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BACKGROUND. A Phase I and feasibility study of combined docetaxel (D) plus

paclitaxel (P) was undertaken to determine the maximum tolerated dose (MTD)

and dose-limiting toxicity (DLT) for each analogue delivered concomitantly on a

weekly schedule.

METHODS. Patients were accrued in 3– 6 patient cohorts to P administered over a

course of 45– 60 minutes followed by D infused over a course of 30 minutes for 4

consecutive weeks with the cycles repeated at 6 weeks. The MTD was defined as

the dose of each agent administered with at least Grade 3 (according to National

Cancer Institute standard criteria) hematologic toxicity in 50% of the patients but

without Grade 4 toxicity.

RESULTS. Twenty patients received D plus P weekly for 4 weeks at 4 dose levels. At

the highest P dose (80 mg/m2; total dose per cycle, 320 mg/m2) 2 of 6 patients

received treatment for 4 consecutive weeks but 5 of 6 patients developed hema-

tologic and/or nonhematologic (skin) DLTs. The recommended treatment doses

for this combined taxane regimen is D, 35 mg/m2/week, plus P, 65 mg/m2/week,

for 4 weeks. An unusual cutaneous syndrome was observed in four patients that

was manifested as erythema and blistering on the dorsum of the hands.

CONCLUSIONS. The lack of complete cross-resistance for D and P in experimental

systems and the clinical observation that tumor resistance to one taxane does not

necessarily convey resistance to the alternative taxane was the basis for exploring

the use of both analogues administered simultaneously. This Phase I trial estab-

lishes the optimal weekly dose for each taxane when administered in combination.
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Combining analogues together as a multidrug regimen has been
explored with the podophyllotoxin analogues,1 the platinum an-

alogues,2,3 and the anthracycline-type drugs.4 The rationale for com-
bining antineoplastic analogues is based on increasing the drug con-
centration to achieve the maximum lethal cellular effect by the
specific cytotoxic mechanism shared by the related compounds. The
ability to administer both analogues concomitantly is critically de-
pendent on the drugs having different toxicity profiles so that the
maximum single agent dose for each agent can be delivered. If the
analogue agents do not overlap in terms of cross-resistance, an ad-
ditional advantage of combining two related drugs within a class is to
affect potentially the neoplastic cells resistant to the other analogue.

Paclitaxel and docetaxel are two members of the taxane family of
drugs, in which the mechanism of cytotoxicity for both agents is
related to stabilizing and preventing the depolymerization of tubulin
during mitosis. In experimental systems a lack of complete cross-
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resistance in some multiple cell lines can be demon-
strated5 and in some clinical trials it has been shown
that patients resistant to one taxane may respond to
the alternative taxane.6,7 In addition, the nonhemato-
logic toxicity profile for each of the taxanes is different
and also may differ according to the schedule of tax-
ane administration.

Based on the fact that there is incomplete cross-
resistance for the two taxanes and that the nonhema-
tologic toxicity profiles are different, we initiated a
Phase I clinical trial in which both taxanes were ad-
ministered concomitantly on a weekly schedule with
the objective of establishing whether the total deliv-
ered dose of taxane could be increased over that
achieved with either agent alone and to establish the
toxicity profile and dose-limiting toxicity (DLT) for the
simultaneous administration of both agents. Second-
ary objectives of the study included assessment of the
use of a special application of granulocyte cytokine
administration to maintain the dose and schedule for
taxane delivery.

MATERIALS AND METHODS
Between October 1998 and April 1999, 20 patients
were entered into this Phase I feasibility study. All
patients had biopsy proven advanced malignancy and
informed consent was obtained from all patients. En-
try criteria included an Eastern Cooperative Oncology
Group (ECOG) performance status of # 2, a life ex-
pectancy of at least 3 months, a leukocyte count of
. 3000 cells/mL, and a platelet count . 150,000 cells/
mL; normal liver function tests and a serum creatinine
concentration , 1.5 mg/dL also were required.

The study was conducted using a standard Phase
I design with cohorts of patients entered and receiving
a fixed dose of docetaxel with escalation of the dose of
paclitaxel. Dose escalation within patients was permit-
ted and a minimum of three patients were scheduled
to be entered at each dose level. The weekly schedule
was selected based on multiple previous Phase I and
Phase II studies establishing the optimal weekly dose
for each taxane.8-18 Initial patients received a fixed
dose of docetaxel, 30 mg/m2. This was preceded by
the dose of paclitaxel, which was escalated from a
baseline dose of 50 mg/m2/dose to 65 mg/m2 and
then 80 mg/m2. After the maximum tolerated dose
(MTD) was reached for the paclitaxel component,
the next lower level of paclitaxel was combined with
an escalated dose of docetaxel to form Cohort 4.
Paclitaxel was administered over 60 minutes and
docetaxel was administered over 30 minutes. Doses
were repeated at weekly intervals for 4 weeks with
the cycles repeated at 6 weeks as an arbitrarily se-
lected schedule.

The MTD was defined as that individual dose for
paclitaxel and docetaxel that permitted the comple-
tion of a 4-week dose cycle with Grade 3 or 4 hema-
tologic toxicities developing in # 50% of cycles with or
without the use of concomitant granulocyte-colony
stimulating factor (GCSF). At the MTD, nonhemato-
logic toxicity could be no higher than Grade 3 in any
patient.

No patients received premedication to prevent
docetaxel-related edema and no patients received pre-
medication for the prevention of hypersensitivity re-
actions. Antiemetics also were not used routinely but
only at the discretion of the primary physician. The
rationale for not using the recommended dexameth-
asone prophylaxis for edema and the H1 and H2 block-
ers for hypersensitivity reaction prophylaxis was based
on avoiding adverse corticosteroid effects and the fact
that, in our experience, these episodes are uncommon
to rare.

Cytokine usage was guided by previous reported
experience using single-dose GCSF concomitant with
the fractionated dose of chemotherapy.19 In the
schema, GCSF, 480 mg, was administered subcutane-
ously in patients in whom the leukocyte count was
between 1000 –3500/mm3. The dose of chemotherapy
was deleted only for patients in whom the leukocyte
count had fallen below 1000/mm3. This pattern of
usage for GCSF cytokine has been successful in main-
taining the dose intensity in other taxane-related pro-
grams at The Cancer Center of Boston.20,21

Toxicity was graded using the standard criteria
established by the National Cancer Institute (NCI)
guidelines for both hematologic and nonhematologic
toxicity. Tumor response criteria for complete and
partial responses as well as criteria for progressive
disease also followed standard response criteria guide-
lines from the NCI. Complete response indicated
100% resolution of all measurable disease and partial
response reflected a 50% decrease in the product of
the perpendicular dimensions of the measurable dis-
ease. All other changes (or stability) were considered
to be in the category of no response.

RESULTS
Twenty patients received a total of 26 cycles of ther-
apy. Table 1 lists the demographic characteristics of
the 20 patients and the spectrum of tumors that were
treated. Approximately 50% of the patients had re-
ceived prior single-agent taxane therapy. One patient
was ineligible on the basis of ECOG performance sta-
tus but was included in the data.

Table 2 outlines the total patient entry experience,
focusing on the four individual patient cohorts. At the
starting dose of paclitaxel, 50 mg/m2, and docetaxel,
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30 mg/m2, 6 patient entries resulted in 3 completed
cycles for a completion rate of 50%. Of the three pa-
tients not completing the entire cycle, two had re-
ceived major prior radiation or a prior bone marrow
transplant and one patient developed Grade 3 stoma-
titis. Dose escalation was undertaken considering that
the three “good risk” patients had no hematologic or
nonhematologic toxicities. Three of six patients in the
second cohort completed all four doses within the
cycle. The other three patients had no DLTs but de-
clined additional therapy. In the third patient cohort,
two patients did complete the total of four doses but a
nonhematologic DLT developed subsequently in the
form of a drug rash. In the fourth cohort of patients
the dose of paclitaxel was reduced to the second co-
hort level and the dose of docetaxel was increased. At
this dose level, 7 of 8 cycles (87%) were completed, 2 of
which utilized single-dose GCSF to maintain the blood
counts and dose schedule.

A cutaneous toxicity was observed with this regi-
men that was believed to be related to dose of admin-
istration. Five patients experienced a cutaneous toxic-
ity syndrome that was geographically specific.
Erythema developed over the metacarpal phalangeal
joints and over the dorsum area between the thumb
and index finger and the lateral hypothenar eminence
and simultaneously in the periarticular area of the
ankle. The cutaneous toxicity was associated with ves-
icles and blister formation and resolved with the in-
terruption of therapy. Dose reduction of the paclitaxel
in a subsequent cycle prevented the reappearance of
the cutaneous toxicity.

Table 3 summarizes the total toxicity experience
in terms of Grade 2, 3, and 4 hematologic and nonhe-
matologic toxicities. Four Grade 4 and four Grade 3
hematologic toxicities were observed and in Cohort 3
(at the highest dose level of paclitaxel), two patients
experienced neutropenic fever requiring hospitaliza-
tion. Stomatitis was infrequent as was diarrhea, with
the majority of nonhematologic toxicities prominent
only at the highest paclitaxel dose.

Utilizing single-dose GCSF in the treatment of the
leukopenia observed in conjunction with the weekly
schedule of double taxane combination chemother-
apy, the recommended doses of the individual agents
using a weekly 3 four cycle was paclitaxel, 65 mg/m2/
dose, and docetaxel, 35 mg/m2/dose. For poor risk
patients who 1) have received extensive prior chemo-
therapy, 2) are elderly, or 3) have received prior bone
marrow-exposed radiation, the recommended dose is
paclitaxel, 50 mg/m2/fraction, and docetaxel, 30 mg/
m2/fraction.

Responses were observed in 1 patient with gastric
carcinoma who had received a prior paclitaxel-based
regimen and 3 of 4 patients with prostate carcinoma
were found to have a . 50% decrease in their prostate
specific antigen level, one of whom had regression of
liver metastases. No other patients achieved an objec-
tive measurable response to the therapy.

DISCUSSION
Combining analogues within a class of antineoplastic
drugs previously has been reported using the epipo-
dophyllotoxins,1 the platinum analogues,2,3 and the
anthracyclines.4 The rationale for this concept is to
increase the dose of the cytotoxic principle drug, but it
must be acknowledged that to our knowledge none of
the studies evaluated to date combining analogues
within a class have demonstrated an increase in effi-
cacy using this strategy. Paclitaxel and docetaxel are
two members of a class of drugs known as the taxanes
(or taxoids) and although the two analogues share a
number of chemical characteristics and mechanisms
of cytotoxicity, they also differ in many aspects (Table
4) related to relative potency, schedule dependency,
and clinical toxicity. Furthermore, the two drugs lack
cross-resistance in in vitro cytotoxicity.5 Although the
major DLT for both agents is leukopenia, the toxicity
profiles for the two drugs differ in many other re-
spects. In particular, the toxicity profile for paclitaxel
is associated with myalagia, stomatitis, and neuropa-
thy and docetaxel is associated most commonly with
fluid retention and asthenia.

The current study concept of combining the two
taxanes to be administered simultaneously as a “tax-
ane package” was conceptualized on the basis of the

TABLE 1
Demographic Profile of Patients

No. of patients 20
Male/female 13/7
Age (yrs), median (range) 66 (44–85)

Prior chemotherapy 11
Prior taxane 10
Prior radiation 12

Tumor types
Prostate 4
Pancreatic 2
Gynecologic 3
Gastric 4
Lung 2
Unknown primary 1
Renal 2
Hepatocellular 2

ECOG performance status
0, 1 16
2 3
3, 4 1

ECOG: Eastern Cooperative Oncology Group.
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lack of an overlap of nonhematologic toxicities be-
tween the two drugs and anecdotal clinical data that
indicate that a proportion of patients who develop a
resistance to one taxane may be responsive to the
alternative taxane. By combining the two analogues,
one potentially could increase the cumulative taxane
dose and achieve an accentuation of the primary
mechanism of cytotoxicity (i.e., inhibition of depoly-
merization of the mitotic spindle), although clinically
there is no evidence that increasing the dose of taxane
above the threshold level increases the response
rate.22

This Phase I study indicates that the total taxane

dose per week may be increased modestly by combin-
ing the two taxanes. It has been established that a
weekly schedule can increase the MTD for each indi-
vidual taxane when compared with the every 3-weeks
dosing schedule. Thus, for example, the every 3-weeks
schedule dose of single agent paclitaxel yields a dose
intensity of approximately 58 mg/m2/week compared
with a dose of 90 –100 mg/m2/week utilizing the
weekly schedule. Some studies have demonstrated
that the dose of 100 mg/m2/week can be increased to
as much as 175 mg/m2/week but general usage is
approximately 100 mg/m2/week or slightly less. For
docetaxel, the every 3-weeks dosing schedule yields a
dose intensity of 33 mg/m2/week (100 mg/m2/cycle)
compared with a dose intensity of 35 mg/m2/week or
up to 42 mg/m2/week utilizing a weekly schedule.

With the combined taxane program, the dose in-
tensity of docetaxel is maintained at 35 mg/m2/week
and paclitaxel can be added at a dose of 65 mg/m2/
cycle or 65% of the generally employed weekly dose of
single agent paclitaxel (100 mg/m2). Therefore, the
overall taxane dose intensity is increased by a factor of
1.65 when the 2 taxanes are combined. In addition to
increasing the taxane cytotoxic injury by using the two
agents together, one may hope to take advantage of

TABLE 2
Proportion of Four Weekly Treatment Fractions Completed Related to Dose Level

Cohort

Dose mg/m2/Fx Total dose/cycle

Cycles No. of cycles completedP D P D

1 50 30 200 120 7 3 (50%)a

2 65 30 250 120 6 3 (50%)b

3 80 30 320 120 6 2 (33%)
4 65 35 260 140 8 7 (87%)

Fx: fractions; P: paclitaxel; D: docetaxel.
a Of the three patients not completing all four fractions, two had Grade 3 leukopenia after only one and two fractions, respectively, related to prior radiation and prior bone marrow transplantation; one patient had

mouth sores after three fractions.
b None of the three patients not completing four fractions had a dose-limiting toxicity; one patient developed a skin rash and two patients declined further therapy after two and three doses, respectively.

TABLE 3
Grade 2, 3, and 4 Toxicity Profiles by Cohort Dosea

Cohort Leukopeniab Skin rashc Diarrhea Stomatitis Asthenia

1 2 Grade 3; 1 Grade 4 1 Grade 3 0 2 Grade 2 0
2 1 Grade 3 1 Grade 4 0 0 1 Grade 2
3 1 Grade 3; 2 Grade 4 2 Grade 3 2 Grade 3 2 Grade 2 4 Grade 3
4 1 Grade 4 1 Grade 3 2 Grade 2 0 2 Grade 2

a Grading performed according to National Cancer Institute Standard criteria.
b Two patients developed febrile neutropenia and required hospitalization.
c Skin rash was maculopapular on the forearms, torso, and face with erythema and blister formation on the skin over the metacarpal phalangeal articulations and to a lesser extent on the plantar surfaces of the

feet and the skin of the periarticular area around the heel.

TABLE 4
Differences between Docetaxel and Paclitaxel

Parameter Docetaxel Paclitaxel

Binding affinity for Beta-tubulin 1.9a 1.0
Binding sites for Beta-tubulin Tau N-terminal 31 amino acids
Depolymerization inhibition 2a 1.0
Mitotic structure Centrozome Mitotic spindle
Cell cycle specificity S-phase G2/M-phase

a Relative potency compared with paclitaxel.

Adapted from data provided through the courtesy of RPR Pharmaceuticals.

2312 CANCER December 1, 2000 / Volume 89 / Number 11



the fact that the agents lack complete cross-resistance
in some tumors such that paclitaxel nonresponders
may be affected by the availability of docetaxel and
vice versa.

An important aspect of the execution of the cur-
rent study involved the unique use of granulocyte
cytokine support to permit the weekly schedule of the
administration of both drugs. The concomitant use of
GCSF simultaneously with chemotherapy dosing and
triggered by specific leukocyte count parameters has
been reported and tested in previous studies of pacli-
taxel-based clinical trials from The Cancer Center of
Boston.19-21 Paclitaxel using the traditional every
3-weeks schedule typically induces a sharp nadir at
7–10 days that recovers within 2 days. Because the
nadir leukopenia is quite narrow, the need for pro-
tracted daily dosing of GCSF to protect against neu-
tropenic fever may be unnecessary. The goal of the
concomitant administration of GCSF with weekly dual
taxane administration was to maintain the treatment
schedule. In the current study, five patients received
GCSF at dose Fraction 2 or 3 to maintain a leukocyte
count sufficient to continue therapy; this was success-
ful in all five patients.

The toxicity profile for the double taxane treat-
ment administered on a weekly schedule was consis-
tent with the known toxicities observed with the two
agents with the exception that fluid retention was not
observed in any patient although only a few patients
received four or more cycles. In addition, no nausea or
emesis was observed in spite of the lack of pretreat-
ment antiemetics. One minor hypersensitivity reac-
tion was observed but with that exception, there were
no other episodes despite the fact that neither H1 or
H2 blockers or corticosteroids were used. Five patients
did experience an unusual pattern of skin rash over
the hands and feet and all patients receiving two or
more cycles experienced nail changes that previously
have been reported in association with taxanes. The
hand changes appeared predominantly over the dor-
sum of the hands, especially over the metacarpal pha-
ryngeal articulations and with rather striking erythema
and vesicle formulation. In addition, some patients
experienced blister formation on the palms and soles
similar to the hand-foot syndrome associated with the
protracted infusion of 5-fluorouracil. To our knowl-
edge the mechanism of skin cytotoxicity is unclear, as
is a means of prevention.

This Phase I study establishes the optimal doses
for paclitaxel and docetaxel when employed concom-
itantly utilizing a weekly schedule and establishes the
capability of increasing taxane exposure by this strat-
egy. Whether the modest increase in taxane dose
would translate into a meaningful increment in tumor

cell killing is unknown and to our knowledge no stud-
ies to date have shown such an effect. However, an
additional rationale for combined taxane use is the
lack of complete cross-resistance for the two agents
such that one taxane would affect the neoplastic cells
resistant to the alternative taxane and vice versa. The
utility of this approach to taxane chemotherapy in
terms of therapeutic efficacy would necessitate Phase
II trials and eventually Phase III comparative trials of
the single agent taxane with the combined taxane
doublet.
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