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Abstract

Purpose In a search for more effective combination che-
motherapy for the treatment of metastatic melanoma, we
conducted a phase I trial of a novel combination of doce-
taxel, temozolomide, and cisplatin.

Methods Patients with inoperable or recurrent metastatic
melanoma with a Zubrod performance status of 2 or less
and adequate organ function were eligible. The dose of
docetaxel was escalated between cohorts of patients, and
the doses of temozolomide and cisplatin were fixed. A stan-
dard 3 + 3 dose escalation design was used to determine the
maximum tolerated dose (MTD).

Results Among 23 patients who were enrolled, 21 were
evaluable for toxicity. Eighteen patients (78%) had stage
IV-MIc disease. The dose-limiting toxicities were myelo-
suppression and pulmonary embolism. The MTD was
30 mg/m?* docetaxel on days 1, 8, and 15 when given with
150 mg/m? temozolomide on days 1-5, and 20 mg/m? cis-
platin on days 1-4, repeating every 4 weeks. Among 19
patients evaluated for response, 6 (32%) had partial
responses and 5 (26%) had stable disease. Among 14
chemo-naive patients, 6 (43%) had a partial response and 4
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(29%) had stable disease. Nine patients developed brain
metastases by the time of the last follow-up evaluation, and
the median time to brain metastases for all 19 evaluable
patients has not been reached.

Conclusions This combination was well tolerated and
appears to be a promising treatment for patient with meta-
static melanoma.

Keywords Phase I - Melanoma - Chemotherapy -
Docetaxel - Temozolomide - Cisplatin

Introduction

Systemic therapy for metastatic melanoma remains disap-
pointing. The median survival is not improved significantly
with the currently available chemotherapy regimens [1].
The rates of clinical response to most single agents, such as
dacarbazine, temozolomide, vinca alkaloids, platinum ana-
logues, and taxanes, are less than 15% [2—6]. Combinations
of cytotoxic drugs have produced response rates of up to
40% [7-9]. For example, dacarbazine-based combinations,
such as cisplatin, vinblastine, and dacarbazine and the Dart-
mouth regimen (cisplatin, carmustine, dacarbazine, and
tamoxifen) produce response rates superior to those of
dacarbazine alone. However, these regimens are limited by
the short duration of responses and low complete response
(CR) rates. Although combining cytotoxic chemotherapy
with the biologicals interleukin-2 and alpha-interferon
(i.e., biochemotherapy) has resulted in overall response
rates of 40-60% with about 10-20% CRs, biochemother-
apy cannot be offered to a substantial proportion of patients
with metastatic melanoma because of their age, concomi-
tant illnesses, or lack of marrow reserve [10-15]. Further-
more, recent phase III trials have not demonstrated a clear
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survival benefit from biochemotherapy compared with
conventional chemotherapy in patients with metastatic mel-
anoma [2, 16, 17]. As demonstrated in most of the phase III
studies of the combination regimens, the incidence of toxic-
ity increases with an increased number of drugs combined
compared to a single drug regimen or a combination of
lesser number of drugs, without improvement in a median
survival. Therefore, new chemotherapy regimens are needed
that have less morbidity than biochemotherapy, but more
potent antitumor activity than current standard chemotherapies.

In several phase II trials testing the efficacy of paclitaxel
or docetaxel as a single agent for advanced melanoma,
response rates were 13—16% [4-6]. Recently, we evaluated
a taxane-based combination regimen (cisplatin, paclitaxel
and dacarbazine) at The University of Texas M. D. Ander-
son Cancer Center. Among 46 patients with metastatic mel-
anoma evaluated for response, 21 (46%) had a clinical
response [18]. The use of a taxane instead of vinblastine in
the traditional cisplatin—vinblastine—dacarbazine, a combi-
nation regimen thus appeared to produce superior clinical
efficacy in our small study.

Temozolomide is an oral alkylating agent, that, like
dacarbazine, is metabolized to the active alkylating agent,
5-(3-methyltriazen- 1-yl)imidazole-4-carboximide (MTIC).
However, temozolomide converts to MTIC spontaneously,
unlike dacarbazine, which requires metabolic activation
[19]. In a large randomized phase III trial in patients with
metastatic melanoma, temozolomide was equivalent to
dacarbazine in clinical efficacy, but had a slight advantage
in quality of life [2]. Another advantage of temozolomide
over dacarbazine is that temozolomide penetrates the
blood-brain barrier [20, 21], and thus may have activity
against melanoma metastases in the central nervous system.
Therefore, brain metastases might be delayed or even inhib-
ited by temozolomide administration.

We conducted a dose-escalating phase I study of the
combination of docetaxel, temozolomide and cisplatin in
patients with metastatic melanoma. We designed this trial to
find the maximum tolerated dose (MTD) of docetaxel, while
combined to fixed doses of temozolomide and cisplatin as
these two agents are more widely used drugs for the treat-
ment of metastatic melanoma. Docetaxel was chosen in the
combination instead of paclitaxel unlike our previous phase
I trial, because of the change in the study sponsor.

Patients and methods
Patient selection
To be eligible for the study, patients had to have a histolog-

ically confirmed diagnosis of advanced or inoperable mela-
noma and clinically measurable metastases. Other inclusion
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criteria were a Zubrod performance status score of 2 or less
and adequate hematologic (absolute neutrophil count
>1,500/uL; platelet count >100,000/puL) and renal func-
tions (serum creatinine level within the normal limit).
Patients must have had adequate hepatic function with a
normal serum bilirubin level. Patients with increased serum
transaminases levels up to 2.5 times the upper limit of nor-
mal were allowed to enter the study if their serum alkaline
phosphatase level was normal. Those with an increased
serum alkaline phosphatase level up to four times the upper
limit of normal were also allowed if their serum transami-
nases levels were normal. Both chemo-naive and previ-
ously-treated patients were enrolled. However, patients
who had previously received all three study drugs or related
drugs (taxanes, temozolomide, and platinums) were
excluded. Patients with uncontrolled brain metastases
(symptoms due to brain metastases or who required steroi-
dal or anticonvulsant drugs for the management of brain
metastases) were ineligible, but those with controlled,
asymptomatic brain metastases (no evidence of progression
in brain metastases for at least 3 months after complete sur-
gical tumor resection, stereotactic radiosurgery, or whole-
brain irradiation) were allowed to participate. Patients with
clinically symptomatic cardiac or pulmonary disease were
excluded.

The protocol for this study was approved by the Institu-
tional Review Board of The University of Texas M. D.
Anderson Cancer Center, and all of the patients gave writ-
ten informed consent before enrollment, in accordance with
institutional and government guidelines.

Treatment plan

For this study, the dose of docetaxel was escalated between
patient cohorts, and doses of temozolomide and cisplatin
were fixed. The doses of docetaxel, temozolomide, and cis-
platin in the first patient cohort were 20, 150, and 20 mg/m?,
respectively. Table 1 lists the dose escalation scheme.
Docetaxel was administered intravenously over 1 h on days
1, 8, and 15; temozolomide was administered orally on
days 1-5; and cisplatin was administered intravenously on
days 1-4. Each treatment cycle was repeated every
4 weeks. The maximum number of treatment cycles
planned was six; however, patients who continued to have
disease regression were allowed to receive more than six
cycles as long as they tolerated treatment well.

Before each treatment cycle began, patients had to have
recovered from myelosuppression as indicated by an abso-
lute neutrophil count of >1,500/uL and a platelet count of
>100,000/pL. In addition, the hepatic function must have
recovered [total bilirubin <1.0 mg/dl (ULN), alkaline phos-
phatase level <300 IU/1 (2.5 times the ULN), and serum
aspartate transaminase level <75IU/1 (1.5 times the
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Table 1 Dose escalation scheme

Dose Daily dose (mg/m?)

level®
Docetaxel Temozolomide Cisplatin
(days 1, 8, 15) (days 1-5) (days 1-4)

-1 15 150 20

0? 20 150 20

1 25 150 20

2 30 150 20

3 35 150 20

# Starting dose level

® Maximum tolerated dose: this dose level is recommended for a phase
II study

ULN)]. Patients were premedicated with dexamethasone
and with antiemetics consisting of a SHT; antagonist with
or without lorazepam. Prophylactic administration of
growth factors to prevent neutropenia was allowed except
during the first treatment cycle; however, therapeutic
administration of growth factors for treatment-related neu-
tropenia was permitted at any time.

Intrapatient escalation of dose levels was not permitted.
For a given patient, dose reduction was permitted on the
basis of toxicities experienced during the previous cycle.
Only the dose of docetaxel was reduced. The dose(s) was
reduced to 1 level lower if the patient did not recover within
1 week after day 1 of the next scheduled treatment for
cycles 2 and beyond. The dose level was not returned to the
original level in subsequent cycles given to that patient.

Patients were removed from the study for any of the fol-
lowing reasons: (1) withdrawal of consent, (2) disease pro-
gression, (3) unacceptable toxicity, (4) requirement of dose
reductions of more than two levels due to toxicity, (5) treat-
ment delay of more than 21 days due to toxicity, and (6)
violation of the study protocol or patient noncompliance.

Toxicity evaluation

Toxicity was assessed according to the US National Cancer
Institute Common Terminology Criteria for Adverse
Events v3.0 (available at: https://webapps.ctep.nci.nih.gov/
webobjs/ctc/webhelp/welcome_to_ctcae.htm). Patients
were evaluated every 4 weeks with vital sign measure-
ments, physical examination, and a review of toxicity.
Complete blood counts with differential counts were done
for all patients once a week, and serum electrolyte levels,
creatinine levels, liver function, and phosphorus and mag-
nesium levels were measured at least once every 4 weeks
while they were in the study.

Dose-limiting toxicity (DLT) was defined as the toxicity
observed during the first cycle as follows: (1) grade 4

neutropenia with infection or fever (temperature >38.3°C);
(2) grade 4 neutropenia lasting >7 days; (3) platelet counts
<20,000/pl; (4) grade 3 or 4 nonhematologic toxicity,
except manageable nausea, vomiting, diarrhea, or fatigue;
(5) delay of chemotherapy for >7 days owing to toxicity; or
(6) administration of less than 75% of the planned dose of
docetaxel owing to toxicity.

Response evaluation

Responses were evaluated after every 2 cycles of the treat-
ment using computed tomography (CT) and/or magnetic
resonance imaging and, in the case of clearly visible cuta-
neous lesions, by direct visual measurement using a ruler.
For patients with skin lesions, photographs of the skin
lesions were done at baseline and after every 2 cycles.
Patients who achieved a clinical response underwent repeat
imaging studies at least 4 weeks later for confirmation of
response.

In our study, the WHO response evaluation criteria
were used to compare with the clinical efficacy of our pre-
vious phase II study of the combination of cisplatin, pac-
litaxel and dacarbazine, which also used the same
response evaluation criteria [18]. A CR was defined as the
disappearance of all clinical and imaging evidence of all
tumors for a minimum of 4 weeks. A partial response
(PR) was defined as a reduction of more than 50% in the
sum of the products of the largest perpendicular diameters
of all measurable lesions for at least 4 weeks. Progressive
disease (PD) was defined as 25% or greater increase in the
sum of the products of the largest perpendicular diameters
of all measurable lesions or the appearance of any new
lesion within the first 2 cycles (8 weeks) after the registra-
tion. All other responses were categorized as stable dis-
ease (SD). Overall clinical response included both CRs
and PRs.

Statistical analysis

The primary objective of this phase I study was to deter-
mine the MTD of docetaxel in combination with temozolo-
mide and cisplatin in patients with metastatic melanoma.
The MTD was defined as the highest dose at which the inci-
dence of DLT was less than 33%. A standard 3 + 3 dose
escalation design with five predefined dose levels was used
to determine the MTD. We planned to have at least six
patients enrolled at the MTD.

The duration of clinical responses was measured from
the time a clinical response was first achieved until the
time of disease progression. The durations of time to pro-
gression and overall survival were measured from the
start of treatment.
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Results
Patient characteristics

From December 2004 to August 2006, 23 patients were
enrolled and treated in the study. The pretreatment charac-
teristics of the patients are listed in Table 2. The median
age of the patients was 58 years, and the median Zubrod
performance status score was 1. One patient had metastatic

Table 2 Patient characteristics

Characteristic No. of patients (%)
Total patients enrolled in the study 23
Sex
Male 13 (57)
Female 10 (43)
Age
Median 58 years
Range 37-74 years
Zubrod performance status
0 8 (35)
1 14 (61)
2 14)
Disease stage
c 1@
v
Mla 14
MIlb 3(13)
Mic 18 (78)
Serum lactate dehydrogenase level
Normal 10 (44)
Higher than upper limit of normal 12 (52)
Unknown 14)
Prior treatment
None 13 (57)
Interferon therapy (adjuvant) 5(22)
Biologic therapy 209
Chemotherapy 5(22)
Radiation 6 (26)
Site of metastases
Dermis/subcutaneous/soft tissue 11 (48)
Lymph nodes 14 (61)
Lung 14 (61)
Liver 6 (26)
Bone 4 (17)
Brain 14)
Other visceral organs 14 (61)
Number of organs with metastases
Median 3
Range 1-5
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melanoma of choroidal origin. Six patients (26%) had
received prior systemic therapy for metastatic disease. One
patient had brain metastases that had been treated and con-
trolled with gamma-knife surgery prior to that patient’s
entering the study.

Twenty-one patients were evaluable for toxicity, and
19 were evaluable for response. Three patients at dose
level 3 did not complete the first cycle of treatment
because of an inability to take temozolomide as pre-
scribed (noncompliance), the decision to receive alterna-
tive/naturopathic medicine, or the decision to discontinue
treatment owing to financial concerns. One patient at dose
level 2 decided not to continue treatment during the sec-
ond cycle, because she could not travel to the study center
as required by the protocol.

Treatment

The 23 patients received a total of 84 cycles of treatment,
with a median of 2 cycles per patient (range, <1-8). Three,
six, six and eight patients were treated at dose levels 0, 1, 2
and 3, respectively. A reduction of docetaxel was required
at least once during the course of treatment in 2, 3, and 4
patients at dose levels 1, 2, and 3, respectively.

The dose intensity of docetaxel, defined as the propor-
tion of a dose administered over the total planned dose, was
as follows: 100, 92, 96, and 79% at dose levels 0, 1, 2, and
3, respectively. The dose intensity of docetaxel at dose
level 3 would have been 86% if the three patients who did
not complete the first treatment cycle owing to reasons
other than disease progression or intolerable toxicity were
excluded from the analysis.

Toxicity

The most common toxic effects were fatigue (100%), lym-
phopenia (90%), anemia (90%), alteration in taste and/or
smell (81%), nausea (71%), thrombocytopenia (71%),
vomiting (62%), skin rash (62%), headache (62%), neutro-
penia (62%), arthralgia/myalgia (52%), peripheral neurop-
athy (52%), edema (43%), cough (43%), watery eyes
(43%), and diarrhea (38%). Table 3 summarizes the grade
3 and 4 toxic effects by dose level. Three patients had DLT
during the first cycle: one at dose level 2 and two at dose
level 3. At dose level 3, one patient had a pulmonary embo-
lism, and another patient received less than 75% of the
planned docetaxel dose owing to grade 4 neutropenic infec-
tion during the first cycle. The patient with DLT at dose
level 2 had a grade 3 non-neutropenic infection (Staphylo-
coccus capitis in blood) with lymphopenia, which required
intravenous antibiotics. Because of the infection, the sec-
ond cycle of chemotherapy had to be delayed for more than
7 days.
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Table 3 Grade 3/4 toxicities

Toxicity No. of evaluable patients, by dose and grade of effect
Level 0 (n=3) Level 1 (n=06) Level 2 (n=6) Level 3 (n=06)
Gr3 Gr 4 Gr3 Gr 4 Gr3 Gr4 Gr3 Gr4
Neutropenia 0 0 2 1 1 1 2 1
Infection with neutropenia 0 0 0 0 0 0 0 1#
Lymphopenia 3 0 4 1 1 0 1 1
Anemia 0 0 1 0 1 0 0 0
Thrombocytopenia 0 0 1 1 1 0 1 0
Infection with normal 0 0 0 0 1? 0 0 0
neutrophil counts
Vomiting 0 0 1 0 0 0 1 0
Diarrhea 0 0 1 0 0 0 0 0
# Denotes the dose-limiting tox- Pulmonary embolism 0 0 0 1 0 1 0 1?
icity, as defined in the protocol, Fatigue 0 0 0 0 1 0 0 0

observed during the first cycle

Because two of the six DLTs occurred at dose level 3,
dose level 2 was selected as the MTD.

Responses

Among 23 treated patients, 4 could not be evaluated for
response because of early treatment discontinuation for rea-
sons other than toxicity or disease progression, as described
above. Among the 19 patients evaluated for response, 6
(32%) had a PR, and 5 (26%) patients had SD. The median
duration of follow-up was 10.4 months among all 19
patients (range, 1.8-34.1+ months), the median time to pro-
gression was 5.2 months (range, 1.7-22.7 months), and the
median overall survival duration was 10.4 months (range,
1.8-34.1+ months).

Among the six patients with a PR, the median duration of
response was 5.7 months (range, 5.0-21.5 months). One of
the responders had an ongoing PR that continued for at least
18.7 months (the time of last follow-up). The sites of disease
that responded among the six patients with PR were subcuta-
neous tissue/skin (1 patient), lymph nodes (6 patients), lungs
(4 patients), adrenal gland (2 patients), and liver (1 patient).
The median duration of disease control among five patients
with stable disease was 7.2 months (range, 4.3-9.1 months).

None of the five patients who had previously received
systemic chemotherapy had a disease response, and there
was only one who had SD. Among the 14 chemotherapy-
naive patients evaluable for response, six had PRs (43%),
four had SD (29%), and four had PD (29%).

Table 4 lists the responses by dose level. At dose level 2,
four of five patients evaluable for response had disease con-
trol for at least 8 weeks (3 PRs and 1 SD).

Five patients had disease progression in the brain while
receiving the study treatment, and four additional patients
ultimately had disease progression in the brain after they

Table 4 Response to treatment

Dose No. of patients

level
Total Partial Stable Progressive Not
number response disease  disease evaluable

0 3 1 0 2 0

1 6 1 2 3 0

2 6 3 1 1 1

3 8 1 2 2 3

were taken off the study. The median time to disease pro-
gression in the brain among the 19 evaluable patients has
not been reached.

Seven patients remained alive at the time of last patient
contact, conducted between October 2007 and December
2007. The duration of overall survival for these patients
ranged from 14.3 to 34.1 months.

Discussion

Although great strides have been made in the investigation
of novel therapies for melanoma, cytotoxic therapy and
immunotherapy remain the mainstays of treatment in
patients with advanced melanoma. Our study was designed
to determine the MTD of docetaxel in combination with
temozolomide and cisplatin, to test the safety and, to a lim-
ited degree, clinical efficacy of this novel combination for
metastatic melanoma. In this study, a weekly dosing sched-
ule of docetaxel was used, because this schedule is consid-
ered to be better tolerated and with a similar clinical
efficacy, compared to a dosing schedule of once in 3- or 4-
week cycle [22]. We found that the MTD of docetaxel was
30 mg/m? (days 1, 8, and 15) when given with temozolomide
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(150 mg/m? on days 1-5) and cisplatin (20 mg/m? on days
1-4) every 4 weeks. The DLTs were infection with or with-
out neutropenia, and pulmonary embolism. Neutropenia
was anticipated on the basis of the toxicity profile of each
drug. Although myelosuppression occurred commonly,
most affected patients were able to continue treatment with
the support of growth factors. One patient had an asymp-
tomatic pulmonary embolism that was discovered during
the first cycle of treatment. Given that the risk of develop-
ing venous thrombosis is significantly increased in patients
with active metastatic malignancy, this pulmonary embo-
lism might not have resulted from the treatment. For
instance, Gladish and colleagues reported that the incidence
of pulmonary embolism was 10% in 41 patients with meta-
static melanoma. The rate of pulmonary embolism in our
study was 15% (3 of 21 patients), and the pulmonary embo-
lism occurred in the other 2 patients (one during the 4th
cycle on dose level 1 and the other during the 5th on dose
level 2) was more likely related to the disease progression,
although we cannot rule out its relationship to the study
drugs [23]. Regardless, it would be reasonable to include
the occurrence of embolism as a DLT, because it occurred
within 4 weeks of the start of treatment. Occurrences of
peripheral neuropathy were not as severe as anticipated
from a combination regimen that included docetaxel and
cisplatin: there was no grade 3 or 4 peripheral neuropathy,
and, among six patients treated at the MTD, including four
who received six cycles of treatment, only one patient
experienced a grade 2 neuropathy. The weekly dosing
schedule of docetaxel and the lower daily dosing schedule,
rather than a higher 1-day dosing schedule, of cisplatin
might explain the mild degree of peripheral neuropathy.

Although clinical efficacy was not a primary end point of
this study, this combination regimen appeared to be active
in our patient population. It is interesting to note that 6 of
14 evaluable chemotherapy-naive patients had a clinical
response (PR), and four more had SD. In addition, at the
MTD, which is the recommended dose for a phase II study,
four of five patients evaluable for response had disease con-
trol for at least 8 weeks; three of them had a PR.

The combination of temozolomide and cisplatin in
patients with metastatic melanoma has been tested in a
number of phase I and phase II trials. The overall objective
response rates ranged from 29 to 49% in those studies [24—
26]. Our study, which added docetaxel to the combination,
was a phase I trial, and only five patients treated at the
MTD were evaluable for response. Therefore, we cannot
draw any conclusions about whether docetaxel provided a
benefit over what would have been achievable with
temozolomide and cisplatin alone, although such a benefit
is suggested by our results. A randomized comparative trial
would be needed to determine the relative benefit of the
3-drug combination versus the 2-drug combination.
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In our study, nearly a half of the 19 evaluable patients
ultimately had disease progression in the brain, and five
of these had disease progression in the brain while
receiving the combination therapy. Although the number
of patients in our study was too small for us to draw a
firm conclusion, the dose of temozolomide that we used
in combination with docetaxel and cisplatin did not
appear to benefit patients in terms of preventing brain
metastases.

The clinical activity and safety of the combination regi-
men in our study justify further investigation with a ran-
domized phase III trial, which compares the clinical
efficacy of this combination with that of standard therapy. It
would also be interesting to combine temozolomide and
cisplatin with albumin-conjugated paclitaxel (Abraxane) to
test whether that combination would result in superior clin-
ical efficacy but less severe myelosuppression, since a
phase II study of Abraxane as a single agent showed a great
promise in patients with metastatic melanoma [27]. In addi-
tion, targeted drugs, such as Bcl-2 antisense or other tar-
geted small molecules, might be incorporated to improve
the regimen’s clinical activity.
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