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Background: Docosahexaenoic acid–paclitaxel (DHA–paclitaxel, Taxoprexin�) is made by covalently conjugating the

essential fatty acid DHA to the paclitaxel molecule. Preclinical studies of DHA–paclitaxel have demonstrated increased

activity relative to paclitaxel and the potential for an improved therapeutic ratio. In the present study, the efficacy and

toxicity profiles of DHA–paclitaxel were compared with those of dacarbazine.

Methods: In this study, 393 chemonaive patients with metastatic melanoma were randomly assigned to receive

either DHA–paclitaxel at a starting dose of 900 mg/m2 IV on day 1 every 3 weeks or dacarbazine at a starting dose of

1000 mg/m2 IV on day 1 every 3 weeks. The primary end point of the study was the comparison of overall survival

(OS).

Results: No significant difference in OS was noted between patients in the DHA–paclitaxel and dacarbazine arms.

Similarly, there were no significant differences in response rate, duration of response, time to progression, and time to

treatment failure between the two drugs. Safety results of the two drugs were as predicted from prior studies.

Myelosuppression was more common with DHA–paclitaxel.

Conclusions: DHA–paclitaxel was not superior to dacarbazine. We conclude that further studies with the drug on an

every 3-week schedule in melanoma are not warranted.
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The results of systemic treatment of metastatic melanoma
remain unsatisfactory for most patients [1]. Dacarbazine was
approved by the USA Food and Drug Administration
specifically for the treatment of metastatic melanoma in 1974
and remains the standard chemotherapy for this cancer despite
its limited efficacy with a response rate of 6%–8% based on
recent studies that used the RECIST [2–4]. The use of
interleukin 2 (also been approved for the treatment of
metastatic melanoma) has remained limited because of the
serious side-effects associated with it [5, 6]. Combination
chemotherapy regimens, despite yielding response rates of
30%–40%, had no significant advantage over dacarbazine [7,
8]. Paclitaxel and docetaxel were evaluated for efficacy against
melanoma over a decade ago. Ten of 90 chemotherapy-naive
patients (11%) treated with single-agent paclitaxel in four trials
responded, indicating a definite, although limited, activity
against this cancer [9–12].

Docosahexaenoic acid–paclitaxel (DHA–paclitaxel,
Taxoprexin�) is made by covalently conjugating the essential

fatty acid DHA to the 2#-OH position of the paclitaxel
molecule. Preclinical studies of DHA–paclitaxel (DHA-P) in

immune-deficient nude mice and in other animals have

demonstrated that it has increased activity relative to paclitaxel,

indicating its potential for a superior therapeutic ratio [13].
Phase 1 clinical studies showed that the side-effect profile for

DHA-P given once every 3 weeks at 900 mg/m2 or 1100 mg/m2

was reasonably well defined and manageable [14]. At the

recommended phase 2 dose of 1100 mg/m2, DHA-P exhibited
a small volume of distribution, a long terminal half-life, and

a slow system clearance [14]. In a phase 2 study in patients with

solid tumors, 36 assessable patients with metastatic melanoma

were treated, 4 patients had partial response, and 13 had

stabilization of disease [15]. The primary side-effects of DHA-P
were neutropenia and febrile neutropenia. Its side-effect profile

was notable for a lack of alopecia and relatively little peripheral

neuropathy [16, 17]. The purpose of this phase 3 study was to

compare the efficacy and toxicity profiles of DHA-P with those

of dacarbazine.
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patients and methods

This was a multicenter, open-label, prospective, randomized stratified

study in patients with metastatic malignant melanoma (MMM). The

protocol was designed in accordance with the general ethical principles

outlined in the Declaration of Helsinki. Institutional review boards or

ethics committees at each participating center approved the study

protocol. All patients provided written informed consent. Patients

meeting the enrollment criteria were randomly assigned in blocks within

each country. Patients were stratified according to the American Joint

Committee on Cancer (AJCC) staging system [18] and placed in one of

the three groups, with balanced randomization between the groups

(amendment 1, 30 October 2003). Group 1 consisted of patients with

M1a disease. Group 2 consisted of patients with M1b disease. Group 3

consisted of patients with M1c disease. An elevated lactate dehydrogenase

(LDH) level for staging and stratification purposes was defined as two

separate elevated LDH results compared with the normal level obtained at

least 24 h apart in the treating institution. Block size was set at four

patients, with two patients randomly assigned to each arm. An

independent contractor carried out randomization centrally and both the

sponsor and the investigators were blinded to block information. Data

from all randomized patients who received at least one dose of DHA-P

or dacarbazine were included in the safety analyses. The response

assessment was scheduled for the fourth week of the second cycle.

Response was determined using RECIST [2] and adverse events were

graded according to National Cancer Institute—Common Toxicity

Criteria (NCI–CTC) version 2 (NCI–CTC, Version 3.0, 12 December 2003;

http://ctep.cancer.gov/reporting/ctc.html). Toxic effects were assessed before

each course.

patient selection
Patients aged 18 years or older with histologically confirmed MMM and

without prior systemic therapy for metastatic disease were eligible for this

study. To be eligible, patients were required to have recurrent melanoma

with measurable metastatic disease whose response was assessable by

imaging or physical examination; an Eastern Cooperative Oncology Group

(ECOG) performance status of zero to two; an expected survival of at least

3 months; at least one measurable indicator lesion; adequate renal and

liver functions, defined as serum creatinine and total bilirubin levels

no >1.5 times the institution’s upper normal limits (UNL), transaminase

(i.e. aspartate aminotransferase or alanine aminotransferase ) and alkaline

phosphatase levels no >2.5 times UNL, and serum albumin at least

2.5 g/dl; an absolute neutrophil count of ‡1500/ll; and a platelet count

of ‡100 000/ll.
Patients were excluded from participation in the trial if they had

received prior chemotherapy or if they had metastatic ocular melanoma.

Patients with history of neoplasm other than melanoma were excluded,

except for curatively treated nonmelanoma skin cancer or carcinoma

in situ of the cervix or other cancers treated with a curative intent in

patients with a disease-free survival of >5 years. Patients with untreated

uncontrolled brain metastases and those requiring steroids for cerebral

edema were ineligible. Patients who were pregnant or nursing and patients

who were not practicing an acceptable method of birth control were

excluded, as were women who reported that they might breast-feed during

the study. Patients with current active infections requiring anti-infection

treatment were ineligible. Patients with history of HIV disease or infection

were excluded. Patients with peripheral neuropathy greater than grade

1 and patients with unstable or serious concurrent uncontrolled medical

conditions were excluded. Patients with known hypersensitivity to

polyethoxylated castor oil (Cremophor) were ineligible. Patients were

ineligible if they had major surgery within 14 days, large field radiation

therapy or endocrine therapy within 28 days, or biologic therapy within

42 days of their enrollment date. All patients gave their written consent to

participate in this study in accordance with institutional and federal

guidelines.

treatment
Patients received either DHA-P at a starting dose of 900 mg/m2 i.v. by 2-h

infusion on day 1 every 3 weeks or dacarbazine at a starting dose of 1000

mg/m2 i.v. over at least 30 min on day 1 every 3 weeks. Treatment was to

continue until tumor progression, intolerable toxicity, patient refusal to

continue treatment, or the investigator’s decision that treatment should be

discontinued.

pretreatment and during-treatment evaluation
Prior to randomization, patients received physical examinations, vital signs

including blood pressure, heart rate, respiration rate, and temperature were

checked, and pregnancy tests (urine or serum) were carried out for women

of childbearing potential. Patients’ medical histories, height, weight, and

performance status were also evaluated. Laboratory tests included

completed blood count (CBC)/differential, platelet count, prothrombin

time, activated partial thromboplastin time, and routine chemistry panel

and urinalysis. Radiological work-up included chest radiography and

computed tomography and/or magnetic resonance imaging scans of the

brain, chest, abdomen, and pelvis. A baseline electrocardiogram was done

before the start of therapy.

During treatment, patients had physical examinations, during which the

vital signs, weight, and performance status were checked, before each course

of drug administration. CBC and platelet counts and chemistry panel were

carried out weekly. After the first course, hematology and chemistry studies

were obtained on day 14 (64 days) and within 72 h before each course. All

measurable visceral tumors were measured on computed tomography scans

taken every two courses. Disease status was assessed according to RECIST

every 6 weeks. The method used for tumor assessment at baseline was to be

used consistently for all evaluations throughout the study. Following the

end of protocol treatment, no crossover was planned. All patients were to

be followed until death.

efficacy and safety assessments
The primary efficacy parameter was overall survival (OS). The secondary

efficacy parameters were objective tumor response determined using

RECIST, duration of response, time to disease progression (TtP), and time

to treatment failure (TTF). Survival data were collected monthly for the

duration of follow-up.

Physical examinations, laboratory and tumor assessments, were carried

out within 14 days of treatment cessation. Patients were observed for 30

days after the last drug administration for any adverse events. All drug-

related toxic effects were monitored until they resolved.

statistical design
The initial protocol specified that an exponential survival model was

assumed for the calculations of sample size and power. The number of

deaths anticipated in the enrolled sample was based on the assumption that

mean survival time for MMM patients was 180 days.

Two-sided testing of the difference in survival time between patients

treated with DHA-P and patients treated with dacarbazine was planned. An

increase of 30% in OS was anticipated. Enrollment of �575 patients (�288

patients were randomly allocated to each treatment arm) was planned to

allow for nonassessable patients and still meet the desired two-tailed a value

of 0.05 with a power of 0.80.

As of amendment 3 (19 April 2006), the protocol was updated to provide

for two interim analyses (when 25% and 50% of the anticipated deaths
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occurred) and to include both efficacy and futility stopping boundaries

[19]. The O’Brien–Fleming boundary shape was used to define the efficacy

boundary and the Pocock shape to define the futility boundary.

Using the randomization and survival data, each interim analysis

calculated the log-rank statistic and compared it with the critical values

calculated for the efficacy and futility stopping boundaries. If either interim

analysis indicated that the trial had not reached the efficacy or futility

boundary, the result would be that there was not sufficient evidence to stop

the trial at that point. No other information from the interim analysis was

to be conveyed to the sponsor. If either interim analysis indicated that the

trial had crossed the efficacy or futility boundary, the sponsor would be

contacted with the result. An independent Data Monitoring Committee

reviewed the results of the interim analyses to determine whether the study

should continue as originally designed, be changed, or be terminated as

a result of these data.

The SAS procedure Proc Lifetest (SAS Institute, Inc., Cary, NC) was used

to compute estimates of the survival function using the Kaplan–Meier

method. This procedure produced report tables reflecting the median OS

and the 95% confidence interval (CI), and the Kaplan–Meier curve for OS

was presented in the report figures. OS curves were compared using the log-

rank test in SAS. Censored values were included in the analysis as handled

by this SAS procedure.

results

Fifty-six centers, 39 in the United States and 17 in Australia,
enrolled study patients. Each study center enrolled from 1 to
41 patients. The first patient began treatment on 6 December
2002. The final patient went off study on 29 October 2007.
Collection of survival data ceased as of November 2007. The
intent-to-treat (ITT) population comprised 393 patients who
were randomly allocated into either the DHA-P arm (n = 194)
or the dacarbazine arm (n = 199). One of the patients
randomized to the DHA-P arm and four patients were
randomly allocated to the dacarbazine arm did not receive
study treatment. Of these, three patients refused treatment
(one in the DHA-P arm and two in the dacarbazine arm). Two
patients in the dacarbazine arm were not eligible: one because
of pretreatment thrombocytopenia and the second because of
presence of brain metastasis. The remaining 193 patients in
the DHA-P arm and 195 patients in the dacarbazine arm
received were evaluable for safety.
Demographic characteristics and baseline ECOG

performance status were similar between the two treatment
arms (Table 1). The treatment arms had similar AJCC stage
distribution. Rates of prior immunotherapy and response were
similar between the two treatment arms, with <35% of all
patients having received prior immunotherapy.

interim analyses

Planned interim analyses were carried out after �25% of the
anticipated number of deaths occurred (115 events) and after
�50% of the anticipated number of deaths (230 events).
Results of the interim analyses were reviewed by an
independent Data Monitoring Committee. The first interim
analysis indicated that there was not sufficient evidence to
stop the study because of efficacy or futility. However, the
second interim analysis determined that the futility
boundary had been crossed and there was no reasonable

prospect that statistical significance would be achieved if
patient accrual continued.

overall survival

After termination of the study, the primary efficacy end point
of OS was analyzed for the full ITT population, including the
first 46 patients (stratified retrospectively), and for the
prestratified patients (amendment 1, 30 October 2003) only
(n = 347). OS by treatment arm is shown in Figure 1. In
the full ITT population, the median OS was 267 days
(95% CI 220–297) for the DHA-P arm and 226 days (95%
CI 192–263) for the dacarbazine arm. Consistent with the
interim analyses carried out in 2006 and 2007, no significant
difference in OS was noted between patients in the two
treatment arms. The survival rates were similar for patients
in the two treatment arms at all time points from 1 to 36
months.

secondary efficacy analyses

The secondary efficacy objectives analyzed included response
rate, duration of response, TtP, and TTF. Response to
treatment is summarized in Table 2. The overall best
response rate (the sum of the complete response and partial
response rates) was 5.2% for patients in the DHA-P arm

Table 1. Demographic characteristics of the intent-to-treat group

Characteristic Treatment arma

DHA–paclitaxel (n = 194) Dacarbazine (n = 199)
No. of patients (%) No. of patients (%)

Age, years

Mean 59.4 61.0

Standard deviation 13.76 13.53

Median (range) 61.0 (27–90) 62.0 (21–87)

18–64 120 (61.9) 111 (55.8)

65+ 74 (38.1) 88 (44.2)

Sex

Male 122 (62.9) 134 (67.3)

Female 72 (37.1) 65 (32.7)

Race/ethnicity

White 186 (95.9) 195 (98.0)

Hispanic 3 (1.5) 2 (1.0)

Black 2 (1.0) 2 (1.0)

Other 3 (1.5) 0

ECOG performance status

0 101 (52.1) 100 (50.3)

1 83 (42.8) 87 (43.7)

2 10 (5.2) 11 (5.5)

3 0 1 (0.5)

Stage

M1a 13 (6.67 13 (6.53)

M1b 42 (21.65 48 (24.12)

M1c 139 (71.65) 137 (68.84)

Unknown 0 1 (0.50)

aTreatment assigned at randomization.

ECOG, Eastern Cooperative Oncology Group.
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and 5.5% for those in the dacarbazine arm. The percentages of
patients with stable disease as their best response were
35.1% and 30.7% in the DHA-P and dacarbazine arms,
respectively.
The median duration of response for patients in the DHA-P

arm was 134 days (95% CI 77 to not estimated) and could not
be estimated for the dacarbazine arm because of the censoring
pattern. At 180 days, 30.5% of the DHA-P-arm responders and

58.3% of the dacarbazine-arm responders were progression
free. Of the three patients with complete responses (one in the
DHA-P arm and two in the dacarbazine arm), all maintained
complete responses until their withdrawal from the study, with
their survival data censored at 470, 203, and 324 days,
respectively.
The TtP for all patients in the ITT population by treatment

arm is shown in Figure 2. The median TtP for patients in the
DHA-P arm was 48 days (95% CI 44–78), and for patients in
the dacarbazine group, it was also 48 days (95% CI 44–61). The
progression-free survival at 180 days was 11.1% for the DHA-P
arm and 13.1% for the dacarbazine arm.
The median TTF for patients in the Taxoprexin� group was

47 days (95% CI 43–70 days) and for patients in the
dacarbazine group was 48 days (95% CI 44–61 days). TTF rates
were similar for the two groups at 1 month, 1 year, and all
intervening time points.

therapy administered

In the DHA-P arm, 193 patients received a total of 749 courses
of the drug, with a median of 2 courses and with 74.6% of
patients receiving 80%–100% of their prescribed dose. In the
dacarbazine arm, 195 patients received a total of 698 courses
with a median of 2 courses with 79.5% of patients receiving
80%–100% of their prescribed dose.
Patients were removed from the study because of progressive

disease in 83.0% on the DHA-P arm and 79.4% on the
dacarbazine arm. The reasons for going off-study were similar

Figure 1. Kaplan–Meier plot of overall survival time for the intent-to treat population (n = 393) of metastatic melanoma patients receiving DHA–paclitaxel

or dacarbazine. CI, confidence interval.

Table 2. Summary of best-response data for the intent-to-treat group

Best response Treatment arma

DHA–paclitaxel

(n = 194)

Dacarbazine

(n = 199)
No. of patients (%) No. of patients (%)

Overall responseb 10 (5.2) 11 (5.5)

Complete response 1 (0.5) 2 (1.0)

Partial responsec 9 (4.6) 9 (4.5)

Stable disease 68 (35.1) 61 (30.7)

Progressive disease 110 (56.7) 116 (58.3)

Not evaluable/not applicable 6 (3.1) 11 (5.5)

aTreatment assigned at randomization.
bThe number of patients achieving an overall response is the sum of the

numbers of patients achieving complete and partial responses.
cTwo patients (one in the DHA–paclitaxel arm and one in the dacarbazine

arm) did not have documentation of a confirmed partial response but were

included on the basis of the investigator’s off-study assessment.
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between the two arms and included adverse event;
investigator’s decision; patient’s request; and rarely because
of death, intercurrent illness, noncompliance, or protocol
violation.

therapy modifications

Dosing delays resulting from toxicity were reported for 23
patients (11.9%) in the DHA-P arm and for 56 patients
(28.7%) in the dacarbazine arm. Dose reductions for
toxicity were reported for 25 patients (13.0%) in the DHA-P
arm and for 42 patients (21.5%) in dacarbazine arm.

adverse events

Table 3 presents the adverse events reported for ‡10% of
patients in either arm, regardless of severity or drug
relationship. The events reported for more than half the
patients in either arm were limited to neutropenia and fatigue.
Nonhematologic adverse events were similar between the two
treatment arms, with the exception of rash, which was reported
more often by patients in the DHA-P arm than in the
dacarbazine arm.
Table 4 shows the incidence of severe (greater than or equal

to grade 3) adverse events that were considered to be possibly,
probably, or definitely related to study drugs and were
reported for ‡10% of patients. In the DHA-P arm, 73.6% of
patients were reported to have at least one severe adverse
event including neutropenia. In the dacarbazine arm, 34.9%
of patients were reported to have at least one severe adverse

event that included neutropenia, thrombocytopenia, and
lymphopenia. Adverse events that led to the discontinuation
of the study therapy were reported for 34 (17.6%) patients
in the DHA-P arm and for 31 (15.9%) patients in the
dacarbazine arm; the most common being peripheral
neuropathy (3 patients) in case of DHA-P, thrombocytopenia
(5 patients) in case of dacarbazine. Three patients (1.6%)
had adverse events leading to death that were considered to be
related to the study therapy in the DHA-paclitaxel arm. Of
these patients, one had congestive heart failure, one had
cardiopulmonary arrest, and one had congestive heart
failure, pneumonia, and renal failure. While in the
dacarbazine arm, two patients (1.0%) had adverse events at
the time of death; one had severe fatigue and the other had
sepsis and renal failure.

discussion

DHA-P administered at single dose every 3-week schedule was
not demonstrated to be superior to dacarbazine with respect to
OS in patients with MMM. The OS observed with DHA-P was
within the ranges reported for single-agent use of paclitaxel
[9, 10, 12, 20–23] and dacarbazine [3, 4, 7, 8, 24, 25] in
melanoma clinical studies. Similarly, there were no significant
differences in tumor response rates, TtP, or OS between the
two study drugs. There were no unusual safety concerns noted
in either arm. Single dose, every 3-week schedule, as used in this
trial, might not have been the most dose-intensive dose schedule

Figure 2. Time to disease progression in the intent-to-treat population (n = 393) of metastatic melanoma patients receiving DHA–paclitaxel or dacarbazine.

CI, confidence interval.
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of DHA-P. Further study of DHA-P in melanoma using single
dose every 3-week dose schedule is not recommended.
In a more recent phase 2 study [26], chemotherapy-naive

patients with melanoma were treated with DHA-P at 500 mg/
m2 by 1-h i.v. infusion weekly for 5 weeks of every 6-week cycle.
Three patients (10%) had partial responses lasting between 4
and 5.6 months and 15 patients (50%) had stable disease
lasting 2.8 and 8.9 months. The median OS was 14.8 months.
The toxicity profile was acceptable. For future studies with
DHA-P in solid tumors, weekly administration of the drug
appears to be a better choice than single dose every 3-week
schedule.
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