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Nineteen outpatients with malignant melanoma and squamous cell carcinoma 
of the head and neck, who had surgical resection for complete removal of the 
tumor and no demonstrable metastases following surgery, were administered 
Levamisole (P.o., 150 mg per day, two days per week) and maintained on this 
dose for at least six months. Of this group, drug therapy was discontinued in 
four patients because of severe “flu-like” syndromes leaving a group of 15 
patients for detailed analysis. T-lymphocyte percentages and levels, cAMP 
levels in the lymphocytes and a battery of skin tests for recall antigens were 
evaluated following sur ery and at various intervals during immunotherapy. 
Patients who responde cf well to the treatment showed increased levels of T- 
lymphocytes and increased cAMP levels, whereas non-responders had low T- 
cell levels and low cAMP levels. Also positive skin test reactions were observed 
in most patients who responded well to immunotherapy, although this was the 
least reliable indicator of patient response. Eight of the nine patients in the 
melanoma group have responded well clinically, whereas five of the six 
squamous cell carcinoma patients have developed recurrences. 
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INCE PATIENTS WITH VARIOUS SOLID TUMORS S have shown impaired immunity,2416-1a 
20*21.26,28 it has been suggested that improvement 
of the host’s immunity by therapeutic manipu- 
lation may lead to eradication of the tumor. 
Considerable effort is being directed toward ma- 
nipulating the immune system in order to en- 
hance this impaired immunocompetence of can- 
cer patients. Since multiple factors are involved 
in the failure of the host’s immune system to 
recognize and destroy tumor cells, surgical ex- 
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cision and adjunctive immunotherapy should be 
more effective than surgery or immunotherapy 
alone. 

Recently, Levamisole, a n  antihelmintic which 
also has been shown to stimulate depressed 
immune systems, has been extensively eval- 
uated as a n  immunomodulator.28 Results of 
clinical trials in which Levamisole was used as 
an adjunctive immunotherapeutic agent could 
best be described as mixed. Some promising 
results have been found with breast cancer 
 patient^.'^ O n  the other hand, Lichtenfeld” 
could show no effects of Levamisole on the clini- 
cal conditions of bronchogenic carcinoma 
patients. Hirshaut” used a battery of im- 
munological assays to evaluate both cellular 
and humoral immunity in cancer patients, but 
detected no effect of the drug on any of them. 
However, in most clinical trials immunothera- 
peutic agents, including Levamisole, were used 
to treat patients with nonoperable solid tumors. 
As a result, negative therapeutic results with 
adjunctive immunotherapy may be due to a va- 
riety of factors preventing immunostimulation, 
including large tumor burden, and inefficiency 
of lymphoreticular systems due to the biochemi- 
cal changes involving activation of the immune 
response genes in lymphocytes or macrophage 
cells at the level of transcription or trans- 
lation. When Levamisole therapy was initi- 
ated at  the time of surgery in a group of 
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bronchogenic carcinoma patients, preliminary 
results indicated a trend toward fewer recur- 
rences, especially at distant sites, in patients 
treated with Levamisole than in the placebo 
group. 2' 

The purpose of the present study was to eval- 
uate the efficacy and safety of Levamisole in 
stimulating immune defense mechanisms in 
patients with either melanoma or squamous cell 
carcinoma of the head and neck who had pre- 
vious excision of the tumor and no evidence of 
metastatic disease following surgery 

MATERIALS AND METHODS 

Tumors were excised from nine patients with 
malignant melanoma, Levels I1 to V (Clark's 
Classification) and ten patients with squamous 
cell carcinoma. Among the patients with mela- 
noma, one individual had lesions on the elbow 
(Level I )  and two patients had lesions on the 
chest wall (Level TI) which were treated by wide 
excision. One patient with a lesion in the post- 
auricular area (Level IV) had the lesion excised 
and underwent left radical neck dissection. One 
patient had tumor in the right occipital area 
(Level V) and had wide excision with en bloc 
posterior neck dissection, and two individuals 
had a tumor on the face, with recurrence in the 
same site, treated by wide excision. One patient 
had melanoma on the face (Level IV) and an- 
other had tumor on the face with metastasis to 
the lymph nodes, both had axillary dissection. 
All patients with squamous cell carcinoma of the 
head and neck had submaxillary dissection or 
radical neck dissection. 

All of these patients were clinically free of 
disease following surgery and were given Le- 
vamisole (L-(2,3,5) tetrahydro - L - phenylimi- 
dazo (2, 1-6) thiazole chloride) one to two weeks 
following surgery. 

Controls consisted of normal healthy individ- 
uals. Also included for comparative purposes 
were a group of tumor-bearing individuals who 
were treated by surgery alone and had no evi- 
dence of disease following surgery and a group 
who were diagnosed as metastatic melanoma. 

The response of the immune system was mon- 
itored using a battery of skin tests including skin 
tests to recall antigens (Mumps, PPD, and Can- 
dida), circulating T-lymphocyte levels, lym- 
phocyte cytotoxicity to allogeneic tumor cell 
lines, serum toxicity to allogeneic tumor cell 
lines (an assay for blocking activity of the se- 
rum), and cyclic adenosine monophosphate lev- 
els in lymphocytes isolated from peripheral 
blood. 

Cell Preparation 
Lymphocytes were isolated from peripheral 

blood samples on a Ficoll-Hypaque gradient as 
described previously" giving a cell suspension 
consisting of 92-95% lymphocytes and 5-870 
monocytes. 

E-Rosette Assay for T-Lymphocytes 
T o  0.25 ml of cell suspension containing 2.5 X 

10' lymphocytes/ml in Hanks balanced salt so- 
lution was added 0.2 ml of l% sheep red blood 
cells in RPMI-1640 and 0.1 ml of fetal calf se- 
rum. The  mixture was incubated for 15 minutes 
at 37OC, centrifuged at 200 X g for five minutes 
and incubated at  room temperature for one 
hour. Then the cell pellet was gently resus- 
pended and a drop of the cell suspension was 
placed in a hemocytometer, stained with 1% 
methylene blue and covered by a coverslip. 
Three hundred cells from each sample were ex- 
amined at 400 X and a lymphocyte binding 
three or more sheep red blood cells was consid- 
ered a T-lymphocyte. Both percentage and ab- 
solute numbers of T-lymphocytes were eval- 
uated. 

Cyclic AMP 
Lymphocytes from peripheral blood were iso- 

lated as described above. Following a final cen- 
trifugation the cell pellet was treated with cold 
5% TCA, sonicated, and the supernatent and 
precipitate were separately stored frozen until 
time of analysis. Cyclic AMP was evaluated us- 
ing the method of Kuo, et al." Protein was de- 
termined according to the method of Lowry, et 
al. l4 

RESULTS 
Side Effects 

In general, side effects reported by patients on 
Levamisole therapy were mild; these are sum- 
marized in Table 1. However, it was necessary 
to discontinue immunotherapy in four patients 
because of high fever and a "flu-like" syndrome. 
These symptoms usually developed after three 
to four weeks of therapy. High fever occured in 
the evening on the days the drug was adminis- 
tered, then declined for the remainder of the 
week. Hematological and biochemical parame- 
ters were unaltered. Two other patients had 
similar symptoms for three or four weeks occur- 
ing on the days of Levamisole intake, but the 
symptoms were not as severe and these patients 
were not withdrawn from the study. Other com- 
plications are listed in Table 1. Similar symp- 
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toms occuring in patients on Levamisole were 
reported by Shibata. 24 

Control Groups 
Results of the various immunocompetence 

monitoring tests for healthy controls are pre- 
sented in Table 2. Seven healthy control individ- 
uals showed a positive skin reaction to a min- 
imum of one ‘LrecalI” antigen. The mean 
percentage of T-lymphocytes in 5 1 control sub- 
jects was 75.0% and the mean T-lymphocyte 
level was 1460/cmm. 

Data from patients with either melanoma or 
squamous cell carcinoma of the head and neck 
who were not treated with Levamisole are in- 
cluded for comparative purposes (Table 2). A 
group of 12 patients with metastatic melanoma 
had a mean of 50% T-lymphocytes and 790 T- 
lymphocytes/cmm, which is significantly lower 
than the healthy controls and slightly lower than 
mean values observed in a group of ten patients 
who were treated by surgery alone (61.2% T- 
lymphocytes and 1 1  12 T-lymphocytes/cmm). 
The mean level of cAMP in five patients with 
metastatic melanoma was 10.2 pmoles/mg pro- 
tein, which is similar to the value observed in the 
non-responder during the immunotherapy 
study, and 24.0 pmoles/mg protein in patients 
with melanoma treated by surgery alone. This 
latter value is lower in comparison to patients 
treated by both surgery and adjuvant immuno- 
therapy. 

In five patients with squamous cell carcinoma 
of the head and neck, treated by surgery alone, 
the mean percentage and level of T-lymphocytes 
four to six weeks post surgery were similar to 
those in our patients following surgery but prior 
to immunotherapy. Mean cAMP level in lym- 
phocytes was 17.1 pmole/mg protein which is 
also similar to that in patients following surgery 
but prior to immunotherapy. 

Protocol Patients 

Results of immunocompetence evaluation 
procedures are also presented in Table 2 for 
melanoma patients and for squamous cell carci- 
noma patients treated with Levamisole. Of nine 
patients with malignant melanoma, seven were 
negative for skin tests and two were positive 
when tested following surgery. All patients with 
squamous cell carcinoma were negative for re- 
call antigens. Following six to eight weeks of 
Levamisole intake, six of the seven negative me- 
lanoma patients converted to  positive while 
only three of the six patients with squamous cell 
carcinoma became positive within a similar time 
period. Both the mean percentage and mean 

TABLE 1. Adverse Reaction to Levamisole 

None Mild Mod Severe 
Sign/Symp tom 0 1 2 3 

Headache 
Lethargy 
Depression 
Irritability 
Euphoria 
Insomnia 
Anorexia 
Nausea 
Vomitins 
Diarrhca 
Constipation 
Skin rash 
Metallic taste 
Flu-like syndrome 
Other 

2 
1 

1 
2 

1 I 
2 2 

1 

1 

1 
6 

Total no. of patients on protocol 19 

level of T-lymphocytes in melanoma patients 
following surgery were significantly lower than 
comparable values for healthy controls (56.0% 
and 1120/cmm). Following six to eight weeks of 
immunotherapy with Levamisole, the percent- 
age of T-lymphocytes increased in seven 
patients (responders) to a mean of 73% and 
average levels increased to 1575/cmm which are 
similar to control values. One patient who devel- 
oped recurrence during immunotherapy had 
only S8% T-lymphocytes and 748 T-lyrn- 
phocytes/cmm. In the squamous cell carcinoma 
group the mean percentage and level of T-lyrn- 
phocytes were also significantly lower than nor- 
mal controls (59.0% and 11 08/cmm respec- 
tively, Table 3) following surgery. Of the six 
patients, only one (responder) showed a n  in- 
crease in percentage and levels of T-cells follow- 
ing eight weeks of immunotherapy (to 75% and 
1900/cmm), while five patients who developed 
metastases or recurrence had a mean percentage 
of 61.6% and mean levels of 999/cmm, both 
significantly lower than control values. 

Mean cAMP level in lymphocytes of our 
melanoma patients following surgery was 27.1 
pmoles/mg protein (Table 2, Fig. 1) which is 
significantly lower than in controls. After 8-12 
weeks of immunotherapy the mean cAMP level 
increased significantly to a mean of 37.5 
pmoles/mg protein in responders, but remained 
low (12 pmolesjmg protein) in the one patient 
who developed recurrent disease during irn- 
munotherapy. Mean cAMP level in lym- 
phocytes of patients with squamous cell carci- 
noma, after surgery and before immunotherapy 
was also depressed (16.4 pmoles/mg protein, 
Table 2). After 6-12 weeks of immunotherapy 
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FIG. 1.  Comparison of cyclic 
AMP levels found in peripheral 
lymphocytes of melanoma patients 
before and during immunotherapy 
with healthy rontrols and with me- 
tastatic melanoma patients. 
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the mean value of cAMP in five patients (non- 
responders) which developed metastases or re- 
currence remained significantly lower than con- 
trol values (23.6 pmoles/mg protein). 

normal levels in responders in both groups. In 
contrast, T-lymphocyte percentages and levels 
in non-responders from both groups either re- 
mained depressed or decreased prior to clini- 
cally evident recurrence. These findings suggest 

DISCUSSION that increases in T-lymphocytes may be due to 
At this time eight of the nine melanoma immunotherapy and confirm our previous ob- 

patients treated with Levamisole have remained servation that sequential evaluations of T-lym- 
free of clinically evident disease while only one of phocytes may be of value in monitoring the re- 
the six squamous cell carcinoma patients sponse of cancer patients to treatment. 5.16-18.21 

avoided a recurrence. Time of treatment in these Evaluation of cyclic adenosine mon- 
patients varied from eight weeks to 12 months. ophosphate in lymphocytes isolated from our 
However, the number of patients and length of patients showed significantly decreased values 
treatment period in this interim report are in- as compared with controls in most melanoma 
sufficient to conclude that Levamisole is more and squamous cell carcinoma patients following 
effective in the treatment of melanoma than surgery. In patients who responded well to im- 
squamous cell carcinoma of the head and neck. munotherapy, CAMP levels in lymphocytes in- 
In this report we are more interested in eval- creased significantly while remaining low in 
uating the battery of tests used in this laboratory non-responders. these results confirm our pre- 
as indicators of immunocompetence and pre- vious observations that patients with neoplastic 
dictors of recurrences. diseases have lower cAMP levels in lymphocytes 

In general the laboratory evaluations of im- than healthy controls.' Since we have not yet 
munocompetence correlated well with the clini- studied adenyl cyclase or phosphodiesterase lev- 
cal condition of the patient, i.e., responders gen- els in peripheral lymphocytes and have not yet 
erally demonstrated improved immunocompetence determined which class of lymphocytes has al- 
while there were indicators of impaired immun- tered cAMP levels, the implications of these re- 
ity in patients who had recurrences or metas- sults with respect to immunological mechanisms 
tases. Skin tests to recall antigens were probably 
the least reliable indicators, however, since most 
of the 15 patients converted from negative to 
positive following initiation of Levamisole even 
though six of these developed recurrent disease. 
This suggests that although cancer patients are 
capable of maintaining immunological memory 
to recall antigens, either they are unable to rec- 
ognize and generate immune responses to tumor 
associated antigens or these responses are 
blocked at some intermediate step. 

Results of quantitative T-lymphocyte assay 
procedures were more closely correlated with 
clinical progress since values tended to return to 

and malignancy are not clear. T h e  killing effect 
of T-lymphocytes in vitro was shown to be re- 
versibly suppressed by drugs which raise cAMP 
levels in the lymphoid cells.7 Our  results on 
cAMP levels in the peripheral lymphocytes iso- 
lated from cancer patients appear to be con- 
tradictory to those obtained by Henney' since 
cAMP in lymphocytes isolated from healthy in- 
dividuals was usually higher than in lym- 
phocytes isolated from patients with metastatic 
cancer. Moreover, most of our patients who 
showed increased lymphocyte cytotoxicity in 
vitro to target tumor cells have also shown in- 
creased cAMP levels. Our current studies (work 
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in progress) indicate that prostaglandins and  
cGMP may also be important in regulating the 
function of circulating immune lymphocytes; 
therefore, systematic evaluation of these sub- 
stances may provide further insight into this 
system. Since the historical control group con- 
sisting of melanoma and squamous cell carci- 
noma patients treated by surgery alone, had 
decreased cAMP levels in peripheral lym- 
phocytes in contrast to responders in groups 
treated with both surgery and immunotherapy 
in which cAMP levels returned to normal levels, 
we suspect that Levamisole may play some role 
in the regulation of cAMP levels in immune 
lymphocytes. 

We are also evaluating the functional activity 
of lymphocytes in vitro by means of a cy- 
totoxicity assay but the results are too prelirni- 
nary for inclusion in this manuscript. Earlier 
reports describing this procedure suggested that 
the response was highly specific for tumor-asso- 
ciated antigens. ' 9 '  However, more recent reports 
have indicated that healthy control lymphocytes 
sometimes exhibit significant cytotoxicity to- 
ward tumor cell lines and that lymphocytes from 
cancer patients may not be specifically cytotoxic 
against one tumor cell type.'*" In  light of these 

reports we are currently instituting a n  extensive 
series of cytotoxicity tests for each patient as 
well as the inclusion of concurrent control lym- 
phocyte evaluations in the hope that this test 
will be of predictive value in the management of 
cancer patients, particularly those on imrnuno- 
therapy. 

These results suggest that Levamisole has 
been a n  effective immunostimulant in some 
patients as evidenced both by their general clini- 
cal condition as well as the series of immunolo- 
gical evaluations. At present it is unclear why 
certain patients failed to respond to irnmuno- 
therapy. This work is continuing with larger 
numbers of patients in an  attempt to define 
the variables associated with successful im- 
munostimulation. T h e  evaluation series used 
in this laboratory has generally proven satisfac- 
tory as indicated by the good correlation br- 
tween clinical progress and laboratory results. 
We are currently expanding to include mito- 
genic stimulation of lymphocytes as part of the 
routine monitoring system. Additionally, the 
drug has been well tolerated by the majority of 
patients and  when not well tolerated, the ther- 
apy can be discontinued readily and  alternative 
procedures considered. 
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