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ORIGINAL ARTICLE
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of Metastatic Carcinoma of the Breast (E1195): A Trial
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ABSTRACT

Background: To assess the activity and toxicity of valspodar (PSC-833) in combination with
paclitaxel in women with anthracycline refractory, metastatic breast cancer. Patients and Meth-
ods: Limited, multi-institutional, Phase II trial of valspodar at 5 mg/kg/dose orally every 6 hours
for 12 doses in combination with paclitaxel 70 mg/m2 administered intravenously as a 3-hour
infusion beginning 4 hours after the fifth dose of valspodar, every 3 weeks. Eligible patients had
bi-dimensionally measurable metastatic carcinoma of the breast, prior anthracycline therapy or
a medical contraindication to anthracycline therapy, no more than one prior chemotherapy for
recurrent or metastatic breast cancer, and adequate organ function. Treatment was continued
until disease progression or unacceptable toxicity. Results: Thirty-four patients are evaluable
for response and 37 for toxicity. Two (6 percent) patients achieved a complete response and 5
(15 percent) a partial response for an objective response rate of 21 percent (95 percent con-
fidence interval of 9 to 38 percent). Median duration of response was 9.7 months (95 percent
confidence interval 8.0–17.2 months), median time to progression was 3.3 months (95 percent
confidence interval 2.0–4.2 months), and median survival was 12 months (95 percent confidence
interval 8.1–17.3 months). The toxicity experienced was acceptable. Conclusions: Combination
valspodar plus paclitaxel is an active regimen and has acceptable toxicity. The combination is
not clearly more active than single agent paclitaxel.

This study was conducted by the Eastern Cooperative Oncology Group (Robert L. Comis, M.D., Chair) and supported in part by Public Health
Service Grants CA23318, CA66636, CA21115, CA27525, CA21076, CA16116 and from the National Cancer Institute, National Institutes of
Health and Human Services. Its contents are solely the responsibility of the authors and do not necessarily represent the official views of the
National Cancer Institute.
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INTRODUCTION

Cytotoxic drug resistance may be present de novo or arise
by somatic mutations during tumor growth and is an impor-
tant cause of cancer chemotherapy failure. Most cellular models
of drug resistance against the anthracyclines, vinca alkaloids,
or epipodophyllotoxins display multidrug resistance (MDR) at
the molecular and cellular level (1–4). The MDR phenotype
is related to the expression of the MDR 1 gene coding for P-
glycoprotein. P-glycoprotein acts as an efflux pump with very
broad specificity and actively transports antineoplastic drugs out
of cells, thereby reducing the intracellular drug concentrations.

Expression of MDR 1 is strongly implicated in both intrinsic
and acquired drug resistance in human cancers (1). It is likely
that P-glycoprotein in normal tissues has an important role in
the detoxification of certain anticancer agents and in drug dis-
tribution as a component of the blood-brain and blood-testicular
barriers.

Several noncytotoxic drugs, such as verapamil, phenoth-
iazines, and cyclosporins have been shown to modulate MDR, at
least in part by competitive inhibition of P-glycoprotein function
(3, 4). Valspodar is an analog of cyclosporin D, and is highly
effective at modulating MDR in vitro (5–7). Valspodar is supe-
rior in MDR modulation compared to amiodarone, verapamil,
procaine, quinidine, quinacrine, lidocaine, and cyclosporin A.
Valspodar produces a dose-dependent therapeutic effect in mice
inoculated with multidrug resistant tumors and treated with oth-
erwise ineffective cytostatic chemotherapeutic drug doses (5–7).

Phase I trials of single agent valspodar identify a rapidly
reversible ataxia as the dose limiting toxicity. Other toxicities
include hyperbilirubinemia, nausea, and fatigue. In Phase I tri-
als of combination paclitaxel and valspodar, the pharmacokinet-
ics of paclitaxel were prolonged, with a recommended Phase II
dose of paclitaxel of 70 mg/m2 by 3-hour continuous infusion
given every 3 weeks (8, 9).

Studies have demonstrated substantial anti tumor efficacy of
single agent paclitaxel in the treatment of metastatic breast can-
cer (10–18). This study was designed to assess the antitumor
activity and toxicity of paclitaxel in combination with valspo-
dar in the treatment of women with anthracycline refractory,
metastatic breast cancer.

PATIENTS AND METHODS

Patient selection

Patients were enrolled from 7 institutions participating in the
Eastern Cooperative Oncology Group between June 1997 and
February 2001. Eligible patients were female, had histologically
confirmed adenocarcinoma of the breast with at least one site
of bi-dimensionally measurable recurrent or metastatic disease,
had prior anthracycline therapy or a medical contraindication to
anthracycline therapy, had no more than one prior chemother-
apy for recurrent or metastatic breast cancer (prior adjuvant
chemotherapy within 6 months of diagnosis of metastatic dis-
ease was considered therapy for metastatic disease) and no prior

taxane therapy. They had to have ECOG performance status
of 0 to 2, adequate bone marrow, liver, and renal function, no
central nervous system metastasis, and received no concurrent
treatment with agents known to increase or decrease the concen-
trations of cyclosporin A. All patients were required to provide
signed, informed consent.

Treatment

This was a single-arm trial with all patients receiving the same
initial doses of therapy. Valspodar was supplied as a microemul-
sion drink solution and was administered at 5 mg/kg/dose orally
every six hours for 12 doses taken at least 1 hour before or 2
hours after meals. Patients were encouraged to mix the valspo-
dar in a chilled, nonalcoholic beverage other than grapefruit
juice. Following premedication with dexamethasone, diphen-
hydramine, and an H2 receptor antagonist, paclitaxel 70 mg/m2

was administered intravenously as a 3-hour infusion beginning 4
hours after the fifth dose of valspodar. Treatment was continued
every 3 weeks until disease progression or unacceptable toxicity.

Dose modification

Valspodar may cause rapidly reversible cerebellar toxicity
(ataxia, dysmetria) and paresthesias. A cerebellar dysfunction
scale was utilized: Grade 1—Slight subjective incoordination
without difficulty walking; Grade 2—Definite subjective inco-
ordination on walking but able to walk without assistance; Grade
3—Unable to walk without assistance from another person or
walker; Grade 4—Unable to walk because of incoordination,
even with assistance. For Grade 3 or 4 neurotoxicity, valspo-
dar was withheld until the neurotoxicity resolved and was then
reinitiated at a reduced dose of 3.75 mg/kg/dose. If Grade 3 or 4
neurotoxicity recurred at the reduced dose level, the patient was
removed from study. Paclitaxel was delayed for up to 3 weeks if
the absolute neutrophil count was <1,500/mm3 and/or platelet
count was <100,000/mm3 on the day of treatment. Paclitaxel
was permanently reduced by 25 percent if the patient experi-
enced an episode of febrile neutropenia, and absolute neutrophil
count of less than 500/m3 for 5 days or longer, bleeding with
platelet count ≤40,000/mm3, platelet count ≤20,000/mm3 with
or without bleeding, Grade 3 or 4 mucositis or diarrhea, or Grade
3 neurosensory or neuromotor toxicity felt secondary to pacli-
taxel. Patients with Grade 4 neurosensory or neuromotor toxicity
to paclitaxel were removed from study.

Measurement of response

Complete response (CR) required the disappearance of all
clinically detectable malignant disease for at least 4 weeks, in-
cluding resolution of radiographic evidence of bony metastasis.
Partial response (PR) required a greater than or equal to 50 per-
cent decrease in the sum of the products of the 2 largest per-
pendicular measurements for at least 4 weeks without increase
in size of any area of known malignant disease of greater than
25 percent or appearance of any new areas of malignant dis-
ease. For nonmeasurable and evaluable sites of disease, definite
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improvement in excess of 50 percent as determined by 2 inde-
pendent investigators was required. Stable disease (SD) required
no significant change in measurable or evaluable disease for at
least 4 weeks (12 weeks for bony sites). Progression of disease
(PD) was the significant increase in size of lesions present at
the start of therapy or after a response, or appearance of new
metastatic lesions known not to be present at the start of ther-
apy or stable objective disease associated with a deterioration in
ECOG performance status of greater than or equal to one level
and related to malignancy. Overall response rate was defined as
the rate of CR plus PR.

Response was determined by both organ site and by total pa-
tient response. Onset of response was the time between initiation
of therapy and the first onset of PR or CR. Duration of response
was time from onset of response until objective evidence of
progression.

Statistical design

Early results from E1193, a study that included a treatment
arm in which patients with metastatic breast cancer who had
no prior anthracycline therapy crossed to paclitaxel after dis-
ease progression while on treatment with doxorubicin (12, 18)
showed that 20 percent of the patients who crossed over to pa-
clitaxel experienced an objective response. Given the “mix” of
patients for E1195, a 30 percent response rate was targeted. A
two-stage Phase II design was used where if at least 2 patients
responded out of an initial 15, 17 additional patients would be
entered. The regimen would be considered promising if at least
6 patients of 32 responded. The probability of concluding that
the drug was effective was 0.93 if the true response rate was 30
percent and 0.09 if the true rate was 10 percent. Allowing for
10 percent of the patients to be ineligible, a total of 36 patients
could have been entered.

Confidence intervals for response rates were estimated us-
ing methods for exact binomial confidence intervals (19). The
Kaplan-Meier method was used to estimate duration of response,
progression, and survival distributions (20) and confidence inter-
vals for median survival and progression estimates were calcu-
lated using Greenwood’s formula (20). Analyses of outcome (re-
sponse, progression, survival) excluded ineligible patients and
toxicity summaries included ineligible patients.

RESULTS

A total of 37 patients were enrolled. Three patients were
ineligible (one had received more than one prior chemotherapy
for metastatic disease, 1 enrolled less than 3 weeks from
discontinuation of prior hormonal therapy, one had no bi-
dimensionally measurable disease) and were excluded from
analyses of response, progression, and survival. All 37 patients
were assessed for toxicity. Characteristics of eligible patients
are found in Table 1. Eighty-two percent of the patients had
visceral involvement, 38 percent nodal involvement, 29 percent
skin involvement, 12 percent disease in the breast, and 35
percent had bone involvement.

Table 1. Patient characteristics

Characteristic N of patients (%)

Race
White, non-Hispanic 29 (85)
Hispanic 1 (3)
Black 2 (6)
Unknown 2 (6)

Age, median (range) 52 years (25-77 years)
Performance status

ECOG 0 22 (65)
ECOG 1 8 (23)
ECOG 2 4 (12)

Prior doxorubicin 31 (91)
Sites of disease

Breast 4 (12)
Nodes 13 (38)
Skin 10 (29)
Visceral 28 (82)
Bone 12 (35)

Response analysis

The median number of cycles of treatment was 4 (range 1–
24 cycles). Twenty-six patients went off treatment secondary
to progressive disease, 4 secondary to toxicity, 2 secondary to
withdrawal by patient, 1 following death without progression,
and 1 secondary to nonprotocol treatment. One patient refused
further treatment on Day 3 of protocol treatment and expired 1
month later, and is considered unevaluable for response.

Two (6 percent) patients achieved a complete response and
5 (15 percent) a partial response for an overall rate of response
of 21 percent (95 percent confidence interval of 9 percent to
38 percent) (Table 2). Twelve (35 percent) patients experienced
stable disease. Median duration of response was 9.7 months (95
percent confidence interval 8.0–17.2 months).

Median time to progression was 3.3 months (95 percent con-
fidence interval 2.0–4.2 months) (see Figure 1). Median sur-
vival was 12 months (95 percent confidence interval 8.1–17.3
months) (see Figure 2), with 5 patients remaining alive at 27.8–
60.3 months at the time of analysis.

Toxicity

The toxicity experience is outlined in Table 3. Thirteen
(35 percent) patients experienced Grade 3-4 leukopenia and
23 (62 percent) experienced Grade3-4 neutropenia. Fever and
neutropenia was observed in 1 (3 percent) patient, and 1

Table 2. Rates of Response

N of patients
Response n = 34

Complete response 2 (6%)
Partial response 5 (15%)
Stable disease 12 (35%)
Progressive disease 14 (41%)
Unevaluable 1 (3%)

Valspodar and Paclitaxel in Metastatic Breast Cancer 679
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Figure 1. Time to progression.

(3 percent) patient died secondary to infection. Fourteen (38
percent) patients experienced reversible ataxia felt secondary to
PSC-833. Other neurological toxicities were frequent, usually
low grade, and consistent with the known single agent toxicity
of paclitaxel. Nausea and vomiting, usually low grade, was ob-
served in 16 patients (43 percent) and hepatic toxicity (usually
transient hyperbilirubinemia) in 13 (35 percent). Other toxici-
ties were those expected in patients treated with paclitaxel as a
single agent.

DISCUSSION

This Phase II trial documents that the combination of valspo-
dar and paclitaxel may be given safely if the total dose of the
paclitaxel is limited to 70 mg/m2 on an every 3-week basis. The
rate of objective response of 21 percent (95 percent confidence
interval of 9 percent to 38 percent) in the treatment of anthracy-
cline resistant metastatic breast cancer is similar to the 22 percent
rate of objective response observed with single agent paclitaxel
following failure of doxorubicin in E1193 (18). Thus, it appears
unlikely that the use of valspodar to inhibit P-glycoprotein as a

Figure 2. Survival.

Table 3. Patients with toxicities, Common Toxicity Criteria 1. (N = 37)

Toxicity Grade 1,2 Grade 3 Grade 4 Grade 5
Leukopenia 14 9 4
Granulocytopenia 1 8 15
Thrombopenia 12 1
Anemia 26
Hemorrhage 1
Fever (no infection) 13
Infection 10 2 1
Fever with neutropenia 1
Neuro-sensory 23 3
Neuro-motor 13 4
Neuro-psych 9 1
Neuro-clinical 14
Ataxia 12 2
Nausea/vomiting 15 1
Diarrhea 9 1
Stomatitis 13 1
Liver 11 1 1
Alopecia 22
Elevated glucose 8 5 1
Arthralgias 6 1
Myalgias 5 2
Fatigue 18 1
Pain 15 1

mechanism of resistance results in a meaningful increase in anti-
tumor efficacy in women with anthracycline resistant metastatic
breast cancer.

Paclitaxel exerts its cytotoxicity by binding to β-tubulin
thereby stabilizing microtubules and disrupting mitosis along
with other functions dependent upon microtubles. Multiple
mechanisms of intrinsic and acquired resistance to paclitaxel
have been identified including MDR1/P-glycoprotein expres-
sion, variation in the isotype expression of β-tubulin, mutations
in β-tubulin, and potentially via a number of other alterations in
apoptosis regulatory genes (21, 22). The relative contribution to
intrinsic and acquired paclitaxel resistance is not known.

Many studies have reported a variable incidence of MDR1/P-
glycoprotein expression in breast cancers (23, 24). This inci-
dence appears to increase after treatment with MDR related
agents such as anthracyclines and taxanes. Approximately 30–
40 percent of breast cancers express P-gp prior to therapy, and
this increases to 40–50 percent in patients who have been treated
with MDR-related chemotherapies (23). Serial sampling of pa-
tients’ tumors before and after neoadjuvant chemotherapy which
included MDR-related drugs demonstrated that 43 percent of
breast cancer were positive for P-glycoprotein by immunohis-
tochemistry before therapy and 64 percent were positive after
therapy (24). Thus, 37 percent of cases in the seven reviewed
studies changed from negative to positive for P-glycoprotein
expression after the neoadjuvant therapy (23). Expression of
MDR1/P-glycoprotein was associated with a three-fold increase
in the likelihood of failure of response to chemotherapy in a
meta-analysis of 31 studies in breast cancer patients (23).

In patients with metastatic breast cancer previously treated
with an anthracycline, the response rate of 21 percent this study
of valspodar in combination with paclitaxel (70 mg/m2 as a

680 R. W. Carlson et al.
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3-hour infusion) is similar to that observed in a similar popula-
tion of patients treated with single agent paclitaxel (175 mg/m2
as a 3-hour infusion) (18). Pharmacokinetic studies document
that valspodar treatment is associated with prolongation of pacli-
taxel pharmacokinetics when compared with paclitaxel alone (8,
9). This likely explains the similar response rates with differing
doses of paclitaxel. A Phase II study in patients with refractory
epithelial ovarian carcinoma of valspodar and paclitaxel at the
same dose and schedule of valspodar and paclitaxel used in the
current study also demonstrated only limited activity (25).

The toxicity experience observed in this trial is as predicted
from the single agent experience and from the Phase I trials.
Specifically, rapidly reversible ataxia secondary to valspodar
was observed, and suggests that dose escalation of valspodar is
unlikely to be tolerated. Rapidly reversible hyperbilirubinemia
was also observed. The neurological toxicity of paclitaxel did
not appear to be increased by combination with valspodar.

The reason for the failure of valspodar to increase the objec-
tive rate of response is not known, but may relate to the multi-
plicity of mechanisms of drug resistance that may occur or to the
reduction in the dose of paclitaxel required to safely administer
the combination of paclitaxel and valspodar. Based upon the re-
sults of this study, we believe that further study of valspodar as a
method of reversing single-agent paclitaxel drug resistance is not
warranted in a non selected population of breast cancer patients.
However, this approach may be viewed as a targeted therapy,
and it may be possible to identify clinical benefit via studies in
patients whose tumors are shown to express P-glycoprotein.
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