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Doxorubicin and paclitaxel both display strong antitumor
activity in the treatment of breast cancer. The optimal
schedule of this combination, however, remains undefined.
In this phase | and pharmacologic study, we administered
weekly 12 mg/m? doxorubicin as a bolus infusion immedi-
ately followed by a 1h 80 mg/m? paclitaxel infusion to
patients with metastatic breast cancer. A total of 119 weekly
courses were delivered to seven patients. Grade IV neutro-
penia was observed in two patients at the first dose level,
thus already defining the maximum tolerated dose. Pro-
nounced non-hematologic toxicities were mild neuropathy
(grade I: 39%) and stomatitis (grade I: 19%, grade II: 8%). No
signs of cardiac toxicity were observed with this dose
schedule. Three partial responses were achieved in this
group of heavily pretreated patients. The pharmacokinetics
of paclitaxel, doxorubicin and Cremophor EL with this
schedule were analyzed. Overall, the schedule was well
tolerated and combined with its preliminary response rate
justifies further evaluation in phase Il studies. [« 1998
Lippincott Williams & Wilkins.]
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macokinetics.

Introduction

Doxorubicin is the most established member of the
anthracycline antibiotics group and is very effective in
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the treatment of breast cancer and soft tissue
sarcomas, as well as other malignancies.'? The main
adverse effect is cardiac toxicity, of which the
incidence rises after higher cumulative doses. This
risk was reduced by weekly low-dose administration of
doxorubicin, while the incidence of other toxicities
remained unchanged and therapeutic efficacy per-
sisted.*® Paclitaxel is a taxane derivative which favors
the assembly of microtubuli with altered stability
propertics. Paclitaxel is associated with neutropenia,
peripheral neuropathy, alopecia, nausea, mucositis
and myalgia, while other adverse effects seen during
the early stages were cardiac effects and hypersensi-
tivity reactions (HSRs).” Furthermore, paclitaxel has
shown anti-angiogenic activity.8 Paclitaxel has demon-
strated considerable effect in amongst others ovarian,
head and neck, and lung cancers, and also in
metastatic breast cancer patients who had already
received doxorubicin cithcr in the adjuvant setting or
for metastatic disease.””'” The strong antitumor
activities of each single drug, their different antitumor
mechanisms and partly non-overlapping toxicities
provided rationales for an adjuvant strategy in which
patients received a combination of doxorubicin and
paclitaxel.“'” At that time, it was unclear whether
paclitaxel and doxorubicin should be given in
sequence or concomitantly, since both antagonism as
well as additive synergism was found between the two
agents in preclinical studies.'*'> From the first clinical
studies, it appeared that there was more unexpected
upper gastrointestinal toxicity, neutropenia and dose-
limiting toxicity (DLT) mucositis when paclitaxel
preceded doxorubicin  than in the reverse
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sequence.'®'® Furthermore, the peak plasma concen-

tration and clearance of doxorubicin were altered by
pretreatment with 24 h paclitaxel.'®'? This led to the
suggestion that possibly drug-drug interactions or
schedule dependency may occur. Once it was
determined that a 3 h paclitaxel infusion was as safe
as 24 h infusion while being less myelosuppressive,
the attention switched to the shorter infusion regi-
mens.”’ A high efficacy, without significant toxicity
except for cardiotoxicity, nor sequence dependency
by either sequence using 3 h paclitaxel infusions
combined with bolus doxorubicin were observed in
several studies.’’?* Shorter paclitaxel infusion regi-
mens would be more practical and make outpatient
treatment more feasible. Paclitaxel given as a 1 h
infusion is safe and convenient to be administered in
the outpatient setting.>*"%" In addition, this adminis-
tration schedule may yield a higher dose intensity and
exposure, hopefully accompanied by less myelosup-
pression. The objectives of this phase I study were to
determine the maximum tolerable dose (MTD) and
DLT of the combination of bolus doxorubicin and
paclitaxel administered as a 1 h infusion given weekly
for 6 weeks, to obtain preliminary data on the activity
of this combination and schedule, and to study its
pharmacokinetics and pharmacodynamics in patients
with advanced breast cancer.

Patients and methods
Patient selection

Patients with histologically proven measurable and/or
evaluable (according to WHO criteria) metastatic
breast cancer who have not had chemotherapy for
metastatic disease, or one regimen of adjuvant
chemotherapy not containing anthracyclines, were
cligible. Previous surgery, hormonal therapy, immuno-
therapy or localized radiotherapy were also allowed,
when at least more than 4 weeks before entry. Patients
entering this study were aged between 18 and 75
years, and were non-pregnant, non-lactating females.
Further eligibility criteria were: (1) World Health
Organization (WHO) performance status of <2 or a
Karnofsky performance status >00; (2) a life expec-
tancy >12 weeks. Initial laboratory requirements
included an absolute neutrophil count (ANC)
>1.5x10%/1, platelets >100 x 101, total bilirubin
<1.25 times the upper normal limit and serum
creatinine < 1.25 times the upper normal limit.
Cardiac function had to be within normal limits, as
demonstrated by left ventricular e¢jection fraction
measurement (LVEF, measured by echocardiography
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or cardiac MUGA scan). Excluded from this study were
patients who had received chemotherapy for meta-
static disease, patients who had adjuvant treatment
with anthracyclines, patients with a past or current
history of neoplasm other than breast cancer, except
for non-melanoma skin cancer or curatively treated
carcinoma /n sitie of the cervix. Also ineligible were
patients with a history of atrial or ventricular
arrhythmias and/or congestive heart failure, with a
history of myocardial infarction, patients with active or
other serious underlying medical conditions and
patients with prior allergic reactions to drugs contain-
ing Cremophor EL, such as teniposide, cyclosporin or
vitamin K. Written informed consent was obtained
from all patients according to the guidelines of Good
Clinical Practice (GCP) and the Medical Ethics
Committee of our hospital.

Study design and treatment plan

Patients were evaluated with a history and physical
examination before the start of each cycle, and
thereafter on day 1 of each week. All toxicities were
weekly recorded according to CTC criteria. A com-
plete blood cell count with differential was obtained
twice weekly. Liver function tests, total bilirubin,
alkaline phosphatase and serum creatinine were
obtained every 3 weeks at each cycle. LVEF was
performed every 6 weeks in each cycle. Tumor
measurement was done by physical examination and
with every other cycle by imaging. Doxorubicin
hydrochloride (Farmitalia Carlo Erba, Brussels, Bel-
gium) was given i.v. at a fixed dose of 12 mg/m? as a
bolus infusion over 2-4 min, followed 1 h later by
paclitaxel. Standard premedication before paclitaxel
administration consisted of dexamethasone (20 mg
orally, 12 and 6 h prior to paclitaxel infusion),
clemastine (2 mg i.v., 30 min prior to paclitaxel) and
cimetidine (300 mg i.v., 30 min prior to paclitaxel).
Paclitaxel (Taxol"; Bristol-Myers Squibb, Princeton,
ND was supplied as concentrated sterile  solution
(6 mg/ml) in a 5 ml vial in polyoxyethylated castor oil
(Cremophor EL) and dehydrated alcohol (1:1, v/v). It
was diluted before use with 500 ml 5% glucose to a
paclitaxel concentration not exceeding 1.2 mg/ml.
Paclitaxel was administered as a 1 h infusion through
an IVAC i.v. administration set with low sorbing tubing
(IVAC, San Diego, CA) and an IVEX-I vented filterset
(0.22 um; Millipore, Malsheim, France) was used for
in-line filtration.

The primary purpose of this study was to determine
the MTD of paclitaxel given with a fixed dose of
doxorubicin weekly for 6 weeks every 9 weeks. Thus,



one cycle consisted of six weekly courses, followed by
a rest period of 3 weeks. The MTD was reached when
at least two patients experienced any one of the
subsequently following DLTSs: any grade III or IV non-
hematological toxicity (except for alopecia, vomiting
or neuropathy), any mucositis or diarrhea of CTC
grade III or greater persisting for more than 7 days or
any episode of febrile neutropenia. Haematologic DLT
was defined to be an ANC less than 0.5 x 10%/1 for
more than 7 days or less than 0.1 x 10”/1 for more than
3 days, or thrombocytopenia CTC grade IV for more
than 7 days. The weekly paclitaxel dose was only
administered if it was tolerated adequately in the
previous week and if ANC was 0.5 x 10%/1 or more.
Three patients were to be entered at each dose level
and dose escalations would proceed until one of three
patients experienced DLT; that cohort was then
expanded to more patients. The MTD was reached
when out of at least six patients, two would have
experienced DLT on cycle 1. The initial dose escala-
tion plan for paclitaxel was increments of 10 mg/m?
starting from 80 mg/m?, while the doxorubicin dose
would be kept constant at 12 mg/m’/week. The
starting dose of paclitaxel of 80 mg/m” was based on
a recommendation as published previously.?’

Pharmacokinetic sampling and analysis

Doxorubicin samples were collected at nine time
points: immediately before the infusion, 2, 10 and
30 min after the end of the bolus infusion, and at 1,
2, 4.5, 7.5 and 18 h after the end of the infusion.
Samples for paclitaxel analysis were collected prior to
start, 5, 15 and 30 min during the infusion and at the
end of the infusion, and 5, 15 and 30 min, and 1, 2,
3, 6, 8 and 18 h after the end of the paclitaxel
infusion. Plasma was obtained by immediate centri-
fugation (5 min; 1500 g). Plasma samples were
analyzed for paclitaxel by a sensitive high-perfor-
mance liquid chromatographic (HPLC) method as
previously described.”® HPLC analysis in combination
with fluorescence detection was used to determine
doxorubicin and doxorubicinol concentrations in
plasma.29 Cremophor EL was measured by a sensi-
tive, selective and validated reversed-phase HPLC
method as designed in our laboratory by Sparreboom
et al* The concentrations of paclitaxel and doxo-
rubicin were analyzed using the pharmacokinetic
software package MW/Pharm (MEDN\WARE, Gronin-
gen, The Netherlands) and the AUCs were deter-
mined on the basis of the concentration versus time
plots at each time point by the trapezoidal rule with
extrapolation to infinity.

Pharmacokinetics of paclitaxel and doxorubicin

Results

Initially, three patients were entered onto this phase 1
study. Because DLT was observed in one of the first
three patients at the starting dose level, the cohort was
expanded to seven patients. Two out of seven patients
suffered treatment delays in their first cycle secondary
to low ANC counts. Since the MTD was already
reached at the first dose level, no further dose
escalations were allowed. Patient characteristics are
listed in Table 1. One patient received one cycle, one
patient received two cycles, three patients received
three cycles and two patients received four cycles. In
12 courses, only doxorubicin without paclitaxel was
administered because the ANC was 0.5 x 10°/1 and
1.0 x 10%/1. On the request of one patient, one course
was not administered at all. Thus, 119 courses
delivered to these seven patients were evaluable for
toxicity. The overall laboratory and clinical toxicities
are listed in Table 2.

Table 1. Patient characteristics

No. of patients 7
Age (years)
median 53
range 43-61
Performance state
median
range
No. with prior hormonal therapy
No. with adjuvant chemotherapy
No. with prior radiotherapy
No. with estrogen receptor status
positive
negative
unknown
No. with progesteron receptor status
positive
negative
unknown
Dominant site of disease
liver
lung
bone
soft tissue
Patients with no. of disease sites
1
2
=3
Overall weekly paclitaxel courses
median
range
Overall weekly doxorubicin courses
median 16
range 6-24
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Table 2. Overall clinical and laboratory toxicities in 119 single weekly doses

Toxicity Toxicity grade

0 1 2 3 4 Unknown
Anemia 85 (71%)? 17 (14%) 4 (3%) 0 (0%) 0 (0%) 13 (11%)
Leukopenia 70 (59%) 12 (10%) 21 (18%) 12 (10%) 4 (3%) 0 (0%)
Neutropenia 78 (66%) 14 (12%) 11 (9%) 8 (7%) 7 (6%) 1 (1%)
Trombocytopenia 119 (100%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Alopecia 19 (16%) 26 (22%) 74 (62%) 0 (0%)
Cardiac arrythmias 119 (100%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Dyspnea 108 (91%) 5 (4%) 5 (4%) 0 (0%) 0 (0%) 1 (1%)
Hypersensitivity reactions 118 (99%) 1 (1%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Documented infection 109 (92%) 3 (3%) 6 (5%) 0 (0%) 0 (0%) 1 (1%}
Diarrhea 110 (92%) 6 (5%) 2 (2%) 0 (0%) 0 (0%) 1 (1%)
Constipation 89 (75%) 28 (24%) 1 (1%) 0 (0%) 0 (0%) 1 (1%)
Stomatitis 86 (72%) 23 (19%) 9 (8%) 0 (0%) 0 (0%) 1 {(1%)
Nausea 84 (71%) 28 (24%) 6 (5%) 0 (0%) 1 (1%)
Vomiting 105 (88%) 11 (9%) 1 (1%) 0 (1%) 0 (0%) 1 (1%)
Neuropathy 67 (56%) 47 (39%) 0 (0%) 0 (0%} 0 (0%) 5 (4%)
Skin 109 (92%) 9 (8%) 0 (0%) 0 (0%) 0 (0%) 1 (1%)

®Percentages in parentheses.

Hematologic toxicity

One of the first three patients experienced neutro-
penia grade IV. Subsequently, four more patients
were added to this cohort and one out of these four
also experienced a grade IV neutropenia in her first
cycle, thus already defining the MTD. However, six of
the seven grade IV necutropenias (all lasting less than
5 days) were observed within one patient. This
patient was heavily pretreated, having received
chemotherapy, radiotherapy and hormonal therapy.
It was remarkable that the episodes of neutropenia in
this patient only occurred in courses 3 and 4 of three
subsequent cycles. The hematologic toxicity (ex-
pressed as percentage ANC from pretreatment value)
during the cycles is shown in Figure 1. No patients
required hospitalization for fever and neutropenia. No
significant platelet toxicity was seen in any course.
Three percent (four of 119) of the courses required
red blood cell transfusions; in one case, this
transfusion led to fever, which resolved sponta-
neously.

Non-hematologic toxicity

All seven patients developed grade 11 alopecia,
which generally started halfway through the first
cycle and was complete by the end of the first
cycle. Cardiac arrhythmias were not observed in any
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course and cardiac toxicity, as demonstrated after
each cycle by LVEF, revealed only minor or
clinically insignificant changes. No significant HSRs
were observed in the 119 courses, except for one
course which was accompanied by mild flushing,
which resolved spontancously. Nausea, vomiting and
diarrhea were generally mild. Mild to moderate
constipation grade [ was obscrved in 24% of the
courses and generally responded well to laxatives.
Mild grade 1 skin toxicity, presented by erythema
and desquamations, was observed in four patients.
Neurologic toxicity grade I was observed in 39% of
all courses. Six of the seven patients experienced
numbness and transient dysesthesias of the fingers.
One out of these six patients developed mild
peripheral neuropathy, having problems with knit-
ting and buttoning. Another patient developed an
impaired polyneuropathy of her feet and a more
painful plexus brachialis lesion (which was pre-
existent) during her second cycle. Another fre-
quently seen toxicity was stomatitis. In 19% of the
courses a grade 1 and in 8% a grade 11 stomatitis
was observed. In 8% of all courses a documented
infection was recorded. These were due to pulmon-
ary infection, herpes simplex type I, cystitis,
sinusitis maxillaris and resolved after treatment with
antibiotics or antiviral agents. Furthermore, fatigue
and mild myalgia/arthralgia were common during all
courses for all patients, but these were not recorded
weekly.
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Figure 1.

Mean ANC values for the patients during subsequent treatment cycles. One cycle consists of six times weekly

treatment, followed by a 3 weeks rest period. x-axis, time (weeks); y-axis, ANC expressed as percentage from baseline

value.

Responses

In these seven patients, three PR (no CR) were
acheived. However, these three patients with PR
stopped treatment at their own request after four,
four and two cycles, respectively. Two patients with
stable disease also stopped treatment at their own
request after three cycles. One patient developed
progression after an initially stable disease after three
cycles and the other patient already developed
progression after one cycle of this combination
regimen.

Pharmacokinetics

Pharmacokinetic studies were executed during the
first course of the first cycle. One patient refused to
participate in the pharmacokinetic part of the study,
thus pharmacokinetic data of six courses were
available. Figure 2 shows the mean concentration
versus time curves for paclitaxel, doxorubicin, doxor-
ubicinol and Cremophor EL. The mean pharmacoki-
netic parameters for paclitaxel and doxorubicin are
listed in Tables 3 and 4, respectively. The median
highest measured concentration of Cremophor EL
after paclitaxel administration was 0.40+0.07% (v/v).
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Figure 2. Concentration versus time curves for paclitaxel
(@), doxorubicin (H), doxorubicinol ((J) and Cremophor EL
(+). x-axis, time (h); left y-axis, measured plasma concentra-
tions (ng/ml) for paclitaxel, doxorubicin and doxorubicinol;
right y-axis, measured plasma concentration (%, v/v) for
Cremophor EL.

The time above the critical threshold concentration of
0.1 umol/l of paclitaxel was 5.1+1.3 h. As no dose
escalations were performed due to DLT, relationships
between pharmacokinetic parameters and the pacli-
taxél dose could not be established.
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Table 3. Pharmacokinetic parameters for paclitaxel 80 mg/m? as 1 h infusion

Patient no.  AUC (h-umoll) Cpax (umoll)  Cl (MVm?) Ves (1) MRT (h) t.(h)  T>0.1 umol (h)
1 5.2 33 18.1 354.7 20.1 40.8 3.9

2 42 24 224 132.7 6.4 10.1 56

3 6.3 4.0 14.8 4738 37 6.5 7.4

4 45 2.9 20.6 1135 6.0 12.0 45

5 40 2.2 234 103.8 5.1 75 55

6 4.1 23 229 452 26 45 39

Mean + SD 47409 29+07  204+33 1329+1143 73164  136+136 51+1.3
CV (%) 19.1 24.1 162 86.0 87.7 100.0 255

Abbreviations: Cl=clearance; Vss=volume of distribution at steady-state; MRT=mean residence time; t =terminal half-life; CV (%)=coefficient of

variance.

Table 4. Pharmacokinetic parameters for doxorubicin bolus infusion (12 mg/m?)

Patient no. AUC (h-umolly  Crax (umol/l) Cl (Ih/m?) Vs () MRT (h) t. (h)

1 0.24 0.05 935 1515 16.2 13.6

2 0.38 1.05 58.5 638 10.9 144

3 0.57 0.69 388 1249 32.2 289

4 0.39 0.68 571 720 12.6 16.9

5 0.20 0.16 1115 1039 9.3 6.9

6 0.64 1.33 19.4 1972 104 93.8
Mean+SD 0.401+0.18 0.66+0.50 63.1+34.1 1189 + 504 15.3+8.6 2911325
CV (%) 45.0 75.8 54.0 424 56.2 111.7
Abbreviations: Cl=clearance; Vss=volume of distribution at steady-state; MRT=mean residence time; t =terminal half-life; CV (%)=coefficient of
variance.

Discussion which also may have contributed significantly to the

Several different administration schedules of paclitaxel
and doxorubicin have been used, and investigations of
the sequence dependency on toxicity revealed that
when paclitaxel was administered before doxorubicin,
this was associated with more toxicity than the reverse
sequence.'®7 19213132 Gince the optimal dose and
schedule for the administration of paclitaxel is still
unknown, several infusion durations have been used
for the purpose of clarifying this #2733 e
undertook a phase I study in which 1 h paclitaxel
was given weekly for 6 weeks, preceded by bolus
doxorubicin 12 mg/m?/week. The MTD was reached
at the starting dose level, consisting of weekly 80 mg/
m? paclitaxel and 12 mg/m? bolus doxorubicin. Grade
IV neutropenia (ANC <0.5 x 10/1) was observed in
two out of seven patients. One of these patients was
heavily pretreated and accounted for the majority of
these episodes. On the contrary, doses ranging from
80 to 90 mg/m*? of paclitaxel by 1 h infusion have
been recommended previously in other studies.”> %’
However, it is important to emphasize that doxorubi-
cin was co-administered with paclitaxel in this study,
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observed hematologic toxicity. In addition, the dose
intensity of the schedule used in the present study was
at least equal to or higher than the schedules in which
paclitaxel was dosed every 3 weeks. Considering the
non-hematologic toxicities, the courses were fre-
quently accompanied by peripheral neurotoxicity
and stomatitis in this study. These were principal
toxicities in most other studies of the combination of
paclitaxel and doxorubicin as well.'*'*?"*> In one of
these studies, dose-limiting grade III-IV mucositis was
observed at a paclitaxel dose of 175 mg/m® and
doxorubicin at a dose of 60 mg/mz, while mucositis
occurred significantly more frequently when paclitaxel
preceded doxorubicin than in the opposite se-
quence.'® Peripheral neuropathy grade 1 was found
in 37.5% of cycles in one study, which is comparable
to the percentage as reported here.*® Moreover, the
neurotoxicity tended to increase with the number of
administered cycles, which is consistent with observa-
tions as found by others.?"***” Furthermore, the non-
hematologic toxicities in this study were marked by
the relative absence of cardiotoxicity and HSRs. We
assume that the lack of cardiotoxicity is due to the



administration of weekly low-dose doxorubicin.>-® In

contrast, other studies in which 3 h infusions of higher
paclitaxel and doxorubicin doses were used produced
more marked clinical cardiotoxicity than the results
found here.’’"** On the other hand, a preliminary
report described neither congestive heart failure nor
myocardial contractility decrease in a study that used
1 h 200 mg/m? paclitaxel infusions, preceded by a
short infusion of 50 mg/m? doxorubicin every 3
weeks.”® In addition, no relevant clinical cardiotoxicity
was observed when a 16h time interval was
maintained between the administration of bolus
doxorubicin 50 mg/m® and paclitaxel by 3 h infu-
sion.* A mild episode of a HSR occurred in the 119
courses in only one patient, which resolved sponta-
neously. Standard premedication was administered in
all courses and the observed HSR frequency is
consistent with that observed in other studies in
which a 1h paclitaxel regimen was used.**2°
Dermatitis grade I was noted in 8%, which is
comparable to the 5% that was observed in another
study, but in that study transient skin rash also
occurred in 47%, which was not the case here.*®
Except for vomiting grade IIl in one course, no other
non-hematologic toxicities exceeding grade II were
observed in this study.

Three PR were noted in this small group comprising
seven patients. Recently, other groups reported
response rates similar (39 and 43%, respectively) for
single-drug weekly paclitaxel administered as a 1 h
infusion in patients with metastatic breast or ovarian
cancer who had failed to multiple pretreatments with
hormone therapy and chemotherapy (including an-
thracyclines and platinum agents).*'*? Seen from this
perspective, the response rate in this small group of
heavily pretreated patients does not seem to compare
unfavorably.

This is the first report by our knowledge that
divulges pharmacokinetic data with this dose and
schedule. Considering the non-linear behavior of
paclitaxel, the mean paclitaxel AUC of
4.74+0.9 umol/l'h and Cpay of 2.91+0.7 umol/l as
found here are reasonable, when compared to other
studies in which higher doses of 3 h paclitaxel were
givcn.‘““‘4 Furthermore, our pharmacokinetic results
revealed that the mean 72> 0.1 umol/l of paclitaxel was
5.1+ 1.3 h. This parameter is an important predictor of
neutropenia and was found to be 7.6+3.6h for
paclitaxel 100 mg/m? administered as a 3 h infusion
in combination with carboplatin, as reported earlier by
our group.“3 The value as found here seems realistic,
since the infusion duration is also 2 h less. The
doxorubicin AUC as measured in this study is compar-
able with dose-corrected AUC values in other single-

Pbarmacokinetics of paclitaxel and doxorubicin

agent doxorubicin studies.** However, when linear
doxorubicin pharmacokinetics are assumed and cor-
rections for the administered dose are also made, the
doxorubicin AUC values that were found here are
lower than those found in other combinations of
doxorubicin and paclitauq{el.44 This may reflect a
pharmacokinetic interaction, but cannot be established
from this limited group of patients, for whom one
sequence only was administered. Furthermore, after
the paclitaxel infusion, a slight increase in doxorubicin
and doxorubicinol concentrations was seen (Figure 2).
It was demonstrated previously that a pharmacokinetic
interference between doxorubicin and paclitaxel
resulted in increased plasma concentrations of the
anthracycline and its metabolite doxorubicinol, but this
seems not to be the case here.>' Although the main
doxorubicin metabolite doxorubicinol as well as
paclitaxel are both metabolized by cytochrome P450
isoenzymes, it seems unlikely that P450 enzyme
induction occurs within 1 h.'?'% [ addition, doxor-
ubicin was administered before paclitaxel in this study.
The exact role of paclitaxel (and its metabolites) on the
common elimination enzyme systems of paclitaxel and
doxorubicin thus needs to be further elucidated.

It has been shown that the decreased clearance of
doxorubicin and doxorubicinol may be due to the
paclitaxel vehicle Cremophor EL.*"*® The Cremophor
EL dose necessary to produce such an effect is,
however, 10-fold higher (5 g/m*/h) as compared to
the administered Cremophor EL dose in earlier clinical
studies (0.5 g/m%/h).'” A relatively high dose of
administered Cremophor EL may partly explain the
seemingly decreased doxorubicin clearance immedi-
ately after the duration of the paclitaxel infusion
(Figure 2), which is consistent with observations of
others.*® It has been suggested that this might be
caused by competition of both drugs for biliary
excretion mediated by P-glycoproteins ®-gp).** How-
ever, recent results using P-gp-deficient mice indicated
that P-gp may not be essential for the hepato-biliary
excretion of paclitau(el.“9 Moreover, although in vitro
studies showed that Cremophor EL is a modulator of P-
gp and reversed multidrug resistance (MDR),>*-%?
Cremophor EL was not able to reverse MDR in vivo
in tumor-bearing mouse models.>* This is important,
since Cremophor EL levels in patients were within the
same order of magnitude as those in rodents receiving
2 mg/kg.”® A direct translation of the results in rodents
would indicate that the Cremophor EL concentrations
in our study were probably too low to have profound
effects on the clearance of doxorubicin. However, the
small group of patients here lacks statistical power to
detect this. Thus, further studies are warranted in
order to clarify the exact role of Cremophor EL.
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In conclusion, this phase I and pharmacologic study

in which paclitaxel 80 mg/m* was given weekly for 6
weeks, preceded by bolus doxorubicin 12 mg/m?/
week, yielded DLT (grade IV neutropenia) at the first
dose level. Except for mild neurotoxicity and stoma-
titis, other non-hematological toxicities, especially
cardiotoxicity, were absent. The preliminary response
rate in this very small group of heavily pretreated
patients provides a rationale for performing forth-
coming studies. In addition, more pharmacologic
studies to elucidate pharmacokinetic interactions with
this combination are eagerly awaited.
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