
COMBINED CHEMOIMMUNOTHERAPY FOR 
ADVANCED BREAST CANCER 

A Comparison of BCG and Levamisole 

GABRIEL N. HORTOBAGYI, MD, JORDAN U. GUTTERMAN, MD,* 
GEORGE R. BLUMENSCHEIN, MD, HWEE-YONG YAP, MD, AMAN U. BUZDAR, MD, 

CHARLES K.  TASHIMA, MD, MICHAEL A. BURGESS, MD,* A N D  
EVAN M. HERSH, MD* 

One hundred and fourteen evaluable patients with metastatic breast cancer 
were treated with a program consisting of 5-FU, Adriamycin, cyclophosphamide 
(FAC) and nonspecific immunotherapy with Levamisole. The results of this 
treatment program were compared to those observed with FAC and Bacillus 
Calmette Guerin (BCG) and FAC chemotherapy alone, both groups treated 
prior to the study reported in this paper. The overall response rates and com- 
plete response rates for all three treatment regimens were identical. The dura- 
tion of remission, survival of all patients and survival of responders was 
similar for both chemoimmunotherapy regimens, being superior to the FAC 
chemotherapy alone group. Immunotherapy with Levamisole was well tol- 
erated and side-effects were experienced by less than one-fourth of the pa- 
tients. Overall, Levamisole was better tolerated than BCG and was easier to 
administer than the latter drug. These results suggest that nonspecific im- 
munotherapy with Levamisole might prolong remission and survival of pa- 
tients with metastatic breast cancer. Since the results achieved with BCG and 
Levamisole appear similar, the therapeutic ratio favors the use of Levamisole. 
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NTENSIVE COMBINATION CHEMOTHERAPY I with 5-fluorouracil (5-FU), Adriamycin 
(ADM) and cyclophosphamide (CTX) (FAC) 
produces objective regressions in over 70% of 
patients with metastatic breast cancer. 1*2315326 

While this combination has been reported to 
be the most effective in the treatment of breast 

complete remissions are observed 
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in less than 20% of patients3 and the median 
durations of remission obtained are approxi- 
mately 9 months. Only 50% of the patients 
survive more than 15 months.2 Advanced met- 
astatic breast cancer as well as the modalities 
used in its treatment (surgery, radiotherapy 
and chemotherapy) depress the immune re- 
sponse of a large percentage of  patient^.^,^^*^^ 
A number of investigators have correlated im- 
munocompetence with a good prognosis, and 
improvement in previously depressed immune 
responsiveness with better responses to ther- 
apy and s u r ~ i v a l . ~  We recently reported that 
nonspecific immunotherapy with BCG, when 
added to combination chemotherapy prolongs 
remission and survival of patients responding 
to chemotherapy.6*" Other investigators have 
reported similar results with the use of 
Corynebacterium parvum (C. p a r i ~ u m ) , ~ ~  and the 
methanol extracted residue of BCG (MER).31 

Levamisole (LMS) is a synthetic substance 
originally utilized as an anti-helminthic drug, 
which has shown encouraging results in can- 
cer treatment.12*24'28*30,32~34 LMS is considered 
an immunodulator and is known to restore 
cell-mediated immune responses in com- 
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promised hosts. It does not stimulate the im- 
mune response above normal levels.30 LMS 
improves T cell or macrophage dependent 
functions such as delayed type hypersensitiv- 
ity,  graft-versus-host reaction and blood clear- 
ance of colloidal particles. It does not seem 
to influence B lymphocytes directly. It has sev- 
eral potential advantages over BCG or other 
bacterial immunoadjuvants: oral administra- 
tion, known pharmacology, good tolerance by 
patients. We explored the question whether 
Levamisole added to combination chemo- 
therapy would improve the partial and/or 
complete response rate, or prolong remission 
and survival in patients with metastatic breast 
cancer. This report presents our final results 
and a comparison with our earlier experience 
with FAC-BCG. 

PATIENTS AND METHODS 

All patients with metastatic breast car- 
cinoma were eligible for this treatment pro- 
tocol provided they satisfied the following 
criteria: clearly measurable metastatic lesions, 
histological proof of breast cancer, no de- 
monstrable refractoriness to previous therapy 
with CTX and/or 5-FU and/or ADM andlor 
Methotrexate, and no prior exposure to LMS. 
There were no exclusions based on age, ex- 
tent of metastatic disease or metabolic ab- 
normalities. Patients were excluded if uncom- 
pensated congestive heart failure was present. 
All patients were off prior radiotherapy or 
chemotherapy for at least 3 weeks prior to 
the initiation of this treatment. 

Treatment Program 

All patients were treated with a program 
consisting of 5-FU 500 mg/m2 iv on days 1 and 
8 of each course, ADM 50 mg/m2 iv on day 
1, CTX 500 mg/m2 iv on day 1 (FAC) and 
LMS 100 mg/m2 p.0. in three divided doses, 
on days 9,10,13,14,17 and 18 of each 21 day 
course of chemotherapy. Courses were re- 
peated every 2 1 days if hematological or other 
toxicity permitted. A white blood count of 
3000 with an absolute granulocyte count of 
2000 and a platelet count of greater than 
100,000 were required to start a new course 
of chemotherapy. The total cumulative dose 
of Adriamycin was limited to 450 mg/m2 in an 
attempt to reduce the risk of cardiotoxicity 
secondary to this drug. When Adriamycin was 
discontinued, maintenance treatment con- 
sisting of methotrexate 30 mg/m2 im on days 

1 and 8,5-FU 500 mg/m2 by mouth on days 1 
and 8 and cyclophosphamide 500 mg/m2 by 
mouth on day 2 of each course was started. 
Levamisole was continued at the same dose 
and schedule. Maintenance courses of chemo- 
therapy were also repeated every 21 days. In 
the absence of infectious or hemorrhagic com- 
plications, dose escalation or de-escalation was 
performed in order to maintain the lowest 
granulocyte count between 1000 and 2000 per 
cubic mm and the lowest platelet count above 
50,000. A major infection (pneumonia, sepsis) 
and/or hemorrhage required a dose reduction 
of 25% regardless of the degree of myelosup- 
pression. Chemoimmunotherapy was con- 
tinued until progressive disease was detected 
for patients with stable disease or in partial 
remission; patients who achieved a complete 
remission continued chemoimmunotherapy 
for 2 years after the moment they achieved 
such remission. Unless poor performance 
status required hospitalization, treatment was 
administered on an ambulatory basis. 

Initial evaluation included a complete his- 
tory and physical examination, a complete 
blood count, urinalysis, SMA-100 (liver and 
renal function tests), chest x-ray, metastatic 
bone survey, liver and bone scanning and bone 
marrow aspiration and biopsy. Skin testing 
with a battery of four recall antigens (derma- 
tophytin, Varidase, Candida and mumps), 
Keyhole Limpet Hemocyanin (KLH), and PPD 
was performed prior to starting treatment. A 
complete staging work-up was repeated at 3-4 
month intervals. 

Evaluation of Response 

In this study, a complete remission was de- 
fined as a complete disappearance of all ob- 
jective and subjective evidence of disease in- 
cluding complete recalcification of bone lesions 
on x-rays; a partial remission was interpreted 
as a 50% or greater reduction in the product 
of the greatest diameters of measurable 
lesions and/or partial recalcification of bone 
metastases. Patients with less than 50% reduc- 
tion or less than 25% increase in tumor size 
for a period of at least 2 months were con- 
sidered to have stable disease provided no new 
lesions appeared during that time; progres- 
sion or relapse was defined as more than a 
25% increase in existing tumor masses or the 
appearance of any new lesions. 

Remission duration was determined from 
the date remission was achieved until the date 
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TABLE 1 .  Pretreatment Population Characteristics 

FAC FAC-BCG FAC-Levamisole 

N o  evaluable patients 44 105 114 
Age (years) 

Median 51 53 53 
(range) (29-67) (25-72) (23-73) 

White 88 90 88 
Black 5 7 5 
Latin 7 3 7 

Median 15 15 15 
(range) (0- 104) (0- 140) (0- 186) 

Race (%) 

Disease-free interval (months) 

Menopausal status 
Premenopausal (%) 25 15 I 1  
Postoophorectomy (%) 9 21 27 
Postmenopausal (%) 66 68 62 

Hormonal 79 65 64 
Prior therapy (%) 

Chemotherapy 7 14 10 
Dominant site (%) 

Soft tissue 4.5 12.3 4 
Osseous 18 25.7 30 
Visceral 77 62 66 

1-2 59 66 54 
>3 41 34 46 

Number of disease sites 

No statistically significant difference was detected in any of the subgroups. 

of progression or relapse. Survival was meas- 
ured from the start of treatment to the date 
of death or last follow-up examination. Sur- 
vival was also measured from the date of first 
recurrence after surgery and from the date of 
first diagnosis of breast cancer. For patients 
with bilateral breast cancers, the date of 
diagnosis of the second breast cancer was used. 

The results of this series were compared 
to the two previously reported groups of pa- 
tients treated with FAC chemotherapy alone2 
or FAC with nonspecific immunotherapy with 
BCG." Patients in the FAC chemotherapy 
alone group were entered in the study be- 

TABLE 2. Response Rates 

FAC FAC 
FAC BCG LEV 

No. pts. No. pts. No. pts. 
(%) (%I (7%) 

No. evaluable pts. 44 105 114 
Complete remission 6 (14) 20 (19) 15 (13) 
Partial remission 26 (59) 60 (57) 67 (59) 
Stable 12 (27) 19 (18) 26 (23) 

Overall remission 32 (73) 80 (76) 82 (72) 

N o  statistically significant differences were noted. 

6 (6) 6 (5) Progressive - 

tween August 1973 and February 1974; pa- 
tients treated with FAC and BCG were entered 
on the study between March 1974 and March 
1975, while the current study was completed 
between September 1975 and January 1976. 

Sixty-four patients were entered on the FAC 
chemotherapy study. Two patients died be- 
fore completing the first course, two were lost 
to follow-up and two had major protocol vio- 
lations. Fifty-eight patients were evaluable 
for response rate which was 79% (46 of 58). 
However, only 44 were evaluable for remis- 
sion duration and survival, since 14 respond- 
ing patients were started on BCG after com- 
pleting the FAC induction regimen, when 
starting CMF maintenance. These patients 
were not included in the groups reported here 
for analysis. Thus, 44 patients treated with 
FAC chemotherapy alone represent our 
chemotherapy alone control group. The over- 
all response rate for these 44 patients was 73% 
(Table 2). 

One hundred and twenty-eight patients 
were entered on the FAC-BCG program. 
Twenty-three patients were found to be in- 
evaluable for the following reasons: three pa- 
tients died before completing their first 
course of chemoimmunotherapy with pro- 
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gressive disease, thus, having an inadequate 
trial; five were lost to follow-up; six major 
protocoI deviations were observed and in 9 
patients no BCG or BCG at inadequate dose 
or schedule was administered. 

One hundred and thirty-eight patients were 
entered on the FAC-Levamisole treatment 
program. Twelve patients were later found 
to be ineligible for the protocol, 6 patients 
having only stage 111 disease (either regionally 
advanced primary or inflammatory carcinoma) 
and six for having adenocarcinoma of un- 
known primary site. Some of these patients 
have been reported elsewhere (1 0,18). Twelve 
additional patients were considered inevaluable 
for the following reasons: 3 patients were lost 
to follow-up before information about re- 
sponse could be obtained; 5 patients never 
received Levamisole; and 4 patients had treat- 
ment with major protocol deviations, unac- 
ceptable for evaluation in this study. 

One hundred fourteen patients received 
one or more courses of FAC and Levamisole 
and represent the material reported in this 
paper. 

The Chi-square test was used to assess the 
comparability of the two groups for prognostic 
factors, or to compare response rates in dif- 
ferent subgroups. The Kaplan and Meier 
method was used to calculate and plot remis- 
sion and survival curves16 and a generalized 
Wilcoxon test with a two-tailed analysis was 
used to test differences between remission and 
survival  curve^.^ 

RESULTS 

To assure the comparability of the three 
groups of patients reported in this paper, we 
analyzed them according to factors of known 
prognostic significance, as well as factors con- 
sidered of prognostic significance in the past. 
Table 1 shows the distribution by age, race, 
menopausal status, disease-free interval and 
prior hormonal and chemical treatment. The 
minor differences observed in the distribution 
of oophorectomized patients, or patients with 
predominant visceral disease were not statisti- 
cally significant. 

Our own evaluation of clinically significant 
prognostic factors showed the number of dis- 
ease sites involved to be the single best pre- 
dictor for response and survival.2s The three 
groups showed virtually identical distribution 
in this respect. 

Tot01 Fail _ _  
82 60 FAC - Levamisole 
80 72 A R C - F A C - B C G  

3 2  29 0 FAC 
I in Remission 

OYSA P . 0 4  
AvS. p.86 
0 6. p: 05 

c 
0 12 24 36 48 

Months 

FIG. 1. Duration of remission from onset of response to 
progression or relapse for all three treatment programs 
in Stage IV breast cancer. 

Table 2 shows the response rate to all three 
treatment programs. As in our previous re- 
port, the response rate was updated for the 
first 24 months of treatment to identify a 
small percentage of patients-whose response 
(particularly in bony lesions) may take 6 to 18 
months to be manifest." There was no sig- 
nificant difference in the overall or complete 
remission rate between the three treatment 
programs, being 74% and 14%, 76% and 19%, 
and 72% and 13% for FAC, FAC-BCG and 
FAC-Levamisole respectively. The proportion 
of patients with stable and progressive dis- 
ease from the start was also similar between 
the three groups. Those clinical factors tra- 
ditionally thought to have prognostic sig- 
nificance, such as age, menopausal status, 
disease-free interval, dominant site of disease 
or prior therapy had no influence on the abil- 
ity of patients to achieve an objective response. 

The duration of remission from onset of 
response till progression for all three treat- 
ment programs is shown in Fig. 1. The FAC- 
BCG and FAC-Levamisole responders had 
virtually identical remission durations as 
shown on the graph (p = 0.86). Both were 
superior to that observed with FAC treatment 
alone (p = 0.04 and 0.05, respectively). The 
median duration of remission for FAC- 
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FIG. 2. Length of survival of patients achieving an ob- 
jective response on all three treatment programs. 

Levamisole was 13 months, for FAC-BCG 14 
months and for FAC alone 9 months. 

While the median duration of complete re- 
mission was slightly better than that observed 
for partial remission, the difference between 
these two curves was certainly not as dramatic 
as that observed in the case of acute leu- 
kemias or lymphomas. Of the 15 patients who 
achieved a complete remission on FAC- 
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FIG. 3. Survival of all patients, regardless of' response, 
for all three treatment programs in Stage IV breast 
cancer. 

Levamisole, 8 remain in a complete remission. 
Of these, 5 have discontinued chemotherapy 
and two remain in a complete remission on 
immunotherapy with Levamisole. With a much 
longer follow-up, five of twenty patients 
treated with the FAC-BCG protocol remain 
in remission after discontinuing therapy; one 
of six patients on FAC chemotherapy alone 
had a similar clinical course. 

While there was a significant difference in 
duration of remission between the chemo- 
therapy alone and chemoimmunotherapy 
programs, the duration of stable disease (8 
months) as well as the survival of patients with 
stable disease (12 months) was identical in all 
programs. At the time of this report, the 
median follow-up for FAC is 42 months, for 
FAC-BCG is 36 months and for FAC-Levami- 
sole, 28 months. 

Figure 2 shows the length of survival of 
patients achieving an objective response on all 
3 regimens. The median survival of respond- 
ers was 16 months for FAC, 24.9 months for 
FAC-BCG and 25.2 months for FAC-Levami- 
sole. Both FAC-BCG and FAC-Levamisole 
were significantly superior to FAC (p = 0.008). 
The survival of all patients, including those 
with stable and progressive disease is shown 
on Fig. 3. 

Since the time elapsed between the docu- 
mentation of first evidence of recurrent dis- 
ease and initiation of chemotherapy is variable, 
we looked at the survival of all patients from 
the onset of first recurrence until death or 
last contact. The median survival time from 
first recurrence was 31.5 months for all pa- 
tients regardless of response status (Fig. 4). 
The median survival time from diagnosis of 
primary breast cancer until death or last 
follow-up was 57.6 months. 

Pattern of Recurrence 

We analyzed this patient population to de- 
termine the first site of progressive disease 
when this current chemoimmunotherapy 
regimen failed. Sixty percent of relapses oc- 
curred at the site of original disease and an 
additional 20% relapsed at both the original 
metastatic sites and new metastatic areas not 
previously present; 16% of relapses were in 
entirely new areas without progression or re- 
lapse in previously noted metastatic sites. In- 
cluded in this group, 6% of all relapses were 
first in the central nervous system. N o  in- 
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FIG. 4. Survival from initiation 
of FAC-Levamisole, from the 
time of first recurrence and from 
the first diagnosis of primary 
breast cancer for all patients 
treated with the FAC-Levamisole 
program. 
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formation regarding the site of relapse was 
available for 3% of the patients. 

Causes of Death 

Sixty-four patients have died on the FAC- 
LMS program. Forty-nine of them died as a 
direct consequence of progressive disease 
(78%); three of these 49 patients died from 
progressive central nervous system disease. 
The remaining deaths were caused by infec- 
tion (4 patients), cardiovascular disease ( 5  pa- 
tients), bowel obstruction unrelated to tumor 
( 1 patient), hypercalcemia without evidence 
of progressive disease (1 patient) and the cause 
of death was unknown for 4 patients. 

TOXICITY 
Most side-effects or toxic manifestations of 

the programs described in this paper were 
secondary to chemotherapy with FAC. Gas- 
trointestinal side-effects (nausea, vomiting), 
alopecia and myelosuppression were the most 
commonly observed effects (Table 3). The 
incidence and severity of these side-effects was 
not different in the three programs reported 
here. Nausea and vomiting usually started 3 
to 4 hours after the infusion of day 1 chemo- 
therapy and lasted for anywhere between 4 
and 12 hours. The use of antiemetics met with 
variable success. Alopecia was always re- 
versible at the end of ADM therapy and some- 
times even while ADM was being continued. 

Granulocytopenia was the most noticeable 

evidence of bone marrow toxicity. The lowest 
counts were encountered between days 10 and 
14 with prompt recovery by the third week 
of treatment. Thrombocytopenia was not ob- 
served in the majority of patients and in those 
who developed a low platelet count this was 
mild and of no clinical significance. The few 
patients who presented with severe bone 
marrow involvement by tumor predictably 
had much more severe episodes of myelosup- 
pression during the first few courses of chem- 
otherapy. Myelosuppression was slightly cu- 
mulative and dose reductions were necessary 

TABLE 3. Nonhematologic Toxicity Attrihutahle 
to Chemotherapy 

FAC- 
FAC-BCG Levamisole 

Symptom 5% Patients r% Patients 

Nausea 
Vomiting 
Alopecia 
Mucositis 
Fever unknown origin 
Minor infections 
Weakness 
Weight loss >5 Ibs. 
Anorexia 
Diarrhea 
Sepsis 
Congestive heart failure 
Skin pigmentation 
Adriamycin infiltration 
Septic death 
Hematuria 

92 
86 
98 
22 
10 
8 
4 
5 

11 
16 
5 
4 

4 

1 

- 

- 

77 
74 
95 
14 
14 
12 
9 
8 
8 
7 
7 
3 
2 
2 
1 
1 
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TABLE 4. Hematologic Toxicity 

FAC FAC BCG FAC LEV 

1 6 1 6 1 6 

Lowest WBC 
Median 2.4 2.7 1 . 1  1.5 2.0 2.2 
Range (. 1-5.0) (.8-6.2) (.5-3.1) (.8-3.0) (.4-5.2) (1.0-6.1) 

Median .86 1.4 .8 1 . 1  .8 1 .0 
Range (0-3.8) (0.2-3.1) (0.3-2.6) (0.5-2.4) (0-3.4) (0-3.1) 

Median 1 80 152 180 225 209 160 
Range (41-345) (65-265) (45-345) (70-480) (10-574) (55-356) 

Median 100 80 100 8 0 100 80 
Mean 93 81 91 77 95 86 

Imwest PMN 

Lowest platelet 

’% Protocol dose 

Hematologic toxicity for all three regimens for the 
first and sixth courses of treatment. Percentage of 
planned protocol doses administered for the first and 

in most patients during the course of therapy. 
Minor infections were observed in 14% of pa- 
tients. Bacteriologically proven sepsis was de- 
tected in 7% of patients, one of whom died as 
a direct consequence of infection. N o  hemor- 
rhagic complications were observed (Table 4). 
When the incidence and severity of infections 
in the three treatment programs was com- 
pared, no apparent differences were found. 

Side-effects related to Levamisole and BCG 
were quite acceptable. Local tenderness, pru- 
ritis and fever were reported by the majority 
of patients treated with BCG.” Excessive local 
side-effects requiring a reduction in dose of 
BCG were seen in 13% of patients and im- 
munotherapy had to be discontinued in 3% 
of patients on account of toxicity. The side- 
effects observed with LMS have been de- 
scribed before.” Nausea, the commonest side- 
effect, was reported by 21% of patients, foI- 

sixth courses. N o  statistically significant differences were 
detected. 

lowed in frequency by fever (13%), vomiting 
(12%), bitter taste ( 5 % ) ,  anorexia, headache, 
emotional lability and maculo-papular rash. 
The dose of LMS was decreased for 7% of 
patients and discontinued in 5%. The overall 
tolerance of this drug was excellent in the 
great majority of patients. One patient in a 
partial remission interrupted chemotherapy 
against medical advice and continued taking 
Levamisole. Two months after the last course 
of chemotherapy, the patient developed an 
acute episode characterized by fever, sore 
throat and malaise. She was admitted to her 
local hospital with moderately severe gran- 
ulocytopenia and mucositis. N o  source of in- 
fection was detected and the syndrome dis- 
appeared after discontinuing Levamisole. N o  
specific treatment was given although broad 
spectrum coverage with antibiotics was started 
at the time of admission. 

’ L ’ A B L E  5. Chemoinimunotherapy Studies with Levamisole in Metastatic Breast Cancer 

CR + PR 
Author No. pts. C: herno LMS (%) MS?‘ 

Stephens2’ 24 FAC 
21 PAC 

Klefstrorn” 18 VAC 
20 VAC 
18 CMFVb 
22 CMFVh 

H ortohagyi 44 FAC 
114 FAC 

37* 10 
67 21* 

39 - 

70* - 
22 - 
50* - 

73 15 
72 20.5% 

V = Vincristine, F = 5-FU, A = Adriarnycin, C; = cyclo- 
phosphamide, M = Methotrexate, Vb = Vinhlastin. M S T  

= median survival time 
* p < 0.05. 
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DISCUSSION 

The results described in this paper show 
that Levamisole given in combination with ag- 
gressive cytoreductive chemotherapy is able 
to prolong remissions induced by such chem- 
otherapy as well as the survival of responding 
patients. While the overall survival of all pa- 
tients treated with this combination was pro- 
longed, this was due to the change in survival 
in patients who achieved a partial or complete 
response. As in our previous reports, patients 
with stable disease or progressive tumor 
growth in spite of therapy, achieved no benefit 
by the addition of immunotherapy with 
Levamisole to the program. When the FAC- 
LMS program was compared to FAC-BCG, 
they were virtually identical in effectiveness 
and there was no significant difference in re- 
sponse rate or duration of remission and sur- 
vival, while both were significantly superior 
in duration of response and survival to FAG 
chemotherapy alone. 

BCG is considered an immunopotentiator 
capable of inducing a non-specific enhance- 
ment of the immune reaction. Its major in- 
fluence is over the reticulo-endothelial system, 
i . e . ,  the macrophages, although it is also known 
to act on B and T lymphocytes. It can stim- 
ulate the immune reaction above “normal 
levels”.14 In contrast, LMS is an immunore- 
storative agent active only on the compromised 
host and able to “restore” the immune reac- 
tion up to, but not beyond, normal levels.27 
The major target of LMS is the T cell-de- 
pendent immune reaction although it is known 
to influence macrophages and other phago- 
cytes too. 

A considerable fraction of patients with met- 
astatic breast cancer is known to be immuno- 
deficient.’ Since immunocompetent patients 
have a better prognos i~ ,~  it is likely that im- 
munorestoration by LMS alters considerably 
the outcome of antineoplastic therapy, thus 
explaining the prolongation of response and 
survival observed in this study. 

Other factors that might explain this dif- 
ference have to be considered. Improvement 
in supportive care may have influenced the 
survival of the chemoimmunotherapy groups, 
although the minimal number of infectious 
or hemorrhagic deaths in all three groups 
could not account for the sizable differences 
observed. Development of more effective 
treatment regimens after relapse may have 

prolonged survival in the latter two groups; 
this would not explain the prolongation of 
remission and no differences in response to 
secondary forms of treatment were observed 
in this analysis. Finally, undetected maldistri- 
bution of prognostic factors might have con- 
tributed to the differences seen; comparison 
of the three groups by known prognostic fac- 
tors failed to show such maldistribution. 

Comparing the toxicity of the two programs, 
it is evident that neither immunotherapeutic 
agent modified side-effects or toxicity due to 
chemotherapy. However, in contrast to pre- 
vious reports,20 myelosuppression was not dif- 
ferent in the three programs nor was the in- 
cidence of infection or hemorrhagic complica- 
t i o n ~ . ~ ~  Thus, it appears that neither BCG nor 
LMS, at the doses and schedule adminis- 
tered here, was able to modify the effect of 
chemotherapy on the bone marrow, and there- 
fore, the observed differences were not due 
to better tolerance of chemotherapy or the 
administration of higher doses of drugs. It 
also appears that the effects of the nonspecific 
immunotherapeutic agents over the immune 
system were unable to modify host defenses 
sufficiently enough to decrease the incidence 
of common bacterial or viral infections. 

While the list of side-effects attributed to 
LMS is extensive, the incidence of each one 
of these symptoms was negligible except for 
nausea, vomiting and a low-grade fever. Over- 
all, LMS was much better tolerated than BCG 
and certainly the administration of this drug 
by the oral route was far easier than the use 
of BCG by scarification. Agranulocytosis re- 
lated to LMS, in some cases fatal, has been 
reported19,22.32,35,36; only one of the patients 
included in this report developed agranulo- 
cytosis while on LMS. In this case the agranulo- 
cytosis was reversible upon discontinuing LMS 
and an uneventful recovery followed. How- 
ever, the pattern of development of agranulo- 
cytosis coincided with that described by other 
investigators: a syndrome of fever, mucositis 
and weakness developed two months after dis- 
continuing chemotherapy, while LMS im- 
munotherapy alone was continued. I t  is con- 
ceivable that the immunological rebound that 
follows discontinuation of chemotherapy, is 
enhanced by LMS thus precipitating an im- 
munologically mediated agranulocytosis. It is 
also possible that LMS acts as a hapten on the 
leukocytes in sensitized patients. This syn- 
drome was not observed in any of the pa- 
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tients treated by RojasZ4 or in those reported 
by Amery.28 

Following the initial report of the effective- 
ness of LMS in prolonging disease-free in- 
terval and survival of patients with breast can- 
cer treated with r a d i ~ t h e r a p y , ~ ~  there have 
been a number of reports in other tumors 
such as lung squamous carcinoma of 
the head and neck area34 and m e l a n ~ m a , ~  
where LMS alone or in combination with 
chemotherapy achieved superior results than 
those observed with standard therapy. Re- 
cently two independent investigators, using 
combination chemotherapy with and without 
LMS confirmed our results (Table 5) .  Ste- 
phens, in a prospective randomized study, 
showed an increased overall remission rate 
with FAC/LMS as compared to FAC chem- 
otherapy alone; the duration of remission and 
survival of chemoimmunotherapy treated pa- 
tients was statistically superior to that observed 
with FAC chemotherapy alone.27 

Klefstrom recently reported two sequential 
randomized studies comparing chemotherapy 
with and without LMS.17 In the first study 
(Table 5) patients were treated with CTX, 
Methotrexate, 5-FU and Vinblastine with and 
without LMS. As shown on the table, patients 
treated with chemoimmunotherapy had a 
higher response rate. In a subsequent study 
he used a combination consisting of Vincris- 
tine, ADM and CTX, also with and without 
LMS. Again the response rate in the combina- 
tion containing LMS was superior to the re- 
sponse rate with chemotherapy a10ne.l~ The 
median survival time for the different groups 
was not mentioned but graphs presented 
showed a clear trend in favor of the Levami- 
sole treated patients.17 Both Stephens and 
Klefstrom reported that only patients who 
achieved a remission had a longer survival. 
This is consistent with our findings using 
LMS or BCG." Both Klefstrom and Stephens 
claimed a higher objective response rate for 
patients treated with chemotherapy and 
Levamisole. This was not observed in our 
study. Significant differences in the adminis- 
tration of chemotherapy existed between our 
study and the other two. Stephens adminis- 
tered FAC at the same doses we used but the 
frequency of administration was of 28 days 
in his study versus 21 days in ours. Further- 
more, after achieving a remission, mainten- 
ance was administered every other month 
while in our study we continued every 2 1 days. 

Preliminary results of the analysis of a large 
group of patients treated at M. D. Anderson 
Hospital with chemotherapy suggested that 
the frequency of administration of chem- 
otherapy appears to be important for achiev- 
ing a higher remission rate and longer 
survival.29 Klefstrom's chemotherapeutic pro- 
grams used relatively low doses of each chemo- 
therapeutic agent. His chemotherapy was also 
administered every 28 days which might also 
account for the differences. These differ- 
ences suggest that LMS enhances the thera- 
peutic efficacy of chemotherapy even when 
suboptimal dose-scheduling is used. This 
could enhance the therapeutic ratio of com- 
bination chemoimmunotherapy. Another sig- 
nificant difference between these studies and 
ours is the dose of LMS used. Stephens used a 
fixed dose of Levamisole and the differences 
reported between his two patient groups were 
markedly significant in those patients weigh- 
ing less than 70 kg, but were less dramatic 
in those patients weighing greater than 70 kg. 
In contrast, based on an earlier report,28 we 
used a dose of 100 mg/m2 to maximize ef- 
ficacy in all patients. 

A number of recent reports have suggested 
that nonspecific immunotherapy with a variety 
of agents (BCG, MER, Levamisole, C. par- 
vum) has a definite role in the treatment of 
breast cancer.11,12,23,27'31 These results with 
FAC-Levamisole in advanced breast cancer 
will be reproducible by others as the papers 
by Stephens and Klefstrom show. Since in 
our experience (and that of others) Levami- 
sole is easier to administer and better tolerated 
than BCG or C. puruum, we consider that this 
drug should take preference over the bac- 
terial immunoadjuvants since their therapeu- 
tic effectiveness appears similar. The  small 
but real risk of Levamisole related agranulo- 
cytosis requires that caution be observed and a 
better knowledge of the pathogenesis of this 
phenomenon. Given the fact that BCG and 
LMS alter the immune response by different 
mechanisms of action and both appear to pro- 
long remission and survival in patients re- 
sponding to chemotherapy, it is tempting to 
speculate that the combined use of the two 
agents might produce additive or synergistic 
effects. However, preliminary results failed to 
show an advantage of the combination over 
each agent used indi~idual1y.l~ 

While nonspecific immunotherapy with 
either BCG or LMS appeared to prolong the 
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duration of remission, the pattern of relapse 
did not change and eventually after a longer 
duration of remission, patients started re- 
lapsing at the same rate observed on the chem- 
otherapy program alone. The pattern of de- 
velopment of progressive disease suggested 
that in more than 80% of patients, the bene- 
ficial effect of chemotherapy or chemoim- 

munotherapy was transient at best and the 
previously present site of bulky tumor con- 
tained cells resistant to the present combina- 
tion. This suggests the usefulness of a non- 
cross-resistant form of consolidation therapy, 
such as a different combination of drugs, radi- 
ation therapy or surgery when applicable, to 
erradicate residual disease. 
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