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The treatment of patients with metastasizing mela-
noma, still one of the most deadly diseases in mod-
ern medicine, ranks among the greatest challenges
that a clinician has to face. Metastatic melanoma
also is one of the most profound sources of clinical
frustration, since it provides far more ultimately de-
feating experiences than clinical victories. At the
same time, the fascinating biology of melanoma has
invited the study of this neuroectodermal tumor as a
model system for dissecting many of the key prob-
lems of modern oncology, ranging from molecular
oncogenesis via the controls of tumor proliferation,
apoptosis, invasion, metastasis, and angiogenesis to
tumor immunosurveillance and tumor drug resis-
tance. Together with the dire need to develop more
effective treatment modalities for improving both life
expectancy and quality of life of affected patients,
this has made metastatic melanoma a favorite model

Viewpoint 1

Melanoma is one of the tumors that most fre-
quently metastasizes to regional lymphnodes and
to distant sites. The high degree of malignancy and
the poor final outcome correlated with this disease
has strongly stimulated in the past decades many
studies and clinical trials to help defining the most
suitable therapy in these cases. Even though in the
area of treatment of nodal metastases important
innovations have been introduced in the recent
past, for distant metastases, no convincing solu-
tion is available at the moment.
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for the exploration of innovative strategies for tumor
management. Encouragingly, many of these have al-
ready generated very promising results in animal
models. However, this impressive level of research
progress in conquering melanoma in the animal
room contrasts rather pitifully with the actual pro-
gress made on the ward. This CONTROVERSIES
feature, therefore, critically and soberly reviews the
state of the art of treating metastatic melanoma to-
day (distinguishing between nodal and distant meta-
stases), and sharply defines unresolved or compara-
tively neglected key problems. In addition, this fea-
ture highlights several novel, provocative, hitherto
underappreciated, yet potentially promising treat-
ment approaches that deserve systematic explo-
ration. Hopefully, this will offer further inspiration
for the design and pursuit of innovative anti-mela-
noma strategies off-the-beaten-track.

How to treat nodal melanoma metastases today

Surgery remains the only effective option for treat-
ing nodal metastases from cutaneous melanoma
since chemotherapy and radiotherapy do not
achieve the same cure in patients with nodal dis-
ease. However the indication for performing an
elective lymph node dissection (ELND) or a delay-
ed one (DLND) is contested (1–8).

The supporters of ELND invoke the following
arguments: 1) the significant incidence of silent
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metastases in stage I/II (AJCC classification); 2)
the possibility to select, on the basis of tumor
thickness and ulceration, who might benefit from
ELND, since patients with intermediate thickness
melanoma (1.0 to 4 mm) have an increasing risk
of occult regional metastases, but a relatively low
risk of distant disease; 3) the low incidence of com-
plications related to these surgical techniques; 4)
the results of non-randomized studies that seem to
have demonstrated improved survival for patients
having ELND.

However several authors don’t agree with the
necessity to perform an ELND, and raise these
points: 1) the absence of conclusive evidence for the
hypothesis that melanoma spreads sequentially, first
to regional lymph nodes, and later to distant sites
after hematogenous dissemination. Instead, there is
some evidence that metastatic spread does not al-
ways traverse the regional lymph node: the WHO
Melanoma Group Register demonstrated only 51%
of recurrences present first in the regional lymph
nodes, while 22% relapsed first at a distant site, and
31% had simultaneous regional nodal and distant
metastases); 2) only a minority of stage I (I–II
AJCC) patients submitted to ELND show evidence
of nodal involvement at histological examination; 3)
post-operative morbidity and negative cosmetic
consequences are factors to be considered seriously
in this type of surgery; and 4) no conclusive evidence
of an improved survival rate after ELND is avail-
able. In fact, much of the enthusiasm for ELND is
based on retrospective studies that may have been
subject to selection bias (1, 2).

However, even if a clear benefit on overall sur-
vival has not yet been shown in patients under-
going ELND, a resection of metastatic disease at
an early point of the natural course of the disease,
while it is still confined to the regional lymphatic
basin, definitely is a goal to be strongly pursued in
any cancer patient. This could allow, as suggested
by some authors (3, 4), the reduction of the risk of
spread to distant sites. Furthermore early diag-
nosis may permit early adjuvant treatment when
this may be most active.

Morton and coworkers (9, 10) accordingly have
developed a minimally invasive, intraoperative
lymphatic mapping technique that should allow
more precise pathologic staging before deciding to
perform radical dissection. Using this diagnostic
procedure, patients with clinically occult nodal dis-
ease could be distinguished from those whose
lymph nodes are cancer-free. Radical lymphaden-
ectomy is then confined to those in the former
group, introducing in this way the concept of selec-
tive dissection (in contrast to ELND and DLND
of the past). The lymphatic mapping technique
uses a blue dye, and subsequently this dye together
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with a radioactive agent, to trace the path of
lymph as it flows from the primary melanoma to
nodes in the regional lymphatic drainage basin. If
the melanoma has metastasized, cancer cells are
most likely to be found in the lymph node on the
lymphatic drainage channel closest to the site of
the primary cutaneous melanoma. The ‘‘sentinel’’
node (S.N.) is the first one in the regional basin to
be stained as dye enters the lymphatic basin. It can
then be removed for immediate pathologic staging
before the decision is made to go ahead and per-
form radical dissection.

It was shown initially in a feline model, and later
in humans, that if the S.N. is negative, it’s unlikely
that other higher nodes contain micrometastatic
disease. Studies by Morton (10) showed a very low
chance of having skipped metastases in patients
with melanoma who were undergoing S.N. biopsy
followed by a complete nodal dissection. Accuracy
and safety of the technique are now largely docu-
mented. The feasibility of the procedure of intra-
operative lymphatic mapping is mainly demon-
strated comparing the incidence of metastases in
sentinel draining nodes with that in secondary non-
draining nodes. All the reported experience (11–26)
indicates that the S.N. is the lymph node most likely
to harbor metastatic melanoma. If the blue-stained
or radiolabelled node is negative for metastatic
melanoma, then the incidence of metastatic mela-
noma in the remaining lymph nodes is extremely
low.

This approach could reduce the number of un-
necessary lymphadenectomies, and helps to apply
the procedure to those who are most likely to bene-
fit, introducing the concept of selective dissection
as optional alternative to ELND or DLND. Selec-
tion of cases and the possibility to perform the
procedure in an outpatients setting represent an
enormous advantage of the technique in terms of
morbidity and cost control. Since many of the on-
going systemic adjuvant trials require nodal in-
volvement as an entrance criterion, use of the sen-
tinel node biopsy followed by selective lymphaden-
ectomy will enable patients to go into trials earlier
in the course of disease.

One limitation of the procedure could be seen in
the fact that experience is a crucial point in the
mastery of this technique. In effect, we are strongly
convinced that lack of identification or an incom-
plete identification of S.N., which could be respon-
sible for the sporadic local relapses referred to in
some series (14, 24), probably reflects technical dif-
ficulties due to the surgeon’s learning curve. The
introduction of modalities of identification of S.N.
other than blue dye, such as lymphoscintigraphy
or probeguided biopsy, should improve consist-
ently the possibility to identify the S.N. even
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through a minimal surgical access (22–25). As a
matter of fact, the use of radiotracers for detection
of the S.N. (e.g. human serum albumin or sulphur
colloid coupled to 99mTc) has strongly improved
the original technical procedures.

However, despite all these positive findings, so
far we still do not know the exact prognostic sig-
nificance of early diagnosis of micrometastases in
melanoma patients by this technique. Benefit was
indirectly deduced in a recent paper from our
group (26) reporting the 11-year follow up results
of Trial 14 of the WHO Melanoma Programme.
According to this analysis, patients with trunk
melanoma of 1.5 mm or thicker undergoing elec-
tive dissection did not receive any benefit from the
procedure. However, the subgroup with clinically
occult node metastases discovered at elective dis-
section showed better survival when compared
with patients who had a therapeutic dissection per-
formed at the time of clinical appearance of nodal
involvement. Moreover, the results of a recently
published multi-institutional study demonstrate
the strong prognostic value of S.N. status with re-
spect to disease-free and disease-specific survival
(27). This suggests that the extent of metastatic
disease inside the nodal basin dissected may play a
role in affecting patient survival, and – viewed
from this perspective – the excision of nodes at the
very onset of metastatic involvement is the goal to
be accomplished. On this basis, today, S.N. biopsy
must be considered the mandatory modality of di-
agnosis and treatment of all patients affected with
melanomas of 1 mm thickness or more (Table 1).
This simple technique has revolutionarized our ap-
proach to managing regional nodes in patients

Table 1. General guidelines for treatment of metastases in cutaneous mela-
noma

Primary melanoma excision
↓

IF THICKNESS Ø1 mm
↓

sentinel node biopsy
Ó Ô

IF POSITIVE IF NEGATIVE
↓ ↓

radical nodal dissection only control
Ô Ó

IN CASE OF DISTANT METASTASES
↓

first choice treatment:
multiple agents chemotherapy

plus immunotherapy or surgery in selected cases
↓

IF INEFFECTIVE
↓

specific immunotherapy (autologous or allogenic vaccinations, peptides, etc.)
or surgery as palliation therapy
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with cutaneous melanoma, finally settling the de-
bate between advocates and opponents of ELND
and DLND, limiting the morbidity and expenses
of a complete dissection only to those patients with
evidence of nodal metastatic disease.

How to treat distant melanoma metastases
melanoma today

There are presently three treatment modalities for
diffuse localizations of disease in melanoma: 1)
chemotherapy or 2) immunotherapy and 3)
surgery that should be considered as alternative
approaches in case of inefficacy of previous treat-
ments or that may be applicable in selected cases
(Table 1).
1) Systemic metastasis from melanoma carries an

extremely poor prognosis. Fewer than 5% of
melanoma patients with systemic metastases
survive five years or more. Standard chemo-
therapy provides complete tumor response rates
of less than 5%, and partial tumor response
rates which rarely exceed 25%. The standard
agent for melanoma is DTIC, which produces
response rates not exceeding 20%.

2) Considerable interest has been generated in the
last decade by the possibility of immunotherapy
for this immunogenic tumour. Many lines of
therapy have been tested in the past years with
unconvincing results. More recently, gene-modi-
fied whole-cell vaccines, newer constructs in-
volving cell membranes on synthetic beads, and
purified immunogenetic peptides were evaluated
(28–30). To date, response rates for any of the
currently available immunotherapeutic modal-
ities do not exceed those of chemotherapy, al-
though some recent studies involving multiple
agents, chemotherapy and immunotherapy
(biochemotherapy) have suggested that higher
complete response rates may be achievable (31,
32).

3) Another important aspect to be considered
more seriously is that, in selected cases, surgery
is now emerging as a valid therapeutic option.
As a matter of fact, the surgical approach to
melanoma patients with distant metastases is
always critical because common clinical evalu-
ation and imaging techniques usually underesti-
mate the tumor load and the effective extent
of the disseminated disease. Nevertheless, it has
become widely accepted that surgery represents
a powerful therapeutic tool for the treatment of
metastatic disease in selected melanoma pa-
tients. According to many authors, the determi-
nants of survival benefits are successful com-
plete resection of all clinical disease, single ver-
sus multiple metastatic site, and anatomic
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location of disease (33–36). Surgical excision of
solitary visceral metastases from melanoma
may result in an improved patient survival for
up to an overall median of 18 months, expeci-
ally for patients with intraabdominally local-
ized metastases (34). The metastatic site does
not influence outcome, but surgery on a single
metastatic sites offers a better life expectancy
than on multiple sites, and a radical excision
provides better outcome than partial debulking
(35, 36). So far, the primary goals of surgical
treatment of metastatic melanoma should be
the palliation of symptoms, preventing lesions
to become symptomatic and, when achievable,
the improvement of the patient’s life expectancy
(reported mean prolongation of life expecting:
7–9 months). Resection, therefore, should be
considered for intestinal, isolated pulmonary,
intraperitoneal or selected cerebral metastases.
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Viewpoint 2

My answer to the question ‘‘what is the most
promising strategy for the treatment of metastasiz-
ing melanoma?’’ is simple. No treatment is promis-
ing at present!

Many regimens of polychemotherapy for ad-
vanced melanoma were reported as promising in
single-institution phase II trials, but they were al-
most always followed by disappointing results in
larger or randomized studies (1–4). Dacarbazine
(DTIC) is still the most reliable drug for advanced
melanoma, producing 15–20% overall response
rate (5). However, it has little impact on the sur-
vival; long-time survivors are exceptionally rare
with this drug.

In recent years, two regimens for advanced
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melanoma have attracted our attention. One is the
Dartmouth regimen, a combination therapy com-
posed of cisplatin (CDDP), DTIC and carmustine
(BCNU) along with tamoxifen. The other is called
sequential biochemotherapy, in which chemo-
therapy including CDDP is immediately followed
by administration of interleukin-2 (IL-2) and inter-
feron-a (IFN-a).

Effect of the Dartmouth regimen is not confirmed
by randomized trials

The Dartmouth regimen was first introduced by
DelPrete et al. in 1984, showing excellent overall
(55%) and complete (20%) response rates in 20 pa-
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tients with advanced melanoma (6). Following
phase II studies employing the Dartmouth regimen
confirmed the high response rate (7–9). According
to McClay’s summing up of 8 phase II trials of the
Dartmouth regimen, the overall response rate was
44% (95% confidence interval was 41.7–56.5%) in-
cluding 14% of complete response in a total of 384
patients (10). McClay et al. emphasized the im-
portance of tamoxifen in the Dartmouth regimen
based on their experience that deletion of tamoxif-
en from the regimen had resulted in a decrease in
the response rate from 52% to 10%. They reported
that the effects of tamoxifen on melanoma cells did
not depend on the presence of estrogen receptors,
and suggested synergistic interaction between ta-
moxifen and CDDP.

In contrast to these excellent results of the Dart-
mouth regimen, recently reported prospective ran-
domized trials failed to confirm the efficiency of
this regimen (11–13). Rusthoven et al. compared
the Dartmouth regimen to a regimen containing a
placebo instead of tamoxifen. They could not find
significant difference in response rate and in sur-
vival between the two arms (11). A more recent
randomized study has also demonstrated that re-
sponse rate and survival are not significantly dif-
ferent between the Dartmouth regimen and DTIC
alone (13). Which is more reliable, McClay’s meta-
analysis of phase II studies or the well-designed
randomized trials? The randomized trials are
surely superior in the level of evidence provided.

Significance of sequential biochemotherapy is not
determined yet

Sequential biochemotherapy, in which chemo-
therapy including CDDP is immediately followed
by IL-2 and IFN-a, was introduced in the early
1990s and attracted attention because of its high
response rate (14, 15). A variety of regimens of
sequential biochemotherapy have been tried, all
showing very high overall response rates, mostly
more than 40% (16–21). Complete response rates
were also relatively high: 10–30%. More import-
antly, it was reported that 5–10% long-time sur-
vivors were obtained. Legha et al. tried ‘‘concur-
rent’’ biochemotherapy, i.e., simultaneous adminis-
tration of chemotherapy (CDDP, vinblastine and
DTIC) and biotherapy (IL-2/IFN-a), and obtained
a high response comparable to sequential bio-
chemotherapy (22, 23).

Recently, results of randomized trials or sequen-
tial biochemotherapy were reported (24–26). John-
ston et al. could not find a significant difference in
response rate and in survival between the Dart-
mouth regimen followed by IL-2/IFN-a and the
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Dartmouth regimen alone, though low doses of
IL-2/IFN-a were administered subcutaneously in
their study (24). In a prospective randomized trial
conducted by Rosenberg et al. sequential combi-
nation of CDDP, DTIC, and tamoxifen with IL-2/
IFN-a was not significantly superior to the chemo-
hormonal therapy alone in response rate (44% vs
27%) as well as in median survival time (15.8 vs
10.7 months, PΩ0.052) (25).

A recently reported interim analysis of the ran-
domized trial by the EORTC, comparing two regi-
mens composed of CDDP, DTIC and IFN-a with
or without IL-2, response rates (22% vs 28%) did
not differ significantly. However, the number of pa-
tients without relapse was significantly higher in
the IL-2 group, compared to the non-IL-2 group
(10/58 patients vs 2/60 patients, PΩ0.028) (26). Fi-
nal judgement of the significance of sequential bio-
chemotherapy will be determined after completion
of the ongoing randomized trials.

If sequential biochemotherapy is significant, its
biological mechanisms should be investigated. In
the EORTC study, induction of cytotoxic T
lymphocytes (CTLs) reactive with melanoma anti-
gens was suggested in patients of the IL-2 group
(26). According to Bernengo et al., patients re-
sponding to sequential biochemotherapy showed
an increase of IL-12 level, indicating activation of
macrophages (27). In our study, using the B16
mouse melanoma and the C57BL/6 mouse system,
in vivo growth of B16-F1 melanoma was signifi-
cantly inhibited by sequential biochemotherapy
composed of CDDP, IL-2 and IFN-b (28). Syner-
gistic effects were observed among the 3 agents in
this study, and it was suggested that IFN-g produc-
tion was causally related to the effects.

Development of immunotherapy using melanoma
antigen peptides and dendritic cells

Successful cloning of human CTL recognizing
autologous melanoma antigens and identification
of antigen peptides presented by HLA-class I were
a major breakthrough in tumor immunology (29–
31). In addition, precise elucidation of the func-
tions of dendritic cells has had great impact (32).
Based on these findings, many sophisticated proto-
cols of immunotherapy have been proposed for
malignant melanoma. However, only a few trials
have shown a definite clinical response.

Rosenberg et al. treated patients with advanced
melanoma using IL-2 and g209–2M, a synthetic
gp100 peptide (209–217) in which a methionine re-
placed the threonine at position 2 to increase bind-
ing to HLA-A2 (33). The response rate was 42%
(13/31 patients), which is significantly higher than
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that obtained with IL-2 alone. In the study by
Nestle el al., dendritic cells derived from peripheral
blood were propagated ex vivo and pulsed with
cocktails of melanoma antigen peptides or auto-
logous melanoma tissue lysates (34). The dendritic
cells were directly injected into lymph nodes of
melanoma patients. In this trial, a response rate of
31% (5/16 patients), including complete re-
sponders, was obtained. Increased delayed-type
hypersensitivity to melanoma antigens was de-
tected in 11 of the 16 patients. In a more recent
study by Thurner et al. (35) autologous dendritic
cells propagated ex vivo and pulsed with MAGE-
3A1, a melanoma antigen peptide, were adminis-
tered to the patients with far advanced melanoma;
3 vaccinations into the skin and then 2 intravenous
injections. Regression of individual metastases, in-
cluding liver metastasis, was observed in 6 of 11
patients. MAGE-3A1-specific CD8π CTL precur-
sors expanded significantly in 8 of the 11 patients
after the intracutaneous vaccinations but de-
creased after the intravenous injections (35).

The route of administration of dendritic cells
may be a critical factor, since intravenous injection
of dendritic cells adopted in most trials showed
little effect. Concerning the reported method of
immunization, basic research recently reported by
Seo et al. deserves to be noted. They applied TRP-
2(181–188), a melanoma antigen peptide, on bar-
rier-disrupted mouse skin of which the cornified
layer had been removed by tape-stripping, and suc-
ceeded in inducing highly reactive CTLs against
B16 mouse melanoma (36). In the mice immunized
by this method, growth of B16 melanoma was al-
most completely inhibited.

Although these studies are exciting, there is a
major problem in specific immunotherapy: de-
letion of melanoma antigens and HLA-class I mol-
ecules from melanoma cells, which is commonly
observed in advanced melanoma. Melanoma cells
thus escape from recognition by CTLs. Can we
conquer this problem by using cocktails of various
antigen peptides, or by transduction of HLA-class
I gene?

Gene therapy using cationic liposomes containing
the IFN-b gene

Malignant melanoma is one of major targets of
gene therapy. Many protocols have been proposed.
However, no definitely effective gene therapy has
been established yet.

Our group is now investigating the effect of
IFN-b gene transduction into melanoma cells
using multilayered cationic liposomes as a vector.
Human melanoma cells transfected with the hu-
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man IFN-b gene (0.6 mg DNA) produced a sub-
stantial amount of IFN-b protein (up to 67 U/ml)
in vitro, and proliferation of melanoma cells was
significantly inhibited. Human melanoma nodules
transplanted to nude mice completely disappeared
after 6 times local injection of the liposomes con-
taining IFN-b gene (3 mg DNA/injection) (37). In
contrast, injection of IFN-b protein (5¿104 U/in-
jection) inhibited the growth of melanoma nodules
only slightly.

Why is the transduction of IFN-b gene much
more effective on melanoma cells compared to
IFN-b protein? Regarding this point, an interesting
paper was recently reported by Hanson et al. (38).
They showed endogenous expression of IFN gene
is related to increased sensitivity to IFN. Chromo-
some 9p21, where IFN genes are located, is often
deleted in melanoma cells. Thus, by transduction
of the IFN-b gene, melanoma cells may recover
sensitivity to IFN-b. Because of a variety of inhibi-
tory effects of IFN-b such as direct growth inhi-
bition, stimulation of antigen expression, and inhi-
bition of angiogenesis, IFN-b gene transduction is
expected to work in various manners in vivo.

Conclusions

At present, there is no established treatment of
metastatic melanoma. I believe, however, an ex-
plosive development of new treatment modalities
is just around the corner. Temozolomide (39), an
active derivative of DTIC with potentially superior
effects, will soon be more widely available, and ra-
tional regimens of more effective biochemotherapy
may be established in the near future. Moreover,
in due course, immunotherapy and gene therapy
will surely become powerful tools for the manage-
ment of metastasizing melanoma. But at least at
present, the most reliable strategy to improve the
prognosis of this highly malignant neoplasm is ac-
curate detection at the early curable stages (40).
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Commentary 1

Normal melanocytes are tightly controlled by
keratinocytes. Keratinocytes, the ‘‘masters’’, dic-
tate when the melanocytes, the ‘‘slaves’’, can grow
and what cell surface molecules are expressed (1,
2). The keratinocytes need cell–cell contact to es-
tablish this control, and the adhesion mediator is
E-cadherin. Gap junctions between the cells allow
intimate exchange of ions and small molecules (3),
but we do not yet know which signaling pathways
transmit the control from one cell to the other.

Melanoma cells have escaped from keratinocyte
control by shutting off expression of E-cadherin
and activating N-cadherin (4). They can now leave
the epidermis, invade the dermis and closely
adhere to and communicate with fibroblasts and
endothelial cells. The ‘‘run-away’’ slave has become
a powerful master, accepting growth factors from
keratinocytes and directing presence and functions
of fibroblasts and endothelial cells in its stroma.
The melanoma cells dictate the fibroblasts to pro-
duce a scaffolding with matrix proteins and to re-
lease growth factors they cannot synthesize on
their own but which increase their growth, survival
and invasive capacity. The symbiosis has been re-
versed, and the malignant cells are in the driver
seat.

We can experimentally reverse the escape of
melanoma cells from the epidremis. Melanoma
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cells, even the most aggressive metastatic cells, can
come again under the control of keratinocytes if
we reestablish the expression of E-cadherin by gene
transfer (5). The N-cadherin gene is now down
regulated and the cells no longer establish gap
junctions with fibroblasts (3). The keratinocytes
are again in the driver seat: They can adhere to the
E-cadherin-expressing melanoma cells and dictate
whether these can grow or not (5). Within a few
days, all melanoma cell surface molecules associ-
ated with growth, invasion and metastasis are shut-
off. Important markers are the b3 integrin subunit
that allows biologically early melanoma cells to in-
vade into the dermis (6, 7) and the cell–cell ad-
hesion marker Mel-CAM (8). We do not know the
mechanisms how keratinocytes can transmit their
signals, but these signals are strong enough to
force the melanoma cells back into a slave-like po-
sition.

Can we translate this observation into therapy
of metastatic disease? If we could induce express-
ion of E-cadherin and guide keratinocytes to the
melanoma cells ... an impossible task. However, we
can trick the melanoma cells by sending them sig-
nals that keratinocytes are next to them to take
control. We would not kill the malignant cells but
prevent further invasion and growth. To achieve
this we need to create a ‘‘virtual keratinocyte’’.



Cascinelli et al.

Powerful new molecular technologies should allow
us to find new ways and catch the ‘‘run-away
slave’’.

Meenhard Herlyn
Program of Molecular and Cellular Biology

Wistar Institute
Philadelphia, PN 19104-4268

e-mail: HERLYNM/wista.wistar.upenn.edu

Commentary 2

Progression from a single malignant cell to wide-
spread metastatic disease is accompanied and
driven by mutations within the tumor cells offering
them a survival advantage (1). These mutations ap-
pear by chance, accumulate within the tumor cells,
and lead to an enormous phenotypic heterogeneity
of the tumor cell pool. Looking at this scenario
from an immunological point of view, one must as-
sume that the emerging functional changes will con-
fer certain proportions of the tumor cells with resis-
tance to immune attack. The quality and strength of
these immune escape mechanisms correlates di-
rectly with the number of tumor cell divisions.

Consequently, the best treatment of stage IV dis-
ease would be its prevention by the use of new gener-
ation vaccines early during disease progression, e.g.
at the stage of a high risk primary tumor. Ideally, the
antigenic spectrum of the vaccine should be as
broad as possible. Furthermore, to target immune
escape variants, one may add alternative anti-tumor
modalities such as the use of antiangiogenic sub-
stances as well as certain types of gene therapy, in-
cluding the suicide gene approach and the attempt
to correct the expression of growth-modulating
genes in cancer cells, either by the blockade of onco-
genes or the expression of wild-type tumor sup-
pressor genes.

Currently, the clinical value of the suicide gene
approach as well as corrective cancer gene therapy is
limited by the inefficiency of the vector systems
available to obtain gene expression in every tumor
cell throughout the body. Feasible is the genetic
modification of tumor cells, antigen presenting cells
(APC) and T cells which can then be used for active
and/or passive cancer immunotherapy. Though very
promising in animal studies (2), the application of
autologous and allogeneic tumor cells genetically
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engineered to express immunostimulatory mol-
ecules had only little impact on the clinical course of
stage IV melanoma patients (3).

So far, the most intriguing results were obtained
when using dendritic cells (DC) loaded with anti-
gens (4, 5) or fused with tumor cells to hybrids (6, 7).
This is best exemplified in the case of metastatic re-
nal cell carcinoma in which vaccination with hy-
brids consisting of autologous tumor cells and allo-
geneic DC led to complete remissions in 4 out of 17
patients (7). This clinical response was most likely
the consequence of an anti-tumor immune response
as evidenced by a vaccination-associated increase of
the frequency of Muy-reactive T cells (assessed by
intracellular cytokine staining after stimulation
with the specific peptic). One approach to increase
the efficacy of DC vaccines would be the coadminis-
tration of cytokines such as IL-2 to amplify the T
cell response or IFN-a to stimulate the activity of
the antigen presentation machinery of tumor cells.
Alternatively, one could try to recruit cells of the in-
nate immune system to the tumor sites.

However, all these approaches appear to be
limited when the immune system is heavily sup-
pressed by the tumor, as is often the case in stage
IV disease. Conceivably, this problem may be over-
come by the use of a novel strategy that has been
developed for leukemias and certain solid tumors:
immunosuppressive but nonmyeloablative, low-
dose preparative regimens, followed by peripheral
blood stem-cell allotransplants (‘‘minitran-
splants’’) to achieve rapid engraftment of donor T
cells and to exploit a graft-versus-tumor (GVT) ef-
fect in patients with metastases (8, 9). Such trans-
plants have the advantage of low transplant-re-
lated mortality with the establishment of full do-
nor lymphoid chimerism which has the potential
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to prevent graft-versus-host disease. It will be in-
teresting to see whether this GVT effect can be
boosted by immunizing the patients with DC dis-
playing a broad range of melanoma antigens as a
result of RNA transfection (10).

Achim Schneeberger
Dieter Maurer

Georg Stingl
Dept. of Dermatology

Division of Immunology and Infectious Diseases
University of Vienna Medical School

A-1090 Vienna, Austria
e-mail: georg.stingl/akh-wien.ac.at

Commentary 3

The only curative therapy of malignant melanoma
remains the complete excision of the primary tu-
mor. Once distant metastasis has occurred, cur-
rently available treatment options are frustrating,
both for the patient and the doctor. As Saida and
Cascinelli point out, in inoperable metastasizing
melanoma, the standard of treatment still is the
monochemotherapy with dacarbazin (DTIC), with
response rates between 12–20% (1). After so many
years and numerous trials of trying other chemo-
therapeutics and their combinations to increase re-
sponse rates, this is a deeply discouraging fact. Re-
cently published data show no significant differ-
ences in the response rates after immuno-
chemotherapy, but an effect of interleukin 2 in
terms of the so-called ‘‘long time survival’’ (2).
This, of course is a big step forward in the treat-
ment of advanced melanoma, yet surely not
enough to be happy with.

There is little to be added to the excellent critical
reviews of current immuno- and gene therapy
strategies provided by the viewpoint authors.
However, one key question that deserves greater
attention is: What is the difference between the so-
called responder and a non-responder, and what
can we do to enhance these discouraging response
rates? In my view, a critically important issue is
to develop better predictive markers for the tumor
response to therapy than are currently available.

The control of melanoma growth and melanoma
metastasis is the net result of very complex interac-
tions between the individual and the tumor (3).
These interactions differ from patient to patient,
which makes it currently exceedingly difficult to
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predict how the tumor and the patient will react to
chemotherapy.

For example, the study of Cree et al., who per-
formed an ex vivo, ATP-based chemosensitivity as-
say, showed a great heterogeneity of chemosensitiv-
ity, with some tumors not reacting to any of the
tested substances (4). This heterogeneity ex vivo is
in line with the clinical experience and the known
heterogeneity concerning oncogenetic and other
molecular changes in melanoma (5). The most ac-
tive single cytotoxic agents in these ex vivo-assays
were cisplatin, treosulfan, paclitaxel, vinblastine,
gemcitabine and mitoxantrone. The most active
combinations of drugs were gemcitabine π treosul-
fan, cisplatin π paclitaxel and vinblastine π paclit-
axel (4). Due to these observations there are on-
going trials with these single agents or the afore-
mentioned combinations.

To enhance melanoma sensitivity to chemo-
therapy, the apoptosis control machinery, includ-
ing known BCL-2 mutations, may be another im-
portant target of therapy. In an SCID mouse
model, BCL-2 oligoantisense therapy dramatically
enhanced tumor sensitivity to DTIC (6), which has
already encouraged the start of a clinical trial with
this combination (7).

Another intriguing strategy for the treatment of
metastasizing melanoma are oncolytic viruses. Two
independent studies, one with Newcastle disease
virus (8), another with vaccinia melanoma onco-
lysate vaccine (9), have shown most encouraging
effects in the adjuvant setting. Why not trying it
for metastasizing melanoma, as well?

Personally, I am particularly fascinated by an-
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other potentially very interesting substance in the
treatment of melanoma: azelaic acid. This C9 dicar-
boxyl acid was initially used in 1980 as an alterna-
tive in the local treatment of primary cutaneous ma-
lignant melanoma (10). The good clinical response
encouraged Nazzaro-Porro et al. to try it in ad-
vanced melanoma and to check its antitumoral ef-
ficiency (11, 12). Subsequently, many antitumor-ac-
tivities of azelaic acid were demonstrated. For ex-
ample, azelaic acid significantly inhibits the growth
of murine and human melanoma cell lines and of
other tumor lines in vitro (15, 16), and reportedly
has a significant chemo-sensitizing effect on mela-
noma cell lines (17). Intriguingly, this substance has
no known LD 50, no mutagenic or teratogenic ef-
fects, and has even been investigated as a possible
substance for parenteral nutrition (13, 14). As a
consequence, we are now starting a clinical trial with
azelaic acid in combination with temozolomide (se-
lected because of its excellent bioavailability, includ-
ing the capability to pass the blood–brain barrier,
and the possibility of oral administration (18)).

Thus, although the treatment of metastasizing
melanoma is still quite frustrating, there are well-
defined and theoretically promising strategies that
deserve to be systematically explored.

Christoph Kuwert
Dept. of Dermatology

University Hospital Eppendorf
University of Hamburg

D-20246 Hamburg, Germany
e-mail: kuwert/uke.uni-hamburg.de

Commentary 4

The metastatic phase of malignant melanoma poses
a serious management problem, since it is generally
resistant to the currently available methods of ther-
apy (1). A promising strategy could be represented
by immunotherapy that would activate cellular and
humoral responses against the tumor (1–4). How-
ever, optimization of the immunotherapeutic ap-
proaches requires in-depth understanding of the
biochemistry of melanoma cells. In this context, the
capability of melanoma cells to synthesize melanin
and to express the enzymatic and structural proteins
regulating the process – an intrinsic characteristic of
cells of melanocytic origin (4, 5) – is an indispens-
able factor in determining the outcome of immuno-
therapy (6).
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The biosynthesis of melanin consists of a series of
tightly coupled reactions (4, 5). Throughout this,
several intermediates are generated that can display
cytotoxic, genotoxic or mutagenic activities if dif-
fusing into the cytoplasm or nucleus (4–8). Never-
theless, in normal melanocytes, the process of mel-
anin synthesis is highly controlled, since it takes
place within the boundaries of specialized mem-
brane bound organelles, the melanosomes (9). On-
going melanogenesis and/or melanin itself also
place secondary demands on the metabolic state of
the host cell (6, 7). Thus, besides the oxygen require-
ments imposed by active melanogenesis, which can
lead to intracellular hypoxia, melanin can act as
scavenger of free radicals, metal cations and many
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chemicals, including cellular toxins. Finally, inter-
mediate products of melanogenesis can suppress lo-
cal and possibly systemic immune responses (6).

Does melanogenesis affect melanoma progression
and therapy?

Therefore, we have proposed that uncontrolled
melanogenesis may have a role, perhaps critical, in
the progression of melanotic melanoma (6). The
associated oxidative environment and the abnor-
mal presence of genotoxic and mutagenic inter-
mediates would mediate this activity. Such factors
could destabilize tumor cells and their micro-
environment, and may contribute to the generation
of malignant phenotype heterogeneity (6). The im-
munosuppressive action of melanin precursors
would promote tumor aggressiveness by allowing
tumor escape from a weak host immune response
(6).

In addition to its effects on the tumor cells, the
tumor responses to radio-, chemo- and photother-
apy may also be limited by the relative intracellular
oxygen shortage that is produced by active mel-
anogenesis, together with the free radical-scaveng-
ing properties of melanin (4, 10). Evidently im-
munotherapy protocols aimed at the eradication of
melanoma cells must also be severely influenced by
the immunosuppressive effects of melanogenesis.

Inhibition of melanogenesis is a viable adjuvant
strategy in therapy of melanotic melanoma

Since immunotherapy may be hampered by the im-
munosuppressive action of ongoing melanogenesis
in melanoma cells, we have proposed to inhibit or
suppress melanogenesis as an important adjuvant
treatment strategy in the management of metastas-
izing melanoma (6). This strategy for enhancing tu-
mor immunogenicity, together with preventing tu-
mor strategies for evading immunosurveillance, is
likely to generate beneficial and synergistic effects,
when used in conjunction with immunomodulatory,
vaccination and gene therapy protocols (1–4).

The proposed strategy of suppression of mel-
anogenesis could also enhance melanoma cell
radiosensitivity by decreasing the intracellular con-
centration of the radioprotector melanin (10).
Moreover, the increased availability of oxygen,
which is otherwise consumed by melanogenesis (7),
may further augment the response to radiotherapy
(10). Thus, inhibition of melanogenesis may im-
prove the outcome of radiotherapy and allow the
use of low LET radiation. Additional beneficial ef-
fects of melanogenesis inhibition could include in-
creased sensitivity to chemo- and phototherapy.

There are multiple potential targets for mel-
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anogenesis attenuation. For example, inhibition of
tyrosinase synthesis, processing, activation, or ac-
tual enzymatic activity (4, 5); inhibition of the
postdopa oxidase steps (11); use of melatonin re-
ceptors agonists (12) or of MC 1 receptor antago-
nists (13); or stringent dietary restriction of L-tyro-
sine and L-phenylalanine (14). The use of several
inhibitors simultaneously could allow the adminis-
tration of lower doses of individual agents to de-
crease drug toxicity. Additive melanogenesis-inhib-
iting therapies are also likely to displace the donor-
acceptor equilibrium towards an excess of electron
acceptors; such a shift should favor radiosensitiza-
tion and possibly, the response to chemotherapy.

Conclusion

Inhibition of melanogenesis represents an interest-
ing novel approach (6) that deserves to be explored
as an adjuvant therapeutic modality to improve, in
particular, the outcome of immuno- and radio-
therapy in metastasizing melanoma, and to reduce
the probability of melanoma progression.
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Commentary 5

The search for effective treatments for human dis-
eases rarely progresses in a linear fashion. The his-
tory of therapeutic innovations for cancers such as
metastatic melanoma demonstrates how medical
science, politics, personalities, and the shared de-
sire to save people from dying from a vast group
of neoplastic diseases have often created climates
that favor particular forms of therapy while ignor-
ing ‘‘conflicting’’ approaches. A positive climate
certainly facilitates the funding, peer-reviewed
publications, and public support that allow an
anti-cancer approach to be studied and tested. But
fortunately, our system of modern experimental
medicine eventually forces an unbiased appraisal
of even the most popular therapy and ensures that
it will be adopted or abandoned based on its actual
merits to cancer patients. Conversely, cancer ther-
apy approaches that are widely considered to be of
little value can become accepted by scientists and
clinicians if careful and ethical preclinical and clin-
ical studies support their efficacy in a reproducible
manner.

The use of viruses to treat human cancer falls
into the general category of an anticancer ap-
proach that is widely considered to be of little
value in the USA’s greater than 30 year old ‘‘war
against cancer.’’ In contrast, earlier in the 20th cen-
tury a large number of viruses were studied in hu-
man trials based on their oncolytic activities and
stimulation of protective immune responses. As
our understanding of the intricate workings of the
immune system evolved, however, interest in this
form of cancer immunotherapy has faded. What
has developed is the well-established field of tumor
immunology with its clinical arm of tumor immun-
otherapeutics that cover an incredible breadth and
scope of basic and clinical studies designed to
better understand and then harness the host im-
mune system to resist early or established neo-
plasms. The identification and use of potent immu-
nomodulating cytokines, of tumor specific peptide
vaccines, and of effector cell populations including
subsets of T cells and professional antigen present-
ing cells as anti-tumor agents have led to signifi-
cant advances in our understanding of the host re-
sponse against particular types of neoplastic dis-
eases.

In particular, the study of the immunobiology
of metastatic melanoma has contributed signifi-
cantly to the understanding of tumor immune re-
sponses and has made this neoplasm an important
target for immunotherapeutic trials. Additionally,
the incorporation of gene therapy within tumor
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immunotherapy approaches has gained wide ac-
ceptance and stimulated great hope for improved
treatment options for cancer patients. However,
while often promising and certainly worth pursu-
ing, the vast majority of ‘‘mainstream’’ tumor im-
munotherapy clinical studies have not yet shown
meaningful clinical benefits and some incur sig-
nificant risk and morbidity.

Thus, as scientists and clinicians have continued
to explore the use of ‘‘alternative’’ immunothera-
peutic approaches to cancer treatment, a handful
of researchers are reviving the idea that particular
viruses may have useful anti-tumor activities that
can be exploited against human disease. Our re-
search group became interested in the use of post-
surgical vaccination with Newcastle disease virus
(NDV) oncolysate in the adjuvant treatment of
metastatic melanoma based on the enhanced sur-
vival of a cohort of stage III melanoma patients
with palpable lymph nodes treated in a phase II
trial that began in 1975 at our institution. The on-
colysate was prepared from allogeneic or auto-
logous melanoma cells grown in culture and lysed
by the NDV strain 73T developed by Dr William
Cassel, a pioneer in NDV therapy.

The 83 melanoma patients enrolled in this study
were reported to have a 10 year survival of greater
than 60% (1). This result can be compared to the
6–15% 10-year survival of comparable historical
patient populations with palpable lymph node dis-
ease and the 33% survival rate at 10 years observed
in historical studies in which patients with occult
lymph node disease were included. We have re-
cently reported that the 15-year survival of these
patients remains at 55% (2). Additionally, we
evaluated the immunological effects of long term
NDV oncolysate vaccination by carrying out a
comprehensive analysis of the peripheral blood T
cell repertoire in these patients. We detected a
striking oligoclonality in the CD8π T cell popula-
tion in peripheral blood and clonal expansions in
the CD8π CD57π subset, which has been pre-
viously associated with improved outcome in pa-
tients undergoing tumor immunotherapy (2, 3).

For a number of years, other small groups of
researchers around the USA and Europe also have
continued or initiated studies of the use of other
strains of NDV for the treatment of a wide range
of solid tumors including malignant melanoma (4).
Several phase I and II trials as well as a phase III
trial with NDV oncolysate vaccination are cur-
rently in progress (4). Together, the results of the
clinical trials with NDV oncolysate are no less
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promising than the results of the vast majority of
cancer immunotherapeutic studies with other
agents.

The mechanisms by which NDV oncolysate
therapy may mediate effective anti-tumor host im-
munologic responses are unclear. Several groups of
scientists have demonstrated that NDV may func-
tion in part through the host activation of cyto-
kines with anti-tumor activities, through changes
in the tumor cell membranes, or even through di-
rect lytic effects (5–8). We have also initiated pre-
clinical mechanistic studies with a syngeneic mu-
rine melanoma system with the aim of advancing
our understanding of the specific immunologic
mechanisms by which NDV oncolysate may func-
tion against metastatic melanoma (9).

It appears likely that this ‘‘non-specific’’ mixture
of virus and tumor cell membranes may function
to augment the same immune responses that are
also stimulated by other widely accepted immuno-
therapeutic approaches now being tested in clinical
trials. It is possible that therapy with NDV onco-
lysate vaccination may be particularly successful
against certain neoplasms or in combination with
other treatment modalities because it is ‘‘non-spe-
cific’’ and facilitates enhanced presentation of
multiple tumor antigens against which an effective
host response can thus be generated.

We are hopeful that continued scientifically rig-
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orous and ethical studies to investigate the role of
NDV oncolysate in the treatment of malignant
melanoma will ultimately be evaluated on the
merit of the data generated and not on the percep-
tion that this approach is of no real value. While
the use of viral approaches in the treatment of neo-
plastic disease has not followed a direct path, vi-
ruses such as Newcastle disease virus may yet
prove to be valuable agents in our search for effec-
tive anti-melanoma therapies.
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