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Abstract

Background: The development of effective adjuvant ther-
apies for the treatment of high-risk melanoma patients is
critical for the prevention of metastatic disease and im-
provement of patient survival. Active specific immunother-
apy has been tested as an adjuvant treatment in numerous
dinical trials with overall limited, but occasionally promis-
ing, success rates. Newcastle disease virus (NDV) oncolysate
has been utilized as an adjunctive immunotherapeutic
agent in the postsurgical management of these patients. A
phase II study initiated in 1975 using adjuvant vaccine
therapy composed of allogeneic and autologous human
melanoma cells infected with live NDV (NDV oncolysate) in
patients with AJCC stage HI melanoma following therapeu-
tic lymph node dissection has shown >60% survival rate at
10 years with no adverse effects. Continued long-term
analysis of trials with promising early results as well as
assessment of immunologic responses generated in these
patients may result in improved therapeutic decisions for
dinical trials in the future.

Materials and Methods: We analyzed the 15-year sur-
vival of patients treated postsurgically with NDV oncolysate
in the phase II study described above. In an attempt to
understand the immunological effects of this treatment, we
have also carried out a comprehensive analysis of the pe-
ripheral blood T cell repertoire in these patients.
Results: The overall 15-year survival of this group of
patients is 55%. Previous studies have suggested that
improved outcome in patients undergoing immuno-
therapy is correlated with increased numbers of
CD8+CD57+ cells. In surviving patients, we observed a
striking oligoclonality in the CD8+ T cell population in
peripheral blood, which reflects clonal expansions in the
CD8+CD57+ subset.
Conclusions: The data suggest that adjuvant vaccina-
tion with NDV oncolysates is associated with prolonged
survival of patients with lymph node-positive malignant
melanoma and that CD8+ T cells may be an important
component of therapeutic efficacy.

Introduction
Cutaneous malignant melanoma is responsible
for approximately three-fourths of all skin can-
cer-associated deaths (1). The incidence of
melanoma in the Caucasian population has
continued to increase at an alarming annual

rate of 6% (2). Whereas the estimated lifetime
risk for malignant melanoma in the U.S. was 1
in 1500 in 1935, it is expected to be 1 in 75 by
the year 2000 (2). In addition, malignant mel-
anoma rates are increasing faster than any
other cancer among men and are second only
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to lung cancer among women (3). Thin pri
mary melanomas (thickness <0.75 mm) are 
successfully treated with surgical excision with 
a 5-year survival rate of >98% (4). However, 
the 5-year survival rate of patients with thick 
primary cutaneous melanomas (>4.0 mm) is 
<50% (4). Patients with nodal metastatic dis
ease have a 36% survival rate at 5 years, which 
decreases to only 5% if distant metastases are 
present (5). 

Treatment options beyond surgery that may 
prevent recurrent disease are limited for patients 
with thick primary melanomas or those with 
melanoma present in regional lymph nodes, al
though the search for effective adjuvant thera
pies for the treatment of these high-risk mela
noma patients is actively pursued. These 
attempts have included trials with interferons, 
specific and nonspecific immunotherapy, adju
vant chemotherapy and chemoimmunotherapy, 
isolated limb perfusion, adjuvant radiation ther
apy, adjuvant hormonal therapy, and adjuvant 
retinoid therapy (6-13). The development of ap
proaches employing active specific immunother
apy with therapeutic melanoma vaccines was 
prompted by clinical observations, suggesting an 
important role of the immune system in mela
noma (7). Therapeutic vaccines employing puri
fied gangliosides, shed antigens, specific isolated 
peptides, mechanical or viral melanoma cell ly
sates, and allogeneic or autologous whole cell 
preparations have been used as postoperative 
treatments for prevention and regression of tu
mor metastases because of the potential ability of 
the immune system to distinguish tumor cells 
from normal cells and selectively destroy the tu
mor (8-13). 

Most of these approaches have shown little 
survival advantage over surgical therapy only 
and the interpretation of results is complicated 
by problems with experimental design that are 
often inherent in small clinical studies (13). 
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Additionally, little information about the host 
immunologic response to these therapeutic 
agents has been obtained. However, several of 
these approaches have suggested promising re
sults and several randomized phase III trials are 
in progress (14-16). Recently, high-dose inter
feron a-2b (Intron-A; Schering Plough) has 
been shown in a randomized, controlled trial 
to have a positive effect on disease-free and 
overall survival in the postsurgical adjuvant 
setting for high-risk melanoma, making this 
agent the current standard of care for these 
patients (17). These positive results, although 
limited, have served to trigger a renewed in
terest in immunotherapeutic approaches as ad
juvant therapy for high-risk melanoma pa
tients. 

Previous studies by Cassel and Murray and 
colleagues at Emory University have success
fully utilized postsurgical vaccination with a 
Newcastle disease virus (NDV) oncolysate as 
adjuvant therapy in the treatment of meta
static melanoma ( 18 -2 3). The survival of 
American Joint Committee on Cancer (AJCC) 
stage III melanoma patients with palpable 
lymph nodes treated with this NDV oncolysate 
in a phase II study initiated in 1975 was >60% 
at 10 years (23). This result can be compared to 
the 6-15% lO-year survival of comparable his
torical patient populations with palpable 
lymph node disease (24-26) and the 33% sur
vival rate at 10 years observed in historical 
studies in which patients with occult lymph 
node disease were included (27,28). We now 
report the 15-year status of 83 malignant mel
anoma patients enrolled in this phase II study, 
which consisted of therapeutic removal of pal
pable, diseased lymph nodes and long-term 
subcutaneous vaccination with NDV oncoly
sate. The enhanced survival of this unique pa
tient population undergoing chronic immuni
zation with viral oncolysate prompted us to 
investigate the immunological effects of this 
treatment. We have extensively analyzed the T 
cell receptor (TCR) repertoire of these patients 
and have detected significant T cell oligo clonal 
expansions, particularly within the CD8 sub
set. These results suggest that CD8 T cell re
sponses are an important component of thera
peutic efficacy. 
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Materials and Methods
Patients

Our study focused on patients enrolled in a phase
II study initiated at Emory University in 1975 to
test the ability of NDV oncolysate to affect sur-

vival in stage III AJCC malignant melanoma pa-
tients. Between 1975 and 1979, 32 patients were
selected as group I. These patients had a mean

age of 39 years and 71% of the group was male.
A second, repeat study was then initiated on a

separate group to determine if the survival pat-
tern of group I could be duplicated. Group II
consisted of 51 patients (mean age 46 years, 73%
male) selected through 1982. No control group
was recruited since this was designed as a phase
II study. The specifics of patient selection and
demographics have been previously described in
detail (23). In summary, all patients in the study
had metastatic disease in palpable regional
lymph nodes that was confirmed by pathology
following therapeutic lymph node dissection.
Initial extensive scanning revealed no detectable
disease beyond regional lymph nodes.

Preparation and Administration of Viral Oncolysate

The methods used for the preparation and ad-
ministration of the NDV oncolysate have been
previously described (23,29). Briefly, the lysed
products from NDV-infected monolayers of 10
lines of human melanoma cell lines established
from melanoma patients were infected with NDV
strain 73T. Cell lines were successfully estab-
lished from only four of the patients in group I
who were enrolled to receive NDV oncolysate
therapy. The lysed cellular products and live
NDV were concentrated 10-fold and stored at
-70°C prior to use (23). Patients received allo-
geneic oncolysates in rotating combinations (23).
Four group I patients received both allogeneic
and autologous oncolysate in rotating combina-
tions (23). The oncolysate mixture was given as

a 2.5-ml subcutaneous injection and was admin-
istered at weekly intervals, gradually extending
to a 3-month interval over a period of 5 years

(23). At the end of this study period, institutional
approval was obtained to continue NDV oncoly-
sate treatment. Currently, 34 of these 83 patients
continue to receive NDV oncolysate injections at
varying intervals of 3, 4, or 6 months. Only pa-
tients who continued to receive oncolysate ther-
apy have been used in the analysis of the T cell
repertoire of peripheral blood lymphocytes de-
scribed below.

Determination of 15-Year Survival

Fifteen years after the initiation of therapy in all
83 patients, a complete medical record review
was undertaken for all patients in groups I and II
of this phase II trial. Those patients lost to fol-
low-up were either contacted personally or a
family member was contacted to obtain an inter-
val medical history. For statistical analysis, sur-
vival has been determined from initiation of
NDV oncolysate therapy following nodal dissec-
tion. The survival status of a patient was consid-
ered to be "dead of disease" if the patient died as
a result of melanoma. Nine patients died from
unrelated causes and were free of melanoma at
the time of death. These patients have not been
included in the statistical determination of sur-
vival. This reduces the total number of patients
included in the survival analysis to 74.

Separation of Cells for Immunologic Studies

Peripheral blood was obtained from melanoma
patients who continue to actively participate in
the NDV oncolysate immunization protocol.
Control samples were obtained from normal,
healthy age-matched adult volunteers. No pre-
treatment blood samples are available for any of
the patients enrolled in this study, nor did we
have access to peripheral blood samples from
untreated stage III melanoma patients who have
survived for 15 years. Peripheral blood mononu-
clear cells (PBMC) were isolated by Ficoll-
Hypaque density gradient centrifugation for 20
min at 2000 rpm at 200°C, washed twice, first in
Hanks' Balanced Salt solution (Life Technologies,
Grand Island, NY) and then in a phosphate-buff-
ered saline (PBS)-I % BSA solution, and resus-
pended in PBS-i% BSA at a concentration of
I x 106 cells per 100 ,u1.

Immunomagnetic Separation of CD4+ and CD8+ T
Cells and RNA Extraction

PBMC from NDV oncolysate-treated melanoma
patients and age-matched controls were used to
positively select CD8+ and CD4+ T cells by incu-
bating with immunomagnetic beads (Dynal,
Great Neck, NY). PBMC were resuspended at
10 X 106 cells/ml and were incubated with pre-
washed amounts of anti-CD4 or anti-CD8 beads
for 30 min at 4°C on a rotating shaker according
to the manufacturer's instructions. The cells
bound to the beads were used for extraction of
total RNA using Tri reagent (Sigma, St. Louis,
MO) as recommended by the manufacturer.
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Multiplex CDR3 Length Analysis of TCR Vf3 Chains 

A multiplex radioactive polymerase chain reac
tion (PCR) assay described previously (30) was 
used to assess length variation of the CDR3 loop 
in the TCR f3 chain. In brief, total RNA was used 
for first-strand cDNA synthesis using a TCR 
f3-chain C-region primer (Cf3-14:5' CTC AGC 
TCC ACG TC 3'). An aliquot of cDNA was then 
used for subsequent TCR I3--specific PCR ampli
fication using a radiolabeled Cf3 reverse primer, 
and upstream Vf3-specific forward primers in 
multiplex combinations as described previously 
(31). Six microliters of the amplified products 
was loaded on a standard 6% acrylamide se
quencing gel. Bands were visualized after over
night exposure to Kodak AR film or analyzed 
using a Phosphorimmager (Molecular Dynamics, 
Sunnyvale, CAl. 

Monoclonal Antibodies and Reagents for Flow 
Cytometry 

Monoclonal antibodies to CD57, CD3, CDB; rat 
anti-mouse IgGI, rat anti-mouse IgG2a+b, 
streptavidin PerCP, anti-human interferon 
gamma (IFN-y), TNFa, and IL-2 were purchased 
from Becton Dickinson (San Jose, CAl. Anti-CDB 
IgG2a-biotin was purchased from Leinco Tech
nologies, Inc. (St. Louis, MO), and TIA-I was 
purchased from Coulter Corp. Monoclonal anti
bodies (MAb) to Va2 (F1.2), Vf3 3.1 (BF1O), Vf3 
5.1 (LC4), Vf3 S (16GB), Vf3 12 (S511), Va12.1 
(6D6), and Vf3 13.1/13.3 (BAM13) were gener
ously donated by T Cell Sciences, Inc. (Cam
bridge, MA); anti-Vf3 7.1, by Dr. Margaret Callan 
(32); anti-Vf3 13.2, by Brian Kotzin (33); anti-Vf3 
17, by Steven Friedman (34); and anti-Vf3 11 and 
anti-Va24, by Antonio Lanzavecchia (35). 
Monoclonal antibodies to other TCR Vf3 seg
ments used for this study were obtained from the 
TCR monoclonal antibody workshop (36). 

Immunofluorescent Staining and FACS Analysis 

We were able to triple stain simultaneously for 
CD57, CDS, and various Va and Vf3 segments of 
the TCR by using an isotype-specific matched 
protocol of first and second stage reagents that 
we have previously described (37). Briefly, 50 ILl 
(0.5 x 106 cells) of PBMC suspended in PBS-I % 
BSA was incubated for 30 min on ice in the dark 
with MAb to a single V segment and either CDS 
(lgG I) or CDS (lgG2a) coupled to biotin, de
pending on the isotype of the anti-V segment 
antibody. Cells were subsequently washed and a 

second incubation was undertaken with 
matched second stage reagents and CD57 (lgM) 
FITC under the same conditions as above. 
Streptavidin PerCP was also added to those sam
ples initially stained with CDS-biotin. At the end 
of the incubation times the cells were washed, 
fixed, and analyzed for the expression of all three 
markers on a FACScan (Becton Dickinson) flow 
cytometer and the fluorescence compensation 
was adjusted using standard methods. Data anal
ysis was done using Cell Quest software (Becton 
Dickinson Immunocytometry systems). Backgat
ing on the CDS+, CD57+ T cells enabled the 
calculation of the percentages of CD3 and each V 
segment in this subpopulation. 

Intracellular Staining for Cytokines 

Whole blood was diluted 1: 1 with RPMI and 
incubated with Brefeldin A (10 ILg/ml) (Sigma) 
in the absence or presence of PMA (10 ng) (Cal
biochem) and ionomycin (I ILM) (Sigma) for 4 
hr at 37°C. At the end of the incubation period, 
100 ILl aliquots were surface stained with anti
CDS and the relevant anti-Vf3 monoclonal anti
bodies, washed, and fixed. The red blood cells 
(RBCs) were lysed with FACS lysing solution 
(Becton Dickinson), washed, and permeabilized 
with Permeafix (Ortho Diagnostics), and stained 
intracellularly with anti-human INF-y, tumor 
necrosis factor a (TNF-a), or interleukin-2 (IL-
2). Upon completion of staining, the samples 
were fixed with 1 % paraformaldehyde-PBS and 
analyzed for the expression of all three markers 
on a FACScan (Becton Dickinson). Electronic 
gates were set on the lymphocyte population 
based on their forward and side light scatter, and 
cytokine expression by the CDS+Vf3+ cells was 
compared in resting and stimulated samples. 

Results 
Long-term Survival of Patients Treated with NDV 
Oncolysate 

The survival of AlCC stage III malignant mela
noma patients IS years after initiation of therapy 
with NDV oncolysate remains encouraging. The 
survival of patients in group I at 15 years is 59% 
(IS/30). One patient is currently experiencing 
recurrent metastatic melanoma (patient 40) and 
one patient has prostate cancer. The patients in 
group II have a IS-year survival of 53% (23/44). 
One patient in this group is currently being 
treated for breast cancer. Of the four patients 
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Fig. 1. Kaplan-Meier curve demonstrating the 
IS-year survival of AJCC stage III malignant 
melanoma patients treated postsurgically with 
NOV oncolysate. 

that received oncolysate made from both autol
ogous and allogenic melanoma cells, 50% are 
alive after more than IS years (2/4). The survival 
of these patients is shown as a Kaplan-Meier 
survival curve (Fig. 1). Over this extended time 
period, no treated patients developed neurologic 
disorders as determined by medical history or 
exhibited any type of adverse reaction to the 
injected NDV oncolysate, according to clinical 
observation. 

The survival statistics were also analyzed in 
terms of the number of positive lymph nodes at 
therapeutic lymph node dissection as determined 
histologically (Table 1). Group I had 15 patients 
with I positive lymph node. Of these, 10 (67%) 
are still surviving. Group II had 20 patients with 
1 positive lymph node. Of these, 9 (45%) are still 
surviving. Of those patients with 2-4 positive 

lymph nodes, group I had 13 patients with 8 
(62 %) still surviving and group II had 14 patients 
with 8 (57%) still surviving. Group I had 2 pa
tients with 5 or more positive lymph nodes. Nei
ther (0%) of these patients are surviving. Group 
II had 10 patients with 5 or more positive lymph 
nodes. Six (60%) of these patients are survivors. 
Thus, there is no particular correlation between 
IS-year survival and the number of lymph nodes 
exhibiting histologic evidence of metastatic mel
anoma prior to initiation of adjuvant NDV onco
lysate therapy. 

Clonal Expansions of CD8+ T Cells in Treated 
Melanoma Patients 

A multiplex reverse transcriptase PCR assay for 
CDR3 length was used to detect clonality in the 
peripheral blood TCR in melanoma patients 
treated with NDV oncolysate and in age-matched 
controls. Restriction in CDR3 length was de
tected as a dominant band within the cluster of 
bands derived from each TCR V(3 segment fam
ily. A band is defined as dominant when the 
counts in the band are >50% of the total counts 
within the particular TCR V(3 family. We have 
previously established that this criterion is a con
servative measure of underlying oligoclonality 
(38). Figure 2 shows an example of such an 
analysis in one individual. Note that there are 
numerous dominant bands in the CD8 subset 
(lanes A-L, Fig. 2A), in contrast to the apparent 
gaussian distribution of TCR V(3 length seen in 
the CD4 subset (lanes A-L, Fig. 2B). 

Figure 3 summarizes the results of oligo
clonal expansions detected in 27 melanoma pa
tients treated with NDV oncolysate and 23 age
matched normal individuals. The mean number 

Table 1. IS-Year survival of AJCC stage III malignant melanoma patients treated postsurgically with 
Newcastle disease virus oncolysate 

Correlation of Survival and No. of Positive Lymph 
Nodes at Time of Therapeutic Lymph 

Node Dissection 
No. of Overall 

Group Patients I Node 2-4 Nodes S+ Nodes Survival 

I 30 lO/1S (67%) 8/13 (62%) 0/2 (0) 18/30 (S9%)a 

II 44 9/20 (4S%) 8/14 (S7%) 6/10 (60%) 23/44 (S3%)h 

aInc1udes one patient currently with recurrent metastatic melanoma. and one patient currently with prostate cancer. 
bInc1udes one patient currently with breast cancer. 
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Fig. 2. Representative multiplex PCR analysis
of the CDR3 length assay on CD8+ (A) and
CD4+ (B) T cell subsets. Lanes A-L correspond to
the following sets of TCR VP primers from the lower
to higher groups of bands: A: V13 1, 18, 23; B: VP 2,
4, 8; C: VP 3, 13.1; D: V,B 5.2, 5.1; E: V,3 6, 20; F:
V,3 7, 22; G: VP 9, 16; H: VP 11, 12; I: VP 15, 13.2;

J: VP 14, 17; K: V,B 10, 24; L: V,B 21. Note that there
is a dropout of some V,3 families seen in Figure 2A
and B. Note that V,P 18, 23, 2, 24 are not expressed
in this individual (lanes A, B, K). Additionally, there
are other VP families that are not detected in the
CD8+ T cell subset. This is not uncommon in the
setting of an extensively skewed CD8 repertoire.
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cell subset as 19 dominant bands in the 21 mel-
anoma individuals analyzed, whereas 7 out of 22
instances of clonality were detected in age-
matched controls. This difference did not reach
statistical significance (p < 0.07).

*
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CD8+

Fig. 3. Melanoma patients immunized with
NDV oncolysates demonstrate increased oligo-
clonality in the CD8 compartment compared
with age-matched controls.

of clones detected per person is 3.4 for normal
subjects and is 5.5 clones per melanoma patient
in the CD8+ T cell compartment (p < 0.03).
Oligoclonality was also detected in the CD4+ T

Increased Expression of CD57 in the CD8+ CD3+ T
Cell Population ofMelanoma Patients Treated with
NDV Oncolysate

We have previously shown that CD8 clonality is
preferentially detected in the CD28-CD57+ sub-
set of CD8 T cells (37). Therefore, 33 melanoma
patients treated with NDV oncolysate and 36
age-matched adult volunteers were analyzed for
the expression of the CD57 surface marker by
flow cytometry. The expression of CD57 was
significantly higher on the CD8+CD3+ T cells of
melanoma patients than on control cells (37.2%
vs. 26.2%, p < 0.03).

Clonal Expansion in the CD8+CD57+ T Cell Subset
of Melanoma Patients Treated with Oncolysate
Previous studies performed in our laboratory
have established a correlation between oligo-

Patient# 10

Patient# 31

CD57 bIII

Fig. 4. FACS analysis of CD8+ T cells from two melanoma patients treated with NDV oncolysates.
Backgates on the CD8+CD57- (RI) and CD8+CD57+ (R2) T cell subsets show a marked difference in the fre-
quency of cells carrying the VP 16 and VP3 14 TCR in these two individuals.
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Fig. 5. Oligoclonal expansions in the CD57+ T 
cell subset as a percentage of the total CD8+ T 
cell population. Results from individuals with one 
or more expansions of > 10% within the 
CD8+CD57+ subset detected by FACS analysis are 
shown. 

clonality in the CD8+ T cell population (as de
termined by the CDR3 length assay) with cellular 
expansions within the CD28-CD57+ subset (as 
assessed by FACS analysis with V/3-specific anti
bodies) (39). In order to demonstrate this corre
lation in melanoma patients treated chronically 
with NDV oncolysate, we performed three color 
flow cytometric studies on these patients. 
Figure 4 illustrates two examples of such an 
analysis. Panel A depicts an expansion of TCR V/3 
16 in a study subject (patient 10) at 30.87% in 
the CD3+CD8+CD57+ subset (R2 gate), while 
the expression of V/3 16 in CD3+CD8+CD5T 
cells (Rl gate) was only 0.83%. Panel B shows 

similar patterns of T cell expansions in another 
individual for V/3 14 (patient 31). These expan
sions correlated with clonality seen by the CDR3 
length analysis, and demonstrate the preferential 
accumulation of the clonally expanded cells 
within the CD8+CD57+ subset. 

For the purposes of descriptive analysis, a 
TCR V segment was considered an "expansion" 
if it exceeded 10% in the CD8+CD57+ T cell 
subset. Using this criterion, TCR V expansions 
were detected in the CD8+CD57+ subset in 22 
out of 28 (79%) melanoma patients treated 
with NDV oncolysate, compared with only 11 
out of 30 (37%) age-matched controls (p < 
0.002). We also calculated the contribution of 
the clonally expanded cells to the total CD8+ 
population in melanoma patients and in age
matched controls. These data are shown in 
Figure 5. The mean percent of the CD8 T cell 
compartment that was occupied by expansions 
was 4.09 in the control group and 8.85 for the 
melanoma patients (p < 0.003). These fre
quencies of expansions are likely to be under
estimates of the actual frequencies due to the 
limited range of TCR V segments for which 
specific antibodies are available. 

Functional Potential of the Clonally Expanded 
CD8+ CD57+ T Cells 

Whole blood was stimulated with phorbol my
ristate acetate (PMA) and ionomycin to deter
mine the functional capacity of these cells to 
express cytokines. Figure 6 depicts flow cytomet
ric analysis of activated V/3 11 cells from patient 
42. These cells constitute approximately 20% of 
the total CD8 population. Backgating on the 
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Fig. 6. FACS dot plot and histograms for patient 42. Clonally expanded cells have the potential to produce 
INF-')' and TNF-a, but make very little IL-2. The light histogram curves are those of resting cells while the darker 
histograms represent activated cells. 
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CD8+V{3 II + cells shows that 87% of these 
clonally expanded V{3 II cells produce IFN-'Y 
upon stimulation, and 83% make TNF-a; how
ever, they make very little IL-2 either in the 
resting or activated state. In results not shown, 
these V{3 II expanded cells also express TIA-I, 
an antigen that is expressed by cells that have 
cytotoxic potential, and cell lines generated from 
these expanded clones can kill in redirected cy
totoxicity assays. 

Discussion 
The use of Newcastle disease virus and other 
virus therapies in the treatment of advanced 
neoplastic disease dates ba€k several decades 
(40,41). NDV is a paramyxovirus also known as 
avian pneumoencephalitis virus. While it is a 
serious viral disease of birds marked by involve
ment of the respiratory and nervous systems, 
humans usually develop only a temporary con
junctivitis if they become infected by direct han
dling of sick birds. NDV has been evaluated as an 
anticancer agent because this virus has been 
shown to have direct toxic effects on tumor cells 
as well as indirect effects that appear to be me
diated through stimulation of the host immune 
system (40-43). NDV has been utilized alone 
and in combination with autologous and alloge
neic tumor cells to generate viral oncolysates 
that can be delivered as a vaccine to patients with 
advanced metastatic disease (18,44-47). Two 
main strains of NDV have been the focus of most 
clinically related studies. These are the nonlytic 
Ulster strain and the lytic NDV 73T strain. The 
latter was developed in 1965 by Cassel and Gar
rett by passaging NDV 379-S1 through Ehrlich 
ascites tumor cells in vitro 73 times and in vivo 
13 times to eliminate the neurotrophic properties 
of this strain (44). NDV 73T was found to exhibit 
limited affinity for nervous tissue when tested in 
mice, rabbit, guinea pig, Syrian hamster, and 
Wistar albino rat. The NDV 73T strain was used 
to prepare viral oncolysates in the phase II clin
ical trial of adjuvant immunotherapy for malig
nant melanoma described in this study (29). 

We have reviewed the clinical outcome and 
immunologic effects of long-term NDV oncoly
sate vaccination in the treatment of high-risk 
AJCC stage III malignant melanoma patients fol
lowing therapeutic lymph node dissection. The 
IS-year survival for two groups of patients ac
crued independently and treated with NDV on
colysate is 59% for group I and 53% for group II 

with an overall survival of 55 %. The survival of 
patients in groups I and II does not differ signif
icantly from each other, indicating the reproduc
ibility of the results obtained with this adjuvant 
therapy in patients accrued over an 8-year pe
riod. Additionally, similar survival rates were ob
served regardless of the number of lymph nodes 
found to be positive for metastatic melanoma at 
the time of therapeutic lymph node dissection 
prior to initiation of adjuvant NDV oncolysate 
treatment. No survival advantage was observed 
in the small number of patients receiving NDV 
oncolysate made from both autologous and allo
geneic melanoma cells; 50% of these four pa
tients survived. 

The current analysis of IS-year survival in
dicates that the protective effect on survival from 
this therapy that was observed at 10 years is 
continued in these patients (23). Because this 
phase II study was conducted with a small num
ber of patients and did not include a control 
untreated patient group, caution must be exer
cised in drawing conclusions regarding the effi
cacy of this therapeutic approach (13). However, 
there appears to be substantial improvement in 
the survival of these NDV oncolysate-treated pa
tients compared with the survival of patients 
with either therapeutic dissection of palpable 
nodes or elective lymph node dissection as re
ported in the literature. Patients with melanoma 
metastatic to regional lymph nodes (AlCC stage 
III) requiring therapeutic dissection of palpable 
lymph nodes have a historical lO-year survival 
rate of 6-15% (24-26). More recent studies of 
AJCC stage III patients have shown lO-year sur
vival rates ranging from 33% to 41 % (27,28,48) 
and a IS-year survival rate of 38% (48). The 
improved survival in the latter studies appears to 
relate to the use of elective lymph node dissec
tion, which provides for removal of early, non
palpable lymph node disease, compared with the 
older studies in which therapeutic lymph node 
dissection was performed only for palpable 
lymph nodes. Overall, our current survival re
sults and those obtained in the earlier phases of 
this study with NDV oncolysate have consis
tently shown a more favorable outcome than 
historical controls ( 18 -23). Additionally, no 
other adjuvant studies to date have shown an 
equivalent or greater improvement in survival in 
this high-risk patient population (13). The long
term clinical benefit of this immunotherapeutic 
vaccine continues to suggest that treatment with 
NDV oncolysate may have played a role in keep-
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ing AJCC stage III malignant melanoma patients 
alive and free of detectable disease. 

We have now begun to assess the immune 
repertoire in these treated patients in hopes of 
identifying parameters that may correlate with 
therapeutic efficacy. A number of previous stud
ies have indicated that a local CDS response to 
tumor may occur in melanoma patients and that 
these infiltrating T cells represent expansions of a 
restricted set of TCR VI3 gene families. However, 
as indicated by the generally poor prognosis, this 
response does not often result in effective tumor 
destruction. This could be due to the localized 
release of cytokines that are tumor suppressive, 
such as IL-lO, at the site of the tumor (49). 
Alternatively, the presentation to T cells of tu
mor-derived peptides in the absence of co-stim
ulation may induce anergy and tolerance to the 
tumor itself. This is a potential hurdle on the 
road to successful immunotherapy (50). 

Our results and those from other investiga
tors suggest that chronic immunization may 
boost an effective anti-tumor response (51-53). 
Several investigators have studied the phenotype 
of T cells in melanoma patients. Elliott et al. 
conducted a comprehensive analysis of 139 pa
tients with disseminated malignant melanoma 
who were enrolled in an uncontrolled phase II 
trial (52). This study evaluated the activity of an 
allogeneic tumor vaccine incorporating an adju
vant. The median survival time for patients 
treated with the vaccine was 23 months from 
diagnosis (43/139 censored patients). Precursor 
anti-melanoma TIL titers were increased in 42% 
of the patients who were evaluated. Interest
ingly, extended survival was observed among 
patients who displayed an expansion in the 
number of CDS+CD57+ lymphocytes (34 
months vs. 12 months) (52). In another study of 
33 patients, a decrease in CD57+ cells was ob
served in patients with advanced or disseminated 
malignant melanoma (53). These observations 
point to a role for CDS+CD57+ cells in an effec
tive immune defense against these tumors. 

Our findings clearly demonstrate an in
creased clonality within the CDS T cell subset of 
NDV oncolysate-treated patients (see Fig. 3), 
with an overall increase in the percentage of 
CDS+CD57+CD2S- T cells in the peripheral 
blood. In addition, clonal expansions in this sub
set make up a large percentage of the total CDS + 
T cell population in treated melanoma patients, 
compared with normal controls (see Fig. 5). This 
subset of T cells can be expanded in the setting of 
autoimmune diseases, bone marrow transplan-

tation, and chronic viral infections and is also 
seen in some normal individuals, usually in an 
older age-groups (39). The control group in these 
studies was taken from the same age range as 
that of the melanoma subjects. These CDS clonal 
expansions most likely represent terminally dif
ferentiated effector cells; this hypothesis is sup
ported by our findings that these clonally ex
panded cells produce large amounts of TNF-a 
and IFN-y (Fig. 6) and function in cytotoxicity 
assays. We have observed in several individuals 
that these clonal expansions are present for 
years, a finding that suggests a response to a 
chronic and/or recurrent immune stimulus (37). 

In tabulating these data we detected expan
sions of T cells expressing VI3 S in the CDS+CD57+ 
subset in 7 out of 22 melanoma patients, while 
only lout of 30 controls had TCR VI3 S expansions 
(data not shown). However, it is currently unclear 
if this bias in the V 13 repertoire is significant; a 
thorough analysis would at minimum require con
trolling for the HLA background in these individu
als as well as in normal age-matched controls. Sev
eral investigators have examined the TCR 
repertoire in tumor-infiltrating lymphocytes of ma
lignant melanoma patients (54,55). The results are 
conflicting, and no particular TCR VI3 family has 
been reported to be consistently involved in the 
skewing of the T cell repertoire. 

We have studied the TCR repertoire in one 
patient (patient 40) who recently had an axillary 
lymph node metastases, and compared the reper
toire of CDS+ T cells from the lymph node and 
peripheral blood lymphocytes (PBL). Seven oligo
clonal expansions were detected in the CDS+ T 
cells from PBMCs, while nine instances of clonality 
were detected in CDS+ T cells from lymph nodes. 
Two of these VI3 segments that were clonal in both 
sites were also expanded in the CDS+CD57+ sub
set of PBL. These observations suggest that the 
clonal expansions detected in peripheral blood are 
reflective of the ongoing immune response at the 
tumor site in at least some instances. 

Viral oncolysates have been shown to induce 
remission, prolong life with reduced tumor bur
den, or decrease relapse rates for human cancers, 
although no significant effect on survival has yet 
been reported in large, randomized clinical trials 
using adjuvant viral oncolysates (13,ISAOA1). 
NDV has been used to induce tumor regression 
and its mode of action is postulated to occur, at 
least in part, through the cytolytic activity of T 
cells through their production of TNF-a. Lorence 
et al. have reported that T73 and the wild-type 
isolate of NDV are potent inducers of TNF-a pro-
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duction by human PBMCs (43). In the current
study it is unclear whether the presence of live
NDV or the chronicity of the treatment is primar-
ily responsible for the improved outcome in the
patient population. To address this issue, studies
are in progress in which chronic immunization
of mice with the T73 oncolytic strain of NDV will
be compared with the nonlytic Ulster strain in a
melanoma model system. The overall sustained
clinical benefit of NDV oncolysate as an adjuvant
immunotherapeutic agent and the demonstrated
involvement of CD8 T cells in the ensuing im-
mune response suggest that further investigation
of the potential anti-tumor activity of CD8 T cells
in these patients is warranted.
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