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Summary The incidence of malignant melanoma has increased at an alarming rate over
the past few decades. Indications are that it will continue to rise in the foreseeable
future. Primary prevention of malignant melanoma through education of the gen-
eral public regarding the hazards of sun exposure is important in an attempt to
reduce the incidence of the disease in the future. It can, however, be expected to
take many years before a decrease in the number of cases of this disease is seen.
Until such time, the medical oncologist will be faced with an increasing number
of referrals for both adjuvant therapy and treatment of metastatic disease.

Many agents have been investigated as possible postsurgical adjuvant thera-
pies in patients with malignant melanoma. To date, interferon-α (IFN-α) given
initially intravenously in high doses followed by subcutaneous therapy for 1 year,
is the only treatment that has been shown to increase disease-free and overall
survival in patients with high-risk melanomas. Patients falling into this group
should still, wherever possible, be enrolled in prospectively randomised clinical
trials.

Although the prognosis for patients with metastatic melanoma remains poor,
some progress in the management of this disease has been made. It has not yet
been conclusively proven that combination chemotherapy yields superior results

DISEASE MANAGEMENT Drugs 1998 Jun; 55 (6): 791-799
0012-6667/98/0006-0791/$09.00/0

© Adis International Limited. All rights reserved.



to single agent dacarbazine (DTIC) [which has for many years formed the cor-
nerstone of therapy].

Immunotherapy involving IFNs and interleukin-2 (IL-2) alone or in combina-
tion has yielded similar results to those achieved with chemotherapy alone. The
combination of chemotherapy plus immunotherapy appears to hold promise, with
high response rates and often durable remissions reported, albeit at the expense
of considerable treatment-related toxicity. Novel therapies including tumour vac-
cines and gene therapy also hold promise for the future management of this
disease.

The incidence of malignant melanoma has in-
creased at an alarming rate over the past few de-
cades. At present, over 40 000 new cases are diag-
nosed annually in the US, resulting in over 7000
deaths per year. All indications are that this in-
crease will continue for the foreseeable future.

Primary prevention of malignant melanoma,
through education of the general public regarding
the hazards of sun exposure, is important in an at-
tempt to reduce the incidence of the disease in the
future. Earlier recognition of precursor lesions, es-
pecially dysplastic nevi, may also contribute to a
decrease in the number of new cases of melanoma.
Similarly, the early recognition of established mel-
anomas can be expected to decrease the mortality
from this disease in the future.

Unfortunately, it can be expected to take a num-
ber of years before a decline in the number of new
cases of this disease is seen. Until such time, the
practising medical oncologist can expect to be
faced with an increasing number of referrals for
both adjuvant therapy and treatment of advanced
disease.

1. Adjuvant Therapy for 
Malignant Melanoma

The majority of primary melanomas with a
depth of <1.5mm can be cured by wide local exci-
sion alone. Deep primary tumours (>4mm), how-
ever, have a risk of recurrence of approximately
50%, and those metastatic to regional nodes have
a risk of recurrence of 60 to 85%.[1] Consequently,
trials investigating the possible benefit of systemic
adjuvant therapy have focused on this group of pa-
tients. In these patients, the tumour burden is still

low and therefore theoretically more susceptible to
chemotherapy or manipulation of the immune sys-
tem.

Many agents, both cytotoxic and cytostatic, che-
motherapy, biotherapy or combinations have been
investigated as possible postsurgical adjuvant ther-
apies in patients with malignant melanoma. This
review concentrates on the most significant of
these agents.

1.1 Chemotherapy

1.1.1 Dacarbazine (DTIC)
As a result of the activity of dacarbazine (DTIC)

in metastatic disease, a number of trials have ex-
amined a possible role for this agent in the adjuvant
setting. A trial conducted by the World Health Or-
ganization (WHO) failed to show any benefit for
patients treated with dacarbazine compared with
placebo for deep primary lesions or patients with
regional nodal metastases.[2] The European Or-
ganisation for Research and Treatment of Cancer
(EORTC) trial, which again randomised patients to
receive either dacarbazine or placebo, failed to
show any differences in relapse-free or overall sur-
vival after a mean 3 years of follow-up.[3] Simi-
larly, in a trial conducted by the Central Oncology
Group, patients who received adjuvant dacarbazine
for American Joint Committee on Cancer (AJCC)
stage II, III and IV melanoma had a worse outcome
compared with control patients.[4]

1.1.2 Vindesine
The vinca alkaloid vindesine has also been eval-

uated in the adjuvant treatment of malignant mela-
noma. In a nonrandomised trial, Retsas et al.[5]

found a highly significant improvement in disease-
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free and overall survival in patients treated with
vindesine following resection of regional lymph
nodes compared with patients followed by obser-
vation alone. Although an interim analysis of these
results has confirmed a statistically significant
benefit for vindesine-treated patients,[6] other in-
vestigators have failed to reproduce these re-
sults.[7]

1.1.3 Levamisole
Levamisole has also been evaluated as an adju-

vant treatment following excision of a primary
melanoma. In a trial conducted by the National
Cancer Institute of Canada, Quirt et al.[8] were able
to demonstrate a reduction of 29% in both the death
rate (p = 0.08) and the recurrence rate (p = 0.09) in
a cohort of patients who were randomised to re-
ceive adjuvant levamisole as opposed to observa-
tion alone. Other studies, however, have failed to
confirm a benefit for the adjuvant use of this drug.
Loutfi et al.[9] failed to demonstrate any benefit in
prolonging either disease-free or overall survival
in 156 patients randomised to receive either adju-
vant levamisole or placebo. Of note in this study
was the severe toxicity which led to discontinua-
tion of levamisole in 32 patients. Spitler[10] was
also unable to demonstrate any differences in dis-
ease-free or overall survival in 203 patients
randomised to receive either levamisole or placebo
as postsurgical adjuvant therapy for malignant
melanoma. In conclusion, it is doubtful whether
levamisole has any role in adjuvant therapy for
melanoma.

1.1.4 Other Chemotherapy
The National Cancer Institute (NCI) in Bethes-

da, Maryland, US found no benefit for the adjuvant
use of semustine (methyl CCNU) in patients with
high risk primary lesions or regional nodal metas-
tases.[11]

1.2 Nonspecific Immunotherapy

1.2.1 Bacillus Calmette Guérin (BCG)
Activity by Bacillus Calmette Guérin (BCG) as

nonspecific immunotherapy for malignant mela-
noma was first reported by Morton et al.[12] These

investigators noted that among patients treated by
intralesional BCG administration, a response was
commonly seen in noninjected lesions, thus imply-
ing a systemic immune response. Since that time,
BCG has been evaluated as a postsurgical adjuvant
therapy in a number of randomised clinical tri-
als.[8,11,13-17] Although some of these trials have
suggested small benefits for certain subsets of pa-
tients, many of them have employed small patient
numbers in their treatment arms and have shown,
overall, no significant benefit for the use of BCG.
A large WHO trial revealed no survival benefit for
patients treated with adjuvant BCG. Subset analy-
sis did, however, reveal benefit for those patients
who received BCG either alone or in combination
with dacarbazine and who had a negative tubercu-
lin skin test before the start of therapy.[18]

1.2.2 Granulocyte Macrophage
Colony–Stimulating Factor (GM-CSF)
Cytokines such as granulocyte macrophage col-

ony–stimulating factor (GM-CSF) can enhance lo-
cal activation of immune effector cells. In a small
study by Spitler et al.,[19] GM-CSF administered as
postsurgical adjuvant therapy resulted in a statisti-
cally significant prolongation of disease-free and
overall survival. Although encouraging, these re-
sults require confirmation in large randomised
studies.

1.2.3 Corynebacterium parvum
A number of trials have examined a possible

role for Corynebacterium parvum as nonspecific
immunotherapy for high risk melanomas. Al-
though some smaller studies showed benefit,
which approached significance,[20,21] the European
adjuvant study failed to demonstrate this.[22]

1.3 Specific Immunotherapy

1.3.1 Interferon (IFN)
Much interest has been focused on the use of

interferon (IFN) in the adjuvant setting for patients
with malignant melanoma.

In a trial conducted by the North Central Cancer
Treatment Group (83-7052), patients with primary
lesions of Breslow depth 1.69mm (T3), >4mm
(T4) and those with nodal metastases (N1) were
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randomised to receive IFNα-2a 20 million units
intramuscularly 3 times weekly for a period of 3
months, versus observation. Analysis of this trial
revealed no significant prolongation of disease-
free or overall survival.[23] The WHO Melanoma
Program Trial 16 evaluated IFNα-2a at a dosage of
3 million units subcutaneously 3 times weekly for
3 years versus observation. Analysis of this trial
suggested no significant impact of therapy on ei-
ther relapse-free or overall survival.[24] The SWOG
trial 86-42 demonstrated a lack of activity of IFN-γ
in the adjuvant setting for patients with malignant
melanoma.[25]

The ECOG trial E 1684 randomised patients
with AJCC stage IIb or III melanoma to receive
either adjuvant IFNα-2b or observation following
resection of the primary lesion. Patients receiving
IFN treatment received initial high dose intra-
venous therapy (20 million U/m2/day) 5 days
weekly for 4 weeks followed by 10 million U/m2

subcutaneously 3 times weekly for a further 11
months. Patients in the IFN-treated group had sig-
nificantly more toxicity but demonstrated a signif-
icant prolongation of time to treatment failure (1.7
vs 0.98 years; p = 0.023 – one sided) as well as
overall survival (3.8 vs 2.8 years; p = 0.0237– one
sided).[26]

The issues of dosage, duration and regimen of
IFN administration are still uncertain; however, the
E 1690 study, which compared the above 2 arms
with a lower dose of IFN given for a longer period
of time (3 million units subcutaneously 3 times
weekly for 2 years), will answer some of these
questions. This trial completed accrual in 1995 and
results will be available soon.

1.4 Tumor Vaccines

In recent years a variety of antigens expressed
by melanoma cells (melanoma-associated anti-
gens, MAA) have been characterised. These anti-
gens differ from those present on normal melano-
cytes and have limited expression on most normal
tissue.[27] It is hoped that immunising the host with
these antigens may lead to enhanced cellular and
tumoural immune responses against the melanoma

cells. Numerous phase II studies have been re-
ported showing some activity of these vaccines in
patients with AJCC stage IV disease.[28-30] These
preparations are now being evaluated in the adju-
vant setting. Vaccination with the ganglioside GM2
has been shown to induce the production of immu-
noglobulin M (IgM) antibodies in patients with
melanoma.[31] In a study by Livingston et al.[32] in
which patients received BCG with or without
GM2, disease-free survival was significantly in-
creased in those receiving GM2.[32] An ECOG-led
Intergroup study, E 1694, is currently accruing pa-
tients who are randomised to receive either high
dose IFNα (as administered in E 1684) or vaccina-
tion with ganglioside GM2.

2. Therapy for Metastatic 
Malignant Melanoma

Metastatic malignant melanoma is a relatively
chemoresistant neoplasm. Prognosis for patients
with metastatic disease remains dismal, with a me-
dian survival of around 6 months.[33] Less than
10% of patients remain alive 5 years after the diag-
nosis of metastatic disease.[34] Patients with local-
ised metastatic disease should be considered can-
didates for surgical resection of lesions wherever
possible, as some may remain free of disease for a
number of years. Therapeutic strategies for dissem-
inated disease include chemotherapy (both single
agent and combination), immunotherapy and,
more recently, the use of vaccines and gene ther-
apy.

2.1 Chemotherapy (Single Agent)

2.1.1 Dacarbazine
Since its introduction in the 1970s, dacarbazine

has formed the cornerstone of conventional chemo-
therapy for metastatic malignant melanoma. Re-
sponse to dacarbazine as a single agent is of the
order of 20%.[35] Metastases to the skin and subcu-
taneous tissues, and lymph node involvement show
the most favourable response. Dacarbazine does
not cross the blood-brain barrier and is therefore
inactive against cerebral metastases. Complete re-
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sponses are rare (4%), and small minorities of com-
plete responders sustain prolonged remissions.[36]

2.1.2 Temozolamide
Temozolamide, a drug closely related to the ac-

tive metabolite of dacarbazine, has shown activity
in the treatment of metastatic melanoma. This
agent is well tolerated and is available in oral form.
In a phase II trial, Bleehen et al.[37] reported an
overall response rate of 21% in 56 chemonaïve pa-
tients. Further studies of this agent appear to be
warranted.

2.1.3 Nitrosoureas
The nitrosoureas, carmustine (BCNU), lomust-

ine (CCNU) and semustine, have been extensively
studied in melanoma. Due to their lipid solubility,
enabling these agents to cross the blood-brain bar-
rier, it was hoped that they might have an effect on
cerebral metastases. Unfortunately, this has not
proven to be correct. The nitrosoureas in general
have shown a lower response rate than dacarba-
zine. In trials conducted by the ECOG, overall re-
sponse rates of 11 to 15% were documented.[38,39]

The recently developed cloroethyl nitrosourea
fotemustine is highly lipophillic and readily pene-
trates the blood-brain barrier. In 140 patients with
cerebral metastases treated with this agent, an
overall response rate of 24.3% was recorded.[40] In
a study at our institution an overall response rate
of 9.7% was obtained in 31 patients treated with
fotemustine. Two of the responses were docu-
mented in patients with cerebral metastases.[41] Re-
gimens combining this agent with dacarbazine
have unfortunately yielded increased toxicity with-
out additional response.[42-47]

2.1.4 Other Agents
The vinca alkaloids vincristine, vinblastine and

vindesine have consistently been associated with
response rates of 10 to 15% when used as single
agents in patients with metastatic malignant mela-
noma.[48] Considerably higher response rates have
been reported when they are used in combination
with other drugs.[49]

A variety of other chemotherapeutic agents
have been evaluated in patients with metastatic

malignant melanoma. Cisplatin and its analogues
carboplatin and zeniplatin have only modest activ-
ity in metastatic disease, despite considerable toxi-
city.[50-53] Activity of the taxanes (paclitaxel and
docetaxel) in metastatic melanoma is also modest
with responses of around 15% reported.[54-56]

Other agents including gemcitabine[57] and didem-
nin-B[58] are inactive in advanced melanoma.

2.2 Combination Chemotherapy

The most widely used combination chemother-
apy regimen in metastatic malignant melanoma is
the regimen described by Del Prete et al. using
dacarbazine, BCNU, cisplatin and tamoxifen,[59]

sometimes referred to as the Dartmouth regimen.
Response rates in excess of 50% were subse-
quently reported by other authors utilising this
regimen.[60-62] The Intergroup trial E 91140 is pres-
ently accruing patients for randomisation to either
the above combination or single agent dacarbazine
and will definitively answer the question whether
this combination is truly superior.

Although tamoxifen alone has negligible activ-
ity in metastatic melanoma it is postulated that its
addition augments the activity of other agents and
may delay the onset of cisplatin resistance.[63] A
number of other trials have shown no benefit for
the addition of tamoxifen to conventional chemo-
therapy in patients with metastatic melanoma. The
recently published NCI Canada Melanoma Trial
Group was unable to demonstrate benefit for the
addition of tamoxifen to carmustine, dacarbazine
and cisplatin.[64] In the ECOG-led intergroup trial
E 3690 the addition of tamoxifen to dacarbazine
failed to improve either time to treatment failure or
overall survival.[65]

The combination of cisplatin, vinblastine and
dacarbazine (CVD) has also been frequently used
in the setting of metastatic disease. Response rates
as high as 40% have been reported in non-
randomised, single institution studies.[49] In ran-
domised studies, however, CVD remains equiva-
lent to, but more toxic than, dacarbazine alone.
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2.3 High Dose Chemotherapy with
Autologous Bone Marrow/Stem Cell Support

Much interest has focused on the possible role
of high dose chemotherapy followed by autologous
bone marrow or peripheral blood stem cell support
in patients with metastatic malignant melanoma.
Agents evaluated have included dacarbazine, nitro-
soureas and alkylating agents. Although response
rates of as high as 50 to 60% have been reported,
complete responses are infrequent and the toxicity
of the high dose regimens employed has been con-
siderable. Duration of response is generally short-
lived, with a median of around 6 months.[66-68]

2.4 Immunotherapy

2.4.1 IFNαα
Although the main indication for IFN therapy in

malignant melanoma appears to be in the adjuvant
setting, IFNα has activity in disseminated disease.
Response rates of approximately 16% can be ex-
pected. Patients with cutaneous and soft tissue dis-
ease are most likely to benefit from IFN therapy,
and uninterrupted regimens regardless of rate of
administration have yielded results superior to
those from intermittent treatment.[69]

2.4.2 Interleukin-2 (IL-2)
The cytokine interleukin-2 (IL-2) has also been

shown to have activity in patients with metastatic
melanoma. Incubation of lymphoid cells with IL-2
results in the activation of these cells to so-called
lymphokine activated killer (LAK) cells. Initial tri-
als using IL-2 plus LAK cells were conducted by
Rosenberg et al.[70] at the NCI, and encouraging
results prompted expansion of the original study to
include other institutions, which confirmed these
results. Single agent IL-2 has been evaluated by the
IL-2 Working Group and a response rate of only
5% reported.[71] Treatment with IL-2 is associated
with considerable toxicity, predominantly severe
hypotension often requiring inotropic support and
renal dysfunction (usually reversible).

2.4.3 IL-2 Plus IFN
The combined use of IFNα which augments

melanoma cell expression of histocompatibility

antigens, and IL-2 to increase T cell activation,
seems a logical approach in the therapy of malig-
nant melanoma. Using the above combination re-
sponse rates as high as 41% have been reported, at
the expense of severe toxicity.[72]

The IL-2 working group compared treatment
with IL-2 alone and the combination of IL-2 plus
IFNα. Disappointing response rates of 5 and 10%,
respectively, were observed.[71]

2.5 Combined Chemotherapy/

Immunotherapy

Many trials have combined the use of chemo-
therapy and immunotherapy in patients with meta-
static malignant melanoma. In a study at our insti-
tution comparing dacarbazine combined with
IFNα with dacarbazine alone, Falkson et al.[73]

demonstrated a response rate of 53.1% for the com-
bination arm compared to only 20% in patients re-
ceiving single agent dacarbazine. Patients treated
with the combination of the 2 agents had a median
survival of 17.6 months compared with 9.6 months
for those receiving dacarbazine alone. Other stud-
ies using similar if not identical regimens have not,
however, produced the same results.[74-76] The
ECOG trial E 3690, which accrued 271 patients,
also showed no significant difference in either time
to treatment failure or overall survival across all 4
treatment arms, while those arms containing IFN
had considerably more toxicity.[65]

Using sequential biochemotherapy (CVD plus
IL-2 and IFNα), Legha et al.[49] reported a 60%
response rate in a group of 62 patients. This in-
cluded 14 complete responses. The median dura-
tion of complete response was greater than 3 years,
with a number of patients remaining disease-free
for longer periods. As with other combination re-
gimens utilising IL-2, severe toxicity was seen with
15% of patients requiring admission to an intensive
care unit.
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3. Future Directions

3.1 Gene Transfer Therapy

The genetic structure of a malignant cell can be
altered by gene transfer techniques, allowing the
cell to be destroyed by the immune system. This
technique has been used to transfect the HLA-B7
gene into melanoma cells by Nabel and co-work-
ers.[77] Some melanoma cells, which take up the
HLA-B7 gene, are subsequently destroyed by the
immune system. Rosenberg[78] at the NCI was able
to transfect the tumour necrosis factor (TNF) gene
into tumour-infiltrating lymphocytes (TIL) using a
retroviral vector. Since that time, the genes encod-
ing for a number of other cytokines have been suc-
cessfully transfected into TIL1.

4. Conclusion

In summary, to date adjuvant IFNα given at first
intravenously in high doses followed by subcuta-
neous therapy for a year is the only treatment that
has been shown to increase disease-free and over-
all survival in patients with high risk melanomas.
Patients falling into this group should still, wher-
ever possible, be enrolled in prospectively
randomised clinical trials.

For patients with metastatic malignant mela-
noma, single agent dacarbazine remains the cor-
nerstone of therapy. They should also, however,
wherever possible, be treated in trials which em-
ploy new agents and/or innovative approaches.

References
1. Barth A, Morton DL. The role of adjuvant therapy in melanoma

management. Cancer 1995; 75; 726-34
2. Veronesi U, Adamus J, Aubert C, et al. A randomized trial of

adjuvant chemotherapy and immunotherapy in cutaneous
melanoma. N Engl J Med 1982; 307: 913-6

3. Lejune FJ, Macher E, Kleeberg U, et al. An assessment of DTIC
versus levamisole or placebo in the treatment of high risk
stage I patients after surgical removal of a primary melanoma
of the skin: a phase III adjuvant study (EORTC protocol
18761). Eur J Cancer 1988; 24 Suppl. 2: 81-90

4. Hill II GJ, Moss SE, Golomb FM, et al. DTIC and combination
therapy for melanoma, III: DTIC (NSC 45388) Surgical Ad-
juvant Study COG protocol 7040. Cancer 1981; 47: 2556-62

5. Retsas S, Quigley M, Pectasides D, et al. Clinical and histologic
involvement of regional lymph nodes in malignant mela-
noma: adjuvant vindesine improves survival. Cancer 1994;
73: 2119-30

6. Retsas S, Mohith A, MacRae K, et al. First interim analysis of
adjuvant vindesine (V) and DTIC (D) (AVD) for clinical and
histologic involvement of regional lymph nodes in malignant
melanoma (CHRLNM) [abstract no. I12]. 2nd International
Conference on Adjuvant Therapy of Malignant Melanoma;
1997 Mar 14-15; London

7. Pectasides D, Alevizakos N, Bafaloukos D, et al. Adjuvant che-
motherapy with dacarbazine, vindesine, and cisplatin in
pathological stage II malignant melanoma. Am J Clin Oncol
1994; 17: 55-9

8. Quirt IC, Shelley WE, Pater JL, et al. Improved survival in
patients with poor-prognosis malignant melanoma treated
with adjuvant levamisole: a phase III study by the National
Cancer Institute of Canada Clinical Trials Group. J Clin
Oncol 1991; 9: 729-35

9. Loutfi A, Shakr A, Jerry M, et al. Double blind randomized
prospective trial of levamisole/placebo in stage I cutaneous
malignant melanoma. Clin Invest Med 1987; 10: 325-8

10. Spitler LE. A randomized trial of levamisole versus placebo as
adjuvant therapy in malignant melanoma. J Clin Oncol 1991;
9: 736-40

11. Fisher RI, Terry WD, Hodes RJ, et al. Adjuvant immunotherapy
or chemotherapy for malignant melanoma: preliminary report
of the National Cancer Institute randomized clinical trial.
Surg Clin North Am 1981; 61: 1267-77

12. Morton DL, Eilber FR, Malmgren RA, et al. Immunological
factors which influence response to immunotherapy in malig-
nant melanoma. Surgery 1970; 68: 158-64

13. Sterchi JM, Wells HB, Case LD, et al. A randomized trial of
adjuvant chemotherapy and immunotherapy in Stage I and
Stage II cutaneous melanoma: an interim report. Cancer
1985; 55: 707-12

14. Morton DL. Adjuvant immunotherapy of malignant melanoma:
status of clinical trials at UCLA. Int J Immunotherapy 1986;
II: 31-6

15. Wood WC, Cosimi AB, Carey RW, et al. Randomized trial of
adjuvant therapy for ‘high risk’ primary malignant mela-
noma. Surgery 1978; 83: 677-81

16. Pinsky CM, Hirshaut Y, Wanebo HJ, et al. Surgical adjuvant
immunotherapy with BCG in patients with malignant mela-
noma: results of a prospective, randomized trial. In: Terry
WD, Windhorst D, editors. Immunotherapy of cancer: present
status of trials in man. New York: Raven, 1978: 27-33

17. Ariyan S, Kirkwood JM, Mitchell MS, et al. Intralymphatic and
regional surgical adjuvant immunotherapy in high-risk mela-
noma of the extremities. Surgery 1982; 92: 459-63

18. Cascinelli N, Rumke P, MacKie R, et al. The significance of
conversion of skin reactivity to efficacy of bacillus Calmette-
Guérin (BCG) vaccinations given immediately after radical
surgery in stage II melanoma patients. Cancer Immunol Im-
munother 1989; 28: 282-6

19. Spitler LE, Grossbard ML, Ernstoff MS, et al. Adjuvant therapy
of stage III and IV malignant melanoma using yeast derived
GM-CSF [abstract no. I15]. 2nd International Conference on
Adjuvant Therapy of Malignant Melanoma, 1997 Mar 14-15,
London

20. Lipton A, Harvey HA, Lawrence B, et al. Corynebacterium
parvum versus BCG adjuvant immunotherapy in human ma-
lignant melanoma. Cancer 1983; 51: 57-60

21. Balch CM, Murray DR, Presant C, et al. Southeastern Cancer
Study Group: a randomized prospective comparison of BCG
versus C. parvum adjuvant immunotherapy in melanoma pa-
tients with resected metastatic lymph nodes [abstract]. Proc
Am Soc Clin Oncol 1984; 3: 236

Treatment Options for Malignant Melanoma 797

 Adis International Limited. All rights reserved. Drugs 1998 Jun; 55 (6)



22. Thatcher N, Mene A, Banerjee SS, et al. Randomized study of
Corynebacterium parvum adjuvant therapy following surgery
for (stage II) malignant melanoma. Br J Surg 1986; 73: 111-5

23. Creagan ET, Dalton RJ, Ahmann DL, et al. Randomized surgi-
cal adjuvant clinical trial of recombinant interferon alfa-2a in
selected patients with malignant melanoma. J Clin Oncol
1995; 13: 2776-83

24. Cascinelli N, Bufalino R, Morabito A, et al. Results of adjuvant
interferon study in WHO melanoma programme [letter]. Lan-
cet 1994; 343: 913-4

25. Meyskens Jr FL, Kopecky KJ, Taylor CW, et al. Randomized
trial of adjuvant human interferon gamma versus observation
in high-risk cutaneous melanoma: a Southwest Oncology
Group study. J Natl Cancer Inst 1995; 87: 1710-3

26. Kirkwood JM, Strawderman MH, Ernstoff MS, et al. Interferon
Alfa-2b adjuvant therapy of high-risk resected cutaneous mel-
anoma: the Eastern Cooperative Oncology Group Trial EST
1684. J Clin Oncol 1996; 14: 7-17

27. Carubia JM, Yu RK, Macala LJ, et al. Gangliosides of normal
and neoplastic human melanocytes. Biochem Biophys Res
Comm 1984; 120: 500-4

28. Morton DL, Foshag LJ, Hoon DS, et al. Prolongation of survival
in metastatic melanoma after active specific immunotherapy
with a new polyvalent melanoma vaccine. Ann Surg 1992;
216: 463-82

29. Berd D, Maguire Jr HC, McCue P, et al. Treatment of metastatic
melanoma with an autologous tumor-cell vaccine: clinical and
immunological results in 64 patients. J Clin Oncol 1990; 8:
1858-67

30. Mitchell MS, Harel W, Kan-Mitchell J, et al. Active specific
immunotherapy of melanoma with allogeneic cell lysates: ra-
tionale, results, and possible mechanisms of action. Ann NY
Acad Sci 1993; 690: 153-66

31. 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: 2911-5

32. Livingston PO, Wong GYC, Adluri S, et al. Improved survival
in stage III melanoma patients with GM2 antibodies: a ran-
domized trial of adjuvant vaccination with GM2 ganglioside.
J Clin Oncol 1994; 12: 1036-44

33. Balch CM, Houston A, Peter L. Cutaneous melanoma. In: De
Vita VT, Hellman S, Rosenberg SA, editors. Cancer: princi-
ples and practices of oncology. 3rd ed. Philadelphia: Lippin-
cott, 1989: 1499-542

34. Ho RCS. Medical management of stage IV malignant mela-
noma: medical issues. Cancer 1995; 75: 735-41

35. Comis RL. DTIC (NSC-45388) in malignant melanoma: a per-
spective. Cancer Treat Rep 1976; 60; 165-76

36. Hill II GJ, Krementz ET, Hill HZ. Dimethyl triazeno imidazole
carboxamide and combination therapy for melanoma: IV.
Late results after complete response to chemotherapy (Central
Oncology Group protocols 7130, 7131, and 7131A). Cancer
1984; 53: 1299-305

37. Bleehen NM, Newlands ES, Lee SM, et al. Cancer Research
Campaign phase II trial of temozolamide in metastatic mela-
noma. J Clin Oncol 1995; 13: 910-3

38. Costanza ME, Nathanson L, Schoenfeld D, et al. Results with
methyl-CCNU and DTIC in metastatic melanoma. Cancer
1977; 40: 1010-5

39. Cohen MH, Schoenfeld D, Wolter J. Randomized trial of chlor-
promazine, caffeine and methyl-CCNU in disseminated mel-
anoma. Cancer Treat Rep 1980; 64: 151-3

40. Khayat D, Giroux B, Berille J, et al. Fotemustine in the treat-
ment of brain primary tumors and metastases. Cancer Invest
1994; 12: 414-20

41. Falkson CI, Falkson G, Falkson HC. Phase II trial of fotemust-
ine in patients with metastatic malignant melanoma. Invest
New Drugs 1994; 12: 251-4

42. Avril MF, Bonneterre J, Cupissol D, et al. Fotemustine plus
dacarbazine for malignant melanoma. Eur J Cancer 1992;
28A: 1807-11

43. Binder M, Winkler A, Dorffner R, et al. Fotemustine plus
dacarbazine in advanced stage III malignant melanoma. Eur
J Cancer 1992; 28A: 1814-6

44. Oliver V, Aliaga A, Lopez Lopez JJ, et al. Long-term complete
remissions in patients with disseminated melanoma treated by
fotemustine and dacarbazine [letter]. Eur J Cancer 1993;
29A: 287

45. Merimsky O, Inbar M, Chaitchik S. Fotemustine and DTIC
combination in patients with disseminated malignant mela-
noma. Am J Clin Oncol 1992; 15: 84-6

46. Lee SM, Margison GP, Woodcock AA, et al. Sequential admin-
istration of varying doses of dacarbazine and fotemustine
in advanced malignant melanoma. Br J Cancer 1993; 67:
1356-60

47. Aamdal S, Gerard B, Bohman T, et al. Sequential administration
of dacarbazine and fotemustine in patients with disseminated
malignant melanoma – an effective combination with unex-
pected toxicity. Eur J Cancer 1992; 28: 447-50

48. Balch CM, Houghton AN, Peters LJ. Cutaneous melanoma. In:
de Vita Jr VT, Hellman S, Rosenberg SA, editors. Cancer:
principles and practice of oncology. Philadelphia: Lippincott
Co, 1993: 1612-61

49. Legha SS, Ring S, Bedikian A, et al. Treatment of metastatic
melanoma with combined chemotherapy containing cis-
platin, vinblastine and dacarbazine (CVD) and biotherapy
using interleukin-2 and interferon-alpha. Ann Oncol 1996; 7:
827-35

50. Glover D, Glick J, Weiler C, et al. High dose cis-platinum
(DDP) and WR-2721 in metastatic melanoma. Proc Am Soc
Clin Oncol 7: 247, 1988

51. Luger SM, Kirkwood JM, Ernstoff MS, et al. High-dose cis-
platin and dacarbazine in the treatment of metastatic mela-
noma. J Natl Cancer Inst 1990; 82: 1934-7

52. Chang A, Hunt M, Parkingson DR, et al. Phase II trial of car-
boplatin in patients with metastatic malignant melanoma: a
report from the Eastern Cooperative Oncology Group. Am J
Clin Oncol 1993; 16: 152-5

53. Olver I, Green M, Peters W, et al. A phase II trial of zeniplatin
in metastatic melanoma. Am J Clin Oncol 1995; 18: 56-8

54. Kirkwood JM. Preclinical studies, experimental therapeutics,
and clinical management of advanced melanoma [review].
Curr Opin Oncol 1992; 4: 368-79

55. Einzig AI, Schuchter LM, Recio A, et al. Phase II trial of
docetaxel (taxotere) in patients with metastatic melanoma
previously untreated with cytotoxic chemotherapy. Med
Oncol 1996; 13: 111-7

56. Bedikian AY, Weiss GR, Legha SS, et al. Phase II trial of
docetaxel in patients with advanced cutaneous malignant mel-
anoma previously untreated with chemotherapy. J Clin Oncol
1995; 13: 2895-9

57. Sessa C, Aamdal S, Wolff I, et al. Gemcitabine in patients with
advanced malignant melanoma or gastric cancer: phase II
studies of the EORTC Early Clinical Trials Group. Ann Oncol
1994; 5: 471-2

798 Cohen & Falkson

 Adis International Limited. All rights reserved. Drugs 1998 Jun; 55 (6)



58. Sondak VK, Kopecky KJ, Liu PY, et al. Didemnin B in meta-
static malignant melanoma: a phase II trial of the Southwest
Oncology Group. Anti-Cancer Drugs 1994; 5: 147-50

59. Del Prete SA, Maurer LH, O’Donnell J, et al. Combination
chemotherapy with cisplatin, carmustine, dacarbazine and
tamoxifen in metastatic melanoma. Cancer Treat Rep 1984;
68: 1403-5

60. McClay EF, Mastrangelo MJ, Bellet RE, et al. Combination
chemotherapy and hormonal therapy in the treatment of ma-
lignant melanoma. Cancer Treat Rep 1987; 71: 465-9

61. McClay EF, Mastrangelo MJ, Bellett RE, et al. An effective
chemo/hormonal therapy regimen for the treatment of dis-
seminated malignant melanoma. Proc Am Soc Clin Oncol
1989; 8: 282

62. Mastrangelo MJ, Bellett RE, Berd D. Aggressive chemotherapy
for melanoma. In: de Vita Jr VT, Hellman S, Rosenberg SA,
editors. Principles and practice of oncology update. Vol. 5.
Philadelphia: Lippincott, 1991: 1-11

63. McClay EF, McClay ME. Tamoxifen: is it useful in the treat-
ment of patients with metastatic melanoma? [review]. J Clin
Oncol 1994; 12: 617-26

64. Rusthoven JJ, Quirt IC, Iscoe NA, et al. Randomized, double-
blind placebo-controlled trial comparing the response rates of
carmustine, dacarbazine and cisplatin with or without
tamoxifen in patients with metastatic melanoma. J Clin Oncol
1996; 14: 2083-90

65. Falkson CI, Ibrahim J, Kirkwood J, et al. A randomized phase
III  trial  of  dacarbazine  (DTIC)  versus  DTIC  +  interferon
alfa-2b (IFN) versus DTIC + tamoxifen (TMX) versus
DTIC + IFN + TMX in metastatic malignant melanoma: an
ECOG trial [abstract no. 1350]. Proc Am Soc Clin Oncol
1996; 15: 435

66. Lazarus HM, Herzig RH, Wolff SN, et al. Treatment of meta-
static malignant melanoma with intensive melphalan and
autologous bone marrow transplantation. Cancer Treat Rep
1985: 69; 473-7

67. McElwain TJ, Hedley DW, Burton G, et al. Marrow auto trans-
plantation accelerates hematological recovery in patients
with malignant melanoma treated with high-dose melphalan.
Br J Cancer 1979: 40; 72-80

68. Meisenberg B. High-dose chemotherapy and autologous stem
cell support for patients with malignant melanoma [review].
Bone Marrow Transplant 1996; 17: 903-6

69. Agarwala SS, Kirkwood JM. Interferons in the therapy of solid
tumors. Oncology 1994; 51: 129-36

70. Rosenberg SA, Lotze MT, Muul LM, et al. Observations on the
systemic administration of autologous lymphokine-activated
killer cells and recombinant interleukin-2 to patients with
metastatic cancer. N Engl J Med 1985: 313; 1485-92

71. Sparano JA, Fisher RI, Sunderland M, et al. Randomized phase
III trial of treatment with high-dose interleukin-2 either alone
or in combination with interferon alpha-2a in patients with
advanced melanoma. J Clin Oncol 1993; 11: 1969-77

72. Keilholz U, Scheibenbogen C, Tilgen W, et al. Interferon-alpha
and interleukin-2 in the treatment of metastatic melanoma:
comparison of two phase II trials. Cancer 1993; 72: 607-14

73. Falkson CI, Falkson G, Falkson HC. Improved results with the
addition of interferon alfa-2b to dacarbazine in the treatment
of patients with metastatic malignant melanoma. J Clin Oncol
1991: 9; 1403-8

74. Kirkwood JM, Ernstoff MS, Giuliano A, et al. Interferon alpha-
2a and dacarbazine in melanoma. J Natl Cancer Inst 1990: 82;
1062-3

75. Thompson DB, Adena M, McLeod GR, et al. Interferon-α2a
does not improve response or survival when combined with
dacarbazine in metastatic malignant melanoma: results of a
multi-institutional Australian randomized trial. Melanoma
Res 1993: 3; 133-8

76. Bajetta E, Di Leo A, Zampino MG, et al. Multicenter random-
ized trial of dacarbazine alone or in combination with two
different doses and schedules of interferon alfa-2a in the treat-
ment of advanced melanoma. J Clin Oncol 1994; 12: 806-11

77. Nabel GJ, Nabel EG, Yang ZY, et al. Direct gene transfer with
DNA-liposome complexes in melanoma: expression, bio-
logic activity and lack of toxicity in humans. Proc Natl Acad
Sci USA, 1993: 90; 11307-11

78. Rosenberg SA. Gene therapy for cancer. JAMA 1992: 268;
2416-9

Correspondence and reprints: Professor C.I. Falkson, De-
partment of Medical Oncology, University of Pretoria,
P.O. Box 667, Pretoria, 0001, South Africa.
E-mail: cfalkson@medic.up.ac.za

Treatment Options for Malignant Melanoma 799

 Adis International Limited. All rights reserved. Drugs 1998 Jun; 55 (6)


	Contents 791
	Summary 791
	1. Adjuvant Therapy for Malignant Melanoma 792
	1.1 Chemotherapy 792
	1.1.1 Dacarbazine (DTIC) 792
	1.1.2 Vindesine 792
	1.1.3 Levamisole 793
	1.1.4 Other Chemotherapy 793

	1.2 Nonspecific Immunotherapy 793
	1.2.1 Bacillus Calmette Guérin (BCG) 793
	1.2.2 Granulocyte Macrophage Colony-Stimulating Factor (GM-CSF) 793
	1.2.3 Corynebacterium parvum 793

	1.3 Specific Immunotherapy 793
	1.3.1 Interferon (IFN) 793

	1.4 Tumor Vaccines 794

	2. Therapy for Metastatic Malignant Melanoma 794
	2.1 Chemotherapy (Single Agent) 794
	2.1.1 Dacarbazine 794
	2.1.2 Temozolamide 795
	2.1.3 Nitrosoureas 795
	2.1.4 Other Agents 795

	2.2 Combination Chemotherapy 795
	2.3 High Dose Chemotherapy with Autologous Bone Marrow/Stem Cell Support 796
	2.4 Immunotherapy 796
	2.4.1 IFNa 796
	2.4.2 Interleukin-2 (IL-2) 796
	2.4.3 IL-2 Plus IFN 796

	2.5 Combined Chemotherapy/ Immunotherapy 796

	3. Future Directions 797
	3.1 Gene Transfer Therapy 797

	4. Conclusion 797
	References 797
	Correspondence and reprints 799
	E-mail 799

