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A randomized trial of short-term Levamisole treatment was undertaken in a cancer population unre- 
sponsive to dinitrochlorobenzene (DNCB) to determine whether this agent increased delayed hyper- 
sensitivity. Of 100 patients entered, 50 received Levamisole (150 mg daily x 3) during DNCB challenge. 
The other 50 patients were challenged but not given the drug. The conversion rate to DNCB+ was 20% 
(10/50) for those treated and 12% (6150) for controls. The difference is not significant. When all 100 pa- 
tients were considered there was a statistically significant inverse relationship between extent of disease 
and the incidence of conversion to a DNCB reactive state. Levamisole as given does not appear to have a 
major influence on delayed cutaneous hypersensitivity. 
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HE ONLY IMMUNE DEFICIT that has been estab- T lished to be of prognostic significance in patients 
with malignancies is a failure by many of them to develop 
contact sensitivity to dinitrochlorobenzene (DNCB) 
after primary sensitization.".'l Studies by Eilber and 
Morton3 and by Pinsky et al. indicate that the preva- 
lence of this deficit is related to tumor burden. Patients 
with widespread tumor are more likely to display an im- 
paired response to DNCB than are those with local or 
regional disease. However, even when the cancer is 
sufficiently localized and completely resected, de- 
pressed immune reactivity may be evident in some 
patients. Failure to respond to DNCB sensitization is 
associated with a poor prognosis, both for those whose 
tumor has been surgically removed and those with 
residual d i ~ e a s e . ~ * " . ' ~  

Levamisole, tetrahydro-6-phenylimidazothiazole, is 
an antihelminthic agent widely used outside the United 
States. In 1971, Renoux and  associate^'^ discovered its 
ability to stimulate a response in mice to Brucella 
vaccine. Since then this agent has been reported to 
exert a broad immunopotentiating effect on immunity 
in both animals and man.2~8*9*13*17~19 Studies by Renoux 
et ml. and subsequently by Tripodi and co-workersZ0 
in the United States have suggested that Levamisole 
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may be able to restore delayed cutaneous hypersen- 
sitivity in aged individuals and otherwise unresponsive 
cancer patients. Because cutaneous anergy implies 
early recurrence and short survival, its reversal by 
Levamisole may be of considerable importance to af- 
fected patients. 

The carrent study was undertaken to investigate 
the influence of short-term Levamisole therapy on 
delayed cutaneous hypersensitivity in tumor-bearing 
individuals. 

Materials and Methods 

Skin Tests 

DNCB (Lot 81800) was purchased from K and L 
Laboratories Inc., Plainview, NY. DNCB tests were 
carried out according to methods previously de- 
scribed." Briefly, to determine a patient's ability to 
develop a de n o w  response to DNCB, a sensitizing 
dose of 2000 pg DNCB dissolved in 0.1 ml of acetone 
was applied to the inner aspect of the upper arm, inside 
a plastic ring 2 cm in diameter, and allowed to evapo- 
rate. Test doses of 100, 50 and 25 pg were applied in 
the same way and at the same time to the ipsilateral 
forearm. All sites were covered with dressings for 48 
hours and kept dry. They were then examined for ery- 
thema and induration at 48 hours, 2 weeks, and when- 
ever possible during-the intervening time. The greatest 
diameter of erythema andior induration observed was 
measured and recorded. For patients who showed no 
delayed hypersensitivity reactions at the test sites at 
48 hours, erythema and induration beginning 9 to 10 
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days after sensitization were considered evidence of 
d~ n o w  acquisition of sensitivity to DNCB. Patients 
who showed no reaction after 14 to 16 days were tested 
again with 200, 100, 50, and 25 pg of DNCB. These 
tests were considered positive if there was definite 
induration of at least 10 mm in diameter at the site of 
DNCB application after 48 hours. 

All patients were also tested for pre-existing de- 
layed hypersensitivity to common antigens, including 
dermatophytin “0” ( 1 : 100, a Candida antigen supplied 
by Hollister-Stier Laboratories, Yeadon, PA), mumps 
skin-test antigen (Eli Lilly & Co., lndianapolis, lN), 
tuberculin (intermediate strength, supplied by Parke- 
Davis Co., Detroit, MI). and streptokinaseistreptodor- 
nase (SK = 4 units; SD = 1 unit; supplied by Lederle 
Laboratories, Pearl River, NY). These antigens were 
injected intradermally in volumes of 0.1 ml. The tests 
were read at  24 or 48 hours, and considered positive 
if the diameter of induration observed was more than 
5 mm. Persons not reacting to tuberculin and SKiSD 
were rechallenged with tuberculin, second strength, 
and a ten-fold less dilute SKiSD preparation (SK = 40 
units; SD = 10 units). 

Drug 

Levamisole was suppled by the Ortho Pharma- 
ceutical Corporation (Raritan, NJ) in tablet form, 
150 mg Levamisole per tablet. 

Study Design 

The plan for the study is shown in Figure 1. Patients 
attending regular sessions at the outpatient clinics of 
Memorial Hospital for Cancer and Allied Diseases, 
New York, NY, were tested for DNCB reactivity. 
All those not reacting to DNCB were asked to partici- 
pate in a randomized study intended to determine 
whether Levamisole could induce responsiveness to 
this substance. Once consent was given, individuals 
were randomly selected to enter either the treatment 
or control group. 

At a minimum interval of one week following the 
previous DNCB challenge, all subjects were rechal- 
lenged with DNCB using doses of 200, 100,50, or 25 pg. 
Patients to be treated received Levamisole 150 mg 
for the first time 6 hours later. Additional doses were 
administered at 24 and 48 hours following rechallenge. 
Those in the control group received nothing. At 54 
hours, 6 hours after the third Levamisole dose, the 
DNCB test result was read and recorded. Whenever 
DNCB was applied, the patient‘s responses to intra- 
dermal antigens were also tested. 

Sensitization 
(2.0 mg DNCB) 

2 Weeks 
I 

C ha1 lenge 
(0.2,0.1,0.05,0.025 mg DNCB) 

Positive Negative 

1 Week 
I 

Levamisole Pha””7 No Levamisole 

Fro. I .  Study design for evaluating the effect of Levamisole on the 
response of cancer patients to DNCB. 

Statistical Methods 

Contingency tables were analyzed using the chi- 
square statistic. The test for trend in proportions’ was 
applied to ordered contingency tables. When com- 
paring two proportions obtained from paired samples, 
McNemar’s test’ was employed. All reported P-values 
refer to two-sided tests. 

Survival curves were obtained by the Kaplan-Meier 
method6 with survival time measured in months from 
both time of diagnosis and time of entry into the study. 
The logrank procedure’O provided the significance test 
for detecting differences in survival times of two or 
more groups. 

TABLE 1. DNCB Reactivity in Population Screened 

Diagnosis Number of patients % DNCB + 

Carcinoma, head & neck 
Melanoma 
Carcinoma, testicle 
Sarcoma 
Carcinoma, breast 
Non-hodgkin’s lymphoma 
Hodgkin’s disease 
Other 
TOTAL 

47 
30 
13 
23 
17 
12 
38 
89 

269 

72 
73 
62 
52 
47 
42 
42 
47 
55 
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TABLE 2. Response to Intradermal Antigens in 
Screened Population 

Antigen Number of patients % Reactive 
~~ 

Mumps 
Dermatophyton “0” 
PPD, standard 
SWSD 

275* 
275 
276 
276 

59 
47 
41 
35 

* Some patients did not return for DNCB challenge. 

TABLE 3. Patient Entry 

Total DNCB negative 
Entered in Levamisole study 
Not entered 
Reasons for exclusion from study: 

Travel difficult 
Too ill to consent 
Refused 
Expired 
Entered nursing home 
Failed to return 

127 
100 
27 

6 
6 
7 
4 
1 
3 

27 
- 

Results 

The DNCB reactivity of 269 patients screened for 
this study is shown in Table 1 .  A total of 55% displayed 
a delayed hypersensitivity response to one of the test 
doses. The highest prevalence of responsiveness was 
among those with melanoma and carcinoma of the head 
and neck. Persons with lymphoma and Hodgkin’s 
disease were the least reactive. For the same popula- 
tion the results of tests with intradermal antigens are 
shown in Table 2. The highest prevalence of response 
was to mumps antigen, to which 59% of 275 patients 
responded. Only 35% of these patients reacted to 
SK/SD. 

To enter 100 patients in the protocol investigation, 
127 DNCB-negative individuals were identified. The 
reasons for exclusion from study are indicated in 
Table 3 .  

Of SO perspns receiving Levamisole during DNCB 
rechallenge, 10 (20%) converted from negative to posi- 
tive (Table 4). Among the S O  patients in the control 
group, six (12%) converted their skin test reactivity in 
a similar fashion. The difference in the conversion rates 
between the two groups is not statistically significant. 
(Given a sample size of SO in each group and true con- 
version rates of 5% and 2S%, say, a statistically sig- 

TABLE 4. Levamisole as Related to DNCB Reactivity 

Number of Number reactive 
Status patients on rechallenge % Conversion 

Treated 50 
Control 50 

10 
6 

20 
12 

nificant difference at  P = .OS would be observed with 
probability .7S. For conversion rates of 5% vs. 15%, the 
same probability is only . 25 . )  

Changes in reactivity to intradermal antigens are 
shown in Table 5 .  Levamisole administration did not 
significantly affect responsiveness to any of these sub- 
stances. For each skin test, McNemar’s test for paired 
data indicated no significant differences between the 
proportions of positives before and after treatment for 
either the treated or the control group. (Because of 
missing values, totals for each group do not sum to S O . )  
There was also no correlation between acquisition of 
reactivity to DNCB and alteration in response to intra- 
dermal skin tests. 

Conversion of DNCB reactivity was not associated 
with age, sex, or extent of disease for either the treated 
or the control group. However, when combining the 
two groups, a trend of decreasing conversion rate with 
increasing disease involvement was noted which was 
statistically significant, with P < .05 (Table 6). The 
relation of DNCB test conversion to surgery, radi- 
ation, or chemotherapy 2 weeks or more prior to entry 
into the study was also analyzed for each group. No 
evidence of a dependence between test conversion 
and prior treatment was noted. 

At the time of final evaluation, there were 24/49 
treated patients and 28/50 control patients still alive. 
Survival analysis showed no indication of a better 
prognosis for patients receiving short-term Levamisole 
whether time of diagnosis or first therapy (Fig. 2 )  was 
used as the starting point. The treated and control 
groups were further broken down by age (540  years 
vs. >40 years), sex, extent of disease, and absence 
of treatment or treatment by any modality prior to drug 
administration. No statistically significant differences 
in the survival patterns of the respective subgroups 
were revealed. Survival as related to conversion of 
DNCB activity is shown in Figure 3 .  Persons acquiring 
DNCB responsiveness following Levamisole treat- 
ment did not demonstrate an improved prognosis. The 
six patients spontaneously converting from DNCB- 
negative to DNCB-positive appeared to have a slightly 
better prognosis early in the trial but the sample size 
is too small for definite conclusions. 

Discussion 

The current study demonstrates that repeat DNCB 
challenge in persons initially not reacting to this con- 
tact allergen is associated with a modest conversion 
rate from DNCB-negative to DNCB-positive. When 
Levamisole is administered during a DNCB challenge 
period, a somewhat higher but not significantly dif- 
ferent conversion rate is noted. Levamisole, therefore, 
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TABLE 5 .  Effect of Levamisole on Reactivity to Intradermal Antigens 

Treated Control 

Antigen f /+* - i -  + i -  - i+  + / +  -1 - -I- - i+  

Derm. "0" 5 35 5 3 4 34 2 4 

PPD 6 38 3 2 7 32 3 5 
SWSD 7 38 1 3 7 3 3  2 3 

Mump5 3 3 3  7 6 6 26 6 6 

* Preipost last challenge with intradermal antigens. N o  significant alterations in responsiveness noted. 

does not appear to exert any major influence on patient 
responsiveness to DNCB. 

Overall, the conversion rate observed in the entire 
study population was inversely related to extent of 
disease and was higher for those with limited or not 
evident disease. Interpretation of present results 
must, therefore, be tempered by the consideration that 
Levamisole might be more effective if given early 
during the course of disease to those whose immune 
status has not already been seriously compromised by 
malignancy. 

Using an identical treatment protocol, Tripodi and 
associates") reported a 4S% conversion rate after 
Levamisole administration among 20 patients who 
were initially DNCB-negative. There were no con- 
versions observed in a smaller control group. Their 
overall study design differed from ours, however, in 
several important respects. First, Tripodi and associates' 
study did not have randomized controls. Patients were 
challenged twice instead of just once to establish their 
DNCB-negative condition. The second challenge in- 
cluded a 200-pg dose of DNCB, the first did not. 
Finally, Tripodi and co-workers chose to disregard the 
results of the 200 pg challenge in their final calcula- 
tions. 

Their control and experimental groups indicated some 
potentially important differences. The median age of 
the treated patients was 53.4 years. That of the controls 
whose ages were known was 64.6 years. The ages of 
three ofthe 14 control subjects are not given, suggesting 
that they were not evaluated as carefully as the experi- 
mental patients. Those destined to receive Levamisole 
but not as yet treated showed a 45% spontaneous con- 
version rate after the second DNCB challenge, using 
a dose of 200 pg. In contrast. the control patients had 
a spontaneous conversion rate of only 23%'. Further- 
more, % of those who spontaneously converted in the 
experimental group developed sensitivity to the 50-pg 
dose of DNCB, while none of the control patients 
developed a reaction to a challenge dose below 200 pg. 
Reactions to PPD before Levamisole were also greater 
in the experimental than in the control population. Dif- 
ferences between the experimental and control groups 

TABLE 6 .  Relationship between Extent of Disease and 
DNCB Conversion Rate 

No 7% 
Extent change Conversion Total Conversion 

Free of disease 6 4 10 40 
Local 5 2 7 29 
Regional 13 3 16 19 
Distant 60 7 67 10 

TOTAI. 84 16 100 16 

noted by Tripodi ef al. may, therefore, have resulted 
from factors introduced by failure to randomize patient 
entry rather than the use of Levamisole. For example, 
younger. more immunologically intact patients are 
more likely to bc affected by repeated DNCB sensitiza- 
tion. The additional challenge received by the patients 
of Tripodi rf al .  may also explain their higher conver- 
sion rate. 

Perhaps most important in distinguishing between 
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FIG.  3 .  Survival curves by treatment and DNCB conversion status. 

this study and that of Tripodi et cil. is the recognition 
that for the current study all persons reactive to 200 pg 
of DNCB were considered DNCB-positive and there- 
fore excluded from entry. The trial of Tripodi and co- 
workers included persons spontaneously responding to 
a 200-pg challenge dose. This means that some of the 
patients reported as having become responsive to 
DNCB in the other study were already reactive, al- 
though to a higher dose. When first tested with 200-kg 
DNCB, nine of 20 patients in the treatment group 
were DNCB reactive but were permitted to remain in 
this group and were treated later with Levamisole. 

The absence of a readily detected effect of Levami- 
sole on DNCB reactivity is consistent with findings 
previously reported by Hirshaut et al .  These indicate 
that using a fairly broad spectrum of tests both for 
humordl and cell-dependent immunity, it is difficult to 
show that Levamisole has any effect on function of the 
immune systcm when administered to patients with 
advanced cancer. Similar observations have been made 
by Lichtenfeld7 in a group of patients with carcinoma of 
the lung. Some encouragement regarding Levamisole’s 
efficacy has come from reports that this agent may be ca- 
pable of affecting some in vitro immune parameters. 15,18 

These findings remain to be confirmed. In the long run, 
a more complete understanding of the value of immuno- 
potentiators such as Levamisole will have to await 
better definition of the selective immunosuppressive 
effects that occur in those with malignancy. 
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