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he incidence of malignant melanoma is increasing faster
han that of any other cancer. In men, it is the fifth most
ommon cancer, accounting for 5% of new cancer cases. In
omen, it is the sixth most common cancer, with 4% of
ew cancer cases; only the frequency of lung cancer is rising
aster than that of melanoma.1,2

Although early stage lesions are curable with adequate
urgical resection, postsurgical management of advanced
alignant melanoma continues to be a challenge. The

-year survival rate for patients with local stages of mela-
oma is 98.3%, compared with 63.8% and 16% for pa-
ients with regional or distant metastases, respectively.2

There is no effective treatment for metastatic melanoma
JCC stage IV); patients with AJCC stage IIB (T4N0M0)
nd AJCC stage III (T1–4N1M0) are at high risk of recur-
ence after definitive surgery. Multiple chemotherapeutic
egimens have been used to treat advanced stage melanoma
atients, but little effect on overall survival has been
ound.3,4

Although adjuvant therapy with interferon-�-2b was
pproved by the FDA for patients with stage III melanoma,
t is associated with considerable side effects and costs.5

imilarly, the use of FDA-approved high-dose interleukin
IL)-2 is associated with systemic toxicities.

So it is important to investigate alternative treatment
ptions, including the possibility of inducing an immune
esponse against tumor-associated antigens (TAA) by vac-
ination, the so-called active specific immunotherapy
ASI).

Tumors express antigens (TAA) are recognized by the
mmune system as foreign, so they induce a T-cell mediated
mmune response. The molecular description of the first
uman TAA was published in 1991 and was a break-
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hrough in tumor immunology.6 Since then a large number
f these TAA have been described. They are recognized by
D8� cytolytic T lymphocytes as peptides derived from
roteins processed in the cytosol and displayed on the cell
urface bound to class I major histocompatibility complex
olecules of antigen-presenting cells. But, this immune

esponse frequently is unable to prevent tumor growth be-
ause of tumor escape mechanisms, high tumor burden,
nd weak antigenicity.

Immunotherapy aims at actively enhancing the im-
une response or at passively delivering immunity. Ex-

mples of passive immunotherapy are adoptive cellular
herapy, consisting of the transfer of cultured antitumor
eactive immune cells, or administration of tumor-
pecific monoclonal antibodies. Active immunotherapy
ay be achieved either by specific stimulation, the so-

alled active specific immunotherapy (ASI), or by non-
pecific stimulation of the immune system, eg, by inject-
ng proinflammatory substances such as bacillus
almette-Guérin or by administration of cytokines and

ostimulators. ASI enhances the host’s immune re-
ponse by immunization with either killed tumor cells or
umor cell lysates possibly expressing multiple TAA, or
ith defined tumor antigens. Examples of vaccines us-

ng defined tumor antigens are the direct injection of
eptides with or without adjuvants or cytokines, the ex
ivo loading of antigen-presenting cells (APC) such as
endritic cells with peptides before reinjection, or the
se of recombinant virus encoding TAAs and capable of

nfecting antigen-presenting cells, mimicking the phys-
ologic pathway.

The objective of this review was to critically appraise the
urrent status of ASI for treatment of melanoma. Although
here are numerous phase I and II trials and case series, only
few phase III randomized controlled clinical trials were
erformed. We focused on two endpoints: disease-free sur-
ival (DFS) because it is the outcome showing most di-
ectly the efficacy of the treatment under investigation, and
verall survival (OS) because it is the most important out-
ome to patients and the outcome best defined and least

ubject to investigator bias.

ISSN 1072-7515/08/$34.00
doi:10.1016/j.jamcollsurg.2008.01.024
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ETHODS
nclusion criteria
andomized-controlled phase III trials (RCT), published
ntil December 2006, addressing active specific immuno-
herapy for melanoma patients were included in this re-
iew. Phase I and II trials, case series, and retrospective
nalyses were not considered. Other modalities of immu-
otherapy, such as passive (use of monoclonal antibodies or
doptive transfer therapy) and nonantigen-specific immu-
otherapies (cytokines, bacillus Calmette-Guérin, etc)
ere also excluded.

earch strategy
he review of all relevant articles was based on a Medline

earch on “melanoma,” “immunotherapy, and “phase III,”
ith the limits “clinical trial” and “randomized controlled

rial,” until December 2006. No time limit was added, so
rticles published at any date in the past were taken into

able 1. Summary of Studies Included in this Report
irst author,y Vaccine Contro

hole cell vaccines
Wallack, 19987 VMO V
Mitchell, 19978 Melacine Chemothe
Sondak, 20029 Melacine Observatio
Hersey, 200210 VMCL Observatio
Morton, 200611 Canvaxin Observatio

anglioside vaccines
Livingston, 199412 GM2/

BCG
BCG

Kirkwood, 200113 GMK IFN�2b
pitope-specific vaccines
Schadendorf, 200614 DC DTIC

CG, bacillus Calmette-Guérin; DC, autologous peptide-pulsed dendritic
emocyanin-QS-21; IFN, interferon; V, control vaccinia virus; VMCL, vacc
Number of eligible patients (intention to treat).

Abbreviations and Acronyms

ASI � active specific immunotherapy
BCG � bacillus Calmette-Guérin
DFS � disease-free survival
DTIC � dacarbazine
GM2 � ganglioside
GMK � GM2 keyhole limpet hemocyanin
HR � hazard ratio
OS � overall survival
TAA � tumor-associated antigen
VMCL� vaccinia melanoma cell lysate
VMO � vaccinia melanoma oncolysate.
Stage according to American Joint Committee on Cancer or TNM classification.
ccount, including articles published more than 20 years
go. Additional articles were identified through cross-
eferencing of the studies retrieved. Ongoing studies were
dentified by the NIH Website, www.clinicaltrials.gov, us-
ng the key words melanoma, immunotherapy, and phase III.

ata analysis
ll identified trials were critically appraised for study de-

ign, disease-free survival (DFS), and overall survival (OS).

ESULTS
ight phase III trials were identified.7-14 All trials provided
etailed information about outcomes after ASI. But the
esign of the studies showed considerable variations. Table
summarizes the trials included, and Table 2 provides an

verview of the results.

mmunotherapy trials based on whole cell vaccines
accinia virus melanoma oncolysate versus control
accinia virus
allack and colleagues15-17 performed phase I and II trials

o evaluate toxicity and the effective dose of a vaccinia
irus-augmented polyvalent melanoma oncolysate vaccine.
ased on their promising findings, they randomized 250

tage III melanoma patients (intention-to-treat); 33 of
hese patients were excluded because they were inade-
uately operated on, they presented more than one primary
elanoma, they had extranodal spread, or they did not

ave a melanoma. The eligible patients were the remaining
17, who received vaccinia melanoma oncolysate (VMO)
r control vaccinia virus.7

A polyvalent VMO derived from four allogeneic mela-

n* Stage† Followup, mo

217 (250) III 46.3 median
106 (140) IV –
600 (689) T3N0M0 67.2 median
675 (700) IIB/III 96 median

(1,160) III 69 median
(496) IV 69

122 (123) III 63 median

774 (880) IIB/III 16 median

104 (108) IV 22.2 median

TIC, dacarbazine; GM2, ganglioside GM2; GMK, GM2 keyhole limpet
elanoma cell lysates; VMO, vaccinia melanoma oncolysate.
l

rapy
n
n
n

cells; D
inia m

http://www.clinicaltrials.gov
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oma cell lines from four patients with primary or second-
ry melanoma, potentially containing a variety of TAA, was
sed. The cell lines were infected with vaccinia virus and

ysed before injection. Treatment was administered weekly
or 13 weeks and then every other week during 12 months,
r until recurrence. Median followup was 46.3 months.
his multicenter trial was initiated in June 1988. The first

nterim analysis in May 1994 showed no significant differ-
nce in DFS or OS.18 Subset analysis, however, showed
urvival benefit in male patients overall (17% OS differ-
nce), in male patients younger than 57 years old with one
o five positive lymph nodes (30%), and in clinical stage I,
ut pathologic stage II, patients after prophylactic lymph
ode dissection (23%).19 In the second interim analysis,
erformed in June 1995, a subset of male patients between
4 and 57 years old, with 1 to 5 positive nodes (active
reatment, n � 20; control, n � 18), and the subset of
atients with clinical stage I (active treatment, n � 20;
ontrol, n � 23) were found to have a statistically signifi-
ant survival benefit (p � 0.037 and p � 0.05, respective-
y).20 The final results of this trial were published in 1998.7

he active treatment increased neither the disease-free in-
erval (active treatment, median 20.7 months; control,
6.9 months, p � 0.61) nor the overall survival (active
reatment, 50.2 months; control, 41.3 months; p � 0.79).

ith active treatment, 47.8%, 43.8%, and 41.7% of the
atients were disease-free after 2, 3, and 5 years, respec-

able 2. Results of Included Studies
irst author Time* Vaccine Control

hole cell vaccines
Wallack7 5 y VMO V
Mitchell8 MS Melacine Chemothera
Sondak9 5 y Melacine Observation
Hersey10 MS VMCL Observation
Morton11 Canvaxin Observation
Stage III 5 y
Stage IV 5 y

anglioside vaccines
Livingston12 51 mo GM2/

BCG
BCG

Kirkwood13 2 y GMK IFN�2b
pitope-specific vaccines
Schadendorf14 22.2 mo DC DTIC

isease-free survival, overall survival in patients as randomized (Mitchell, S
irkwood).
CG, bacillus Calmette-Guérin; DC, autologous peptide-pulsed dendritic cel
M2 keyhole limpet hemocyanin-QS-21; MS, median survival; OS, overall

accinia melanoma oncolysate.
Time, actual survival at the indicated time-point (Morton, Livingston, Scha
urvival (Mitchell, Hersey).
ively, as compared with 51.2%, 44.8%, and 40.4%, re- M
pectively, of the patients treated with the control vaccinia
irus. Concerning overall survival after 2, 3, and 5 years,
0.0%, 60.0%, and 48.6% survived as compared with
5.4%, 55.6%, and 48.2%, respectively, in the control
roup. But male patients aged 44 to 57 years, with 1 to 5
ositive nodes treated with VMO (n � 20), showed
8.9%, 26.8%, and 21.3% (p � 0.046) improvements in
verall survival after 2, 3, and 5 years, respectively, as com-
ared with the corresponding control group (n � 18), as
hown by a retrospective subset analysis. No analysis of
accine or tumor-specific immune response was attempted.

elanoma oncolysate Melacine (Corixa Corp)
ersus chemotherapy
n a phase III trial published only in abstract form in 1997,

itchell and associates 8 compared Melacine, an allogeneic
ell lysate derived from a mixture of two human melanoma
ell lines possibly expressing multiple TAA, coadministered
ith Detox, to a multiagent chemotherapy. This vaccine
ad previously shown evidence of antitumor activity in
hase I and II clinical trials.21,22 Detox (detoxified Freund’s
djuvant; Corixa Corp) is an immunologic adjuvant con-
isting of monophosphoryl lipid A and purified mycobac-
erial cell-wall skeleton.

Seventy stage IV melanoma patients were enrolled in
ach treatment group; 54 patients in the Melacine group
nd 52 patients in the chemotherapy group were eligible.8

Vaccine Control p Value
DFS OS DFS OS DFS OS

41.7% 48.6% 40.4% 48.2% 0.61 0.79
— 9.4 mo — 12.3 mo — 0.16

65% — 63% — 0.51 —
6.98 y �8.45 y 4.37 y 7.34 y 0.27 0.11

47.2% 59.1% 52.1% 67.7% 0.047 0.040
27.4% 39.6% 20.9% 44.9% 0.418 0.245

48% 57% 30% 46% 0.09 0.22

49% 73% 62% 78% 0.0015 0.009

— 26.4% — 31.0% — 0.48

, Hersey, Morton, Livingston, Schadendorf ); in eligible patients (Wallack,

S, disease-free survival; DTIC, dacarbazine; GM2, ganglioside GM2; GMK,
al; V, control vaccinia virus; VMCL, vaccinia melanoma cell lysates; VMO,

orf ); estimated survival at timepoint (Wallack, Sondak, Kirkwood); median
py

ondak

ls; DF
surviv
elacine was injected intramuscularly weekly in weeks 1 to
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and 8 to 12. In weeks 1 and 8, cyclophosphamide was
dministered 3 days before the vaccination. The control
rm consisted of dacarbazine, cisplatin, carmustine, and
amoxifen. Additional treatment was given to patients with
bjective tumor responses. There was no placebo-
ontrolled arm. There was no significant difference in me-
ian survival time, either on an intention-to-treat basis
9.4 months in the Melacine group versus 12.3 months in
he chemotherapy group, p � 0.16) or in a “per protocol”
nalysis (11 versus 12.4 months, p � 0.37). In the Mel-
cine group, there were fewer objective tumor responses (2
omplete responses, 3 partial responses, 5 with stable dis-
ase) as compared with the chemotherapy group (2 com-
lete responses, 5 partial responses, 19 with stable disease).
he quality of life, however, was significantly higher in the
elacine group (p � 0.008, multivariate test), probably

ecause of the lower toxicity, with one grade 3 or 4 drug-
ssociated adverse event in the Melacine-treated group as
ompared with 86 events in the chemotherapy arm. The
reatment induced humoral immune responses in 65% of
atients and skin test positivity in 6 of 70 patients.

elanoma oncolysate Melacine versus observation
he Southwest Oncology Group (SWOG) conducted a

andomized phase III trial (SWOG-9035) comparing the
ame allogeneic melanoma lysate vaccine, Melacine, to ob-
ervation in patients undergoing resection for intermediate
hickness (T3N0M0) melanoma.9 In this phase III ran-
omized clinical trial published in 2002, 689 patients were
nrolled. Eighty-nine of them were ineligible, largely (n �
6) because central pathology review found that the pri-
ary lesion was not intermediate thickness melanoma as

efined in the eligibility criteria. Other reasons for ineligi-
ility were satellitosis, lymph node metastases, inadequate
peration, and high serum alkaline phosphatase. Stratified
andomization was performed based on gender, tumor
hickness, and lymph node staging.

Median followup was 5.6 years, with a minimum of 4
ears. The treatment protocol included two intramuscular
njections of 1.0 mL of Melacine cell lysate and 0.25 mL of

etox adjuvant split between two injection sites. Four
-months cycles of 10 treatments (20 injections) were ad-
inistered weekly for 4 weeks, then biweekly for 4 weeks,

hen monthly for 4 months, followed by a 3-week rest
eriod.
In the treatment group, 107 tumor recurrences or deaths

ere reported, as compared with 114 in the observation
roup (hazard ratio [HR] � 0.92 for eligible /0.84 for
ntention-to-treat; Cox-adjusted p � 0.51[eligible]/
.17[intention-to-treat]). Five-year estimated DFS was
5% (eligible)/66% (intention-to-treat) in the vaccine

roup and 63% (eligible)/62% (intention-to-treat) in the m
bservation group. There was no significant difference in
accine efficacy among patients with tumors � 3 mm or �
mm thick. The authors concluded that there was no

vidence of improved DFS among patients receiving the
accine, possibly because of the insufficient statistical
ower of their study. Clinical differences, however, were
ndeed modest and of questionable relevance. No evidence
f vaccine or melanoma-specific immune response was
eported.

Earlier work by Mitchell and coworkers21,22 showed that
elanoma lysate vaccination was able to induce cytotoxic
-lymphocyte immune responses, and that an increase in
ytotoxic T-lymphocyte precursors correlated with better
linical outcomes. So they investigated the association of
LA phenotype with response to the vaccine.23 Expression

f HLA class I alleles A2, A28, B12, and its split B44 and
45 and C3 was associated with clinical remission. They

ound a 38% response rate in patients with two or three of
hese alleles as compared with 20% in the group as a whole.
osman and colleagues,24 whose trial enrolled patients
rom April 1992 until November 1996, amended the pro-
ocol in September 1994 to obtain HLA-A/B/C serotyping
rom all patients subsequently enrolled; HLA class I typing
f previously enrolled patients was obtained if possible. In
his analysis, HLA typing of 553 (80% of 689) patients was
egistered. A significantly improved effect of the vaccine
reatment was found in patients expressing two or more
lleles from a group of five, including HLA-A2, HLA-A28,
LA-B44, HLA-B45, and HLA-C3. In these patients, a

-year relapse-free survival of 83% versus 59% (p �
.0005) was observed. Patients positive for HLA-A2,
LA-C3, or both, showed a 5-year relapse-free survival of

7% in the vaccine group as compared with 64% in the
ontrol group (p � 0.004). The authors concluded that
LA-A2 and HLA-C3 may present processed melanoma

eptides found in Melacine, and they proposed to conduct
phase III trial enrolling only patients with HLA-A2 or
LA-C3 positivity, or both. To our knowledge, this study

as not yet been initiated.

accinia virus melanoma oncolysate versus
bservation
he randomized trial of Hersey and associates published in
00210 was based on phase II studies showing an improved
verall survival in patients receiving vaccinia viral lysates as
ompared with historical controls.25,26 Immunogenic prep-
ration consisted of a vaccine prepared from a vaccinia
irus-infected and lysed allogeneic melanoma cell line, ca-
able of inducing specific immune responses, named vac-
inia melanoma cell lysate (VMCL). A previous report had
hown increased cell-mediated immunity to an autologous

elanoma vaccine after pretreatment with cyclophospha-
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ide.27 But the effects of vaccinia melanoma cell lysates in
subsequent trial were not found to be enhanced by such
retreatment.26 In the actual trial, VMCL was adminis-
ered over a 2-year period after definitive surgery in patients
ith stages IIB and III melanoma.10 A total of 700 patients
ere randomized in this phase III, unblinded, multicenter

tudy to receive either VMCL (n � 353) or no immuniza-
ion (n � 347). Stratification into five groups was under-
aken depending on the primary tumor thickness, number
f lymph nodes, and time point of lymph node dissection.
MCL injections were administered intradermally every
weeks for the first four injections, every 3 weeks for the
ext six injections, then monthly for 18 months. Of the
00 patients, 675 were eligible. Median followup was 8
ears. The authors reported a median overall survival of
8 months in the control versus 151 months in the treated
roup (hazard ratio [HR] � 0.81; p � 0.068) and a median
isease-free survival of 43 months in the controls versus
3 months (HR � 0.86; p � 0.17) in the treated group. At
years, the overall survival rate for treated patients was

0.6% versus 54.8% in untreated patients, and disease-free
urvival was 50.9% versus 46.8%, respectively. At 10 years,
he survival rate was 53.4% for treated patients versus 41%
or untreated patients, and the recurrence-free survival was
5.4% versus 42.5%, respectively.
In an intention-to-treat analysis, the 5-year overall sur-

ival was 59.6% for treated patients versus 55.1% for un-
reated patients, with a median overall survival of 8.45
ears versus 7.34 (HR � 0.83; p � 0.11), respectively.
elapse-free survival was 51.8% for treated patients versus
8.3% for untreated patients, with a median relapse-free
urvival of 6.98 years versus 4.37 years, respectively (HR �
.89; p � 0.27). Subset analyses failed to show a benefit
rom treatment in any stratum. Immune responsiveness
ventually induced by vaccination was not evaluated.

elanoma oncolysate Canvaxin (CancerVax Corp)
ersus observation
n 2002, Morton and colleagues28 presented a large case
eries of 2,602 stage III melanoma patients treated after
omplete surgical resection of regional nodal metastases.
he study compared the polyvalent vaccine Canvaxin (n �
35) to observation (n � 1,667). The decision to receive
he vaccination or not was the individual patient’s choice.
anvaxin is a polyvalent vaccine derived from entire mel-

noma cells from three cell lines known to express multiple
AA, which were cultured, pooled, irradiated, and cryo-
reserved. The vaccine was administered intradermally.
he authors found a significantly increased median overall

urvival of 56.4 months in vaccinated patients as compared
ith 31.9 months in the control group (p � 0.0001).28 To
ontrol for selection bias, a computerized random match- a
ng of vaccinated and nonvaccinated patients was per-
ormed, and 739 patients could be matched for 6 prognos-
ic factors. Still, patients receiving Canvaxin had a
ignificantly (p � 0.0001) higher median overall survival
55.3 months versus 31.6 months) than the control group
id.28

Similarly, 107 completely resected stage IV patients re-
eiving Canvaxin within phase II studies were compared
ith 107 computer-matched stage IV patients without ad-

uvant active immunotherapy. Vaccinated patients showed
median overall survival of 38 months as compared with
9 months for patients in the control group (p �
.0009).29

Based on the very promising results of these large case
eries,28 the authors conducted two phase III randomized
linical trials of Canvaxin versus placebo with identical
esign except for stage and stratification factors. Data of
hese two trials were presented at the 2006 Society of Sur-
ical Oncology (SSO) meeting and data for stage IV mel-
noma patients were included in the corresponding ab-
tract.11 In one trial, stage III melanoma patients without
vidence of residual disease after operation were random-
zed to Canvaxin versus observation. Stratification factors
ere the number of tumor-involved lymph nodes and
hether the nodes were palpable or not. A similar trial was
erformed for completely resected stage IV melanoma pa-
ients, with the stratification factors being number of indi-
idual metastatic lesions and site of metastases.11 In these
tudies, 1,160 stage III and 496 stage IV patients were
andomized to receive Canvaxin or placebo. Either prepa-
ation was administered intradermally every 2 weeks for the
irst five injections, monthly during the first treatment
ear, every other month during the second year, and every
months during the next 3 years. Together with the first

wo injections of Canvaxin or placebo, bacillus Calmette-
uérin (BCG) was administered as an immunologic adju-

ant. For stage III patients, the intention-to-treat analysis
howed a median disease-free survival of 42.6 months in
he Canvaxin group (n � 579) versus a disease-free survival
f greater than 60 months in the placebo group (n � 581;
� 0.047) and a median overall survival greater than

9 months in both groups, with a p value of 0.040 in favor
f placebo. But according to the statistical plan, the bound-
ry of statistical significance required a value of 0.01 at the
hird interim analysis.

For stage IV patients, the authors found a median
isease-free survival of 8.3 months and a median overall
urvival of 31.5 months in the Canvaxin group (n � 246)
ersus a 7.2-month disease-free survival and a 38.7-month
verall survival in the placebo group (n � 250; p � 0.418

nd p � 0.0245, respectively). Most adverse events were of
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rades 1 and 2, similar in both study arms, and likely from
CG. Seven stage III patients and three stage IV patients
iscontinued the treatment because of adverse events re-

ated to the study drug. In the stage III patients, three
elated, unexpected serious adverse events occurred: one
CG abscess in the placebo group, one myelodysplastic

yndrome in the Canvaxin group in a patient with a history
f benzene exposure, and one unnecessary neck dissection
ecause of reactive lymph nodes with a false positive
ositron emission tomography scan in the placebo group.
he delayed-type hypersensitivity responder status was as-

ociated with an increased overall survival in stage IV, but
ot in stage III patients, with a median survival of
7.2 months in responders (n � 115) versus 24.9 months
n nonresponders (n � 125; p � 0.029).

The study was terminated after the third interim analysis
or stage III patients and at the second interim analyses for
tage IV patients, based on recommendations of the inde-
endent Data and Safety Monitoring Board, unrelated to
afety concerns or adverse effects, but because of the low
robability of showing a significant survival benefit if the
tudy was continued. No data on vaccine-specific immune
esponsiveness were provided.

mmunotherapy trials based on
anglioside vaccines
CG/ganglioside vaccine versus BCG alone
M2 represents a well-defined melanoma associated anti-

en of the ganglioside group, so it has been used for
ntigen-specific immunotherapy.30,31

Livingston and associates32,33 showed that immunization
ith the purified GM2 ganglioside and BCG, after pre-

reatment with low-dose cyclophosphamide, induced IgM
ntibodies in a high percentage of melanoma patients and
hat patients producing GM2 antibodies after immuniza-
ion displayed significantly longer DFS and OS than pa-
ients who did not.

To confirm the beneficial effects of the vaccine-induced
M2 antibody production, a randomized-controlled trial
as performed comparing the administration of 200 �g
M2 combined with 107 viable units of BCG with a treat-
ent with BCG alone. In patients with a positive purified

rotein derivative skin test, only 3�106 viable units of
CG were used.12 One hundred twenty-two patients with
JCC stage III melanoma were randomized after surgery.
ifty-eight patients received the combination of GM2 with
CG and 64 received BCG alone. All patients were pre-

reated with low-dose cyclophosphamide (IV 200 mg/m2)
efore the first and fourth vaccine injections. The vaccina-
ion was administered intradermally in an extremity with
ntact lymphatic drainage, and it was repeated twice at

4-day intervals. After 2 and 5 months, booster immuni- p
ations were performed. The minimum followup period
as 51 months. The authors detected GM2-specific anti-
odies in 50 of 58 patients treated with GM2 and BCG
nd in 7 of 64 of those treated with BCG alone. In the 57
ntibody-positive patients, a highly significant increase in
FS (p � 0.004) and a 17% increase in OS (p � 0.02)
ere found, confirming their previous experience. Preex-

sting GM2 antibodies were found in one patient in the
M2 and BCG group and in five patients in the BCG-only

roup. When these patients were excluded, the increase was
3% in DFS (p � 0.02) and 14% in OS (p � 0.15). But
he comparison of all patients as randomized, showed a
onsignificant difference of 18% in DFS and 11% in OS

n favor of the GM2 and BCG group as compared with the
CG group, presenting a DFS of 30% and an OS of 46%

p � 0.09 and p � 0.22, respectively). Stratifying the two
reatment groups for number of positive lymph nodes
howed that in patients with only one positive node, im-
unization had less impact on DFS; patients with two or
ore positive nodes showed a significant DFS benefit after

accination with GM2 and BCG (p � 0.02), with a similar
rend in overall survival (p � 0.08). In summary, the study
emonstrated a nonsignificant, clinically relevant trend to-
ard a DFS benefit after vaccination with GM2 combined
ith BCG.

anglioside vaccine versus interferon�2b
he Eastern Cooperative Oncology Group Trial EST 1684
ad shown prolonged relapse-free interval and overall sur-
ival in high-risk resected American Joint Committee on
ancer stage IIb and III melanoma patients on IV treat-
ent with interferon (IFN)�2b at a maximum tolerated

ose of 20 MU/m2/day, administered at 10 MU/m2 three
imes per week for 1 month and subcutaneously during
8 weeks, as compared with observation.5

In the Intergroup Trial E1694/S9512/C509801, Kirk-
ood and colleagues5 randomized patients receiving high-
ose IFN�2b for 1 year as standard adjuvant treatment
ersus vaccination with the GM2 keyhole limpet
emocyanin-QS-21 (GMK) vaccine. This vaccine formu-

ation contained the ganglioside GM2 conjugated to key-
ole limpet hemocyanin carrier and was administered to-
ether with QS-21 adjuvant weekly for a total of four
njections, then every 12 weeks for eight more injections in
6 weeks. Vaccines were administered in 1-mL volumes by
eep subcutaneous injection.13 Keyhole limpet hemocya-
in (KLH) is a large protein produced by a shelled sea
reature that causes an immune response and acts as carrier
or cancer associated antigens. QS-21 is an immunostimu-
ating plant extract. Patients with resected stage IIB/III

elanoma were included in the trial. Eight hundred eighty

atients were randomized (440 per treatment arm) and 774
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ere eligible. One hundred six patients were ineligible be-
ause of inappropriate stage of disease or surgery, an inter-
al of more than 70 days from biopsy, comorbidity or sec-
nd malignancy, inappropriate or missing laboratory
alues, or earlier chemotherapy or radiotherapy. After an
nterim analysis after a median followup of 16 months, the
rial was closed because of the superiority of IFN�2b. In
he GMK group, the authors found a significantly higher
isk of relapse for eligible patients (HR for DFS, 1.47; p �
.0015; Cox-regression analysis adjusting for gender, age,
erformance status, and nodal category p � 0.0027) and a
igher hazard of death (HR for OS � 1.52; p � 0.009;
ox-regression analysis p � 0.0147) and corresponding

esults for intention-to-treat (HR for DFS, 1.49; p �
.00045; Cox-regression analysis p � 0.0007) and a higher
azard of death (HR for OS � 1.38; p � 0.023; Cox-
egression analysis p � 0.035). The estimated 2-year DFS
ate for eligible patients was 62% in the IFN�2b group as
ompared with 49% in the GMK group; the estimated
-year overall survival rate for eligible patients was 78% in
he IFN�2b group and 73% in the GMK group. High-
ose IFN administration was associated with a treatment
enefit in all subsets of patients irrespective of the number
f lymph nodes involved. The greatest benefit was observed
n node-negative patients (DFS HR, 2.07; OS HR, 2.71).
oncerning GM2, antibody responses with titers � 1:80

t days 29, 85, 365, and 720 were associated with a trend
oward improved DFS and OS. Five grade IV toxicities
ere found in the GMK group as opposed to 52 grade IV

oxicities in the IFN�2b group (of which 34 corresponded
o granulocytopenia or leukopenia).

pitope-specific immunotherapy
he molecular characterization of the first human TAA,
ublished in 1991,6 was followed by a number of phase I/II
rials, using TAA-derived peptides or recombinant viruses
s specific immunogens.4,34,35 Based on the findings of
hase I/II clinical trials taking advantage of dendritic cell
DC) administration,36 a randomized phase III trial was
erformed.

acarbazine versus autologous peptide-pulsed
endritic cell vaccine
ne hundred eight stage IV melanoma patients were ran-

omized to receive either dacarbazine (DTIC), 850 mg/m2

V every 4 weeks (n � 55) or a vaccine consisting of au-
ologous, antigenic peptide-pulsed, monocyte-derived,
endritic cells, injected subcutaneously every 2 weeks for
0 weeks and every 4 weeks thereafter (n � 53).14 Patients
ere eligible if they presented at least one measurable target

esion, Karnofsky index � 70%, and HLA-A1/2/3/24 or

44 positivity, or both. Patients with central nervous sys- c
em metastases were excluded. Four patients in the vacci-
ation group were ineligible because of central nervous
ystem metastases, HLA mismatch, or because they didn’t
resent stage IV disease. Eight patients in the vaccination
rm either refused treatment, or did not receive treatment
ecause of peripheral blood mononuclear cell contamina-
ion, or they were excluded because they refused assess-
ent, had no stage IV bone metastases, or received less

han two vaccinations. Three patients in the DTIC arm
efused treatment. So the response was assessed in 52 pa-
ients in the DTIC group and in 41 patients in the vaccine
roup. After a median followup of 22.2 months, in the
ntention-to-treat population, no significant differences in

edian progression-free survival (DTIC, 2.8 months; vac-
ine, 3.2 months) and median overall survival (DTIC,
1.6 months; vaccine, 9.3 months; p � 0.48) were found.
here was no significant difference in objective response

DTIC, 5.5%; vaccine, 3.8%). Evaluation on a per-
rotocol basis showed similar results concerning duration
f survival and objective response rate. Grade 3 or 4 toxic-
ties were found in seven patients in each treatment arm.
he study was closed after the first interim analysis based
n recommendation of the Data Monitoring and Safety
oard because of the low probability of demonstrating su-
eriority of the vaccine.
To investigate the lack of vaccine efficacy, several

osthoc analyses were conducted. Patients with normal se-
um lactate dehydrogenase or stage M1a/b (skin, lymph
ode, lung metastases), or both, were found to survive

onger than patients presenting elevated lactate dehydroge-
ase or stage M1c (metastases to other organs) in either
rm. In the vaccine arm, patients with a Karnofsky index of
00 or HLA-A2�/HLAB44 haplotype presented signifi-
antly longer survival. Importantly, cellular immune re-
ponsiveness to the antigenic peptides used in the vaccine
reparation was not assessed.

ISCUSSION
umor immunology is typically characterized by waves of
nthusiasm and disillusionment. Interestingly, these emo-
ions stem largely from the analysis of numerous small
hase I or II studies, only addressing, by definition, safety
nd, possibly, biologic activity of given immunostimula-
ory protocols. To provide solid foundations to our clinical
esearch studies, we felt compelled to critically evaluate
andomized-controlled studies performed in the area of
ctive TAA-specific immunotherapy of melanoma.

In the past two decades substantial progress has been
ade in the understanding of the cellular and molecular

ases of immune responses, resulting in new approaches to

ancer immunotherapy, but the number of phase III clini-
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al trials remains dismally low. This is because these ran-
omized trials not only require adequate preclinical inves-
igations and preliminary phase I and II trials, but are time
onsuming and very expensive. In a majority of them, the
cientific and technologic background appears to be rela-
ively outdated when considered in the context of the ac-
elerating pace of immunologic research. In this context,
egative results largely prevail.
Two of the phase III trials have been published in ab-

tract form only.8,11 Data from the phase III trials of Mor-
on and colleagues11 mentioned in the Results section are
ased on their presentation at the 2006 Society of Surgical
ncology (SSO) meeting and the corresponding abstract.
ata from the phase III trial of Mitchell and Von Eschen8

resented are based on the abstract only.
In a large case series, Morton and associates28 provided

ompelling evidence of a survival benefit of Canvaxin versus
o vaccination. But a phase III trial of Canvaxin versus pla-
ebo was terminated after the third interim analysis for stage
II patients and at the second interim analysis for stage IV
atients because of the low probability of demonstrating a
ignificant overall survival improvement.11 Similarly, none of
he other phase III active specific immunotherapy (ASI) pro-
ocols demonstrated significant disease-free or overall survival
mprovements.

An important limitation of these studies is frequently
epresented by the low number of participants. Especially if
mall but clinically relevant differences are supposed to be
emonstrated, high participant numbers are required.37 So
ven if a trend toward better outcomes in the ASI group
sing GM2 ganglioside was shown by Livingston and co-
orkers,12 results were nonsignificant, possibly because of a

ack of power. In this study, preexisting GM2 antibodies
ere found in five patients in the control group, as opposed

o only one in the vaccination group. In eight vaccinated
atients, no antibody response was found. Because anti-
ody positivity was associated with better outcomes, the
onsignificant result of the two groups, as randomized,
ay have been biased toward no difference by not exclud-

ng patients with preexisting antibodies. This hypothesis is
upported by the fact that on exclusion of these patients, in
post hoc analysis, a significant increase in DFS (p � 0.02)
as observed.
Hersey and coauthors10 also showed a trend toward over-

ll survival improvement after a vaccinia melanoma cell
ysate treatment, but again, the difference was nonsignifi-
ant. This was observed despite the fact that followup was 8
ears and the number of participants was large (n � 675).
he therapeutic effect was expected to be much higher

ased on nonrandomized phase II studies. The authors a
oncluded that given the negligible toxicity of the vaccine,
clinical benefit is possible.
Similarly, Sondak and colleagues9 concluded from their

tudy that there was no evidence of improved DFS among
atients receiving an allogeneic melanoma vaccine, al-
hough they judged the power to detect a small but clini-
ally relevant difference to be too low.

Lack of an observation arm may impair the significance
f some studies. For instance, the second ganglioside trial
y Kirkwood and associates13 comparing GM2 and high-
ose IFN�2b was closed after an interim analysis indicat-

ng inferiority of GM2, although the absence of an obser-
ation arm prevented comparison of GM2 with
bservation. In the study by Wallack and coworkers,7 the
ack of a no-treatment arm potentially biased results, given
he fact that biologically active vaccinia virus used as a
ontrol arm may have had a therapeutic effect in and of
tself. In the study by Mitchell and colleagues,8 a no-
reatment arm was missing as well. But the comparison of
ctive specific immunotherapy to chemotherapy allowed
emonstration of a significantly higher quality of life in the
ctive specific immunotherapy group.

Blinding may represent another problematic issue in
ome of these trials. For instance, the study by Hersey and
olleagues10 was performed in an unblinded fashion, and
he study by Kirkwood and associates13 was unblinded 2
onths after the third interim analysis showing inferiority

f GM2.
Interestingly, retrospective subset analyses within these

hase III trials demonstrated statistically significant sur-
ival benefits in the active specific immunotherapy groups,
uggesting that patients with specific, well-defined charac-
eristics should be included in future trials.7,12 Indeed, Wal-
ack and coauthors7 found a significant improved survival
n a subset analysis of male patients with one to five positive
odes treated with VMO versus control vaccinia virus.
Although these findings are interesting, it must be em-

hasized that they are based on post hoc subset analyses
nd, as such, they may lead to both false-positive and false-
egative findings.38,39 So the conclusions made in the arti-
le have been criticized based on the analysis of data-
erived subgroups, which were established post hoc,

ncluding an age cut at 57 years.40

Livingston and associates12 found a significantly longer
isease-free survival in immunized patients after stratifying
he two treatment arms by the number of positive nodes,
gain however, looking at a subset of the entire sample.
mportantly, Sosman and colleagues24 amended their pro-
ocol during the course of their trial to mandate blood
ample collection for serotyping of HLA-A/B/C and found

significantly higher DFS in vaccinated patients who were
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ositive for HLA-A2, HLA-C3, or both. These data sug-
est that clinically relevant tumor-specific responses re-
tricted by these alleles could have actually been induced by
accination. These interesting findings clearly deserve fur-
her investigation in a phase III trial enrolling only patients
ith HLA-A2 or HLA-C3 positivity or both.
Today‘s published data of phase III clinical trials are

ased on immunology knowledge from more than a de-
ade ago. But in the rapidly evolving field of immunol-
gy research, as yet, only a few aspects of immune-
scape, role of adjuvants, vaccination schedules, and
ules governing the duration of immune response are
easonably clarified.35,41-44

Notably, cloning of the first human TAA was published
5 years ago,6 and the first phase I/II clinical trial taking
dvantage of dendritic cell administration was published 8
ears ago.36 But strikingly, only one phase III clinical trial14

as been performed using peptides alone or in combination
ith dendritic cells, despite large numbers of phase I/II

tudies.35,41 This phase III report suggests that overall gen-
ral conditions of patients, as delineated by a high Karnof-
ky index, might represent the indispensable biologic back-
round for a clinically effective immunotherapy. This
inding suggests that vaccination therapy should be admin-
stered as early as possible.

Most important, in only one trial were skin tests per-
ormed to assess delayed type hypersensitivity.8 On the
ther hand, no phase III trial published so far has at-
empted to detect cellular immune responsiveness ex vivo
r in vitro, or to characterize its specificity. So clinical ef-
ectiveness, or the lack of it, could not be reliably correlated
o the induction of antigen-specific immunity. Indeed,
onitoring of cellular immune response still suffers from

oor standardization, and its technologic complexity is
ardly amenable to the analysis of large groups of patients
ithin multicenter studies.34 Establishment of simple but

eliable techniques that adequately monitor T-cell respon-
iveness to tumor-associated antigens is emerging as a crit-
cal issue in cancer immunotherapy.

A search on www.clinicaltrial.gov showed that two phase III
ctive specific immunotherapy trials are no longer recruiting
atients.These include a study comparing the effect of immu-
ization with GM2-KLH and QS-21 to observation of pa-
ients with stage II melanoma (NCT00005052, EORTC-
8961) and a study of heat shock protein-peptide complex
ersus interleukin-2 and/or dacarbazine/temozolamide-based
herapy and/or complete tumor resection in stage IV mela-
oma. Publication of these studies is eagerly awaited.
Although these data might suggest an overall negative

xperience in the active specific immunotherapy of mela-

oma, fast, unwise conclusions should be avoided. The
olecular characterization of human TAA in the past de-
ade has provided solid evidence of a class I restricted re-
ponsiveness against autologous tumors, but the evaluation
f immunization procedures aimed at the induction of spe-
ific cytotoxic T lymphocytes is still in its infancy. Notably,
ven for vaccinations administered to prevent infectious
iseases, cytotoxic T lymphocyte generation still represents
critical problem. Ongoing efforts to develop adequate

djuvants should bring rapid progress in this area. In addi-
ion, advances in the study of the regulation of CD8 T-cell
unction by cytokines45 or by surface receptors including
D-146,47 and CTLA-448 may soon lead to clinically rele-
ant breakthroughs.

In this context, reevaluation of past protocols might also
ake place. For instance, recent evidence clearly indicates
hat gangliosides can be targeted by T cells in addition to
umoral responses.49 In addition, the clinical effectiveness
f anti HER2 antibody treatment in HER2 positive pa-
ients suggests that the selection of adequate patient popu-
ations might represent a decisive key to therapeutic
uccess.50,51

In conclusion, there is currently no evidence of the effi-
acy of active specific immunotherapy in terms of overall
nd disease-free survivals. But trends emerging from retro-
pective subset analyses of previous specific immunother-
py studies suggest that future trials should enroll patients
ith well-defined characteristics. Also, trials must be ade-
uately powered to detect small but clinically relevant dif-
erences. Incorporating recent and ongoing progress in tu-
or immunology may increase the likelihood of positive

esults.

EFERENCES

1. Lamberg L. “Epidemic” of malignant melanoma: true increase
or better detection? JAMA 2002;287:2201.

2. Cancer facts & figures 2006. Aavailable at http://
www.cancer.org. Accessed March 12, 2008.

3. Verma S, Quirt I, McCready D, et al. Systematic review of
systemic adjuvant therapy for patients at high risk for recurrent
melanoma. Cancer 2006;106:1431–1442.

4. Komenaka I, Hoerig H, Kaufman HL. Immunotherapy for mel-
anoma. Clin Dermatol 2004;22:251–265.

5. Kirkwood JM, Strawderman MH, Ernstoff MS, et al. Interferon
alfa-2b adjuvant therapy of high-risk resected cutaneous mela-
noma: the Eastern Cooperative Oncology Group trial EST
1684. J Clin Oncol 1996;14:7–17.

6. Van der Bruggen P, Traversari C, Chomez P, et al. A gene encod-
ing an antigen recognized by cytolytic T lymphocytes on a hu-
man melanoma. Science 1991;254:1643–1647.

7. Wallack MK, Sivanandham M, Balch CM, et al. Surgical adju-
vant active specific immunotherapy for patients with stage III
melanoma: the final analysis of data from a phase III, random-
ized, double. blind, multicenter vaccinia melanoma oncolysate

trial. J Am Coll Surg 1998;187:69–79.

http://www.cancer.org
http://www.cancer.org


1

1

1

1

1

1

1

1

1

1

2

2

2

2

2

2

2

2

2

2

3

3

3

3

3

3

3

3

3

3

4

4

104 Rosenthal et al Active Specific Immunotherapy for Melanoma J Am Coll Surg
8. Mitchell MS, Von Eschen KB. Phase III trial of Melacine mel-
anoma theraccine versus combination chemotherapy in the
treatment of stage IV melanoma. Proc Am Soc Clin Oncol
1997;16:494a (abstr 1778).

9. Sondak VK, Liu PY, Tuthill RJ, et al. Adjuvant immunotherapy
of resected, intermediate thickness, node-negative malnoma
with an allogeneic tumor vaccine: overall results of a randomized
trial of the Southwest Oncology Group. J Clin Oncol 2002;20:
2058–2066.

0. Hersey P, Coates AS, McCarthy WH, et al. Adjuvant immuno-
therapy of patients with high-risk melanoma using vaccinia viral
lysates of melanoma: results of a randomized trial. J Clin Oncol
2002;20:4181–4190.

1. Morton DL, Mozzillo N, Thompson JF, et al. An international,
randomized, double-blind, phase 3 study of the specific active
immunotherapy agent, Onamelatucel-L (CanvaxinTM), com-
pared to placebo as a post-surgical adjuvant in AJCC stage IV
melanoma. Ann Surg Oncol 2006;13:5 (abstr 12).

2. Livingston PO, Wong GYC, Adluri S, et al. Improved survival in
stage III melanoma patients with GM2 antibodies: a random-
ized trial of adjuvant vaccination with GM2 ganglioside. J Clin
Oncol 1994;12:1036–1044.

3. Kirkwood JM, Ibrahim JG, Sosman JA, et al. High-dose inter-
feron alfa-2b significantly prolongs relapse-free and overall sur-
vival compared with the GM2-KLH/QS-21 vaccine in patients
with resected stage IIB-III melanoma: results of intergroup trial
E1694/S9512/C509801. J Clin Oncol 2001;19:2370–2380.

4. Schadendorf D, Ugurel S, Schuler-Thurner B, et al. DC study
group of the DeCOG Dacarbazin (DTIC) versus vaccination
with autologous peptide-pulsed dendritic cells (DC) in first-line
treatment of patients with metastatic melanoma: a randomized
phase III trial of the DC study group of the DeCOG. Ann
Oncol 2006;17:563–570.

5. Wallack MK, Meyer M, Bourgoin A, et al. A preliminary trial of
vaccinia oncolysates in the treatment of recurrent melanoma
with serologic responses to the treatment. J Biol Response Mod
1983;2:586–596.

6. Wallack MK, Bash JA, Leftheriotis E, et al. Positive relationship
of clinical and serologic responses to vaccinia melanoma onco-
lysate. Arch Surg 1987;122:1460–1463.

7. Wallack MK, McNally KR, Leftheriotis E, et al. A Southeastern
Cancer Study Group phase I/II trial with vaccinia melanoma
oncolysates. Cancer 1986;57:649–655.

8. Wallack MK, Sivanandham M, Balch CM, et al. A phase III
randomized, double-blind multiinstitutional trial of vaccinia
melanoma oncolysate-active specific immunotherapy for pa-
tients with stage II melanoma. Cancer 1995;75:34–42.

9. Wallack MK, Sivanandham M, Whooley B, et al. Favorable
clinical responses in subsets of patients from a randomized,
multi-institutional melanoma vaccine trial. Ann Surg Oncol
1996;3:110–117.

0. Wallack MK, Sivanandham M, Ditaranto K, et al. Increased
survival of patients treated with a vaccinia melanoma oncolysate
vaccine: second interim analysis of data from a phase III, multi-
institutional trial. Ann Surg 1997;226:198–206.

1. Mitchell MS, Kan-Mitchell J, Kempf RA, et al. Active specific
immunotherapy for melanoma: phase I trial of allogeneic lysates
and a novel adjuvant. Cancer Res 1988;48:5883–5893.

2. Mitchell MS, Harel W, Kemph RA, et al. Active-specific immu-
notherapy for melanoma. J Clin Oncol 1990;8:856–869.
3. Mitchell MS, Harel W, Groshen S. Association of HLA pheno-
type with response to active specific immunotherapy of
melanoma. J Clin Oncol 1992;10:1158–1164.

4. Sosman JA, Unger JM, Liu PY, et al. Adjuvant immunotherapy
of resected, intermediate-thickness, node-negative melanoma
with an allogeneic tumor vaccine: impact of HLA class I antigen
expression on outcome. J Clin Oncol 2002;20:2067–2075.

5. Hersey P, Edwards A, Coates A, et al. Evidence that treatment
with vaccinia melanoma cells lysates (VMCL) may improve sur-
vival of patients with stage II melanoma. Cancer Immunol Im-
munother 1987;25:257–265.

6. Hersey P. Active immunotherapy with viral lysates of microme-
tastases following surgical removal of high risk melanoma.
World J Surg 1992;16:251–260.

7. Berd D, Maguire HC Jr, Mastrangelo MJ. Induction of cell-
mediated immunity to autologous melanoma cells and regres-
sion of metastases after treatment with a melanoma cell vaccine
preceded by cyclophosphamide. Cancer Res 1986;46:2572–
2577.

8. Morton DL, Hsueh EC, Essner R, et al. Prolonged survival of
patients receiving active immunotherapy with Canvaxin thera-
peutic polyvalent vaccine after complete resection of melanoma
metastatic to regional lymph nodes. Ann Surg 2002;236:438–
449.

9. Hsueh EC, Essner R, Foshag LJ, et al. Prolonged survival after
complete resection of disseminated melanoma and active immu-
notherapy with a therapeutic cancer vaccine. J Clin Oncol 2002;
20:4549–4554.

0. Hamilton WB, Helling F, Lloyd KO, Livingston PO. Ganglio-
side expression on human malignant melanoma assessed by
quantitative immune thin-layer chromatography. Int J Cancer
1993;53:566–573.

1. Livingston P. Ganglioside vaccines with emphasis on GM2. Se-
min Oncol 1998;25:636–645.

2. Livingston PO, Natoli EJ, Calves MJ, et al. Vaccines containing
purified GM2 ganglioside elicit GM2 antibodies in melanoma
patients. Proc Natl Acad Sci USA 1987;84:2911–2915.

3. Livingston PO, Ritter G, Srivastava P, et al. Characterization of
IgG and IgM antibodies induced in melanoma patients by im-
munization with purified GM2 ganglioside. Cancer Res 1989;
49:7045–7050.

4. Spagnoli GC, Adamina M, Bolli M, et al. Active antigen-specific
immunotherapy of melanoma: from basic science to clinical
investigation. World J Surg 2005;29:692–699.

5. Monsurro V, Wang E, Panelli MC, et al. Active-specific immu-
nization against melanoma: is the problem at the receiving end?
Semin Cancer Biol 2003;13:473–480.

6. Nestle FO, Alijagic S, Gilliet M, et al. Vaccination of melanoma
patients with peptide- or tumor lysate-pulsed dendritic cells.
Nat Med 1998;4:328–332.

7. Guller U, Oertli D. Sample size matters: a guide for surgeons.
World J Surg 2005;29:601–605.

8. Guller U. Surgical outcomes research based on administrative
data: inferior or complementary to prospective randomized clin-
ical trials? World J Surg 2006;30:255–266.

9. Guller U, DeLong ER. Interpreting statistics in medical litera-
ture: a vade mecum for surgeons. J Am Coll Surg 2004;198:
441–458.

0. Sondak VK. Multi-institutional melanoma vaccine trial. Ann
Surg Oncol 1996;3:588–589.

1. Berzofsky JA, Ahlers JD, Belyakov IM. Strategies for designing
and optimizing new generation vaccines. Nat Rev Immunol

2001;1:209–219.



4

4

4

4

4

4

4

4

5

5

105Vol. 207, No. 1, July 2008 Rosenthal et al Active Specific Immunotherapy for Melanoma
2. ThomasCE,EhrhardtA,KayMA.Progress andproblemswith theuse
of viral vectors for gene therapy. Nat Rev Genet 2003;4:346–358.

3. O’Hagan DT, Valiante NM. Recent advances in the discovery
and delivery of vaccine adjuvants. Nat Rev Drug Discov 2003;
2:727–735.

4. Rosenberg SA, Yang JC, Restifo NP. Cancer immunotherapy:
moving beyond current vaccines. Nat Med 2004;10:909–915.

5. Fehniger TA, Cooper MA, Caligiuri MA. Interleukin-2 and in-
terleukin-15: immunotherapy for cancer. Cytokine Growth Fac-
tor Rev 2002;13:169–183.

6. Barber DL, Wherry EJ, Masopust D, et al. Restoring function in
exhausted CD8 T cells during chronic viral infection. Nature
2006;439:682–687.
7. Day CL, Kaufmann DE, Kiepiela P, et al. PD-1 expression on
HIV-specific T cells is associated with T-cell exhaustion and
disease progression. Nature 2006;443:350–354.

8. Peggs KS, Quezada SA, Korman AJ, Allison JP. Principles and
use of anti-CTLA4 antibody in human cancer immunotherapy.
Curr Opin Immunol 2006;18:206–213.

9. De Libero G, Mori L. Recognition of lipid antigens by T cells.
Nat Rev Immunol 2005;5:485–496.

0. Romond EH, Perez EA, Bryant J, et al. Trastuzumab plus adju-
vant chemotherapy for operable HER2-positive breast cancer.
N Engl J Med 2005;353:1673–1684.

1. Piccart-Gebhart MJ, Procter M, Leyland-Jones B, et al. Hercep-
tin Adjuvant (HERA) Trial Study Team. Trastuzumab after ad-
juvant chemotherapy in HER2-positive breast cancer. N Engl

J Med 2005;353:1659–1672.
Abstracts and Tables of Contents
delivered to your PDA.

JACS, and more than 100
other journals and clinics.

Go to: www.pocketconsult.com

http://www.pocketconsult.com

	Active Specific Immunotherapy Phase III Trials for Malignant Melanoma: Systematic Analysis and Critical Appraisal
	METHODS
	Inclusion criteria
	Search strategy
	Data analysis

	RESULTS
	Immunotherapy trials based on whole cell vaccines
	Vaccinia virus melanoma oncolysate versus control vaccinia virus
	Melanoma oncolysate Melacine (Corixa Corp) versus chemotherapy
	Melanoma oncolysate Melacine versus observation
	Vaccinia virus melanoma oncolysate versus observation
	Melanoma oncolysate Canvaxin (CancerVax Corp) versus observation

	Immunotherapy trials based on ganglioside vaccines
	BCG/ganglioside vaccine versus BCG alone
	Ganglioside vaccine versus interferon2b

	Epitope-specific immunotherapy
	Dacarbazine versus autologous peptide-pulsed dendritic cell vaccine


	DISCUSSION
	REFERENCES


