
European

Journal of
European Journal of Cancer 40 (2004) 1825–1836
Cancer

www.ejconline.com
Review

Re-evaluating the role of dacarbazine in metastatic melanoma:
what have we learned in 30 years?

Alexander M.M. Eggermont a,*, John M. Kirkwood b

a Department of Surgical Oncology, Erasmus University Medical Center, Groene Hilledijk 301, Daniel Den Hoed Cancer Center,

Rotterdam, The Netherlands
b Department of Medicine, University of Pittsburgh Cancer Institute, Pittsburgh, PA, USA

Received 2 March 2004; received in revised form 14 April 2004; accepted 27 April 2004

Available online 26 June 2004
Abstract

Since dacarbazine was approved for treating metastatic melanoma in the 1970s, numerous studies have evaluated whether different

schedules and dacarbazine-based combinations improve clinical outcomes. This evidence-based review shows that combining da-

carbazine with other drugs having single-agent activity and/or hormonal or immunotherapeutic compounds fails to provide clinically

meaningful improvements in survival, and may increase toxicity. In patients with metastatic melanoma, dacarbazine was previously

administered in cycles of multiple consecutive daily infusions per cycle. The introduction of potent antiemetics, together with concerns

relating to patient comfort and clinic utilisation time, has enabled regimens involving single-dose dacarbazine, administered at the

same total dose per cycle. These appear to be as effective as multiple-dose schedules, are well tolerated, and are more straightforward

to administer. Single-administration dacarbazine (850–1000 mg/m2), once every 3 weeks, is currently the standard reference therapy

in patients with advanced melanoma. New effective therapies are urgently needed for this treatment-refractory disease.

� 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

Melanoma is an increasingly common disease

worldwide, with an estimated 53 600 new cases and 7400

deaths from this malignancy in the United States of

America (USA) in 2002 [1]. However, improved general

awareness and increased diagnosis of early stage disease

– which is typically surgically curable – have led to an

overall stabilisation in melanoma-related mortality rates
[2]. The clinical course of melanoma is determined by its

dissemination and depends on thickness, ulceration,

localisation and histology of the primary tumour, in

addition to patient gender. Tumour stage at diagnosis is

of key importance [3]. Early-stage melanoma can be

readily cured by excision of the primary lesion and some
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25–50% of patients with disease that has metastasised
to regional lymph nodes (stage III) can be cured by

surgery. However, the prognosis of patients with stage

IV melanoma metastatic to distant sites is poor. Dis-

tant inoperable metastatic disease remains essentially

incurable.

Interferon (IFN)-a is currently the cornerstone of

adjuvant therapy in stage IIB–III disease. The evidence

to date consistently demonstrates that IFN-a signifi-
cantly prolongs disease-free survival, but only two pro-

spective randomised trials – both of which employed

high-dose intravenous (i.v.) and subcutaneous (s.c.)

IFN-a2b – have shown significant improvements in

overall survival [4,5]. Meta-analysis of published trial

data demonstrate significant improvements in relapse-

free survival across all doses, with borderline effects

upon overall survival for high-dose therapy [6,7].
For stage IV melanoma, palliative systemic chemo-

therapy is the mainstay of treatment and is associated

with median survival durations with combination
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regimens of 6–9 months and 5-year survival rates of

approximately 6%, which are not influenced significantly

by any therapy yet tested in rigorous multicentre coop-

erative group trials (reviewed by Brown and Kirkwood

in [8]). Numerous chemotherapeutic and immunological
drug combinations have been investigated in attempts to

improve response rates and survival and, although a

number of prognostic factors that influence response

and survival have been identified, tumour stage at di-

agnosis remains the predominant prognostic factor [3].

The alkylating agent dacarbazine (DTIC-Dome�),

which was first introduced some 30 years ago, is consid-

ered to be the reference single agent for the management
of advanced melanoma, with objective tumour responses

in approximately 13–20% of patients [9,10]. Nearly all of

these responses are partial, although complete responses

have been observed and can be durable [10,11].

Multiple alternative treatment approaches have been

investigated, and numerous studies published, since the

regulatory approval of dacarbazine. Thus, we consid-

ered it appropriate and useful to conduct a rigorous
analysis of the current evidence for dacarbazine-based

regimens. Our analysis considered peer-reviewed Phase

II and III clinical trial publications spanning the past 5

years and published in English, with data from

well-designed randomised, controlled trials remaining

‘level 1’ evidence. Selected Phase III reports currently in

abstract form are also included.

1.1. The historical role of dacarbazine in metastatic

melanoma

Several studies of dacarbazine in the management of

metastatic melanoma were published in the early 1970s

[12–14]. The first of these trials demonstrated a 19%

response rate in 110 evaluable patients who received

dacarbazine in 3-weekly cycles, most often at a dose of
250mg/m2 daily for 5 days [12]. A second study showed an

overall response rate of 28% in 115 evaluable patients

receiving dacarbazine 2.5 or 4.5mg/kg daily for 10 days of

a 30-day cycle [13], and another showed response rates

approaching 20%with dacarbazine 150 mg/m2 daily for 5

days of a 30-day cycle in 112 evaluable patients [14]. No

clinical advantage was associated with the addition of

carmustine to dacarbazine therapy in the latter study [14].
These studies were fairly robust by the standards of

their time. Definitions relating to tumour response were

given in all cases, although details of tumour measure-

ment were either absent or were not as comprehensive as

would be expected in a contemporary study report. Very

little information was provided regarding tumour anal-

ysis and staging, which would have followed conven-

tions of the time. Patients were not stratified or analysed
according to the number of lesions, anatomical site(s) of

involvement or elevated serum lactate dehydrogenase

(LDH), although X-rays, bone surveys and liver scans
were quoted [13,14]. However, notwithstanding the

brevity of methodological details, objective tumour

response rates were remarkably consistent across these

studies.
2. Dacarbazine as a standard of chemotherapy in meta-

static melanoma

Numerous peer-review publications have evaluated

the use of dacarbazine – either alone, or in combination

with other agents – in metastatic melanoma. In the past,

research and resulting prescribing recommendations fo-
cused upon multiple-dose regimens, with the so-called

‘Dartmouth’ regimen – consisting of cisplatin, dacarba-

zine, carmustine and tamoxifen – having been used ex-

tensively. However, emphasis has shifted more recently

to regimens in which fewer and higher individual doses of

dacarbazine were administered, generally delivering a

total dose of approximately 1000 mg/m2 per cycle.

2.1. Combination therapy with standard-dose dacarbazine

administered as multiple infusions

Data published over the past 5 years have called into

question the widespread use of multiple low-doses of

dacarbazine in combination with other agents, including

those incorporated in the Dartmouth regimen. A

randomised Phase III study in 184 patients has demon-
strated that the inclusion of tamoxifen confers no clini-

cally relevant advantage [15], while an additional Phase

III trial in 324 patients has indicated that the addition of

cisplatin to vindesine plus dacarbazine 250 mg/m2 for 5

days every 4 weeks increases toxicity with no improve-

ment in survival [16]. Furthermore, a four-arm Phase III

study in 219 patients failed to demonstrate clinically

relevant differences in terms of response rate or survival
among regimens containing dacarbazine administered at

variously 300 or 600 mg/m2 for 4 days, with carmustine,

vincristine, cisplatin, bleomycin and procarbazine, and

suggested potentially improved tolerability of regimens

containing carmustine and procarbazine, but not

dacarbazine, for elderly or frail patients [17] (Table 1).

Several groups of investigators have attempted to

improve response rates through the addition of immu-
notherapy with IFN-a and/or interleukin (IL)-2 to da-

carbazine-based therapy. Phase I/II results have

suggested that this approach is feasible, with some du-

rable remissions being noted, although response rates

have not been greatly enhanced relative to therapy

without biological agents [18–25]. Some investigators

have reported increased toxicity [23] without improve-

ment in outcomes relative to simpler chemotherapy
regimens [19].

Phase II/III randomised comparisons have failed to

show any clinically meaningful improvement when IL-2



Table 1

Randomised trials of combination regimens incorporating dacarbazine 220–600 mg/m2: in multiple infusions per cycle, in the treatment of advanced

melanoma

References Patient characteristics Regimens (all dosages in

mg/m2 unless stated

otherwise) [randomised

population]

Response (ITT

population unless

noted otherwise)

Median

survival

(months)

Major toxicities (percentage

of patients with grade 3–4

toxicity unless stated other-

wise)
CR (%) PR (%)

Comparisons involving chemotherapy with or without hormonal manipulation

Creagan and

colleagues [15]

(Phase III;

single-centre)

ECOG PS 6 2; 78%

measurable disease;

72.5% skin primary le-

sions (others primarily

in eyes)

Dacarbazine 220 d1–3

q3w, carmustine 150 q6w,

cisplatin 25 d1–3 q3w

[n ¼ 92; 72 measurable

disease]

13a 24a 6.8 Severe leucopenia (40); se-

vere thrombocytopenia (85);

lethargy (9); nausea (9);

vomiting (3); neuromotor

(4)

Dacarbazine 220 d1–3

q3w; carmustine 150 q6w;

cisplatin 25 d1–3 q3w;

tamoxifen 20 mg daily

[n ¼ 92; 72 measurable

disease]

0a 32a 6.9 Severe leucopenia (40); se-

vere thrombocytopenia (65);

lethargy (12); nausea (10);

vomiting (9); neuromotor

(5)

Jeli�c and colleagues

[17] (Phase III;

single-centre)

ECOG PS 6 3; resect-

able lymph node me-

tastases excluded

Dacarbazine 300 d2–5

q4w; carmustine 60 q4w;

vincristine 1.4 q4w

[n ¼ 49]

8 14 4.0 Leucopenia (22); thrombo-

cytopenia (6); anaemia (10);

nausea/vomiting (2)

Dacarbazine 600 d2–5

q4w; carmustine 60 q4w;

vincristine 1.4 q4w

[n ¼ 47]

2 17 5.0 Leucopenia (28); thrombo-

cytopenia (17); anaemia

(15); nausea/vomiting (2)

Vindesine 3 q4w; bleomy-

cin 7 d1–4 q4w; cisplatin

30 d5–8 q4w [n ¼ 63]

3 22 6.0 Leucopenia (27); anaemia

(6); nausea/vomiting (5)

Carmustine 100 q4w;

procarbazine 90 d1–10

q4w [n ¼ 60]

7 8 4.0 Leucopenia (2); anaemia (5)

Jungnelius and

colleagues [16]

(Phase III;

multicentre)

WHO PS 6 2 Dacarbazine 250 d1–5

q28d; vindesine 3 q1w

[n ¼ 165]

10b 11b 6.5bc Leucopenia (13); thrombo-

cytopenia (6); anaemia (5);

alopecia (19); nausea/vomit-

ing (18)

Dacarbazine 250 d1–5

q4w; vindesine 3 q1w;

cisplatin 100 q4w

[n ¼ 161]

16b 15b Leucopenia (38); thrombo-

cytopenia (11); anaemia

(11); alopecia (45); nausea/

vomiting (35)

Comparisons involving immunotherapy

Atzpodien and

colleagues [26]

(Phase III;

multicentre)

KPS >80%; 31% uveal

or unknown primary

Dacarbazine 220 d1–3

q5w; carmustine 150

q10w; cisplatin 35 d1–3

q5w; tamoxifen 20 mg

daily [n ¼ 60]

13 17 13.0 Thrombocytopenia (grade

4, 25% of cycles); leucopenia

(grade 4, 26% of cycles)

(overall)

Dacarbazine 220 d1–3

q5w; carmustine 150

q10w; cisplatin 35 d1–3

q5w; tamoxifen 20 mg

daily; IL-2 10 MU/m2 d3–

5 w4 + 5 MU/m2 d1, 3, 5

w5; IFN-a 5 MU/m2 d1

w4 + d1, 3, 5 w5 [n ¼ 64]

11 23 12.0 Malaise (21% of cycles);

anorexia (21% of cycles)

(immunotherapy-related)

Bajetta and

colleagues [30]

(Phase II;

multicentre)

PS 6 1 Dacarbazine 800 q3w;

IFN-a 3 MU 3� /w

[n ¼ 26]

0b 7b NR NR
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Table 1 (continued)

References Patient characteristics Regimens (all dosages in

mg/m2 unless stated

otherwise) [randomised

population]

Response (ITT

population unless

noted otherwise)

Median

survival

(months)

Major toxicities (percentage

of patients with grade 3–4

toxicity unless stated other-

wise)
CR (%) PR (%)

Dacarbazine 250 d1–3

q3w; cisplatin 30 d1–3

q3w; vindesine 2.5 q3w;

IFN-a 3 MU 3� /w

[n ¼ 24]

13b 8b NR Neutropenia (20); alopecia

(8); nausea/vomiting (6)

Del Vecchio and

colleagues [31]d

(Phase III;

multicentre)

ECOG PS 6 2 Dacarbazine 250 d1–3

q3w; cisplatin 30 d1–3

q3w; vindesine 2.5 d1q3w

[n ¼ 69]

21e 12.0 NR

Dacarbazine 250 d1–3

q3w; cisplatin 30 d1–3

q3w; vindesine 2.5 d1q3w;

IFN-a 5 MU/m2 d1–5

q3w; IL-2 9 MU/m2 d1–5,

8–12 q3w [n ¼ 70]

27e 11.0 Fever (36); asthenia (20)

Falkson and

colleagues [32]

(Phase III;

multicentre)

PS 6 2 Dacarbazine 200 d1–5

q4w [n ¼ 69]

2b 8b 10.0 Liver (7); pulmonary (7)

Dacarbazine 200 d22–26

q4w; IFN-a 15 MU/m2

d1–5� 3w, then 10 MU/

m2 3� /w [n ¼ 68]

6b 8b 9.0 Granulocytopenia (18); leu-

copenia (14); fatigue (20);

neuromotor (9); neuroclini-

cal (17); nausea (9); liver

(14)

Dacarbazine 200 d1–5

q4w; tamoxifen 20 mg

daily [n ¼ 66]

2b 10b 8.0 Neuromotor (6); pulmonary

(6)

Dacarbazine 200 d1–5

q4w; IFN-a 15 MU/m2

d1–5� 3w, then 10 MU/

m2 3� /w; tamoxifen 20

mg daily [n ¼ 68]

3b 10b 9.5 Granulocytopenia (19); leu-

copenia (12); fatigue (19);

neuromotor (15); neuroclin-

ical (10); liver (10); pul-

monary (7)

Flaherty and

colleagues [27]

(Phase II;

multicentre)

SWOG PS 6 1; 32%

elevated LDHb

Dacarbazine 250 d1–3

q4w; cisplatin 25 d1–3

q4w; IFN-a 5 MU/m2 d6,

8, 10, 13, 15 q4w; IL-2 18

MU/m2 d6–10, d13–15

q4w [n ¼ 44]

11b 25b 10.1 Neutropenia (23% of cy-

cles); nausea (9% of cycles);

thrombocytopenia (6% of

cycles)

Dacarbazine 250 d1–3

q4w; cisplatin 25 d1–3

q4w; IFN-a 5 MU/m2 d6,

8, 10, 13, 15 q4w; IL-2 5

MU/m2 d6–10, d13–15

q4w [n ¼ 37]

3b 14b 7.3 Neutropenia (11% of cy-

cles); nausea (6% of cycles);

thrombocytopenia (7% of

cycles)

Keilholz and

colleagues [28]df

(Phase III;

multicentre)

41% elevated LDH Dacarbazine 250 d1–3;

cisplatin 30 d1–3; IFN-a
10 MU/m2 d1– 5

23e 9.0 Higher incidence of grade 3–

4 hypotension, fever, leth-

argy, anorexia, and diar-

rhoea in IL-2 arm

Dacarbazine 250 d1–3;

cisplatin 30 d1–3; IFN-a
10 MU/m2 d1–5; IL-2 d4–

9

21e 9.0

Rosenberg and

colleagues [29]

(Phase III;

single-centre)

ECOG PS 6 1

(1 patient PS 2)

Dacarbazine 220 d2–4

q23d; cisplatin 25 d2–4

q23d; tamoxifen 40 mg

d1, then 20 mg daily

[n ¼ 52]

8 19 15.8 29% of patients with platelet

nadirs <100· 109 cells/L;

WBC nadir <3� 109 cells/L

in 20%
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Table 1 (continued)

References Patient characteristics Regimens (all dosages in

mg/m2 unless stated

otherwise) [randomised

population]

Response (ITT

population unless

noted otherwise)

Median

survival

(months)

Major toxicities (percentage

of patients with grade 3–4

toxicity unless stated other-

wise)
CR (%) PR (%)

Dacarbazine 220 d2–4

q23d; cisplatin 25 d2–4

q23d; IFN-a 6 MU/m2

d5–8 q23d; IL-2 7.2 kU/

kg d5–8 q23d; tamoxifen

40 mg d1, then 20 mg

daily [n ¼ 50]

6 38 10.7 85% of patients with platelet

nadirs <100� 109 cells/L;

WBC nadir <3� 109 cells/L

in 66%

Abbreviations: CR, complete response; d, day(s); ECOG, Eastern Cooperative Oncology Group; ITT, intention-to-treat; KPS, Karnofsky

performance status; LDH, lactate dehydrogenase; NR, not reported; PR, partial response; PS, performance status; q, every; SWOG, Southwestern

Oncology Group; w, week(s); WBC, white blood cell; WHO, World Health Organization, IFN-a, interferon-a; IL-2, interleukin-2.
a Proportion of patients with measurable disease.
b Evaluable population.
cOverall population.
dReported in abstract.
eOverall response rate.
f Full details of patients and cycles unavailable (n ¼ 363 randomised).
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and/or IFN-a were added to combination chemotherapy

based on dacarbazine 220 or 250mg/m2 for 3 days of each

cycle (Table 1) [26–31]. Rosenberg and colleagues [29]

showedmarkedly increased haematological toxicity upon

the addition of IFN-a and IL-2 to dacarbazine-based

combination treatment (butwithout any survival benefit),

while Atzpodien and colleagues [26] reported clear evi-

dence of immunotherapy-related toxicity (grade 3–4
malaise and anorexia) in patients receiving IFN-a and IL-
2 added to the Dartmouth regimen, which itself was

associatedwith grade 4 haematological toxicity.A further

four-armPhase III trial has shown no advantage from the

addition of IFN-a or tamoxifen to dacarbazine 200 mg/

m2 on Days 1–5 of a 3-week cycle [32]. Interferon (IFN)

was again associated with a notable increase in toxicity,

and none of the three combination regimens tested con-
ferred longer survival than dacarbazine monotherapy.

The need for further improvements in therapy for

metastatic melanoma has stimulated the development of

agents directed against novel molecular targets. The

chemosensitisation ofmelanomawith Bcl-2-targeted pro-

apoptotic therapy (oblimersen sodium; GenasenseTM) in

combination with dacarbazine 200mg/m2 onDays 5–9 of

each cycle has been demonstrated in a Phase I–II trial [33].

2.2. Combination therapy incorporating single-doses of

dacarbazine

Efforts to develop regimens with improved efficacy

have involved progressively more complex regimens

based on dacarbazine with the addition of other agents

with minimal single-agent activity in melanoma. Un-
fortunately, early expectations of high response rates

have not been realised, and improved survival has not

been attained in randomised studies [28,34,35].
The burgeoning complexity of combination regimens

has prompted research into ways in which dacarbazine-

based schedules can be redesigned to facilitate admin-

istration and to improve patient comfort without the

loss of efficacy. Simplification of regimens has been

achieved predominantly by the replacement of dacar-

bazine schedules spanning several days with a single-

dose of dacarbazine equivalent to the same total dose
per cycle. The introduction of powerful novel antiemetic

agents that significantly reduce the emetogenic effects of

dacarbazine has assisted the development of these more

convenient 1-day schedules.

Following indications of promising activity in early

investigations, randomised studies in patients receiving

combination chemotherapy based on single-dose dacar-

bazine have examined the addition of biological response
modifiers to cytotoxic treatment. However, there is no

consistent evidence that the addition of these biological

response modifiers to dacarbazine-based treatment has

any clinically relevant beneficial effect (Table 2) [34–42].

These regimens involve complicated administration

schedules that expose the patient to additional risks of

toxicity.

The addition of IFN-a and IL-2 to dacarbazine in
combination with vinblastine and/or cisplatin showed no

additional effect [35] or were associated with substan-

tially increased toxicity that was felt to outweigh the

increased response and borderline extended survival [37].

There was also no enhancement of efficacy with the ad-

dition of tamoxifen to a single-dose dacarbazine regimen

with carboplatin [36], and no benefit of combining

granulocyte-macrophage colony-stimulating factor with
dacarbazine [42].

Increased response rates with complex regimens do

not necessarily translate into sustained clinical



Table 2

Randomised trials of combination regimens incorporating dacarbazine 800–1000 mg/m2, as single infusions per cycle, in the treatment of advanced

melanoma

References Patient characteristics Regimens (all dosages in

mg/m2 unless stated

otherwise) [randomised

population]

Response (ITT

population unless

noted otherwise)

Median

survival

(months)

Major toxicities (percent-

age of patients with grade

3–4 toxicity unless stated

otherwise)
CR (%) PR (%)

Comparison involving chemotherapy with hormonal manipulation

Agarwala and

colleagues [36]

(Phase III;

single-centre)

ECOG PS 6 1 Dacarbazine 1000 q4w;

carboplatin 300 q4w

[n ¼ 28]

4 7 7.0 Leucopenia (9); thrombo-

cytopenia (14)

Dacarbazine 1000 q4w;

carboplatin 300 q4w; ta-

moxifen 20 mg daily

[n ¼ 28]

4 11 4.6 Leucopenia (14); throm-

bocytopenia (17)

Studies involving chemoimmunotherapy

Atkins and

colleagues [34]a

(Phase III;

multicentre)

PS 0 (66%) Dacarbazine 800 d1 q3w;

cisplatin 20 d1–4 q3w;

vinblastine 1.2 d1–4 q3w

[n ¼ 201]b

3 8 8.7 37% grade 4 toxicity

Dacarbazine 800 d1 q3w;

cisplatin 20 d1–4 q3w;

vinblastine 1.2 d1–4 q3w;

IFN-a 5 MU/m2 d1–5, 8,

10, 12 q3w; IL-2 9 MU/m2

d1–4 q3w [n ¼ 204]b

1 16 8.4 63% grade 4 toxicity; hy-

potension, metabolic ab-

normalities, fatigue,

nausea, hepatic dysfunc-

tion, leucopenia, thrombo-

cytopenia, anaemia and

infection all more frequent

in this arm versus chemo-

therapy alone

Eton and

colleagues [37]

(Phase III;

single-centre)

ECOG PS 6 3 (KPS

P 40%); 42% elevated

LDH, 13.5% brain

metastases

Dacarbazine 800 d1, 22;

cisplatin 20 d1–4, 22–25;

vinblastine 2 d1–4, 22–25

[n ¼ 92]c

2c 21c 9.2 Twice as many episodes of

grade 3–4 thrombocytope-

nia and anaemia, and

catheter-related sepsis with

immunochemotherapy

Dacarbazine 800 d1, 22;

cisplatin 20 d1–4, 22–25;

vinblastine 1.5 d1–4, 22–

25; IFN-a 5 MU/m2 d5–9,

17–21, 26–30; IL-2 9 MU/

m2 d5–8, 17–28, 26–29

[n ¼ 91]c

7c 37c 11.9

Hauschild and

colleagues [38]

(Phase III;

multicentre)

KPS P 70% Dacarbazine 850 q4w;

IFN-a 6 MU/m2 d1, then 3

MU/m2 d2–5, then 5 MU/

m2 3� /w q4w [n ¼ 144]b

8 10 11.0 Leucopenia (10); neutro-

penia (6), thrombocytope-

nia (6); nausea/vomiting

(8)

Dacarbazine 850 q4w;

IFN-a 6 MU/m2 d1, then 3

MU/m2 d2–5, then 5 MU/

m2 3� /w q4w; IL-2 4.5

MU/m2 d3, then 9 MU/m2

d3/4, then 4.5 MU/m2 d4–7

q4w [n ¼ 137]b

7 9 11.0 Leucopenia (6); thrombo-

cytopenia (6); fever/chills

(11); nausea//vomiting (16)

Middleton and

colleagues [39]

(Phase III;

multicentre)

KPS P 50% Dacarbazine 800 q3w;

IFN-a 9 MU 3� /w

[n ¼ 52]

8 10 199d Leucopenia (10); throm-

bocytopenia (8); nausea/

vomiting (8); alkaline

phosphataemia (8)

Dacarbazine 220 d1–3

q3w; carmustine 150 q6w;

cisplatin 25 d1–3 q3w; ta-

moxifen 20 mg daily

[n ¼ 53]

4 23 202d Leucopenia (52); anaemia

(24); thrombocytopenia

(67); nausea/vomiting (17);

infection (13); raised

transaminases (9)
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Table 2 (continued)

References Patient characteristics Regimens (all dosages in

mg/m2 unless stated

otherwise) [randomised

population]

Response (ITT

population unless

noted otherwise)

Median

survival

(months)

Major toxicities (percent-

age of patients with grade

3–4 toxicity unless stated

otherwise)
CR (%) PR (%)

Ravaud and

colleagues [42]

(Phase II;

multicentre)

ECOG PS 6 2 Dacarbazine 800; GM-

CSF 10 lg/kg d2–19 q3w

0c 0c 7.3 Fever (40); pain (35);

dyspnoea (24); anaemia

(18); thrombocytopenia

(12); nausea/vomiting (6)

GM-CSF 10 lg/kg d 1–14

q3w

0c 0c 6.3 Fever (35); neurological

toxicity (20); pain (6)

Ridolfi and

colleagues [35]

(Phase III;

multicentre)

ECOG PS 6 2; 28% adju-

vant IFN-a
Dacarbazine 800 q3w; cis-

platin 75 q3w; carmustine

150 q3w (optional)

[n ¼ 89]

3 17 9.5 Neutropenia (37); throm-

bocytopenia (13); nausea/

vomiting (15)

Dacarbazine 800 q3w; cis-

platin 75 q3w; carmustine

150 q3w (optional); IL-2

4.5 MU d3–5, 8–12

q3w� 6, then 8 days/mo;

IFN-a 3 MU d3, 5 then

3� /w [n ¼ 89]

3 22 11.0 Neutropenia (35); throm-

bocytopenia (20); nausea/

vomiting (24); neurological

(6)

Sertoli and

colleagues [40]

(Phase II;

multicentre)

PS 6 2 Dacarbazine 800 q3w; IL-2

9 MU d1–5, 8–12; IFN-a 3

MU 3� /w; tamoxifen 20

mg daily [n ¼ 31]

6 6 11.0 Fever (grade 3 in 6% of

cycles)

Dacarbazine 250 d1–3

q4w; vindesine 2.5 q4w;

cisplatin 30 d1–3 q4w;

IFN-a 3 MU 3� /w; ta-

moxifen 20 mg daily

[n ¼ 31]

16 19 11.0 Anaemia/leucopenia

(grade 3 in 1% of cycles)

Dacarbazine 250 d1–3

q4w; vindesine 2.5 q4w;

cisplatin 30 d1–3 q4w;

IFN-a 3 MU 3� /w; IL-2 5

MU d1–5, 8–12; tamoxifen

20 mg daily [n ¼ 30]

20 17 11.0 Fever, asthenia, nausea/

vomiting (grade 3 in 18%,

10% and 13% of cycles,

respectively)

Young and

colleagues [41]

(Phase III;

multicentre)

ECOG PS 6 2; two prog-

nostic groups: good ¼
skin, lymph node metasta-

ses; poor ¼ bone, liver,

lung metastases

Dacarbazine 950 q4w

[n ¼ 31]

0c 23c 7.2 Haematological toxicity

(all grades, 9); anorexia

(16); fatigue (23)

Dacarbazine 950 q4w;

IFN-a 4.5 MU 3� /w

[n ¼ 30]

0c 18c 4.8 Haematological toxicity

(all grades, 19); anorexia

(27); fatigue (40)

Abbreviations: CR, complete response; d, day(s); ECOG, Eastern Cooperative Oncology Group; GM-CSF, granulocyte-macrophage colony-

stimulating factor; ITT, intention-to-treat; KPS, Karnofsky performance status; LDH, lactate dehydrogenase; mo, months; PR, partial response; PS,

performance status; q, every; w, week(s); INF-a, interferon-a; IL-2, interleukin-2.
aReported in abstract.
b Eligible population.
c Evaluable population.
dDays.
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benefit: for example, although a Phase II randomised

comparison of dacarbazine plus IL-2 versus cisplatin–

vindesine–dacarbazine (CVD) versus CVD plus IL-2

yielded clinical response rates ranging from 13% to 37%,

median survival was 11 months in all groups [40].

Middleton and colleagues [39] showed no significant

difference in efficacy between the Dartmouth regimen

and dacarbazine 800 mg/m2 every 3 weeks plus IFN-a,
whereas toxicity – particularly in terms of haematolog-

ical effects – was significantly worse with the Dartmouth

schedule. The authors suggested that the Dartmouth

regimen, which was also associated with more time spent

in hospital, should not be recommended as standard

therapy, just as Chapman and colleagues [10] had earlier

concluded from a US intergroup study of the Dart-

mouth regimen versus dacarbazine alone. Other trials
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have shown increased toxicity with no clinical advan-

tages after the addition of IFN-a or IL-2 to dacarbazine

850 or 950 mg/m2 every 4 weeks (Table 2) [38,41].

Recently analysed Phase III trials evaluating the effi-

cacy of adding IFN-a and IL-2 to CVD all yielded only
modest response rates and failed to show any impact on

survival in a total of almost 800 randomised patients

[31,34,35]. In the largest study in 416 patients, conducted

by the Eastern Cooperative Oncology Group (ECOG)

(trial E3695), there was no clinically relevant effect in

terms of progression-free or overall survival of adding

IL-2 and IFN-a to CVD (Table 2) [34]. However, toxicity

was increased dramatically by the addition of immuno-
therapy: the incidence of grade 4 adverse events was

nearly doubled. The somewhat longer progression-free

survival with chemoimmunotherapy (5.3 versus 3.6

months) was counterbalanced by an increased response

duration with chemotherapy alone, and by the lack of

any significant differences in overall survival. The authors

concluded that chemoimmunotherapy should not be

considered standard therapy in patients with melanoma
[34]. Similar conclusions were drawn by the authors of

the Italian studies [31,35] and the large Dermatologic

Cooperative Oncology Group (DeCOG) [38] and

European Organisation for Research and Treatment of

Cancer (EORTC) [28] trials that evaluated the addition
Table 3

Phase II and III randomised comparisons of single-dose dacarbazine monot

References Patient characteristics Regimens (all dosages i

mg/m2 unless stated

otherwise) [randomised

population]

Chiarion Sileni

and colleagues

[43] (Phase II;

single-centre)

KPS P 50 (median 90);

69% visceral metastases;

LDH >380U/L in 54% of

combination and 84% of

monotherapy patients;

pretreatment in 49% of

combination and 68% of

monotherapy patients

Dacarbazine 220 d1–3

q4w; cisplatin 25 d1–3

q4w; carmustine 150 q8

tamoxifen 160 mg daily

1w prior to chemothera

[n ¼ 41]

Dacarbazine 1200 q3w

[n ¼ 19]

Chapman and

colleagues [10]

(Phase III;

multicentre)

PS P 50 (median 90);

7.5% brain metastases

Dacarbazine 220 d1–3

q3w; cisplatin 25 d1–3

q3w; carmustine 150 q6

tamoxifen 20 mg daily

cluding 1w prior to che

motherapy) [n ¼ 119]

Dacarbazine 1000 q3w

[n ¼ 121]

Abbreviations: CR, complete response; d, day(s); ITT, intention-to-treat; K

partial response; PS, performance status; q, every; w, week(s).
aHaematological toxicities are described in Fig. 1.
b Toxicities are described in Fig. 2.
of IL-2 to regimens incorporating dacarbazine and IFN-

a, and which included 299 and 363 patients, respectively.

2.3. Single-dose dacarbazine monotherapy

The suitability of monotherapy with a single-dose of

dacarbazine at the start of each treatment cycle for pa-

tients with metastatic melanoma has been demonstrated

by two key randomised studies in which dacarbazine

was compared with the Dartmouth regimen (Table 3)

[10,42]. One trial comprised a Phase II comparison in 60

patients [43] and the other comprised a Phase III study

in 240 individuals [10]. Both studies used the same basic
combination of dacarbazine, cisplatin and carmustine,

but there was a modification of the tamoxifen compo-

nent in the Phase II trial (tamoxifen given at 160 mg

daily for 7 days before chemotherapy). In addition, a 4-

week cycle was used for the Dartmouth regimen in the

Phase II trial versus a 3-week cycle in the Phase III

study, and dacarbazine was given at a dose of 1000mg/m2

in one trial [10] and at 1200 mg/m2 in the other [43].
In the Phase II randomised trial, a much higher

overall tumour response rate was achieved with combi-

nation therapy than with monotherapy (24% versus 5%),

but this did not translate into prolonged survival [43].

Patients with poor performance status in this study
herapy with the Dartmouth regimen

n Response (ITT

population)

Median

survival

(months)

Major toxicities (percent-

age of patients with grade

3–4 toxicity unless stated

otherwise)
CR (%) PR (%)

w;

for

py

2 22 9.0 Leucopenia (32); throm-

bocytopenia (28); anaemia

(28); neutropenia (16);

nausea/vomiting (15); alo-

pecia (58); infection (10)a

0 5 7.0 Leucopenia (15); throm-

bocytopenia (5); anaemia

(5); neutropenia (5); nau-

sea/vomiting (9); photo-

sensitisation (10); infection

(5)a

w;

(in-

-

0 17 7.7 Dartmouth regimen asso-

ciated with more grade 3–4

neutropenia, leucopenia,

anaemia, thrombocytope-

nia, nausea/vomiting (all

P < 0:01)b

0 10 6.3

PS, Karnofsky performance status; LDH, lactate dehydrogenase; PR,
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(Karnofsky performance status 6 80%) failed to re-

spond to treatment, and the 10 responding patients

(24%) in the Dartmouth group had baseline Karnofsky

scores of >90% (48% of patients). Elevated serum levels

of LDH at baseline were associated with poor outcomes:
median survival in these patients was 8.5 months com-

pared with 13.5 months in patients with normal serum

LDH levels (P ¼ 0:02).
Haematological toxicity was substantial in the com-

bination therapy group (Table 3; Fig. 1) [43]. Two pa-

tients (5%) required platelet transfusions on four

occasions, and 6 of the 11 patients with grade 3–4

anaemia needed erythrocyte transfusions. In the dacar-
bazine arm, 3 patients (15%) experienced grade 3–4

leucopenia versus 13 patients (32%) in the combination

therapy group. Treatment delay exceeding 7 days was

necessary in 17 combination therapy cycles (10%), with

13 patients (32%) requiring a dose reduction. In the

monotherapy arm, three cycles (6%) were delayed in 2

patients [43].

The Phase III results of Chapman and colleagues [10]
provide strong evidence that patients receiving the

Dartmouth regimen fare no better in terms of the most

important clinical endpoint, survival, than those re-

ceiving single-dose administration of dacarbazine, and a
Fig. 1. Haematological toxicity after treatment with dacarbazine 1200 mg/m2

Phase II randomised study in 60 patients (see Table 3 for study details) [43]
trend towards an improved clinical response rate in the

Dartmouth group was not associated with differences in

survival. Estimated 1-year survivals were 22% for the

Dartmouth arm and 27% for dacarbazine (P ¼ 0:38).
No histologically-proven complete tumour responses
were observed in this study with either regimen (in the

Dartmouth arm, 2 patients with cutaneous disease with

clinical complete responses were not confirmed by bi-

opsy). Of 99 patients with disease confined to soft tissue

(skin, lymph nodes or lungs), 22 responded to treatment;

response rates were 14% with dacarbazine and 32% with

the Dartmouth regimen (P ¼ 0:05), but again there was

no difference in survival in this subgroup of patients.
Borderline statistical significance was also found for the

difference in response rates in the dacarbazine arm be-

tween men and women (6% versus 18%; P ¼ 0:06), but
this also did not translate into prolonged survival.

The Dartmouth regimen was markedly more toxic

than dacarbazine monotherapy (Fig. 2), particularly in

terms of bone marrow effects, and there was one treat-

ment-related death in the Dartmouth arm [10]. In ad-
dition, 25 patients in this arm withdrew from the study

because of toxicity, whereas only 3 of the dacarbazine

monotherapy recipients withdrew (P < 0:01). The most

common reasons for withdrawal were cytopenias, renal
once every 3 weeks or a modified Dartmouth combination regimen in a

.



Fig. 2. Incidences of grade 3–4 toxicity after treatment with dacarbazine 1000 mg/m2 once every 3 weeks or the Dartmouth regimen in a Phase III

study in 240 patients (see Table 3 for study details) [10].
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toxicity and neurotoxicity. In conclusion, the authors

recommended single-agent dacarbazine 1000 mg/m2,

administered as a single-dose per cycle, as the reference

standard treatment for metastatic melanoma [10].
3. Discussion and conclusions

Since the original approval of dacarbazine for the

treatment of metastatic malignant melanoma, consid-

erable effort has been expended in attempts to improve

survival – the major and most meaningful endpoint in

patients with any type of cancer – in patients who re-

ceive the drug for this disease. During the past two de-

cades alone, over 30 randomised controlled trials have
been conducted in which newer agents or combinations

have been compared with dacarbazine monotherapy.

However, both single-agent and combination therapies

(most notably the Dartmouth regimen) have failed to

deliver the survival improvements that were originally

anticipated. In addition, the incorporation of tamoxifen

in these regimens has been shown to have no consistent

clinically relevant effect.
Experience has also shown that immunotherapeutic

agents – notably the IFNs and ILs – confer no lasting

added benefit in terms of survival in the treatment of ad-

vanced melanoma. The recent authoritative findings of

ECOG trial E3695 [34] and EORTC trial 18951 [28] may

settle this issue by showing definitively that there is no

clinical advantage to be gained by adding cocktails of

inactive dosages of immunotherapeutic agents to che-
motherapy with dacarbazine. Indeed, it appears that pa-

tients who receive immunotherapy in addition to their

chemotherapy simply suffer additional and more severe

adverse effects of treatment, and that chemoimmuno-

therapy is in fact not to be recommended. It is also be-

coming apparent that the addition of hormonal treatment

to chemotherapy regimens for advanced melanoma may
not deliver the clinical benefits that were originally be-

lieved to accrue from this type of intervention.

Few data regarding quality of life are currently

available, but the literature implies that a convenient

single-dose regimen is preferable. This is suggested by a

comparison of dacarbazine with temozolomide [44] and

a subsequent economic analysis [45], both of which in-

dicate an advantage for orally administered temozolo-
mide. It is noteworthy that the conclusions of Middleton

and colleagues [44] are based on the comparison of a

multiple-dose regimen of i.v. dacarbazine 250 mg/m2 for

5 days per cycle versus oral (p.o.) temozolomide 250

mg/m2 for 5 days. Patients and physicians are likely to

prefer the convenience and comfort of a single-dose of

dacarbazine to the multiple i.v. infusions used in this

study, which involve the need for repeated visits to the
clinic during the course of a treatment week. The anal-

ysis of Hillner and colleagues [45] was similarly sensitive

to the practice style of dacarbazine delivery, which was

administered at 250 mg/m2 for 5 days per cycle. The

authors comment that lost wages and the time of com-

panions to accommodate patients for i.v. therapy on

several consecutive days impact up on the patient’s

perspective. Quality of life assessments involving single-
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dose regimens of dacarbazine would be of interest,

particularly if they measured the effects of treatment on

daily living.

In conclusion, data gathered over the past 30 years,

and in the past 5 years in particular, clearly show that
dacarbazine monotherapy is equivalent in terms of

antitumour efficacy and survival to combinations of

dacarbazine with other currently available chemother-

apeutic drugs and/or biological agents. Although sev-

eral studies have shown higher tumour response rates

with combination therapy, such treatment has not

made any clinically relevant difference in terms of

survival times, and the higher rates of apparent tumour
regression have been invariably accompanied by sub-

stantially increased and potentially hazardous toxicity.

In addition, single-doses of dacarbazine (850–1000 mg/

m2) have been shown to be well tolerated, and appear

to deliver clinical improvements similar to those seen

with multiple-doses that provide the same total dose

per cycle. Notwithstanding the lack of comparative

data, there is no evidence of a significant difference in
toxicity between the 850 and 1000 mg/m2 doses. When

viewed in light of the quality of life and patient com-

fort issues that should be considered when treating

patients undergoing essentially palliative therapy, the

simplest regimens available are best used if research

has indicated no clinically relevant advantage to be

associated with more complex schedules. The evidence

to date shows this to be the case in patients with ad-
vanced melanoma who undergo treatment with dacar-

bazine, and indicate that a single-dose of 850–1000 mg/

m2 administered once per cycle is a reference standard

for therapy trials. This is not to say that well-designed

studies evaluating newer molecular interventions

should not embrace other drugs, and it is hoped that

ongoing efforts investigating new and novel treatment

approaches in metastatic melanoma will soon enable
improve patient outcomes in this notoriously treat-

ment-refractory disease.
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