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Abstract

Purpose MAC-321 is a novel taxane that has dem-
onstrated exceptional activity in human xenograft
models when administered intravenously and orally.
Preclinical studies of MAC-321 have shown antitumor
activity in MDR-expressing and paclitaxel-resistant
tumors. This phase I dose escalation study was per-
formed to determine the safety, tolerability, and
pharmacokinetic profile of orally administered MAC-
321 given once every 21 days. Preliminary antitumor
activity of MAC-321 was also examined.

Methods Key eligibility criteria included adult sub-
jects with refractory solid tumors or solid tumors for
which conventional therapy was unsuitable or did not
exist, good performance status (ECOG ( 2), and ade-
quate hematologic, hepatic, and renal functions.
Plasma pharmacokinetic (PK) sampling was performed
during the first cycle of therapy.

Results  Five dose levels of MAC-321 ranging from 25
to 75 mg/m> were evaluated in 18 subjects (four
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women and 14 men). MAC-321 was well tolerated at
the first three dose levels (25, 37, 50 mg/m?). Two
subjects developed dose-limiting toxicities (DLTs) at
75 mg/m?; one subject with grade 3 and one subject
with grade 4 neutropenia with fever. Three subjects
treated at an intermediate dose level of 60 mg/m? had
no DLTs. However, the study was terminated prior to
completion of the maximal tolerated dose cohort after
subjects treated with intravenous MAC-321 in a con-
current study experienced life-threatening toxicities.
Other common toxicities included grades 1-2 fatigue
and grades 1-2 diarrhea. There was substantial inter-
patient variability in the PK parameters. MAC-321 was
rapidly absorbed with a mean Cy,,, value of less than
1 h. Mean C,,x and AUC values generally increased in
a dose-related manner. The median terminal phase
elimination half-life was 45h (range 20-228 h).
Disease stabilization was seen in four subjects with the
following tumors: mesothelioma (14 cycles), chondro-
sarcoma (12 cycles), small cell carcinoma (10 cycles),
and prostate carcinoma (6 cycles).

Conclusions MAC-321 can be safely administered
orally once every 21 days up to a dose of 60 mg/m>.
The major DLT was neutropenic fever. Four subjects
had disease stabilization.

Keywords Phase I - Clinical trial - MAC-321 -
Paclitaxel - Docetaxel

Introduction

Taxanes are naturally derived small molecules that

exert their antitumor actions by inhibiting microtubule
function leading to cell division arrest. More recently
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described mechanisms of taxane antitumor activity
include regulation of gene expression, including those
involved in transcription regulation and tumor sup-
pression as well as enzymes governing proliferation,
apoptosis, and inflammation [13, 14, 18, 20]. Two
taxanes, paclitaxel and docetaxel, have been exten-
sively used to treat ovarian, lung, breast, and upper
aerodigestive tract cancers since their FDA approval in
the 1990s, and as such both agents have had a signifi-
cant impact on the treatment of many patients [21].
However, other common tumors, including colon
cancer, pancreatic cancer, and melanoma, are unre-
sponsive to taxane therapy and thus limit the universal
application of these chemotherapeutic drugs. Many
tumors demonstrate de novo taxane resistance,
whereas other cancers that initially respond to taxanes
eventually develop resistance due to drug efflux pump
expression, point mutations in tubulin, or alterations in
the machinery that regulates tumor apoptosis [5, 7-9].

MAC-321 (TL 00139; 58, 20-Epoxy-1, 20, 4, 7, 108,
13a-hexahydroxytax-11-en-9-one 4—acetate 2-benzo-
tae 7-prorionate 13-ester with [2R, 3S]—N-terbutoxy-
carbonyl-3-[2-furyl] isoserine) is a novel taxane based
upon specific modifications of the docetaxel molecule
(Fig. 1). Similar to its predecessors, MAC-321 exerts its
apoptotic effects by blocking cell division at the G,-M
interface of the cell cycle by promoting tubulin
polymerization and microtubule stabilization [22].
However, MAC-321 has demonstrated significant pre-
clinical differences as compared to the other taxanes.
First, MAC-321 has demonstrated significant activity in
tumor cell lines that are traditionally insensitive to
taxanes including colon cancer, pancreatic cancer, and
melanoma [22]. Second, MAC-321 demonstrated
antiproliferative effects against several human cancer
cell lines that were resistant to paclitaxel and docet-
axel, which is believed to be attributed to MDR1
(ABCB1) overexpression. Based on experimental I1Cs,

Fig. 1 Chemical structure of oral MAC-321
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values, superior antitumor activity was observed in the
cell lines with resistance mediated by MDR1 overex-
pression [12]. A third advantage for MAC-321 over
paclitaxel or docetaxel is that MAC-321 appears to be
readily soluble and does not require the use of toxic
vehicles that can potentially induce numerous adverse
reactions. This improved solubility also allows MAC-
321 to be administered orally with acceptable bio-
availability in animal models [22]. Oral dosing would
improve the convenience of drug administration and
reduce the potential complications associated with IV
drug administration (i.e., central IV access placement,
drug extravasations).

In animal studies when MAC-321 was administered
by gavage, toxicities included increasing body weight,
alterations in hematology and chemistry parameters,
decreased thymus weight, microscopic alterations in
the intestinal tract, bone marrow physiological chan-
ges, and some oral irritation [11]. The toxicity profile of
oral MAC-321 was similar to the IV formulation. In all
species tested (mice, rats, and dogs), MAC-321 showed
rapid absorption and rapid clearance from the plasma.
The absolute oral bioavailability in animals ranged
from 3 to 13% depending on the species. Additionally,
MAC-321 was demonstrated to be a competitive
inhibitor of CYP3A4, a member of the cytochrome
P450 mixed-function oxidase system [11]. The potential
for oral MAC-321 to provide effective treatment for
tumors that are normally resistant to taxanes, as well as
the acceptable toxicity profile in animals, provided the
rationale for the phase I dose escalation clinical trial
for orally administered MAC-321. A previously per-
formed phase I study of an intravenous formulation of
MAC-321 determined a maximal tolerated dose
(MTD) of 35 mg/m? when administered every 3 weeks
and dose-limiting toxicities (DLTs) of neutropenia and
myalgia/arthralgia [1]. To assess the safety, tolerability,
and pharmacokinetics of oral MAC-321 in comparison
to the IV formulation, an every 3-week schedule was
evaluated.

Materials and methods
Subject eligibility

Subject inclusion criteria included histologically con-
firmed malignant solid tumors that had failed to
respond to conventional therapy for cancer or a
malignancy for which no conventional therapy existed.
Subjects must have recovered from all acute adverse
effects from prior therapies excluding alopecia and to
have a life expectancy of at least 12 weeks, as well as
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an Eastern Cooperative Oncology Group performance
status of 0, 1 or 2. Subjects had to have measurable
disease defined as at least one measurable lesion as
specified by the modified RECIST criteria and ade-
quate bone marrow function (a white blood cell count
>3 000/mm°>, absolute neutrophil count >1,500/mm>,
and platelet count >100,000 cells/uL); adequate hepatic
function (total bilirubin <1.5x the upper limit of nor-
mal, and alanine aminotransferase and aspartate ami-
notransferase <2.5x the upper limit of normal);
adequate renal function (serum creatinine < 2.0 mg/
dL); and a signed IRB approved consent form.

Exclusion criteria included subjects with primary
central nervous system metastases or symptomatic
brain metastases; subjects known to be HIV-seroposi-
tive or having acute or chronic hepatitis B or C infec-
tions, subjects with concurrent serious infections
requiring intravenous antibiotic or antiviral treatment,
or subjects with chronic immunosuppression. Addi-
tionally, subjects were excluded if they had a known
hypersensitivity to ethanol-cremophor, raspberry
flavoring, lipid emulsions, egg or egg products. Subjects
with a history of unstable angina or recent myocardial
infarction (within the previous 6 months), or any other
major illness that, in the investigator’s judgment, could
potentially compromise the subject’s safety were also
excluded. Because MAC-321 was being administered
orally, any condition that could potentially inhibit the
oral absorption of MAC-321 also resulted in subject
exclusion. Finally, subjects with prior exposure to
MAC-321, previous pelvic radiation, grade 2 or greater
peripheral neuropathy, and recent major surgery were
also excluded. Subjects were discouraged to take con-
current medications known to be cytochrome P450
inhibitors or inducers.

Trial design

This trial was an open-label dose escalation study
whose primary objective was to determine the safety,
tolerability, and pharmacokinetics of MAC-321
administered orally to subjects with advanced malig-
nant solid tumors. Secondary objectives were to obtain
information on the absolute bioavailability of MAC-
321 and to obtain preliminary information on the
antitumor activity of MAC-321. Subjects were enrolled
during dose escalation in three-subject cohorts. Esca-
lation was allowed to proceed after the last subject
entered into a cohort that had been evaluated through
study day 21, and no DLT had been observed. If a DLT
was encountered, the cohort was expanded to a total of
six subjects. If a second DLT was observed within the
expanded cohort, then dose escalation ceased and one

of the prior dose levels would be considered the MTD.
To determine the safety of oral MAC-321 in minimally
pretreated subjects once the MTD had been deter-
mined, at least six minimally pretreated subjects would
be treated on the protocol. Minimal pretreatment was
defined as fewer than six courses of an alkylating
agent-containing chemotherapy regimen or fewer than
four courses of platinum chemotherapy. Subjects with
prior radiation therapy were permitted to enroll if
<25% of their bone marrow was previously irradiated
and had fewer than four courses of Mytomycin C or
nitrosourea. After the MTD was identified, a bio-
availability cohort with eight subjects was to be eval-
uated for assessing the bioavailability of the oral
formulation of MAC-321 at the MTD. Subjects in this
cohort were to be given an oral dose of MAC-321 on
study day 1 followed by an IV dose of MAC-321 on
study day 22 so that the bioavailability with the two
methods of administration could be compared.

Treatment of subjects

The subjects underwent a screening that was per-
formed within 2 weeks prior to administration of the
first dose of oral MAC-321. During the screening
evaluation, the subject signed an IRB approved con-
sent form, had a complete medical history performed,
had a complete physical exam including a detailed
neurological exam, as well as a chest X-ray, ECG,
complete blood counts, comprehensive blood chemis-
try including liver function tests, coagulation studies an
evaluation for ECOG performance status, and a dis-
ease assessment by tumor measurement. MAC-321 was
administered every 3 weeks.

On study day 1, subjects were administered an oral
dose of MAC-321 after an overnight fast and were
required to fast for 1 h after drug administration.
Treated subjects were monitored for toxicity for at
least 1 week before additional subjects could be
enrolled at the same dose cohort. Subjects were
allowed to receive up to a maximum of six doses of
MAC-321 unless continuation was deemed to be
medically appropriate by the investigator with agree-
ment of the medical monitor. Since it was anticipated
that the bioavailability of MAC-321 administered or-
ally would range from ~3 to 13%, a starting dose of
25 mg/m* was recommended for the oral administra-
tion of this drug. Dose escalation between cohorts was
based on a modified Fibonacci schema and planned as
follows: 25, 37, 50, 75, 100, and 125 mg/m2.

Dose limiting toxicities were defined as any of the
following that were possibly related to MAC-321: (1)
Any grade 3 or 4 non-hematologic toxicity, except for
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grade 3 nausea, vomiting or diarrhea, despite the sub-
jects having received optimal medical therapy; (2)
Febrile neutropenia, defined as a fever of unknown
origin or microbiologically documented infection and
having an absolute neutrophil count of <1,000 cells/
mm?>, and an oral or tympanic temperature of at least
38.5°C; (3) Grade 4 thrombocytopenia or grade 4 he-
matologic toxicity that lasted for at least 5 days; (4)
Grade 2 or greater hemorrhage; (5) Grade 2 or greater
neurotoxicity that persisted for at least five consecutive
days; and (6) Grade 3 or greater neurosensory toxicity.

Drug formulation

Oral MAC-321 powder was provided in a screw-cap-
ped amber glass bottle. Diluents needed to prepare
oral MAC-321 included anhydrous ethanol in 5 mL
glass ampoules, cremophor EL provided as a stock
solution in a glass bottle, raspberry flavoring, as well as
sterile water for injection. These ingredients were
combined in a 1:1:6:12 ratio and adjusted to a total
volume of 100 mL.

Response criteria

Tumor response was assessed utilizing the modified
RECIST criteria. A complete response (CR) was de-
fined as the disappearance of all target lesions. Partial
response (PR) was at least a 30% decrease in the sum
of the longest diameter of target lesions when com-
pared to baseline sum of longest diameters. Progressive
disease (PD) indicated at least a 20% increase in the
sum of the longest diameter when compared to the
smallest sum of longest diameter observed after first
dose of test article. Stable disease (SD) was recorded
when neither sufficient shrinkage to qualify for PR nor
sufficient increase to qualify for PD. All responses had
to be confirmed by repeat assessments performed no
less than 4 weeks after the initial response assessment.

Pharmacokinetic analysis

To characterize the plasma pharmacokinetic (PK) of
MAC-321, blood samples were taken during cycle 1 at
the following time points: 0 (pre-dose), 0.5, 1,2, 3,4, 5,
6, 7, 8, 24, 48, 72, 96, and 120 h to measure plasma
levels of MAC-321. A high-performance liquid chro-
matography/tandem mass spectrometry (HPLC/MS/
MS) method was validated for the quantification of
MAC-321 blood levels [11]. Blood was collected in
tubes containing sodium EDTA for pharmacokinetic
samples. Plasma (0.5 mL plus an internal standard)
was extracted with 5.0 mL of a 50/50 mixture of t-butyl
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methyl ether/hexane and was taken to dryness under a
nitrogen stream. The extract was reconstituted and
injected onto a C-18 column with MS/MS detection.
The lower limit of MAC-321 detection was 0.2 ng/mL
and the accuracy was within 15%, based on quality
control samples of 0.5, 10, and 90 ng/mL [11]. Assess-
ment of the stability of MAC-321 in human plasma
under various conditions indicated that the compound
was stable during short-term storage at ambient tem-
perature or at 4°C up to 24 h [11]. Standard pharma-
cokinetic variables including Cyax, fmax, AUC, CL/F,
and t, were determined with model independent
methods.

Results

Three institutions participated in the study. Eighteen
subjects received 84 complete cycles of oral MAC-321.
The median number of administered cycles was 2
(range 1-24). Subject characteristics are listed in Ta-
ble 1. The study cohort included 14 men and four
women with a median age of 60 (range 39-71) years.
All of the subjects except one had received prior

Table 1 Subject demographics

Characteristic Number of subjects

Number of subjects treated 18
Gender: male/female 14/4

Age (years): median (range) 60 (39-71)
Race: Caucasian 18

ECOG

PS=0

PS=1

PS=2

Number of prior chemotherapy
Regimens

— WO N

A LN RO

5

Tumor site
Colorectal 5
Pancreas 2
Renal 2
Prostate 1
NSCLC 1
Others 1
Gastric

Adenocarcinoma unknown primary
Chondrosarcoma

Esophagus

Mesothelioma

Small cell undifferentiated carcinoma
Spindle cell carcinoma

each
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chemotherapy; the majority of these subjects (eight)
had received two or more prior regimens. Median
performance status was ECOG 1 (range 0-2). Treat-
ment was well tolerated at the first three dose levels
(25, 37, 50 mg/m?). Three subjects each were treated at
the 25 and 37.5 mg/m? dose levels. Five were treated at
the 50 mg/m” dose level after the first two subjects
treated at this dose discontinued treatment before day
21 and were replaced. Two of four subjects had DLT of
febrile neutropenia at the 75 mg/m? dose level. Thus an
intermediate dose level of 60 mg/m* was explored
based on agreement between the investigators and the
sponsor. Three subjects were treated at the 60 mg/m*
dose level and determined to be the MTD. Additional
subjects to confirm the MTD were not enrolled at
the 60 mg/m?* dose level because the study sponsor
discontinued the study after several cases (n = 6) of
severe neutropenia associated with life-threatening
infection were observed in a concurrent study with
intravenous MAC-321. Of note, a case of severe neu-
tropenia with life-threatening infection was observed
in this study of oral MAC-321 in a patient with colon
cancer who had rapid disease progression and died.
Thus, the planned bioavailability cohort to compare
the bioavailability of the intravenous and oral formu-
lations of MAC-321 was not completed due to study
closure.

Toxicity

Table 2 lists all grade 3/4 toxicities observed during any
course of treatment. Dose limiting toxicity for oral
MAC-321 was febrile neutropenia. Two of four sub-
jects treated at the 75 mg/m? had febrile neutropenia
(nadir day 7); one subject had grade 3 neutropenia with
fever (3 days duration), the other subject had grade 4
neutropenia with fever (4 days duration). Overall, the
grade 3/4 toxicities (Table 2) were neutropenia with
fever (two subjects), thrombocytopenia (one subject),
neuropathy (one subject), fatigue (one subject), and
infection (one subject). Except for the single episode of
grade 3 fatigue observed at the 25 mg/m? dose level, all
other grade 3/4 toxicities were observed at the highest
(75 mg/m?) dose level. Other common toxicities that

occurred in 225% of subjects included grade 1/2 fati-
gue, anorexia, nausea, and diarrhea. Importantly, the
oral formulation of MAC-321 was not associated with
frequent dyspepsia, vomiting, or esophagitis.

Pharmacokinetics and pharmacodynamics

Figure 2 shows the plasma concentration versus time
curves for orally administered MAC-321. The mea-
sured pharmacokinetic parameters for orally adminis-
tered MAC-321 by dose group are summarized in
Table 3. Oral MAC-321 was absorbed rapidly with a
mean Cp,, of less than 1 h at all dose levels. Drug
exposure generally increased in a dose-related manner
as measured by mean C,,, and AUC. However, review
of the plasma concentration versus time curves at each
dose level indicates that toxicity may not be directly
related to Cp .. At the 75 mg/mz, where two of four
patients experienced DLT, the mean C,,,x and AUC
were lower than measured at the 60 mg/m* dose level
which was well tolerated. The substantial intersubject
variability in the PK parameters limits the generaliz-
ability of the PK observations. Evaluation of the indi-
vidual data indicates that the elevated mean C,,,, and
AUC at the 60 mg/m? are driven by one patient with a
Cmax of 113 ng/mL and an AUC of 2,671 ng h/mL.
Additionally, both patients who experienced DLT at
the 75 mg/m? had pathophysiology that may account
for their higher exposure. One patient who developed
grade 4 neutropenia and grade 4 thrombocytopenia
had the highest AUC in the study (3,143 ng h/mL).
The patient was found to have a pleural effusion on
week 2 of the study, which may have contributed to the
higher AUC, based on prolonged drug levels post
administration. The second patient had evidence of
abnormal liver function at baseline.

The median terminal phase elimination half-life for
oral MAC-321 was 45 h (range 20-228). The measured
pharmacokinetic parameters for oral MAC-321 were
similar to the pharmacokinetics of the IV formulation
including substantial intersubject variability in the PK
parameters and a similar terminal phase elimination
half-life. The small number of subjects treated at the
MTD and the lack of bioavailability studies does not

Table 2 Toxicity Toxicity (>grade 3)

MAC-321 dose (mg/m?)

25n=3 375n=3 5S0n=5 60n=3 75n=4 Totaln=18
Neutropenic fever 0 0 0 0 2 2
Fatigue 1 0 0 0 1 1
Infection 0 0 0 0 1 1
Thrombocytopenia 0 0 0 0 1 1
Neuropathy 0 0 0 0 1 1

@ Springer



Cancer Chemother Pharmacol (2007) 60:203-209

208
90
80 —o—25mg/m2
—=B—37mg/m2
c 70 50mg/m2 [
o
.ﬁ 60 60mg/m2 —
by
=
c —*%—75mg/m2
S 50 A 9 -
Q
c
: 7
O 40
©
&
K 30
o \\
0

i 2 3 4 5 6 7 8 9 10 11 12 13 14
Time (Hours)

Fig. 2 Plasma concentration versus time curves for each dose
level of orally administered MAC-321

allow for final conclusions regarding pharmacokinetics
of oral MAC-321.

Antitumor activity

No objective responses (CR + PR) were observed
during this trial. The median duration of MAC-321
treatment was 2 cycles (range 1-24). Disease progres-
sion was the reason for treatment discontinuation in 14
of 18 subjects. Disease stabilization was seen in four
subjects with the following tumors: mesothelioma
(24 cycles), chondrosarcoma (12 cycles), small cell
carcinoma (11 cycles), and prostate adenocarcinoma
(6 cycles). There are no patients that are still being
treated with MAC-321 on this study.

Discussion

The taxanes appear to be one of the most successful
classes of antitumor drug developed thus far, due at
least in part to their broad antitumor activity. The
primary mechanism of antitumor activity for the two
FDA approved taxanes is through tubulin binding and

Table 3 Summary of pharmacokinetic parameters of MAC-321

inhibition of microtubule depolymerization, preventing
chromosomal separation and leading to mitotic arrest,
and cell death [20]. Taxane treatment has also been
reported to induce genes involved in transcription
regulation, tumor suppression as well as cellular pro-
liferation, apoptosis, and inflammation [10, 13, 14, 18].
MAC-321 is a docetaxel analogue that can induce
tubulin polymerization [22]. MAC-321 also has phar-
macological properties that are superior to docetaxel
and paclitaxel including higher cytotoxic potency, a
weak interaction with MDRI1 reducing the potential
for MDR1 induced taxane resistance and greater sol-
ubility allowing for oral administration.

In this phase I study, oral MAC-321 was adminis-
tered safely every 21 days at doses up to 60 mg/m?. The
dose limiting toxicity was neutropenic fever. Doses at
the MTD and below were very well tolerated. The
established MTD for oral MAC-321 was not confirmed
in this study as the study was halted after significant
toxicity was observed in a concurrent trial of MAC-321
administered intravenously. In that study, six patients
developed neutropenic sepsis with three fatalities. In
the phase I study of intravenous MAC-321, myelo-
suppression was also the most common significant
toxicity. However, the grade 3 and greater myalgias
and dyspnea observed in the intravenous study were
not encountered in this study population [1].

Pharmacokinetics of oral MAC-321 was generally
linear in the 25-60 rng/m2 dose range. The Cy,,x was
highest at the 60 mg/m® dose level, indicating that
toxicity may not be directly related to Cp,ax. The con-
siderable variability in PK parameters suggests that
host genetics or other factors such as concurrent
medications, or GI system function may contribute to
the observed variability in drug disposition. At the
MTD, a planned bioavailability cohort to compare the
bioavailability of the intravenous and oral formulations
of MAC-321 was not completed because the study was
terminated. Although no tumor responses were ob-
served, four subjects with refractory tumors had dis-
ease stabilization. The tumor types in these subjects
who received long-term treatment with oral MAC-321
have all been associated with some level of detectable

Dose group (mg/m?) Cpay (ng/mL) fmax (1) AUC (ng h/mL) ti» (h) CL/F (L/h)
Mean SD CV (%) Mean SD CV (%) Mean SD CV (%) Mean SD CV (%) Mean SD CV (%)
25 (n=3) 11 6 54 1.0 0.9 87 133 43 32 56 23 42 424 132 31
37.5 (n=3) 32 12 37 13 0.6 43 857 972 133 120 96 80 189 137 73
50 (n =5) 35 27 76 08 03 31 438 309 71 53 17 31 298 186 63
60 (n =3) 85 41 48 1.0 0.0 1 1,683 1,399 83 178 - - 112 95 &4
75 (n=4) 60 48 81 0.8 0.3 39 1,033 1,428 138 27 9 36 640 731 114
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MDRI1 expression [3, 15, 19, 23]. However, protein
and/or mRNA expression levels for MDR1 were not
assessed as part of this study; therefore, conclusions
about the clinical efficacy of oral MAC-321 in MDRI1
expressing tumors cannot be drawn.

Other taxane analogues have been developed with
purported ability to overcome MDR1-mediated tumor
resistance and have undergone clinical testing [4, 6, 12,
16, 17, 24]. MAC-321 may offer some advantage over
these agents based upon availability of a convenient
administration route (i.e., oral) and infrequent dosing
schedules, but careful patient selection will be required
in future studies of this agent. A review of the patients
who experienced life-threatening toxicities after intra-
venous MAC-321 administration indicated that neu-
tropenic sepsis appears to occur in patients with
abnormal liver function at baseline. In future planned
studies of MAC-321, specific exclusion criteria for
patients with abnormal liver function tests will be in-
cluded. Similar dosing criteria for the administration of
docetaxel have been recommended [2]. The convenient
route of administration and the observation that sub-
jects can take the drug for prolonged periods of time
with tolerable toxicity provide support for further
evaluation of oral MAC-321 in select subject popula-
tions.
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