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Dofequidar Fumarate (MS-209) in Combination With
Cyclophosphamide, Doxorubicin, and Fluorouracil for

Patients With Advanced or Recurrent Breast Cancer

Toshiaki Saeki, Tadashi hamttu. Ma.mknzu To, Yoshinori Ito, Shinzaburo Noguchi, Tadashi Kobayashi,
Taro Asaga, Hironobu Minanii, N Yi , Kenjiro Aogi, Tadashi Ikeda, Yasuo Ohashi, Wakao Saro,
and Takashi Tsuruo

Purpose
To evaluate the efficacy and tolerability of dofequidar plus cyclophosphamide, doxorubicin, and

fluorouracil (CAF) therapy in comparison with CAF alone, in patients with advanced or
recurrant breast cancer. Dofequidar is 2 novel, orally active quingline derivative that reverses
multidrug resistance.

Patients and Methods

In this randomized, double-blind, placebo-caontralled trial, patients wara treated with six cycles of
CAF therapy: 28 days/cycle, with doxorubicin (25 mg/m?) and flucrouracil (500 mg/m?) adminis-
tered on days 1 and B and cyclophosphamide (100 mg orally [PO]) administered on day 1 through
14. Patients received dofequidar (900 mg PQ) 30 minutes before each dose of doxorubicin,
Primary end point was overall response rate (ORR, partial or complete responsel. In total, 221
patiants were assessable.

Results
ORR was 426% for CAF compared with 53.1% for dofequidar + CAF, a 24.6% relative

improvement and 105% absolute increase (P = .077) There was a trend for prolonged
progression-free survival (PFS; median 241 days for CAF v 386 days for dofequidar + CAF,
P = .145) In retrospectively defined subgroups, significant improvemeant in PFS in favor of
dofaquidar was observed in patients who were premenopausal, had no prior tharapy, and were
stage IV at dizgnosis with an intact primary tumor. Except for neutropenia and leukopenia, there
was no statistically significant excess of grade 3/4 adverse events compared with CAF. Treatment
with dofequidar did not affect the plasma concentration of doxorubicin

Conclusion

Dofequidar + CAF was well tolerated and is suggested to have efficacy in patients who had not
received prior therapy
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anthracyclines, epipodophyllotoxins, topote-

Despite the advances in chemotherapeutic interven-
tion, many cancers are either inherently resistant or
develop resistance to chemotherapy.'? Conse-
quently, multidrug resistance (MDR) remains a ma-
jor obstacle to the successful treatment of cancer. '
One mechanism by which MDR operates is via the
increased cellular efflux of cytotoxic compounds
due to increased expression of membrane transport
proteins such as P-glycoprotein (P-gp) and MDR-
associated protein (MRP).'** MDR affects many
structurally and functionally unrelated agents in-
cluding cytotoxic drugs that are hydrophabic,
natural products, such as taxanes, vinca alkaloids,

can, dactinomycin, and mitomycin,'*” These
represent some of the most commonly used chemo-
therapeutic agents,

In tumors with low levels of P-gp expression at
baseline or diagnosis, P-gp expression increases after
exposure 1o chemotherapy agents, thus leading to
the development of MDR. In breast cancer patients
who had received prior chemotherapy, P-gp expres-
sion has been shown to increase from 11% in un-
treated patients to 30% after chemotherapy.”
Furthermore, compared with P-gp-negative tu-
mors, a significant increase in resistance to paclitaxel
and doxorubicn was reported in P-gp positive
breast cancer tissue, irrespective of prior therapy.
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The degree of P-gp expression also strongly correlated with the degree
of drug resistance observed ®

Chemotherapy remains the treatment of choice for women with
hormone receptor-negative and hormone-refractory breast cancer
disease,*"" However, many tumors that are initially responsive to
chemotherapy frequently relapse and develop resistance to the broad
spectrum of cytotoxic drugs currently employed.'*'* Consequently,
MDR remains a major reason for treatment failure in patients with
metastatic breast cancer and highlights the urgent need for MDR
modifiers in breast cancer chemotherapy.

Since the discovery of verapamil as an MDR-reversing agent,'*
many compounds have been investigated as MDR inhibitors.'*"®
Dofequidar fumarate (Fig 1), is a novel, orally active, quinoline-
derived inhibitor of MDR."” In preclinical studies, dofequidar re-
versed MDR in P-gp- and MRP-1-expressing cancer cells in vitro (1
to 3 pmol/L), as well as enhancing the antitumor effects of doxorubi-
cin in MDR tumor—bearing mice.'”!? A phase I trial in healthy vol-
unteers showed dofequidar to be well tolerated (10 to 1,200 mg) with
no dose-limiting toxicities and an effective plasma concentration was
maintained for 8 hours at 900 mg (data on file, Schering AG, Berlin,
Germany). In a phase 11 combination trial in patients with recurrent
breast cancer, dofequidar potentiated the antitumor effects of CAF
(cyclophosphamide, doxorubicin, and fluorouracil) therapy; patients
who had not responded to treatment with three cycles of CAF re-
sponded to subsequent treatment with dofequidar plus CAF. The
numbers of patients with an objective response were two of seven at
600 mg and two of six at 900 mg dofequidar, though dose escalation was
stopped at 1,200 mg due to increased hematologic toxicity (data on file,
Schering AG). On the basis of this result, this phase 11 study was con-
ducted to compare the efficacy and safety of dofequidar plus CAF with
placebo plus CAF in patients with advanced or recurrent breast cancer.

Study Design

This was a randomized, multicenter, double-blind, placebo-controlled
trial canducted at 46 centers across Japan, comparing the efficacy and safety of
dofequidar plus CAF with placebo plus CAF. Fenale patients (age 20 to 70
years) with advanced (stage TV at diagnosis with an intact primary tumor) or
recurrent breast cancer were enrolled onto the study. Other inclusion criteria
included a histologically defined, measurable or assessable primary lesion; two
or fewer regimens of prior chemotherapy in both neo/adjuvant and metastatic
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Fig 1. Structure of dofequidar (MS-208}

a2

setﬁ.ng‘s. (excluding prior endocrine or single-agent fluorouracil therapy); 180
mg/m” anthracyclines (dexorubicin equivalent) or less previoushy; a perfor-
mange status of 0 to %; and adequate bone marrow, renal, hepatic and cardiac
functions. Patients who progressed or had a recurrence in less than 6 months
with anthracycline-containing chemotherapy, and those who had a history of
major cardiac disease, uncontrolled hypertension, symptomatic brain metas-
tasis, or simultaneous malignancy were excluded. The trial was approved by
the institutional review board and was conducted in accordance with the
Declaration of Helsinki (1996). All patients provided written informed con-
sent before study entry.

Dosing and Dose Modification for Toxicity

Patients were treated with six cycles of CAF therapy with dofequidar or
placebo, and each treatment cycle lasted for 28 days; were administered
as follows: days | and B, doxorubicin (25 mg/m®) and fluorouracil
(500 mg/m?), each infused over 15 minutes; days 1 through 14, cyclophosph-
amide (100 mg orally [PO]); dofequidar (900 mg/d; 3 X 300 mg tablets) or
placebo administered 30 minutes before each doxorubicin dose to ensure
adequate blood concentration of dofequidar. The doses of doxorubicin and
fluorouracil were reduced to 20 mg/m” and 400 mg/m’, respectively, if any of
the following criteria were met: grade 3 nonhematologic toxicity (except nau-
sea and vomiting}; grade 3 or worse neutropenia (< 1,000/mm®) maintained
for at least 5 days with an episode of fever of 38.5°C or higher; grade 3 or worse
thrombocytopenia (< 50,000/mm’); and grade 4 neutropenia (< 500/mm”).
The next cycle was postponed for 3 weeks unless the patient had 2 WBC count
of at least 4,000/mm’, or a neutrophil count of at least 2,000/mm?® and a
platelet count of at least 100,000/mm?. Patients were followed up for 3 months

after completion or disconti jon of tr

Treatment Assignment

Patients were randomly assigned to their treatment by the Trial Register
Center. Treatment assignment was securely stored and coded until completion
of the study. Investigators were also blinded to the assigned reatment. Patients
were stratified by the number of prior chemotherapy regimens, including
adjuvant chemotherapy, by a history of prior use of anthracyclines, and by the
p e of liver

Efficacy

The primary study end point was the overall response rate (ORR) in the
full analysis set (FAS; all patients who received treatment at least once and met
all inclusion/exclusion criteria). Efficacy assessment by lesion and ORR assess-
ment were made at each treatment cycle (every 4 weeks) and at treatment
completion, Objective responses were assessed through blinded reading of
radiographs by an independent expert panel. The secondary study end points
included complete response rate (CR), time to treatment failure (TTF), time to
progression (TTP), and progression-free survival (PFS).

Subgroup analyses were conducted to assess PFS within specific patient
subpopulations, including premenopausal women, patients who had no prior
therapy, and patients who had advanced primary breast cancer.

Safety and Tolerability

Adverze events (AEs) were recorded 2t the end of each treatment cycle
and at the end of the study period using data from the safety population (all
patients who received treatment at least once in the study). AEs were catego-
rized according to the National Cancer Institute Common Toxicity Criteria
{NCI-CTC) Version 2. The incidence of significant decreases in left ventricular
ejection fraction (LVEF) and serious AEs were recorded. The CBC was evalu-
ated weekly. Serum chemistries and urinalysic were evaluated every 2 weeks.
The minimum hematology values and LVEF in each treatment cycle were also
recorded and analyzed in the per-protocol set (PPS; all patients who received
treatment at least once and had no protocol deviations).

Pharmacokinetics

To assess the effect of concomitant dofequidar use on the pharmacold-
ncucso{dmmblm the plasma doxorubicin concentration on day | of cycle
1 was comp b groups. Blood samples were taken at
baseline and a:ls minutes, 30 minutes, and 1, 2, 4, and 6 hours after the start
of doxorubicin administration. Plasma doxorubicin concentrations were de-
termined by reversed-phase high-performance liquid chromatography. Area
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under the plasma concentration-time curve (AUC) was calculated using the
linear trapezoidal rule
Statistical Analyses

The primary end point was analyzed using the Fisher's exact test at a
significance level of 25% in a ane-sided test. A difference in response rates of
2% between the two treatment groups was used as the basis for a statistically
significant difference. CR, TTF, TTP and PFS were analyzed by the log-rank
test at 2 significance level of 5% in a two-sided test The CR, TTF, TTP and PFS
were analyzed in the FAS, and the pharmacokinetic data analyzed in the PPS.

Patjent Characteristics

A total of 227 patients were recruited onto the study (Fig Al,
online only), of which 225 patients were included in the safety analysis
(n = 113 for the dofequidar group; n = 112 for the placebo group);
two patients did not receive the study treatment and were thus ex-
cluded. Four patients did not meet the inclusion/exclusion criteria;
therefore, the FAS consisted of 221 patients (n = 113 for the dofequi-
dar group; n = 108 for the placebo group). The PPS consisted of 199
patients (n = 100 for the dofequidar group; n = 99 for the placebo
group). There were 22 patients excluded from the PPS analysis due to
protocol deviations. Baseline patient characteristics were well bal-
anced between the two treatment arms (Table 1). Most patients had
predominantly recurrent disease and had received prior chemothera-
pv plus endocrine therapy. Also, many patients who had advanced
primary breast cancer had received no prior therapy.

Table 1. Patient Demographics (ull analysis setl
Dotagudar +
Placabo + CAF
n=nux in = 108!
Cresactenstic No. % Ne %
Age, years
Hiean Bad B2e
SO 768 587
Maedical history known &5 5758 &0 556
Wesght, kg
Meen 562 B4 1
50 742 773
Heught, om
Mean 1347 1547
s BN 61
Body suriace arse, m?
Maan 16 16
so 611 an
Disepse stute
Recurment et ni B0 741
Advanced a2 283 28 258
Frior thevapy
R py + cf v+ 32 221 az 786
sngdocring tharapy
Chamaotheragy + endocring -3 437 54 600
thenspy
Ragiatharapy 1 og 1 08
No prier therapy 25 221 21 g
WMencpausasl status
Premancoavsal 22 Nz 28 40
Postmanopausal -] Tre 79 21
Abbrevistions: CAF. cyclophosphamide. doxorubicin, and fluorouraci; 5D,
siandard deviation.

Efficacy

The ORR, rated a5 CR or partial rate, was 42.6% for
CAF plus placebo versus 53.1% for dofequidar plus CAF (Table 2).
Although this represents a 24.6% relative improvement and 2 10.5%
absolute increase in response rate for patients receiving dofequidar
plus CAF compared with those receiving CAF plus placebo, this re-
sponse wis not statistically significant (P = .077). A higher value was
observed in the dofequidar treatment group for all secondary end
points compared with placebo, though these results were not statist-
cally significant. Among them, Figure 2 shows a trend for prolonged
PFS (median, 241 days for CAF plus placebo v 366 days for dofequidar
plus CAF; P = .145).

Dofequidar phus CAF significantly improved PFS in several pa-
tient subgroups, including patients who were premenopausal
(P = .046; Fig 3A), patients who had not received prior therapy
(P = .0007; Fig 3B}, and patients who had advanced primary breast
cancer (P = .017; Fig 3C). An extended follow-up showed that
dofequidar plus CAF also significantly improved overall survival
(P = .0034; Fig 3D) in patients who had no prior therapy.

Safety and Tolerability

A similar number of patients completed six treatment cycles in
both groups (n = 53 for the dofequidar group; n = 51 for the placebo
group). The mean number of treatment cycles was 4.5 in the dofequi-
dar group and 4.3 in the placebo group. More than half of patients in
both groups included in each cycle from cycle 2 onward had a delay in
treatment, mostly due to prolonged hematologic toxicities.

Dofequidar plus CAF was well tolerated throughout the study.
No statistically significant excess of grade 3/4 AEs, except for neutro-
penia (P = .006) and leukopenia (P = .005), was found in the dofequi-
dar group compared with placebo (Table Al, online only).
Importantly, there was no marked difference in the inddence of
neutropenia-related morbidity, such as febrile neutropenia or infec-
tion, between the two treatment groups. No significant differences in
the incidence of cardiac AEs were found between the two treatment
groups. In addition, dose intensities of chemotherapeutic agents were
similar in both treatment arms. No significant difference in the inci-
dence of serious AEs (SAEs) was observed between either group.
However, there was a trend for @ higher incidence of SAEs from
leukopenia in the dofequidar group. than in the placebo group
(P = .060; Fisher's exact test); five leukopenia cases were reported for
dofequidar, whereas no such case was reported for placebo.

A total of 124 patients discontinued the study (n = 61 for the
dofequidar group; n = 63 for the placebo group). The major reasons
for discontinuation were progressive disease (n = 23 for the dofequi-
dar group; n = 28 for the placebo group), grade 4 hematologic toxicity
{n = 20 for the dofequidar group; n = 6 for the placebo group), failure
1o meet treatment continuation criteria (n = 6 for the dofequidar
group; n = 8 for the placebo group), and consent withdrawal (n = 6 for
the dofequidar group; n = 12 for the placebo group). Of the 225 patients
who received treatment in the study, 14 patients died during the treatment
period (n = 3), the follow-up period (n = 2, or the follow-up period after
study termination (n = 9). There were 49 other serious AEs in 32 patients
during the study and follow-up period.

Pharmacokinetics

The mean plasma concentrations of doxorubicin in the dofequidar-
and placebo-treatment groups at 15 minutes postadministration reached
0.997 pg/mL and 1.259 ug/mL, respectively, foliowed by biphasic
elimination in both treatment groups. Mean plasma concentrations in
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Table 2. Response Rates for Patients Treated With Dofequidar Plus CAF (n = 113) or Piacebo Plus CAF (n = 108}

Parameter
(No. of patients) :
Overall
Treatmant Complate Partial No Change Prograssive Not Response
Group Response Respcnsa Istable diseasa) Digease Assessable Rate (%] 95% CI
Dofequidar [ 55 40 10 3 831 43510625
Placebo 4 42 41 14 7 426 33110525

NOTE. Qdds ratic = 1.53 (rangs, 0.87-2.68), P = .077 for dofequidar v placabe,
Abbrevigtion' CAF, cyclophosphamide, doxorubicin, and fluorouracil,

the dofequidar and placebo groups remained similar at 1, 2, 4, and 6
hours after the start of doxorubicin administration. Thus the elimina-
tion pattern for the first 6 hours after the start of administration was
similar in both groups. The plasma concentrations of doxorubicin in
the terminal phase (4 and 6 hours postadministration) were slightly
higher in the dofequidar group compared with placebo (1.2- to 1.3-
fold). However, AUC (0 to 6 hours) values showed no statistically
significant difference between the dofequidar and placebo groups
(mean, 0.480 pg - h/mL; standard deviation [SD], 0.324; range, 0.237-
1.692; and mean, 0.407 pg - h/mL; SD, 0.062; and range, 0.289-0.500,
respectively). Therefore, treatment with dofequidar did not affect the
plasma concentrations of doxorubicin in patients (Fig 4).

Chemotherapy remains the preferred adjuvant treatment for patients
with hormone receptor-negative disease and for patients with more
aggressive, hormone receptor—positive tumors.' ' However, despite
the use of conventional adjuvant chemotherapy regimens, a signifi-
cant proportion of patients with breast cancer still experience disease
recurrence because of inherent or acquired drug resistance.'? In this
randomized phase 11 trial, the efficacy and safety of the multidrug
resistance inhibitor dofequidar plus CAF was compared with CAF
plus placebo in patients with recurrent or advanced breast cancer,
Although, there was an observed relative improvement and absolute
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Fig 2 Progression-free survival in patients treated with dofequidar plus cyciophos:
phamide. doxoruticin, and flucrouracd (CAF) and placebo plus CAF (P = 145)
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increase in response rate for patients who received dofequidar plus
CAF, these results did not reach statistical significance. This improve-
ment in response rate may have been reflected in the observation that
there was a trend for prolonged PFS, which favored patients in the
dofequidar plus CAF group.

Todate, only two randomized trials have examined the efficacy of
a P-gp inhibitor in combination with chemotherapy in breast cancer
patients, Wishart et al*' examined quinidine combined with epirubi-
cin in patients with advanced breast cancer, but failed to show any sig-
nificant difference in overall survival or PFS compared with placebo.
In a more recent prospective study of patients with anthracycline-
resistant metastatic breast cancer (n = 99), verapamil combined with
vindesine and fluorouracil resulted in a significantly longer overall
survival and a higher response rate compared with patients who did
not receive the P-gp inhibitor (median survival, 323 v 209 days;
P = 036, respectively; ORR, 27% v 119%; P = .04, respectively).**

In the subgroup analyses, dofequidar in combination with CAF
displayed a significantly increased PFS in patients who had not re-
ceived prior therapy, who had advanced primary breast cancer or who
were premenopausal. In addition, dofequidar also significantly im-
proved overall survival in the patient group who had no prior therapy.
Although the patient numbers in these analyses were small, the results
remain important within these clinically significant patient popula-
tions. Both preclinical and clinical data have indicated that newer-
generation MDR modulators can prevent the development of
resistance.”** A phase I/11 trial in patients with acute myeloid leuke-
mia showed that dosing with cyclosporine before and in combination
with daunorubicin prevented chemotherapy resistance, while also
resulting in a decrease in MDR-1 RNA expression.** Our results may
highlight one potential treatment approach to MDR tumors that has
not yet been fully exploited in the dinical environment, spedifically the
prevention of the emergence of resistance through the early use of P-gp
inhibitors."* It seems reasonable that agents such as dofequidar may be
useful in the adjuvant or even neoadjuvant setting with the goal of pre-
venting or delaying the induction of MDR associated with chemotherapy.

The potential clinical significance of P-gp and MRP expression in
breast cancer is supported by the results from a number of studies. For
example in a study of primary breast cancer patients (n = 259), MRP
expression was associated with an increased risk of treatment failure in
patients with small tumors (T1) and node-positive patients who re-
ceived adjuvant cyclophosphamide, methotrexate, and fluorouracil
(CMF) chemotherapy but not in node-negative patients.® Burger
et al'? reported that the expression of MDRI mRNA in primary
breast tumors was inversely correlated with the efficacy of first-line
chemotherapy. Additionally, the high level of MDR1 expression was
suggested to be a significant predictor of poor prognosis in patients
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