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Abstract--Eight surgically incurable melanoma patients receiving methyl-CCNU 
+vincristine +BCG +allogeneic melanoma cells, 8 receiving methyl-CCNU 
+vincristine, and 8 receiving only methyl-CCNU were measured for in vitro 
lymphocyte reactivity against an allogeneic melanoma cell line before and after 
treatment. In the presence of fetal calf serum (FCS), the lymphocytes of 5 of 8 patients 
receiving chemoimmunotherapy and 0 of 16 patients receiving chemotherapy alone 
showed a significant increase in reactivity. In the presence of patient's autologous serum, 
4 of 8 receiving chemoimmunotherapy and 2 of 16 receiving chemotherapy alone 
increased significantly. The differences between pre- and post-treatment reactivity were 
significantly greater in the group receiving chemoimmunotherapy than in the other two 
groups. The increase in lymphocyte reactivity demonstrated by the patients receiving 
chemoimmunotherapy did not correlate with tumor regression and was not reflected in an 
improved survival. 

I N T R O D U C T I O N  

WE HAVE demonstrated in previous studies [l] 
that surgically incurable melanoma patients 
undergoing immunotherapy consisting of intra- 
dermal bacillus Calmette-Gu6rin (BCG) 
+autologous irradiated melanoma cells sho- 
wed increased peripheral blood lymphocyte 
reactivity (LR)** against melanoma cells i n  
vitro after treatment. We further demonstrated 
[2] that melanoma patients receiving chem- 
otherapy with dimethyl triazeno imidazole 
carboxamide or BCNU (1, 3-bis (2- 
chloroethyl)-l-nitrosourea) plus vincristine 
exhibited no significant decrease in L R  even 
after prolonged administration of these drugs. 
Combination chemoimmunotherapy is cur- 
rently under intense investigation in me- 
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lanoma patients. The purposes of this study 
were to (a) determine if methyl-CCNU with 
or without vincristine reduced L R  to allo- 
geneic melanoma target cells, and (b) de- 
termine if immunization with allogeneic me- 
lanoma cells -t-BCG enhanced LR in the face 
of simultaneous chemotherapy. To achieve 
these goals, the reactivity of lymphocyte 
samples from each patient was tested before and 
4 and/or 8 weeks after administration of 
chemotherapy or chemoimmunotherapy. The 
changes noted in each treatment group were 
compared with those in the other two groups. 

MATERIALS AND METHODS 

Lymphocyte donors 

Melanoma patients entered into the study 
had histologically documented, surgically in- 
curable malignant melanoma and estimated 
life expectancies of at least 3 months. Patients 
with brain metastases and those receiving 
steroid therapy were excluded. The clinical 
profile of the study patients is presented in 
Table 1. 

Patients were randomly allocated ~to one of 
the following treatment regimens: (1) methyl- 
CCNU (NSC 95441; 1-(2-chloroethyl)-3-(4- 
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Table 1. Clinical profile of study patients 

Therapy MeCCNU + VCR 
MeCCNU MeCCNU + VCR + TC + BCG 

Total patients 8 8 8 
Male/t~male 3/5 4/4 5/3 
Age (yr): Mean 56 50 44 

Median 57 52 49 
Range 22-82 22-71 26-68 

Metastatic sites 

Subcutaneous 4/8 4/8 4/8 
Lymph node 2/8 5/8 2/8 
Lung 5/8 4/8 5/8 
Bone 2/8 2/8 2/8 

DNCB reactivity 6/7* 6/8 8/8 

Survival (MOS) 

Mean 9.6 + 9 9.7 
Median 7 + 8 10 
Range 5--24+ 3 18 5 16 

Prior chemotherapy 1/8 1/8 2/8 
Prior immunotherapy 1/8 3/8 0/8 
Objective responders 4/8 3/8 3/8 

MeCCNU = methyl-CCNU; VCR = vincristine; TC = allogeneic tumor cells; 
BCG = Bacillus Calmette-Guerin. 
* = One patient not tested. 

methyl -cyc lohexyl ) - l -n i t rosourea)  alone at a 
dose of  2 0 0 m g / m  a orally every 8 weeks; (2) 
m e t h y l - C C N U  as above plus vincristine at a 
fixed dose of  2 m g  intravenously,  every 4 
weeks, or (3) m e t h y l - C C N U  plus vincristine 
as above plus 1-2 x 108 allogeneic i r radia ted 
(15 ,000rad)  tumor  cells admixed  with BCG 
(Glaxo, 2-4.5 x 106 organisms) in t radermal ly  
(at 5 sites) every 2 weeks. An adequate  trial 
was considered to be complet ion of  one 8 
week cycle. T h e  first 8 patients entered in 
each arm consti tute the study populat ion.  

Preparation of vaccine 

A single me lanoma  pat ient  with a large 
tumor  burden  provided the allogeneic me- 
l anoma cells used for all patients receiving 
chemoimmuno the rapy .  The  fresh specimen 
was minced finely into a cell suspension and 
frozen in 1-2 x 108 viable cells/ml aliquots as 
described previously [1]. 

Microcytotoxicity assay 

Lymphocytes  were separated from hepari-  
nized blood on a F i c o l l - H y p a q u e  gradient  
and stored in liquid ni trogen as described 
previously [1]. Blood from melanoma  patients 
was allowed to clot at room tempera ture ,  the 
sera separated by centr i fugat ion and stored at 

- 4 ' - C .  Immedia te ly  prior to use, the sera 
were heat inact ivated at 56°C for 30min.  A 
single me lanoma cell line (M14), pooled and 
stored in liquid ni trogen as previously de- 
scribed [1], was used th roughout  the study. 

O u r  modificat ion of the Takasugi  and 
Klein [3] technique has been described in 
detail elsewhere [1]. Prior to addit ion of  
lymphocytes  either heat  inact ivated fetal calf  
serum (FCS) diluted 1/6 with medium contain-  
ing no serum or patients autologous serum (PS) 
also diluted 1/6 with medium was added to 
the target  cells in 0.01 ml amounts.  Patients '  
lymphocytes  in med ium containing 20% FCS 
were then added to the target  cells and the 
mixture  incubated  tbr 48hr ,  stained and 
counted as previously described [ 1 ]. 
P re t rea tment  and post - t rea tment  lymphocyte  
samples from a single pat ient  were on the 
same plate. In addit ion on each plate, there 
were 8 wells containing target  cells plus 
FCS diluted 1/6 with medium without  
lymphocytes.  

Criteria for analysis 

T h e  survival fraction for each lymphocyte  
sample was calculated by dividing the mean 
n u m b e r  of  tumor  cells remaining in 8 wells 
containing tumor  cells + ly m p h o cy t e s  by the 
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mean number remaining in wells containing 
tumor cells alone. The difference between the 
survival fraction before treatment and the 
survival fraction 4 or 8 weeks after the be- 
ginning of treatment was calculated for each 
patient and the statistical significance de- 
termined by comparing the 8 pretreatment 
wells with the 8 post-treatment wells using the 
two-tailed Student's t-test. The differences in 
the survival fractions for all patients in each 
treatment group by the Student's t-test to 
determine any significant differences in changes 
in reacctivity among the various treatment 
regimens. 

RESULTS 

To determine the changes in reactivity after 
treatment, lymphocyte samples from each of 
the 24 melanoma patients studied were retri- 
eved from liquid nitrogen and tested simul- 
taneously against allogeneic melanoma cells 
(M14) as described in Materials and 
Methods. The effect of chemotherapy on LR 
was determined by comparing the results ob- 
tained with pretreatment and 8 week post- 
treatment samples from 8 patients treated 
with methyl-CCNU (group 3) and 8 treated 
with methyl-CCNU +vincristine (group 2). 
As shown in 'Fable 2, none of the patients in 
groups 2 and 3 exhibited a significant increase 
in LR in the presence of FCS and 1 patient 
in each group (M271,310) increased in LR in 
the presence of autologous PS. No patient in 
either of these two groups decreased signi- 
ficantly in LR in the presence of FCS. One 
patient (M279) in group 3 decreased signi- 
ficantly in reactivity in the presence of auto- 
logous PS. A subset of patients was tested at 
more frequent intervals, to determine if the 
chemotherapy suppressed lymphocyte reac- 
tivity 4 or 6 weeks after treatment, a time of 
significant hematologic suppression. These se- 
rial data are presented in Fig. 1. Of  3 patients 
receiving methyl-CCNU +vincristine and 4 
patients receiving methyl-CCNU alone, one 
(M333) experienced a significant decrease in 
LR that was evident at 6 weeks and not at 8 
weeks; this was noted only in the presence of 
FCS and not in autologous PS. 

The pretreatment and 8 week post- 
treatment survival fractions for the eight 
chemoimmunotherapy patients (group 1) are 
shown in 'Fable 2. Statistical analysis of each 
patient revealed that 5 of 8 patients (M336, 
300, 290, 275, 316) showed increased lym- 
phocyte reactivity (decreased tumor cell sur- 
vival) in the presence of FCS. In the presence 

of autologous PS, the lymphocyte reactivity of 
4 of 8 patients (M336, 300, 290, 316) in- 
creased significantly. No patient receiving 
chemoimmunotherapy showed significant de- 
crease in reactivity in the presence of FCS or 
PS. 

The eight patients receiving chemoimmun- 
otherapy were sampled serially to determine 
at which point in time the increases in LR 
first became manifest (Fig. 2). At 2 weeks, 
2 patients (M290, 336) had significant in- 
creases in LR in both FCS and PS; by 4 
weeks, 5 patients (M283, 316, 300, 290, 336) 
had increased LR in the presence of PS and 
3 (M275, 300, 336) showed increases in the 
presence of FCS. 

. \  quantitative analysis of the change in 
lymphocyte reactivity after treatment is pre- 
sented in Table 3. The numbers represent the 
survival fraction of melanoma cells exposed to 
each patient's pretreatment lymphocytes mi- 
nus the survival fraction of cells exposed to his 
post-treatment lymphocytes. In the chemoim- 
munotherapy group the survival fraction de- 
creased by mean values of 0.23 and 0.26 in 
the presence of FCS and PS respectively. In 
the two chemotherapy groups the mean de- 
crease in survival fraction was 0.06 or less. By 
Student's t-test, the mean decrease in group 1 
was significantly greater than the decreases in 
groups 2 and 3 when the assays were per- 
formed in FCS. In the presence of PS only 
the difference between groups 1 and 3 was 
of statistical significance (P = 0.05). 

DISCUSSION 

There has been much debate over the 
significance of in vitro assays of lymphocyte- 
mediated cytotoxicity in patients with cancer. 
The controversy has centered on the speci- 
ficity of the reaction and on its relevance to 
the clinical course of the tumor. In studying 
these 24 patients with metastatic malignant 
melanoma we have not addressed ourselves to 
these questions. Instead we sought to de- 
termine whether the therapy had any effect 
on the degree of cytotoxicity. More specifi- 
cally, the study was designed to determine if 
the cytotoxic drugs methyl-CCNU and vin- 
cristine suppressed lymphocyte-mediated cyto- 
toxicity and if immunotherapy with an allo- 
geneic tumor cell vaccine and BCG as an 
adjuvant increased cytotoxicity. 

Lymphocyte-mediated cytotoxicity did not 
show any consistent changes after chem- 
otherapy with methyl-CCNU or vincristine. 
Only 1 of 16 patients demonstrated decreased 
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Fig. 1. Sequential lymphocyte reactivity in the presence of FCS 
( - - 0 - - 0 - - )  or autologous serum ~ 0 - - )  of three me- 
lanoma patients ( M 2 4 1 ,  M 2 4 3 ,  M 2 7 1 )  receiving methyl- 
CCNU plus vincristine, and 5 melanoma patients ( M 3 3 9 ,  
M 1 8 ,  M 3 1 0 ,  M 3 3 3 ,  M 3 2 5 ) r e c e i v i n g  methyl-CCNU therapy. 
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Fig. 2. Sequential lymphocyte reactivity in the presence of FCS 
( - - 0  0 ) or autologous serum ( I 0 - - )  of 8 melanoma 
patients receiving methyl-CCNU plus vincnstine plus BCG plus 

allogeneic melanoma cells. 
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cytotoxicity 8 weeks after administration of 
methyl-CCNU. The myelosuppressive effects 
of this drug are maximal about 4 weeks after 
administration, and it could be argued that 
maximal immunosuppressive effects would 
also be observed at this time point. However, 
of 7 patients whose lymphocytes were also 
tested 4 weeks after methyl-CCNU, only 1 
showed suppression of cytotoxicity. 

Both methyl -CCNU and vincristine are im- 
munosuppressive in experimental animals [4], 
but have not been studied in this regard in 
humans except by Mitchell et al. [6]. They 

administered methyl-CCNU or the related 
drugs, CCNU and BCNU, to patients with 
melanoma and measured lymphocyte cyto- 
toxicity weekly. They found that cytotoxicity 
was markedly reduced in 8 of 9 patients 3 
weeks after administration but returned to 
baseline levels by 4 weeks. These data are 
consistent with our observations. There is 
evidence that established or secondary immu- 
nologic responses are much more resistant to 
immunosuppressive drugs than are primary 
responses [7]. The reactivity of peripheral 
blood lymphocytes to cultured melanoma 
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cells, whether tumor is specific or not, is clearly 
an established function at the time the cyto- 
toxic agents are administered. 

In contrast we did demonstrate significant 
changes in lymphocyte-mediated cytotoxicity 
in patients given immunotherapy along with 
chemotherapy. Five of eight patients showed 
increased cytotoxicity over the 8 week period 
of testing, while only 1 of 8 patients in each of 
the chemotherapy alone groups manifested 
increases. Augmentation of in vitro cytotoxicity 
was not associated with tumor regression. Of  
the 10 patients whose tumors partially or 
completely regressed as a result of therapy, 
only 2 developed increased lymphocyte cyto- 
toxicity. O f  the 7 patients who developed 
increased cytotoxicity, only 2 manifested tu- 
mor regression. 

The augmentation of cytotoxicity in in vitro 
assays by immunotherapy and its lack of 
correlation with antitumor responses has been 
noted by other investigators. Ikonopisov et al. 
[8] treated 13 patients with irradiated autoch- 
thonous melanoma cells, injected subcutane- 
ously at 6 sites. The therapy was repeated 
at varying intervals. A transient increase 
in tumor-specific antibodies was observed, 
lasting 10-14 days, but no regression of 
nodules. Krementz et al. [9] treated 19 pa- 
tients with intradermal injections of autoch- 
thonous cells at multiple sites. Treatments 
were repeated 6 times over a 2-week period 
and then once a week for 6 weeks. One 
patient with dermal and subcutaneous metas- 
tases had a complete remission and remained 
free of disease for over 3 yr, when he died of 
unrelated causes. The other 18 patients sho- 
wed no clinical improvement. However,  the 
patients developed increases in tumor-specific 
antibodies. Currie et al. [10] treated 22 pa- 
tients with autochthonous melanoma cells in- 
jected subcutaneously. Five of nineteen pa- 
tients showed an enhanced specific lym- 
phocyte cytotoxicity to their own cultured 
melanoma cells, but none demonstrated no- 
dule regression. The lymphocyte cytotoxicity 
was transient, lasting only 7-14 days. 

We previously treated 18 patients with met- 
astatic melanoma with a mixture of irradiated 
autochthonous tumor cells and BCG intrader- 
mally once every 2 weeks for 5 treatments 
[11]. Four patients experienced tumor re- 
gressions, and 2 of these had complete remis- 

sions, although the responses were of short 
duration (mean = 3 months). The lymphocytes 
of 9 of these patients were tested for reactivity 
against cultured allogeneic melanoma cells, 
and this was found to be increased after 
immunotherapy. Patterns of reactivity against 
melanoma cells and against bladder car- 
cinoma cells were similar, indicating a lack of 
specificity for melanoma antigens. 

The lack of correlation between in vitro 
cytotoxicity and in vivo tumor growth may be 
explained by the work of Mitchell et al. [6]. 
They noted that after administration of BCG, 
lymphocyte cytotoxicity against melanoma ce- 
lls increased but  only transiently and within 8 
weeks returned to baseline levels even though 
BCG therapy was continued. Perhaps a more 
sustained high level of cytotoxicity is necessary 
to promote immunologically-mediated tumor 
regression. It is equally likely that the in vitro 
interactions between lymphocytes and tumor 
cells do not at all reflect events in vivo. 
Potentially cytotoxic lymphocytes might, for 
example, be inhibited in vivo by humoral or 
cellular suppressive factors. Our  data do not 
provide evidence for a circulating humoral 
suppressive "blocking" factor, since, in most 
cases, cytotoxicity in the presence of patients' 
serum was the same as in FCS. 

The allogeneic melanoma line used as the 
target cell in the present study was the same 
cell line as a target in our prior report 
utilizing autologous cells for immunization 
[1]. The allogeneic cells used for immuni- 
zation in this study significantly enhanced 
lymphocyte microcytoxicity against this target 
cell as did the autologous vaccine in the prior 
report. Thus, allogeneic melanoma cells were 
as effective as autologous melanoma cells for 
immunization, when measured against an al- 
logeneic target. 

Although it is encouraging that concom- 
itant chemotherapy did not abrogate the de- 
velopment of tumor associated immunity as 
reflected by this assay, the failure of test 
results to reflect clinical outcome makes it 
unlikely that this assay will be useful in the 
design of clinical trials. 
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