8490) 
14 (31%) 

23 (51%) 
2 (4%) 
8 (18%) 

7 (15%) 
3 (7%) 
4 (9%) 
4 (9%) 
4 (9%) 
2 (4%) 

5 ( I  1 % )  

52.9 
56.1 

22 (4590) 
27 (55%) 

78.4 
80.0 

2 (4%) 
I(2%) 

9 (18%) 
9 (18%) 
7 (14%) 
1(2%) 
1 (290) 
I(2%) 
2 (4%) 
1(2%) 
I(290) 

14 (29%) 

36 (73%) 
12 (24%) 

30 (61%) 
5 (10%) 
8 (16%) 

9 (18%) 
I(2%) 
6 (12%) 
4 (890) 
5 (10%) 

l(290) 
2 (490) . .  

ACM: Adriamycin, cyclophosphamide, and methotrexate; ACM 

P = not significant for all categories. 
* A patient could have more than one type of prior therapy and/or 

+ AMB: ACM and amphotericin B. 

multiple metastatic sites. 

TABLE 2. Treatment Regimen 
~~~ ~~ ~ 

Induction randomization (courses every 3 weeks) 

Courses I .  2 ACM ACM + AMB 

AMB - 

Adriamycin 60 40 day 4 
Cyclophosphamide 600 400 day 4 
Methotrexate 25 20 day 4 

7.5 day I ,  30 day 2 AMB - 
Adriamycin 60 40 day 2 
Cyclophosphamide 600 400 day 2 
Methotrexate 25 20 day 2 

Maintenance randomization (courses every 4 weeks for 7 courses) 

7.5 day I .  15 day 2, 30 day 3 
and day 4 

courses 3 , 4  

ACT ACT + AMB 

15 AMB - 
Dact i nom yci n 2 2 

* All doses in mg/m2 given intraveneously as described in Methods 
section. 

Induction Program 

Patients were randomized to either of two regimens 
for induction chemotherapy (Table 2). One group of pa- 
tients received ACM at the doses listed in Table 2. Che- 
motherapy was given every 3 weeks for 2 consecutive 
courses, following which response was evaluated. Patients 
who did not have progressive disease were then continued 
on courses 3 and 4. 

Patients who were randomized to receive AMB plus 
ACM, received AMB in doses described in Table 2. Am- 
photericin B was administered in 500 ml of 5% dextrose 
in water with 100 mg of hydrocortisone over 6 hours; 
the doses were 7.5 mg/m2 day 1, 15 mg/m2 day 2, and 
30 mg/m2 days 3 and 4, with ACM on the fourth day 
following the conclusion of the AMB infusion. Prior to 
administration of AMB, diphenhydramine and acet- 
aminophen were administered. If the patient got a chill 
during the course of AMB administration, mependine 
25 mg was administered intravenously. Following the 
conclusion of AMB during each course, ACM was ad- 
ministered in the doses listed in Table 2. 

Courses of ACM plus AMB were repeated 21 days 
following the administration of ACM. Three weeks fol- 
lowing the second course of therapy, response was eval- 
uated. Patients who did not show evidence of progression 
of disease continued to receive two further courses of 
ACM plus AMB. For courses 3 and 4, AMB doses were 
decreased to 7.5 mg/m2 day 1, and 30 mg/m2 day 2, with 
ACM being administered on day 2, following completion 
of AMB. 

Three weeks after the second course of induction ther- 
apy, response was evaluated. Complete response (CR) 
was defined as complete disappearance of all manifes- 
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TABLE 3. Antitumor Effects 

ACM ACM + AMB 

No. evaluable patients 45 49 
Complete response 2 (4%) 0 
Partial response 15 (34%) } < 0'05 { 5 (lo%) 
Stable 10 13 
Progression 18 31 

Time to progression 
(median) 5.0 mo 

Survival (median) 7.0 mo 
5.0 rno 
6.0 mo 

ACM: Adriamycin, cyclophosphamide. and methotrexate; ACM 
+ AMB: ACM and amphotericin B. 

tations of tumor; partial response (PR) was defined as a 
50% to 100% decrease in the sum of the products of 
perpendicular diameters of all measured tumors, without 
appearance of new tumors; stable was defined as less than 
partial response, no evidence of progression: progression 
was defined as appearance of new manifestations of tumor 
or a greater than 25% increase in measured tumor area. 
Patients who progressed an ACM were crossed over to 
ACM plus AMB. Toxicity was evaluated as described in 
Table 1 in a study by the authors.' 

Maintenance Therapy 

Patients who remained without progressive disease after 
4 courses of ACM, or ACM plus AMB, were then ran- 
domized to receive maintenance chemotherapy with dac- 
tinomycin (ACT) alone, or ACT plus AMB. Patients who 
were randomized to receive ACT received ACT 2 mg/ 
m2 every 4 weeks for 7 courses. Patients who were ran- 
domized to receive ACT plus AMB received AMB 15 
mg/m2, following which ACT 2 mg/m2 was administered. 
Following 7 courses of ACT or ACT plus AMB, patients 
who remained without progression of disease were then 
followed without further chemotherapy. Once relapse had 
occurred, induction therapy was then restarted. 

Dose Mod$cation 

Any courses of treatment were delayed until the gran- 
ulocyte count was greater than 2000/mm3, and the platelet 
count was greater than 100,000/mm3. If the nadir gran- 
ulocyte count was less than 750/mm3 or the nadir platelet 
count less than 50,000/mm3, then the doses of Adriamycin 
(ADR), cytoxan (CTX), methotrexate (MTX), or ACT 
were reduced by 50%. If moderate mucositis was observed, 
the doses of ADR, MTX, and/or ACT were reduced by 
25%. If severe mucositis was observed, the doses were 
reduced by 50%. If severe nausea and vomiting was not 
controlled by antiemetics, the doses of ADR, CTX, and 
ACT were reduced by 25%. 

Study Measurements 

Before study, patients had several procedures per- 
formed, including a complete history, physical exami- 
nation, hemoglobin concentration, leukocyte, differential, 
and platelet counts, serum creatinine, bilirubin, serum 
glutamic-oxalacetic transaminase (SGOT), lactate de- 
hydrogenase (LDH), alkaline phosphatase, uric acid. and 
albumin concentration, chest x-ray and other x-rays, nu- 
clide scans appropriate for tumor measurement, and an 
electrocardiogram. Weekly during therapy, hemoglobin 
concentration, leukocyte, differential, and platelet counts 
were obtained. Tumor measurements were obtained at 
every course. Serum creatinine, bilirubin. SGOT, LDH, 
alkaline phosphatase, uric acid and albumin concentra- 
tions, and electrocardiograms were obtained every 6 
weeks. 

Statistics 

Data on remission and survival duration were plotted 
by the Kaplan-Meierl I technique. Comparison of curves 
were performed by using the modified Wilcoxon pro- 
cedure.'' Differences in response and toxicity rates were 
analyzed by the chi-square test or Fisher's exact test" 
when appropriate. 

Results 

One hundred twenty-two patients were entered into 
this treatment program. Of 6 1 patients who were entered 
on ACM, 45 were evaluable (87%). In two patients, no 
data were submitted; two patients were incompletely re- 
viewed; five patients were not eligible for protocol fol- 
lowing review of histologic findings; four patients were 
protocol violations, and three patients were inadequately 
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FIG. 1. Time to progression by treatment program. Squares: ACM: 
triangles: ACM plus AMB; P = 0.8. 
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treated. Of 6 1 patients treated with ACM plus AMB, one 
patient had no data submitted, seven were protocol vi- 
olations, and four patients were inadequately treated, 
leaving 49 evaluable patients (82%). Overall, 84% of pa- 
tients entered were evaluable. 

Pretreatment patient characteristics were similar in each 
group (Table 1). The median age was between 55 and 
60, and there were approximately equal numbers of men 
and women. The median performance status was 80%. 
In each arm, the most frequent diagnoses were fibrosar- 
coma, leiomyosarcoma, and liposarcoma. Most patients 
had relapsed following prior surgery, and many had ad- 
ditionally had previous radiotherapy. Only three patients 
had previous chemotherapy of types different than that 
administered in this study, and three patients had prior 
immunotherapy. Lung metastases were the most frequent 
sites of metastatic disease, followed by liver metastases, 
and bone metastases. 

In 45 patients treated with ACM, there were 38% ob- 
jective responses overall, 34% PRs and 4% CRs. In con- 
trast, in 49 patients treated with ACM plus AMB, there 
were only five PRs (10%) (Table 3). The difference in 
overall response rates, 38% on ACM versus 10% on ACM 
plus AMB, was statistically significant (P < 0.05). Of 14 
patients evaluable who received ACT alone during 
maintenance therapy, I patient, who had not had a re- 
sponse during induction therapy, developed a PR. Of 16 
patients treated with ACT plus AMB, no patient showed 
PR or CR. 

None of six evaluable patients who failed on ACT, 
ACT plus AMB, or who relapsed following discontin- 
uation of maintenance therapy, responded to reinduction 
therapy with ACM. Neither of two evaluable patients 
receiving AMB plus ACM responded to reinduction ther- 
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FIG. 2. Survival by treatment. Squares: ACM; triangles: ACM plus 
AMB; P = 0.4. 

TABLE 4. Toxicity 

ACM ACM + AMB 

Moderate- Moderate- 
Mild severe* Mild severe’ 

Hemoglobin 
Fall 1-3 g/dl 
Fall >3  g/dl 

Granulocyte count 

1500-1900/mm3 
< 1 500/mm3 

Platelet count nadir 

nadir 

90,000-1 30,000/ 
mm3 

<90,000/mm3 
Congestive heart failure 
Stomatitis 
Nausea, vomiting 
Hepatotoxicity 
Increased blood-urea 

nitrogen 

18% 
- 

I390 
- 

9% 
- 
- 
2 90 
36% 
2% 

- 

- 
2% 

- 
51% 

- 
4% 
4% 
7% 
35% 
- 

- 

41% 
- 

12% 
- 

12% 
- 
- 
- 

20% 
2% 

14% 

- 
8% 

- 
51% 

- 
4% 
2% 
6% 

47% 
- 

2% 

ACM: Adriamycin, cyclophosphamide, and methotrexate; ACM 

* Includes life threatening. 
+ AMB: ACM and amphotericin B. 

apy. Of seven patients who showed progressive disease 
on ACM, and who were crossed over to receive ACM 
plus AMB, none had CRs or PRs. 

Although the response rates were significantly higher 
on ACM compared with ACM plus AMB, the time to 
appearance of progressive disease was similar in each of 
the regimens (Fig. 1). The median time to progression 
was 5.0 months on each arm, and although the “tail” on 
the ACM plus AMB arm appeared to be slightly higher, 
this was not a statistically significant difference owing to 
the small number of patients in each of the tails. 

Furthermore, survival was similar in each of the two 
treatment regimens (Fig. 2). The median survival for pa- 
tients receiving ACM was 7.0 months, compared with 
6.0 months for patients receiving ACM plus AMB (P 
= 0.4). This survival is slightly less than the overall survival 
of 9 months in our previous experience in 279 patients 
treated with ACM alone.’ 

Toxicity was similar on each of the treatment arms 
(Table 4). The dose-limiting toxicity was myelosuppres- 
sion. There were no toxicity-related deaths. Congestive 
heart failure was rare on each of the regimens. Alopecia 
was nearly universal. Only patients receiving AMB had 
mild increases in blood urea nitrogen, which were tran- 
sient. Chills and fever were not common following AMB 
due to pretreatment with diphenhydramine and acet- 
aminophen, and prompt treatment of chills with me- 
peridine. Similarly, toxicity was equal in the ACT and 
the ACT plus AMB treatment arms. Again, dose-limiting 
toxicity was myelosuppression. 
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Discussion 

Despite very encouraging preclinical information re- 
garding the ability of AMB to both enhance immune 
response and increase permeability of tumor cells so as 
to increase sensitivity to chemotherapeutic agents,I4 this 
study has demonstrated conclusively that the addition of 
AMB provides no therapeutic advantage to patients with 
metastatic sarcomas who receive ACM. Furthermore, re- 
sponse rates were actually decreased by the addition 
of AMB. 

The decreased response rate with AMB might be ex- 
plained by the decreased doses of ACM used with AMB 
(to reduce the toxicity equal to that of ACM alone). If 
AMB does not increase the permeability of tumor cells 
to the chemotherapeutic drugs, the reduced doses of ACM 
in the ACM plus AMB treatment program might be ex- 
pected to produce less cell kill than the higher doses in 
the ACM alone arm. 

It should further be emphasized that although poten- 
tiation of antitumor drugs has been produced in exper- 
imental animals,’ the potentiation has been produced 
only in single-agent treatment studies, and potentiation 
in multiagent studies has not been evaluated. Further- 
more, those studies indicate that potentiation is best when 
chemotherapeutic drugs are used at maximum dosages; 
the requirement to reduce the dose of each single drug 
when single drugs are joined in combination (in order to 
avoid additive myelosuppression) may have had the over- 
all effect of decreasing any possibility of potentiation 
by AMB. 

It was of interest that despite a decreased response rate 
in the ACM plus AMB arm, time to progression and 
survival were equivalent to the ACM arm. Since time to 
progression was relatively short, and survival was relatively 
short, further improvements in chemotherapy of meta- 
static sarcomas is clearly needed. 

We conclude, therefore, that the addition of AMB to 
this chemotherapeutic regimen has not produced any im- 

provement in response. Since some patients who are re- 
sistant to prior chemotherapy have shown antitumor re- 
sponses when AMB has been added to ~hemotherapy,’~ 
there may still be a very small role for AMB in antitumor 
chemotherapy in sarcomas. Nevertheless, our observation 
in this study of no responses in seven patients crossed 
over from ACM to ACM plus AMB indicates that the 
frequency of “reversal of resistance” is rather low. 
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