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Summary

Pre-clinical and clinical studies have shown that trifluoperazine (TFP) can modulate multidrug resistance.
We have performed a Phase II trial of TFP and doxorubicin in doxorubicin-naive patients with metastatic
breast cancer. We hypothesized that TFP would inhibit the development of doxorubicin resistance, resulting
in an increased rate of complete response or a prolongation in response duration. Twenty patients with
metastatic breast cancer were treated every 3 weeks with TFP 5 mg by mouth every 6 hours on days 0—5 and
doxorubicin 60 mg/m2/96 hr on days 1—4 by continuous intravenous infusion. The first 5 patients were
treated with TFP 15 mg by mouth every 6 hours, but the dose was reduced to 5 mg every 6 hours when grade
3—4 extrapyramidal toxicity was noted in 3 of the first 5 patients. Thereafter, neurologic toxicity was grade
0-2. No complete and 9 partial responses were produced in 20 patients (45%). The median response duration
was 17 weeks (range 7—112). The combination of trifluoperazine and doxorubicin did not seem to produce
a response rate or duration markedly different than that expected for doxorubicin alone in patients with
metastatic breast cancer. Alternative trial designs may be necessary in future clinical trials investigating the

inhibition of acquisition of drug resistance.

Introduction

The systemic therapy of metastatic breast cancer is
currently palliative, with only a very few patients
entering long-term complete remission. The acqui-
sition of drug resistance by metastatic breast cancer
cells is a major problem, as demonstrated by the
fact that, while most patients initially respond to
chemotherapy, disease progression is inevitable
despite continued treatment. A laboratory correlate
of the clinical observation that patients whose dis-
ease is refractory to one type of chemotherapy tend
to be resistant to other types of chemotherapy has
been found with the identification of multidrug
resistance in tumor model systems [1]. Studies of
the mechanism underlying multidrug resistance
have identified a number of changes in resistant
tumors. These include the expression of the drug

transport protein P-170 [2,3], altered topoisomer-
ase IT activity [4], and alterations in glutathione
metabolism [5].

With the identification of mechanisms of
resistance have come attempts to pharmacologi-
cally modulate these mechanisms. A number of
agents, including verapamil and reserpine, have
been reported to reverse multidrug resistance in
vitro [6,7]. Calmodulin inhibitors, such as
trifluoperazine, were among the first agents report-
ed to enhance the accumulation, retention, and
cytotoxicity of doxorubicin and vingcristine in drug-
resistant cell lines [7—9]. Based upon these pre-
clinical studies, clinical trials have been performed
in patients with drug resistant tumors. An early tri-
al, using high dose verapamil and doxorubicin in
resistant ovarian cancer, failed to produce re-
sponses in refractory ovarian cancer, perhaps be-
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cause toxicity prevented adequate escalation of the
dose of verapamil [9]. Another trial used verapamil
with the combination of vincristine, doxorubicin,
and dexamethasone to treat refractory B-cell malig-
nancies. In this study, objective responses were ob-
served, with all of the responses being produced in
those patients whose tumors expressed the P-
glycoprotein [10]. We studied the combination of
trifluoperazine and doxorubicin in patients whose
tumors had progressed during doxorubicin-
containing chemotherapy [11]. In that trial, objec-
tive responses were observed, but only in those pa-
tients whose tumors had initially responded to
doxorubicin-based chemotherapy and subsequent-
ly progressed. The dose of trifluoperazine was esca-
lated in a phase I trial design. Responses were seen
at the lowest dose of trifluoperazine studied (20
mg/day); the maximum tolerated dose was 60
mg/day.

Based upon this trial of trifluoperazine and dox-
orubicin, we undertook the current trial. Patients
with metastatic breast cancer and no prior an-
thracycline exposure were treated with the combi-
nation of doxorubicin and trifluoperazine, based
upon the hypothesis that co-treatment with trifluo-
perazine would inhibit the acquisition of doxorubi-
cin resistance and result in an improved response
quality (complete response rate) and a prolongation
of response duration.

Materials and methods

This trial was open to patients with metastatic or
recurrent breast cancer with measurable disease.
Patients were required to be either estrogen-
receptor negative or to have failed hormonal thera-
py. Patients were required to be of SWOG Perfor-
mance Status 0—2 and to have received 0—1 prior
chemotherapy regimens for metastatic or recurrent
disease. Adequate bonemarrow, hepatic, and renal
function were required. Patients were excluded
from entry if they had received anthracyclines
previously or if they had congestive heart failure or
a history of significant cardiac disease. Patients
were required to have recovered from their previous

therapy and to give their informed consent to par-
ticipation.

Patients were treated with doxorubicin at a dose
of 60 mg/m?, administered as a continuous in-
travenous infusion over 96 hours on days 1—4 of
each 3 week treatment cycle. Trifluoperazine was
given at a dose of 15 mg by mouth every 6 hours (60
mg/day) on days 0—6 of each three week treatment
cycle; that is, trifluoperazine was begun 24 hours
before each doxorubicin infusjion and continued
until 24 hours after the completion of each doxoru-
bicin infusion. Because grade 3—~4 neurologic toxic-
ity was noted in 3 of the first 5 patients treated with
trifluoperazine at a dose of 15 mg every 6 hours,
and because objective responses to the combination
of trifluoperazine and doxorubicin had been ob-
served with a dose of trifluoperazine of 5 mg in our
phase I study, the dose of trifluoperazine was
reduced to 5 mg by mouth every 6 hours for all sub-
sequent patients entered on trial.

Patients were seen and examined every 3 weeks,
at which time serum chemistry profiles and a com-
plete blood count were performed. Disease which
could be measured by chest X-ray or physical ex-
amination was assessed every 3 weeks; disease that
was measurable by special radiographic studies
(e.g., computed tomagraphy) was assessed every 6
weeks. Toxicity was graded according the National
Cancer Institute Common Toxicity Criteria. Con-
ventional response definitions were used. That is, a
50% or greater decrease in the sum of the products
of the longest diameters and the longest perpendic-
ular diameters of prospectively identified measura-
ble lesions was required for a response to be termed
a partial response, and complete disappearance of
all known disease was required for a response to be
termed complete. All responses were required to
persist for 4 or more weeks. The time to treatment
failure was defined as the time between entry on
study and removal from the study for any reason
(progression, toxicity, or death). Response dura-
tion was defined as the time between achieving a
partial response and removal from the study. Sur-
vival was measured from the time of entry on study
and death or last follow-up.



Table 1. Patient characteristics

Entered 20
Eligible 20
Evaluable 20
Age median 51 yrs
range 23-68
Pre-meno 12
Post-meno 8
Prior chemo 15
Adjuvant only 5
For metastases only 8
Both
Prior radiotherapy 14

Table 2. Tumor characteristics

Nodal status at diagnosis

Node — 8
Node + 11
Stage IV 1
Hormone receptor status
ER + S
ER — 15
PR + 3
PR — 17
Sites of involvement
Lung 15
Local/Regional 13
Bone 12
Liver 12
Brain 1
Number of involved sites
Median 2.5
Range 1-5
Results

Patient and tumor characteristics are summarized
in Tables 1 and 2. Toxicity is summarized in Table
3. Among the 5 patients treated with trifluopera-
zine 15 mg every 6 hours, 3 cases of Grade 3—4 neu-
rotoxicity were observed, consisting of tardive dys-
kinesia or extrapyramidal effects poorly controlled
by therapy. Patients treated with trifluoperazine at
a dose of 5 mg every 6 hours had grade 0—2 neu-
rotoxicity, consisting primarily of sedation or mild
extrapyramidal effects. Myelosuppression and
mucositis were observed at a severity typical for
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Table 3. Maximum toxicity grade per patient (Total # patients
= 20)

Toxicity description Grade # Patients
Extrapyramidal syndrome
Minor, controlled 1-2 16
Poorly controlled 3 2
Tardive dyskinesia 4 1
Mucositis
Mild ulcers 1-2 7
Liquid diet needed 3 1
Intravenous fluids 4 0
Leukopenia (x 109/L)
2.0-3.9 1-2 5
1.0-1.9 3 11
< 1.0 4
Granulocytopenia
1.0-1.9 1-2 5
0.5-0.9 3 8
< 0.5 4 4
Thrombopenia
50--99 1-2 1
25-49 3 1
< 25 4 0

doxorubicin 60 mg/m? administered as a 96 hour
continuous infusion.

No complete and 9 partial responses were ob-
served in the 20 patients entered, resulting in an ob-
jective response rate of 45%. The median time to
treatment failure was 12 weeks (range, 6—126
weeks); the median time to treatment failure of
responders was 28 weeks (range 10— 126 weeks); the
median response duration was 17 weeks (range
7—112 weeks); the median survival of all patients
entered on trial, dating from entry on study, was 45
weeks (range 6—1917).

Discussion

Table 4 compares the results of this study with
several recent reports of treatment with single agent
doxorubicin in metastatic breast cancer. The over-
all objective response rate, complete response rate,
and duration of treatment effect produced by ther-
apy with trifluoperazine and doxorubicin is not
greatly different than that produced by treatment
with doxorubicin alone. We were unable to demon-
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Table 4. Single-agent doxorubicin in breast cancer

Ref. Dose Number % Median time to Median
doxorubicin patients CR+PR treatment failure survial
12 75 mg/m?2 42 47% 21 weeks 37 weeks
13 60 mg/m?2 40 30% 19 weeks not given
14 75 mg/m?2 140 29% 15 weeks 38 weeks
15 60 mg/m? 130 28% 19 weeks 45 weeks
Current study 60 mg/m? 20 45%, 12 weeks 45 weeks

strate an effect of trifluoperazine on the develop-
ment of clinical doxorubicin resistance. It is possi-
bie that the amended dose of trifluoperazine of 5
mg every 6 hours was too low to produce the desired
effects. In our phase I trial, plasma levels of trifluo-
perazine were much lower than the concentrations
of trifluoperazine used in vitro, regardless of dose.
However, because the volume of distribution of
trifluoperazine is large, it is likely that plasma levels
do not accurately reflect tissue levels of the drug.
Furthermore, objective responses to doxorubicin
with trifluoperazine 5 mg every 6 hours were ob-
served in our phase I trial, implying that this dose
can produce tissue concentrations of trifluopera-
zine sufficient to modulate doxorubicin resistance.

Another possibility is that any modulation of the
acquisition of resistance to doxorubicin was ob-
scured by the inclusion in the trial of tumors that
were intrinsically resistant to doxorubicin. In our
phase I study, no objective responses were seen in
patients whose tumors were intrinsically resistant to
doxorubicin. Because the objective response rate to
single agent doxorubicin in breast cancer is less than
50% , a minority of cases of breast cancer are intrin-
sically sensitive to doxorubicin. It is only in these
tumors that trifluoperazine would be expected to
produce a delay in the development of resistance.
It is possible that responses were prolonged by
trifluoperazine, but that the number of patients
benefitting from trifluoperazine was insufficient to
affect the median response duration.

An alternative trial design, in which patients
responding to single agent doxorubicin would be
randomly assigned to receive continued doxorubi-
cin alone or the combination of doxorubicin and
trifluoperazine, might allow the role of trifluopera-
zine to be better examined, but would necessitate

that a large number of patients be entered on trial.
Another approach would be to serially monitor pa-
tients receiving doxorubicin, seeking to character-
ize the mechanisms underlying drug resistance in in-
dividual patients’ tumors. Thus, while the current
study did not demonstrate that a delay in the de-
velopment of resistance to doxorubicin was pro-
duced by trifluoperazine treatment, investigation
of drug resistance and its modulation should con-
tinue. Such investigations may require novel trial
designs and correlative laboratory studies.
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