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Abstract. Development of a melanoma‑specific vaccine is 
of clinical necessity. Therefore, a phase III, randomized, 
double-blind trial was performed (June 1988-June 1991) to 
assess the clinical effectiveness of our vaccinia melanoma 
oncolysate (VMO) vaccine in stage III melanoma patients. 
Patient data were collected from 11 institutions, as well as 
from the Social Security Death Index and were analyzed from 
April through August 2008 for disease-free interval (DFI) and 
overall survival (OS). The median OS for patients who were 
administered the VMO vaccine was 7.71 years, compared 
to 7.95 years for patients administered the vaccinia virus 
vaccine (V) (p=0.70). The median DFI for the VMO group 
was six years, while the median DFI for the V group has 
not yet been reached. This analysis demonstrated a statisti-
cally significant difference in OS in females in both groups 
(VMO, 79%; V, 92%), as compared to males (VMO, 57%; 
V, 68%) (p=0.0473). This follow-up analysis demonstrated that 
females had a survival advantage over males, thus warranting 
further investigation. This significant observation may facili-
tate the recruitment of patients for future clinical trials, as well 
as determine which patients are more likely to benefit from 
receiving the VMO vaccine.

Introduction

Melanoma arises from the transformation of the pigment-
producing melanocytes of the skin and is often initiated by 
deregulation of the MAPK pathway, which is known to modu-
late melanoma cell survival (1,2). According to the National 
Cancer Institute (NCI), melanoma remains the most fatal type 
of skin cancer and is the fifth most commonly occurring cancer 
in men and the seventh in women. In 2011, it was estimated that 

over 70,000 individuals would be diagnosed with melanoma 
and approximately 9,000 individuals would succumb to the 
disease in the USA (3). Surgery remains the standard treatment 
for localized melanoma skin lesions, whereas the standard of 
care for metastatic melanoma remains a single chemothera-
peutic agent, known as dacarbazine, which has a response rate 
of 10-15% in patients and is not associated with long-lasting 
responses, since the median survival rate is approximately 
nine months (4,5). This lack of effective chemotherapeutic 
compounds has led researchers to focus on the development of 
immunotherapeutic methods to treat melanoma.

Immunotherapeutic melanoma-treatment strategies have 
been investigated over the past 30 years and resulted in 
various clinical trials (6). Immunotherapy has focused on 
four major areas: immuno-activating cytokines, immuno-
modulating antibodies, adoptive T-cell therapy and vaccines. 
The immuno-activating cytokine, interleukin-2 (IL-2), is one 
of three FDA-approved compounds used to treat melanoma; 
it is, however, associated with high toxicity (7). The FDA 
has recently approved an immunotherapeutic compound that 
targets melanoma, known as ipilimumab (anti-CTLA-4 anti-
body) (8), which has shown promising results in clinical trials. 
In addition, although it is not an immunotherapeutic compound, 
it should be noted that the FDA has approved a small molecule 
inhibitor, known as vemurafenib (BRAF inhibitor) (9), which 
has also shown promising results in clinical trials. Although 
there are ongoing clinical trials aimed at assessing the effec-
tiveness of various immunotherapeutic compounds, further 
research on melanoma vaccines is required, since melanoma 
is one of the most immunogenic types of cancer and several 
clinically relevant melanoma-associated antigens (MAAs) 
have already been identified (10‑13).

The possibilities for developing antigen-based vaccines 
against melanoma are numerous, as multiple MAAs have been 
identified since the 1970s, cloned (14,15) and well‑character-
ized, in vivo and in vitro, with respect to their antigenicity. 
Despite their characterization, not all antigens elicit an optimal 
immune response, which may be attributed to the fact that the 
selected antigens were not HLA-typed to match the vaccinated 
individuals or that an adjuvant is required to help initiate an 
antigen‑specific immune response. Examples of antigens used 
in vaccines against melanoma are MAAs such as gp100, tyros-
inase, MAGE-3 and MART-1 (16-18); however, phase I and II 
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studies have not shown promising results when administered 
as a single antigen̸protein‑containing vaccine (19,20). Other 
clinical trials have focused on the generation of vaccines 
that incorporate one or more antigens, combined with the 
administration of an immuno-activating cytokine, such as 
IL-2 or granulocyte-macrophage colony-stimulating factor 
(GM-CSF) (19,21,22). One such clinical trial recently showed 
a high response rate and progression-free survival in patients 
with advanced melanoma who were vaccinated with gp100 
and IL-2 (23). Melanoma vaccines using a multivalent antigen 
approach appear promising, although further studies should be 
performed to determine the conditions that are likely to foster 
a productive immune response, such as selecting an adjuvant 
with optimal immuno-stimulatory properties.

Previously, we developed a melanoma multivalent vaccine 
using live vaccinia virus-augmented melanoma cell lysates, in 
order to generate the vaccinia melanoma oncolysate (VMO), 
or first generation melanoma vaccine. The VMO is composed 
of four established allogeneic melanoma cell lines, providing a 
variety of MAAs that help generate a robust immune response, 
using vaccinia virus as an adjuvant (24,25). Vaccinia virus was 
incorporated as an adjuvant in VMO since i) it modifies and 
re-expresses host membrane-associated melanoma antigens, 
thus making these antigens more recognizable to the immune 
system of the host (26) and ii) it non-specifically induces 
tumor‑specific cytotoxic T lymphocytes (CTLs), thus initiating 
the host immune response (27).

The efficacy of VMO in the treatment of melanoma was 
studied in several preliminary trials (24,28), followed by the 
Southeastern Cancer Study Group-sponsored phase I and II 
trials (29,30). Given the favorable results of these trials, we 
proceeded with the first randomized, prospective, double-
blind, multi-institutional, pharma-produced, FDA-approved, 
NCI-funded melanoma vaccine phase III trial (1988-1991), in 
order to evaluate the effects of VMO on disease-free interval 
(DFI) and overall survival (OS) in patients with stage II 
melanoma (based on the International Union Against Cancer 
criteria). Although the results of the first interim analysis 
(performed in May 1994) showed no statistical difference in 
OS between patients receiving VMO and those receiving the 
control vaccinia virus vaccine (V), there was a 10% increased 
survival advantage in favor of VMO. Moreover, although the 
number of patients that were enrolled in this trial (n=250) 
was not sufficient to generate statistically significant results 
in specific subset analyses, the final analysis demonstrated 
increased OS in VMO-treated patients, specifically in 
i) VMO‑treated males, aged 44‑57 years, with one to five posi-
tive nodes and ii) VMO-treated males and females who had 
undergone prophylactic lymph node dissection which demon-
strated positive nodes (clinical stage I and pathological stage II 
disease) (31). A second interim analysis (performed in May 
1995) demonstrated no difference in survival between VMO- 
and V-treated groups; however, further analysis revealed i) a 
subset of males aged 44‑57 years, with one to five positive 
nodes, treated with VMO, that had a statistically significant 
OS compared to those treated with the placebo V (p=0.037) 
and ii) patients with clinical stage I disease, treated with VMO, 
that had a statistically significant OS compared to those treated 
with the placebo V (p=0.05) (32). The third analysis of this 
phase III trial (performed in May 1996) showed no significant 

difference in either DFI or OS in patients treated with VMO, 
compared to those treated with V; however, the same subset of 
males, aged 44‑57 years, with one to five positive nodes, treated 
with VMO, showed a statistically significant improvement in 
survival at two‑, three‑ and five‑year intervals (p=0.046).

Based on the results and trends observed in our clinical 
trial, we report on a 10-year follow-up analysis on the patients 
originally involved in the phase III trial. We have now compiled 
follow-up data on the surviving patients originally enrolled in 
the phase III trial and present data that reflect upon the validity 
and efficacy of the trial design originally envisioned.

Materials and methods

Patients. As previously described (31-33), 250 patients were 
accrued from 11 participating institutions, from June 1988 
to January 1991. These institutions are listed as follows: MD 
Anderson Cancer Center, Houston, TX; University of Alabama, 
Birmingham, AL; Emory University, Atlanta, GA; University 
of Pennsylvania, Philadelphia, PA; Wayne State University, 
Detroit, MI; University of Florida, Gainesville, FL; University 
of Chicago, Chicago, IL; University of Colorado, Denver, CO; 
Duke University, Durham, NC; Brown University, Providence, 
RI; and Mount Sinai Medical Center, Miami Beach, FL, USA. 
Patients were selected according to strict eligibility criteria, 
which included histologically-positive nodes, age range 
15-70 years, Karnofsky performance status <70% and no 
concomitant malignancy, apart from basal and squamous cell 
carcinoma of the skin. Originally, patients with any number 
of positive nodes were eligible for the trial during the first 
year (June 1988-June 1989). Subsequently, only patients with 
one to five positive nodes were accepted, since the protocol 
advisory panel (including Dr Charles Balch, statistician; 
Dr Al Bartolucci, medical advisor; and Dr Marc Wallack, 
principal investigator) considered more than five positive 
nodes to represent excessive tumor burden. Further criteria for 
ineligibility included patients with: lentigo maligna melanoma; 
satellite lesions at a distance >2 cm from the primary lesion; 
previous chemotherapy, radiotherapy, or immunotherapy; 
matted nodes (except during the first year of the trial); more 
than one primary lesion; and pregnancy. Patients were enrolled 
in the study eight weeks after surgery.

Informed consent was obtained from all patients enrolled 
in our study and the procedures followed were in accordance 
with the ethical standards of the responsible committee on 
human experimentation and with the Helsinki Declaration of 
1975, as revised in 1983.

VMO, V and attenuated smallpox preparation. As previously 
described (31-33), the VMO vaccine for the treatment arm, 
the V vaccine for the control arm and the smallpox vaccine 
for both arms (used as an immune booster), were prepared 
by the Mérieux Institute, Lyon, France. The preparation of 
the VMO has been extensively described in our previous 
publication (31). Essentially, four allogeneic cell lines 
(Mel-2, Mel-3, Mel-4 and Mel-B) were established from four 
patients treated in our clinic. These cell lines were assessed 
using standard assays to confirm the absence of bacteria, 
fungi, mycoplasma and all human viruses (including human 
immunodeficiency virus).
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The V vaccine was prepared by infecting the MRC5 human 
diploid cell line with a seed vaccinia virus that was developed 
in this laboratory, using smallpox vaccine ‘Dryvax’ (Wyeth 
Laboratories, Inc., Marietta, PA, USA), containing the New 
York City Board of Health strain of vaccinia virus. Melanoma 
cells were infected with the vaccinia virus at a ratio of 1 cell 
to 10 TCID50 (50% tissue culture infectious dose) of vaccinia 
virus, then incubated overnight at 37˚C. Virus‑infected cells 
were lysed by sonication and a nucleus-free cell lysate was 
obtained by centrifugation to create the final product, VMO.

Study enrollment. Surgical review of the wide excision and  
regional lymphadenectomy was performed for each patient 
prior to registration. Pathological review of the biopsy speci-
mens was performed by the study pathologist to establish the 
diagnosis of stage III melanoma (based on 1988 AJCC criteria). 
All the patients had complete physicals and laboratory work-
up, including complete blood count, liver function tests and 
urinalysis, as well as baseline chest X-ray. Each patient signed 
an informed consent form, that was approved by the respec-
tive institution. Patients were then randomized between the 
VMO and V treatment groups by the Statistical Center at the 
University of Alabama.

VMO, V and attenuated smallpox vaccine administration. The 
administration of the respective vaccines has been described 
in detail in previous publications (31‑33). Briefly, each patient 
was given a smallpox booster injection subcutaneously ≥48 h 
prior to the initiation of treatment. The VMO or V was injected 
intradermally into the sites in proximity to the regional lymph 
node groups, excluding the sites of node dissections. One dose 
of VMO or V was divided into four to six aliquots, with two 
to four aliquots injected above the waist in the infraclavicular 
region bilaterally and two aliquots injected below the waist 
in the infrainguinal region bilaterally. These injections were 
given once a week for 13 weeks, then once every two weeks 
for one year or until recurrence. These patients were closely 
monitored throughout the trial for signs and symptoms of 
toxicity, as well as recurrence.

Statistical analysis. For the follow-up analysis, the Social 
Security Death Index was accessed to obtain additional 
information on the patients. Additionally, each institution 
involved in the original trial was contacted regarding the 
status of these patients, as well as any additional therapies 
these patients may have received after VMO. Statistical 
analysis was performed by the Statistical Center at the 
Department of Biostatistics, University of Alabama, using 
log-rank statistics. Patient data were analyzed using 2002 
AJCC staging criteria.

Results

Patient characteristics and survival analysis. Records were 
available for 109 out of the 111 patients evaluated. Patient char-
acteristics of the VMO group and the V group are presented 
in Table I. In April 2008, 78 patients were still alive in both 
VMO and V groups, with 35 surviving patients (45%) in the 
VMO group and 43 (55%) in the V group. Thirty-one patients 
(19 patients in the VMO group and 12 in the V group) had 

succumbed in the time period between this analysis and the 
third analysis (performed in May 1996).

The VMO and V groups were further subdivided into alive 
and deceased patient subsets (VMOalive, VMOdeceased, Valive and 
Vdeceased) and the demographics of these respective subsets are 
presented in Table II. There was no significant difference in 
distribution of age (p=0.3286), number of nodes (p=0.6855), 
time (p=0.5525), or size of primary lesion (p=0.4008) among 
VMOalive, VMOdeceased, Valive and Vdeceased groups.  Subsequent 
subset analysis revealed a statistically significant survival 
advantage in females, regardless of whether they were 
administered VMO or V (p=0.047). However, there was no 

Table I. Patient physical data comparing VMO and V.

 VMO V

Number of patients 54 55
Number of patients alive 35 43
(April 2008)
Gender 35 19
  Male 35 31
  Female 19 24
Primary tumor site
  Head/neck 4 3
  Upper extremity 13 11
  Trunk 21 28
  Lower extremity 8 8
  Unknown 8 3
Type of melanoma
  Nodular 14 13
  Radial 23 25
  Other (incl. lentigo maligna) 7 4
  Unknown 10 13
Ulceration
  Absent 34 33
  Present 12 18
  Unknown 8 4
Location of lymph nodes
  Axillary 37 38
  Cervical 7 3
  Inguinal 10 14
Nodal status
  Macroscopic 40 38
  Microscopic 14 17
Clinical stage
(based on 2002 AJCC criteria)
  IIIA 10 7
  IIIB 22 33
  IIIC 22 15
Disease status
  NED 41 44
  REC 13 11

VMO, vaccinia melanoma oncolysate vaccine; V, vaccinia virus vac-
cine; NED, no evaluable disease; REC, recurrence.
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statistically significant association between type of melanoma 
(p=0.9311), ulceration (p=0.3798), node location (p=0.8303), 
disease status (p=0.0521), stage (p=0.1198), location of primary 
lesion (p=0.9295) or age (specifically, males aged 44‑57 years) 
with survivability among the VMOalive, VMOdeceased, Valive and 
Vdeceased groups.

Additional subset analysis, evaluating melanoma stage 
and disease spread, demonstrated a statistically significant 
association between melanoma stage and nodal status (i.e., 
microscopic vs. macroscopic disease) (p=0.0001), with 
a higher incidence of microscopic disease in stage IIIA 
patients and a higher incidence of macroscopic disease 
in stage IIIC patients. However, there was no statistically 
significant association between melanoma stage and node 
location (p=0.8641), thus demonstrating that the location of 
the melanoma-positive lymph node basins had no impact on 
the OS of melanoma.

As shown in Fig. 1, there was no statistically significant 
difference in DFI between patients receiving VMO and those 
receiving V (p=0.76). The median DFI for the VMO group 
was six years, while the median DFI for the V group has not 
yet been reached.

The OS of patients treated with VMO or V is shown in 
Fig. 2. In patients administered VMO, the median OS was 
7.71 years, compared to 7.95 years in those administered V 
(p=0.70).

Discussion

Identification of new immunotherapeutic strategies to treat 
melanoma remains an area of intense research. In addition 
to the FDA-approved immuno-activating IL-2 (7) and the 
immuno-modulatory agent ipilimumab (9) as treatments 
for melanoma patients, research on developing melanoma 

Table II. Patient physical data for VMO and V alive, compared to VMO and V deceased patient subsets.

 VMOalive VMOdeceased Valive Vdeceased

Number of patients 35 19 43 12
Gender
  Male 20 15 21 10
  Female 15 4 22 2
Primary tumor site
  Head/neck 2 2 2 1
  Upper extremity 6 2 6 2
  Trunk 13 8 13 7
  Lower extremity 5 3 5 0
  Unknown 9 4 11 2
Ulceration
  Absent 23 11 23 10
  Present 7 5 16 2
  Unknown 5 3 4 0
Location of lymph nodes
  Axillary 23 14 30 8
  Cervical 5 2 2 1
  Inguinal 7 3 11 3
Nodal status 
  Macroscopic 28 12 33 5
  Microscopic 7 7 10 7
Clinical stage
(based on 2002 AJCC criteria)
  IIIA 6 4 3 4
  IIIB 14 8 26 7
  IIIC 15 7 14 1
Disease status
  NED 31 10 37 7
  REC 4 9 6 5
Age
  Males 44-57 years 7 5 2 3
  Other 28 14 41 9

VMO, vaccinia melanoma oncolysate vaccine; V, vaccinia virus vaccine; NED, no evaluable disease; REC, recurrence.
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vaccines remains a field of interest, since melanoma is the only 
type of cancer which is highly immunogenic, by virtue of its 
expression of a plethora of MAAs (16-18). Previous studies on 
identification of melanoma vaccines have focused on either the 
use of a single MAA, such as gp100 or MART-1, or multiple 
MAAs, although the optimal conditions required to initiate 
and sustain an anti-melanoma immune response were not met. 
Our laboratory has created and characterized a multivalent 
MAA vaccine using four primary melanoma cell lines and 
vaccinia virus as a potent adjuvant (24,25), which was evalu-
ated in an FDA-approved, NCI-funded clinical trial.

To the best of our knowledge, our first generation melanoma 
vaccine (VMO) phase III trial was the first FDA‑approved 
and NCI-funded, randomized, prospective, multi-institutional 
and double-blind cancer vaccine trial to employ a polyva-
lent vaccinia virus-augmented melanoma cell lysate against 
stage III melanoma. This trial was the first cancer vaccine trial 
designed to assess the efficacy of VMO, without any bias in the 
selection of patients, distribution of VMO and V and collec-
tion or analysis of patient data. Thus, this series is unique, not 
only in terms of the treatment provided, but also in its design, 
which was a novel strategy to improve the only standard of 
care that was previously available, which was surgery alone.

This follow-up analysis demonstrated no differences in 
DFI or OS in patients who received VMO compared to those 
who received V, although it should be noted that a significant 
number of patients from the original trial (78) were still alive 
at the time of this follow-up analysis. The fact that such a large 
number of VMO patients (35), as well as V patients, survived, 
demonstrates the possible benefits of either method of immune 
stimulation and, more importantly, highlights the longevity of 
the immune response that was initially generated (as detected 
by delayed-type hypersensitivity reactions) in both the VMO 
and V treatment arms. Furthermore, it should be stated that, at 
the time of the vetting of this phase III trial, through the FDA 
and NCI, there was intense discussion on the use of V as a 
treatment arm, since standard of care dictated surgery alone as 
the second arm. More importantly, V by itself has been shown 
to produce ‘therapeutic efficacy’ in melanoma patients (34). 
In fact, there should not have been any other placebo used in 
this trial except a true no-treatment arm, as it is our opinion 
that such a placebo for this trial would have helped elucidate 
the efficacy of the VMO. Thus, it is plausible that the VMO 
arm may have demonstrated statistically significant results if a 
‘true’ no-treatment arm was included (35).

Of note, in this follow-up analysis, the phase III trial 
demonstrated a statistically significant increase in OS in 
VMO- and V-treated females compared to males in both arms, 
even though in the first three analyses, males had exhibited an 
increased OS, particularly the VMO-treated, aged 44-57 years 
subset. In general, female melanoma patients exhibit signifi-
cantly increased survival rates compared to males, which is 
usually attributed to earlier detection among women (36) and 
it can also be attributed to the fact that this trial did not include 
a sufficient number of patients, in order to perform significant 
survival analyses in subsets with prognostic significance. 
Therefore, we strongly recommend that future ASI trials enroll 
a sufficient number of patients in each of the melanoma patient 
subsets, so that valid conclusions may be drawn from the 
comparison of factors such as gender (male vs. female), age, 
number of microscopic vs. macroscopic nodes and location of 
primary tumor, among others.

Moreover, although our phase III trial demonstrated no 
difference in DFI or OS between patients receiving VMO and 
those receiving V, our long-term results are in clear opposi-
tion to the vaccine trial conducted by Morton et al (37). These 
authors investigated Canvaxin, an antigen-rich, allogeneic 
whole-cell vaccine developed from three melanoma cell lines, 
which had appeared promising in phase I and II trials. However, 
in October 2005, CancerVax announced the discontinuation of 
its phase III clinical trial of Canvaxin in patients with stage III 
melanoma, since it was determined that Canvaxin-treated 
patients [those that received bacillus Calmette-Guérin (BCG) 
plus allogeneic melanoma cell vaccine], exhibited no improved 
survival benefit compared to patients that received BCG plus 
placebo. This was not the case in our trial, since the FDA did 
not detect any marked differences in OS or DFS among the 
VMO and V treatment groups. In fact, at the three-year mark, 
VMO showed a 10% survival advantage compared to V, thus 
allowing for the continuation of the trial (31). However, at the 
five‑year mark, the two arms were similar.

Another melanoma vaccine trial, which used a somewhat 
similar vaccine to ours, was one that Hersey and associates 

Figure 1. Kaplan-Meier survival plot depicting disease-free interval (DFI) in 
years. There was no statistically significant difference in DFI between patients 
receiving vaccinia melanoma oncolysate (VMO) vaccine and those receiving 
vaccinia virus (V) vaccine (P=0.76). The median DFI for the VMO group was 
six years, while the median DFI for the V group has not yet been reached.

Figure 2. Kaplan-Meier survival plot depicting patient overall survival (OS) in 
years. There was no statistically significant difference in OS between patients 
receiving vaccinia melanoma oncolysate (VMO) and those receiving vaccinia 
virus (V) (P=0.6957). In patients that received VMO, the median OS was 7.71 
years, compared to 7.95 years in those that received V (P=0.70).
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developed and further conducted as a prospective, randomized, 
multicenter trial, with the treatment arm consisting of vaccinia 
melanoma cell lysates (VMCL) and the control arm being a 
‘true’ placebo (i.e., no-treatment arm) (38). The results of this 
trial showed that patients who were administered the vaccine 
did not exhibit a statistically significant improvement in OS 
or relapse-free survival, compared to the no-treatment arm. 
Although no statistically significant observations were made 
in the clinical trial conducted by Hersey et al, it is difficult to 
directly compare the results of our trial with theirs, since our 
vaccine consisted of four allogeneic melanoma cell lines with 
significant immunological activity (24,25), as opposed to their 
single allogeneic melanoma cell line vaccine.

This phase III trial demonstrated an unexpected long-term 
survival in both arms; however, there are components of the 
vaccine that require improvement, which may allow for the 
optimal presentation of MAAs to the immune system, i.e., the 
inclusion of melanoma cell lines expressing HLA antigens. 
Over the past few years, we have designed a new vaccine incor-
porating the latest advances in cell and molecular biology. 
We have previously demonstrated the ability of dendritic 
cells (DCs) pulsed with an IL-2 gene-encoded vaccinia virus 
(VV) melanoma oncolysate (DC-IL-2VMO or DC-MelVac) 
to generate a cellular immune response in vitro (39) and in 
murine tumor models (40). This second generation melanoma 
vaccine possesses key immunogenic properties that may 
render it a potent therapeutic agent in the treatment of patients 
with stage III and IV melanoma and was approved by the 
FDA for a phase I trial in February 2005. We are currently in 
the development phase of this second generation melanoma 
vaccine, which consists of components that increase its adju-
vanticity, compared to the first generation melanoma vaccine. 
Furthermore, we are striving for the complete characteriza-
tion of the antigens within the VMO preparation, which is 
pivotal for developing an effective pan-antigen multivalent 
vaccine, using vaccinia virus as an adjuvant.
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