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Abstract Purpose: To define the toxicity profile and the
recommended phase II doses of 9-aminocamptothecin
(9-AC) administered as a weekly 120-h infusion. Meth-
ods: 9-AC was administered over 120 h weekly to 55
adult cancer patients with solid tumors over doses
ranging from 0.41 to 0.77 mg/m? per day in a phase I and
pharmacologic study. 9-AC formulated in dimethylace-
tamide/polyethylene glycol (DMA) was administered on
a 3 of 4-week schedule, and the newer colloidal disper-
sion (CD) formulation was given on a 2 of 3-week
schedule. Results: Overall, 193 courses of therapy were
administered over 122 dose levels. On the 3 of 4-week
schedule, 9-AC DMA infused at 0.6 mg/m? per day for
120 h weekly produced dose-limiting neutropenia,
thrombocytopenia, and diarrhea, or resulted in 1-2-week
treatment delays. Shortening treatments to 2 of 3 weeks
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resulted in dose-limiting neutropenia and fatigue at in-
fusion rates >0.72 mg/m? per day. The ratio of 9-AC
lactone to total (carboxylate + lactone) drug plasma
concentrations at steady-state was 0.15+0.07. Clinical
toxicities and drug pharmacokinetics were not substan-
tially different between the DMA and CD formulations.
One objective response was observed in a patient with
bladder cancer and minor responses were observed in
patients with lung and colon cancers. Plasma area under
the concentration versus time curve for 9-AC lactone
modestly correlated with the degree of thrombocytope-
nia (r=0.51) using a sigmoid E,,, pharmacodynamic
model. Conclusion: The recommended phase II dose for
the 9-AC DMA formulation is 0.48 mg/m? per h over
120 h for 3 of 4 weeks and for the 9-AC CD formulation
is 0.6 mg/m> per day over 120 h for 2 of 3 weeks. Both
regimens were well tolerated and feasible to administer.

Keywords Camptothecin - Topoisomerase I poison -
Chemotherapy

Introduction

9-Amino-20(S)-camptothecin (9-AC) is a poorly soluble
camptothecin derivative and topoisomerase-I-targeting
agent with broad spectrum single-agent activity in ani-
mal tumor models [1, 2]. It forms a drug-stabilized
cleavable complex with the nuclear enzyme, topoiso-
merase I, in which the protein is covalently bound to DNA
at the site of a single strand break. In the presence of
ongoing DNA synthesis, these drug-stabilized cleavable
complexes lead to cytotoxic DNA damage [3, 4, 5]. 9-AC
has a highly labile terminal camptothecin lactone ring
that undergoes nonenzymatic hydrolysis in aqueous so-
lutions to form the less-active open-ring carboxylate [6].

9-AC has demonstrated preclinical antitumor activity
against a broad range of human tumors including
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malignant melanoma, acute leukemias, and colorectal,
prostate, ovarian, and bladder cancers [1, 2, 7, 8, 9, 10,
11]. Because of poor aqueous solubility, the initial clin-
ical testing of 9-AC lactone was delayed until a suitable
intravenous formulation in dimethylacetamide (DMA)/
polyethylene glycol and phosphoric acid could be de-
veloped. The first human trials utilized a 72-h infusion of
the 9-AC DMA formulation administered every 2 weeks
[12] or 3 weeks [13]. The principal dose-limiting toxicity
(DLT) was myelosuppression, especially neutropenia,
but these treatments were otherwise well tolerated. More
recently a more easily administered colloidal dispersion
(CD) formulation of 9-AC has been developed [14].

Previously, we have demonstrated the feasibility of
administering 9-AC as a continuous infusion for up to
72 h per week [12]. In this study, our goal was to prolong
the duration of the weekly 9-AC infusion up to 120 h.
There are several theoretical reasons why prolonging the
duration of 9-AC infusion may increase antitumor effi-
cacy. First, because 9-AC is an S-phase cell cycle-specific
cytotoxic agent with a short half-life [15], longer drug
infusion times could increase the number of tumor cells
exposed to drug during the sensitive phase of the cell
cycle [16]. Second, in preclinical studies of nude mice
bearing human tumor xenografts, repeated administra-
tion of low doses of camptothecins has been shown to
decrease systemic toxicity, yet to preserve antitumor
activity [17]. Furthermore, clinical administration of
prolonged continuous infusions of other camptothecin
analogues has been shown to be tolerable by Hochster
et al. and others [18, 19, 20]. Finally, at the molecular
level, Danks et al. have found that intermittent rather
than continuous exposures to topotecan allows greater
cleavable complex formation and produces maximal
cytotoxicity [21].

Consequently, we postulated that a prolonged con-
tinuous exposure to 9-AC with periodic “breaks’ during
the infusion might maximize clinical efficacy and de-
crease toxicity. Therefore, we evaluated a prolonged

120-h infusion of the DMA formulation of 9-AC given
weekly for 3 of 4 weeks. Once the recommended phase 11
dose on this schedule was established, the duration of
treatment was shortened and the recommended phase I1
dose of the CD formulation of 9-AC on a weekly for 2 of
3 weeks schedule was also determined.

Materials and methods

Patient selection

In order to be eligible for this study, patients had to be 18 years or
older, and diagnosed with a refractory solid tumor. The Eastern
Cooperative Oncology Group (ECOG) performances status had to
be less than or equal to 2, and patients had to have an absolute
granulocyte count greater than 2000 pl, a platelet count greater
than 100,000/pl, a total bilirubin less than 1.8 mg/ml, an aspartate
aminotransferase (AST) level less than or equal to four times the
upper limit of normal, and a serum creatinine concentration less
than or equal to 1.6 mg/dl. Measurable disease was not required.
At least 4 weeks had to have elapsed since the completion of any
prior chemotherapy, radiation therapy, or immunotherapy. If prior
mitomycin C, nitrosoureas, or suramin treatments had been given,
at least 6 weeks must have elapsed. Patients were ineligible if they
had any active infections requiring antibiotic therapy, central ner-
vous system metastases, human immunodeficiency virus antibody
positivity, or other serious concurrent medical illness that would
preclude receiving experimental chemotherapy. The institutional
review boards of the National Cancer Institute (NCI) and the
National Naval Medical Center approved the protocol, and all
patients gave written informed consent. Patients were enrolled from
11 October 1994 through 27 January 1998.

Dose escalation

The initial seven patients treated at the starting dose level of
0.41 mg/m” per day infused over 120 h every 2 weeks were enrolled
as part of a preliminary pilot study to demonstrate the feasibility of
infusing the 9-AC DMA formulation for longer than 72 h. Once
the logistics and safety of administering a 120-h infusion were es-
tablished, a standard three patients per dose level phase I escalation
scheme was instituted, with the initial dose levels defined by the
duration of drug infusion (Table 1). In the subsequent dose levels,
the duration of drug infusion was increased to 1.5, 2, 2.5, and

Table 1 Dose levels

Dose level Dose rate Duration New patients Total patients Evaluated
(mg/m>/day) (weeks) entered treated at this dose level courses
I-DMA 0.41 1 every 2% 7 7 46
2-DMA 0.41 1.5every3® 3 3 10
3-DMA 0.41 2.0 every 3 4 7 17
4-DMA 0.41 25every 44 3 5 7
5-DMA 0.41 3.0 every 4° 4 4 8
6-DMA 0.48 3.0 every 4° 5 7 28
7-DMA 0.60 3.0 every 4° 9 10 28
8-DMA 0.77 3.0 every 4° 5 5 7
1-CD 0.48 2.0 every 3 4 5 7
2-CD 0.60 2.0 every 3 8 9 16
3-CD 0.72 2.0 every 3¢ 3 4 6
4-CD 0.84 2.0 every 3¢ 0 1 4
Total - - 55 - 184

“Week 1 120 h, week 2 no treatment

PWeek 1 120 h, week 2 48 h, week 3 no treatment

“Week 1 120 h, week 2 120 h, week 3 no treatment

dWeek 1 120 h, week 2 120 h, week 3 48 h, week 4 no treatment
‘Week 1 120 h, week 2 120 h, week 3 120 h, week 4 no treatment



finally 3 weeks while maintaining the infusion rate at 0.41 mg/m?>
per day. Once the targeted treatment schedule of a 120-h infusion
weekly for 3 of every 4 weeks had been achieved, the rate of drug
infusion was escalated to 0.48, 0.60, and 0.77 mg/m?> per day
(Table 1). A shorter, more convenient schedule administering 9-AC
as the CD formulation weekly for 2 of 3 weeks was also examined
over a dose range of 0.48 to 0.84 mg/m? per day (Table 1). This
regimen matched the 2 of 3-week treatment schedule utilized in
preclinical animal models [17].

Individual patient dose escalations were permitted every third
cycle provided that no worse than grade 1 toxicity was experienced
in the previous two cycles (excluding nausea, vomiting and alope-
cia). However, individually escalated patients were not included in
the determination of the maximally tolerated dose (MTD). DLT
was defined as any of the following occurring during cycle 1: ab-
solute neutrophil count (ANC) less than 500/ul for longer than
5 days; platelet count less than 25,000/ul; grade 3 or 4 nonhema-
tologic NCI Common Toxicity Criteria [22]; or greater than 2-week
delay due to drug-related toxicity. If a DLT was observed in any
new patient during cycle 1, the number of new patients treated at
that dose level was expanded to six. The MTD was defined as the
dose level that induced a DLT in fewer than 33% of patients during
cycle 1. Routine use of colony-stimulating factors was not per-
mitted and high-dose loperamide was not used in this study.
Treatment was resumed when the ANC had recovered to greater
than 1500/pl, the platelet count was greater than 100,000/ul, and all
clinically significant nonhematologic toxicities had resolved. Dose
reductions were made by decreasing the rate of drug infusion and
not by shortening the duration of drug administration because
preservation of the prolonged infusion schedule was a primary
study objective.

Drug administration

9-AC was supplied by the Cancer Treatment Evaluation Program,
Division of Cancer Treatment and Diagnosis, NCI, in vials that
contained 9-AC concentrate in DMA (5 mg/ml). A volume of 1 ml
of this concentrate was added to a second vial that contained 49 ml
50% polyethylene glycol (400) (PEG) and 50% 0.01 mol/l phos-
phoric acid. This solution was diluted in 0.9% sodium chloride and
the concentration was kept at less than 1 pg/ml to prevent pre-
cipitation. 9-AC was administered over 120 h in a single cassette
via a central venous access device using CADD I or CADD-PLUS
(Pharmacia Deltec, St Paul, Minn.) pumps. Subsequently, 9-AC
was also provided as a lyophilized powder prepared with
dimyristoylphosphatidylcholine,  dimyristoylphophatidylglycerol
and mannitol, which could be added to 20% dextrose in normal
saline to yield a 100 pg/ml CD formulation for parenteral adminis-
tration. Premedications were not routinely administered with 9-AC.

Pretreatment and follow-up studies

Complete blood cell counts, laboratory chemistries, urinalysis and
a history and physical examination were performed every cycle. In
addition, complete blood cell counts were obtained twice weekly,
and if the ANC decreased to less than 1000/ul, they were obtained
at least three times per week. Formal tumor measurements were
performed after every two cycles of therapy. Treatment was con-
tinued indefinitely in the absence of disease progression. Standard
response criteria as employed in previous NCI studies were used
[23].

Pharmacokinetic and pharmacodynamic analyses

Plasma samples were obtained from 47 of 55 patients during cycle 1
of treatment at baseline and every 24 h until the end of the infu-
sion. Clinical sample processing and quantitation of the 9-AC
lactone and total drug concentrations were performed using our

217

previously reported assay which uses immediate solid-phase ex-
traction of the sample to separate the lactone from the open-ring
carboxylate [15]. The lower limit of quantitation of 9-AC lactone
was 0.25 nmol/l (0.09 ng/ml) and for 9-AC total drug was
2.5 nmol/l (0.9 ng/ml) for both the DMA and CD drug formula-
tions.

Plasma concentrations were measured at 24, 48, 72, 96, and
120 h. Total body clearance (CL) was calculated by dividing the
dose rate infused by the steady-state plasma concentrations (Css)
[24]. The area under the concentration versus time curve (AUC)
was estimated during cycle 1 for each patient by multiplying the
measured Css by the duration of infusion for subsequent phar-
macodynamic analyses.

Pharmacodynamic relationships were examined by plotting the
percent change in the ANC or platelet count versus the cycle 1
AUC. Because the time of the lowest observed blood counts on this
prolonged infusion schedule frequently occurred during the first
week of cycle 2 (i.e. 3 or 4 weeks after the start of the drug infu-
sion), the absolute degree of myelosuppression resulting from the
initial drug exposure during cycle 1 was defined as the nadir blood
count occurring during either cycle 1 or cycle 2 of therapy. The
percent change in blood counts was determined by subtracting the
nadir blood count observed at any time during the first two cycles
of therapy from the pretreatment baseline count and expressing this
value as a percent of the baseline level. Data were fitted to either a
simple maximum-effect (E,,.x) model or a sigmoidal maximum-
effect model (sigmoidal E.,) using WinNonLin, version 2.1
(Pharsight Corporation, Mountain View, Calif.). Goodness of fit
and model selection were based upon analysis of the Akaike’s In-
formational Criteria [25], the precision of the pharmacodynamic
parameter estimates, and visual inspection of the weighted residual
plots. In all cases, the best model for these data was the simple E .«
model, which is defined by the formula for drug effect
E = (Emax X AUC)/(AUC + ECsx), where E is the drug effect,
ELax 1s the maximal drug effect, and ECs, is the AUC associated
with one-half of the maximal drug effect.

Results
Patient demographics

A total of 55 patients were enrolled in this study of
whom 40 received 151 courses of 9-AC using the DMA
formulation over eight different dose levels and 15 re-
ceived 33 courses of 9-AC using the CD formulation
over four different dose levels (Table 1). The median
number of courses administered per patient was two and
ranged from 1 to 19 cycles. Of the 55 patients, 49 (89%)
had an ECOG performance status (PS) of 0 to 1. Five
patients were completely chemotherapy-naive, 34 had
received prior chemotherapy, and 15 had received prior
chemotherapy and radiation therapy. The median
number of prior chemotherapy regimens was one with a
range of one to five (Table 2). Of 53 patients evaluated
for toxicity, 39 were on the 3 of 4-week escalation
schedule, and 14 were on the 2 of 3-week schedule. One
nonevaluated patient with pancreatic cancer was en-
rolled on dose level 4-DMA (0.41 mg/m? per day over
120 h weekly for 2.5 weeks repeated every 4 weeks), but
developed a new cerebral vascular event early in cycle 1.
A second patient on dose level 1-CD (0.48 mg/m? per
day over 120 h for 2 of 3 weeks) was taken off study
during cycle 1 for an inferior vena cava thrombosis
secondary to tumor compression.
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Dose limiting toxicities

Once the feasibility of administering 0.41 mg/m? per day
of 9-AC DMA as a 120-h infusion every other week had
been established in a pilot group of seven patients, fur-
ther dose escalations were implemented adding three
new patients per dose level (Table 1). The targeted
schedule of administering 9-AC as a weekly 120-h
infusion for 3 of 4 weeks was reached at dose level
5-DMA, after which the rate of infusion was increased in
subsequent dose levels from 6-DMA to 8§8-DMA
(Table 1). At dose level 8-DMA (0.77 mg/m” per day of
9-AC DMA over 120 h weekly for 3 of 4 weeks), dose-
limiting grade 4 diarrhea, thrombocytopenia and febrile
neutropenia were observed during cycle 1 in two of five
patients. Therefore, additional patients were treated at
dose level 7-DMA (0.60 mg/m? per day over 120 h
weekly for 3 of 4 weeks) to define the MTD. At this
level, only one patient of nine experienced dose-limiting

Table 2 Patient demographics

Age (years)

Median 53

Range 25-77
Gender

Female 25

Male 30
Performance status

0-1 49

2 6
Primary tumor

Colorectal 32

Other gastrointestinal 6

Lung 6

Head and neck 3

Other 8
Prior therapy

Chemotherapy only 34

Chemotherapy + radiation 15

Radiation only 1

No prior chemotherapy or radiation therapy 5
Prior chemotherapy regimens

Median 1

Range 1-5

febrile neutropenia and diarrhea during cycle one,
meeting our criteria for the MTD.

However, the time of the nadir ANC was often de-
layed and frequently occurred after 21 to 28 days of
therapy. Consequently, four of nine patients treated at
dose level 7-DMA experienced delays in starting cycles 2
or 3, or required early termination of cycles 2 or 3 due to
neutropenia or thrombocytopenia. Thus, maintaining
the planned dose intensity at dose level 7-DMA was not
feasible. At the next lowest dose level 6-DMA (0.48 mg/
m? per day over 120 h weekly for 3 of 4 weeks), five
patients received 18 courses of therapy, and no clinically
significant neutropenia, thrombocytopenia, or diarrhea
were observed (Tables 3 and 4). None of these patients
required dose escalations or reductions. Therefore, our
recommended phase II dose for the DMA formulation
of 9-AC is 0.48 mg/m? per day over 120 h weekly for 3
of 4 weeks (dose level 6-DMA).

For the 2 of 3-week schedule using the 9-AC CD
formulation, dose-limiting grade 4 neutropenia and
grade 3 fatigue were observed at dose level 3-CD
(0.78 mg/m? per day over 120 h weekly for 2 of 3 weeks)
in two of three patients (Tables 3 and 4). Therefore,
additional new patients were accrued until a total of
eight new patients were treated with 16 courses at the
next lower dose level 2-CD (0.60 mg/m” per day over
120 h weekly for 2 of 3 weeks). One patient at this dose
level was diagnosed with CMV esophagitis during cycle
1 and required treatment with ganciclovir. She ulti-
mately developed grade 4 neutropenia and Clostridium
difficile colitis with grade 3 diarrhea that required stop-
ping protocol therapy. Another patient developed febrile
neutropenia after two cycles of therapy. However six
additional patients tolerated dose level 2-CD well, in-
cluding one patient who was successively dose escalated
twice and finally tolerated four courses at 0.84 mg/m2
per day without problems. Nonetheless, because only
two of eight patients (<33%) experienced DLT during
cycle 1 to 2, this dose level met our definition of MTD.
Overall, for the majority of patients treated on the 2 of
3-week schedule, neutropenia and fatigue were common,

Table 3 Hematologic toxicity: worst toxicity grade in any cycle (4 NC absolute neutrophil count, WBC white blood count, PLT platelet

count)
Dose level Dose rate Duration Evaluated ANC WBC PLT Hemoglobin
(mg/m?/day)  (weeks) patients treated®  (grade 3/4) (grade 3/4) (grade 3/4) (grade 3/4)

1-DMA 0.41 1 every 2 7 0/0 0/0 0/0 0/0
2-DMA 0.41 1.5 every 3 3 0/0 0/0 0/0 1/0
3-DMA 0.41 2.0 every 3 7 0/0 0/0 0/0 1/0
4-DMA 0.41 2.5 every 4 5 0/0 0/0 0/0 0/0
5-DMA 0.41 3.0 every 4 3 0/0 1/0 0/0 0/0
6-DMA 0.48 3.0 every 4 7 1/0 0/0 0/0 2/1
7-DMA 0.60 3.0 every 4 10 2/1 1/1 1/0 2/1
8-DMA 0.77 3.0 every 4 5 12 0/2 0/2 0/0

1-CD 0.48 2.0 every 3 4 0/0 0/0 1/0 1/0

2-CD 0.60 2.0 every 3 9 12 2/1 3/0 3/0

3-CD 0.72 2.0 every 3 4 1/1 2/0 0/0 1/0

4-CD 0.84 2.0 every 3 1 0/0 0/0 0/0 0/0

#All patients treated at that specific dose, including patients undergoing dose modification
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Dose level Dose rate Duration Evaluated Diarrhea Fatigue Nausea Vomiting
(mg/m?/day) (weeks) patients treated®  (grade 1/2/3/4) (grade 1/2/3/4) (grade 1/2/3/4) (grade 1/2/3/4)
1-DMA 0.41 1 every 2 7 1/2/0/0 2/2/0/0 4/3/0/0 4/2/0/0
2-DMA 0.41 1.5 every 3 3 0/2/0/0 1/2/0/0 0/2/0/0 1/0/0/0
3-DMA 0.41 2.0 every 3 7 0/1/0/0 0/4/1/0 3/2/0/0 3/1/0/0
4-DMA 0.41 2.5 every 4 5 1/0/0/0 1/1/0/0 1/1/0/0 1/0/0/0
5-DMA 0.41 3.0 every 4 3 2/0/0/0 1/1/0/0 2/0/0/0 0/0/0/0
6-DMA 0.48 3.0 every 4 7 3/1/0/0 4/2/0/0 2/2/0/0 1/1/0/0
7-DMA 0.60 3.0every4 10 2/1/0/1 5/1/0/0 1/3/1/0 1/3/1/0
8-DMA 0.77 3.0 every 4 5 0/0/1/2 2/0/1/0 1/1/0/0 0/1/0/0
1-CD 0.48 2.0 every 3 4 1/0/0/0 1/2/0/0 2/0/0/0 0/0/0/0
2-CD 0.60 2.0 every 3 9 2/1/1/0 5/3/0/0 6/2/0/0 2/2/0/0
3-CD 0.72 2.0 every 3 4 1/1/0/0 0/1/0/0 3/0/1/0 0/1/0/0
4-CD 0.84 2.0 every 3 1 0/0/0/0 1/0/0/0 0/0/0/0 0/0/0/0

#All patients treated at that specific dose, including patients undergoing dose modification

but generally mild (Tables 3 and 4). Thrombocytopenia
and diarrhea were also less pronounced on this shorter
schedule. Our recommended phase II dose for the CD
formulation of 9-AC is 0.60 mg/m? per day infused over
120 h weekly for 2 of 3 weeks (dose level 2-CD).

Other toxicities

Mild anemia was commonly observed on both sched-
ules. For the 3 of 4-week treatment, 6 of 39 patients
required blood transfusions, while on the 2 of 3-week
schedule, 3 of 14 patients required transfusional support.
Two patients treated with the DMA formulation
developed grade 1 eosinophilia in the absence of signs
of allergic reaction or infection.

Mild fatigue was also frequent, occurring in 79% of
the 39 patients entering on the 3 of 4-week schedule and
in 86% of the 14 patients treated on the 2 of 3-week
regimen. Diarrhea of any severity was seen in 41% of
patients on the 3 of 4-week schedule and in 35% of those
on the 2 of 3-week schedule. Overall, 19 out of 53
patients showed mild elevations in liver transaminases.
In two patients, the abnormalities were associated with
biliary obstruction secondary to tumor progression.
Mild alopecia, headaches, anorexia, and mucositis were
also observed on both schedules. All patients were re-
quired to have central venous access while on study, and
the majority of these were port devices. Six patients had
presumed central line infections. Three had documented
gram-positive cocci in blood cultures and three patient
required line removal; however, none of these patients
was neutropenic. Line removal was also required in one
patient with skin breakdown at the Port-a-Cath site in
the absence of any infection or neutropenia.

Response
Among 47 patients evaluated for response, 36% had

stable disease and 57% experienced disease progression
at the initial restaging. A 66-year-old patient with

bladder cancer failing prior chemotherapy with me-
thotrexate, doxorubicin, vinblastine, cisplatin and radi-
ation was noted to have an impressive partial response
to the 9-AC DMA formulation starting dose level
5-DMA (0.41 mg/m” per day over 120 h weekly for 3 of
4 weeks). At the time of entry, the patient had bilateral
pulmonary nodules, a suprapubic mass, posterior pelvic
mass and bone metastases. After four cycles the pul-
monary nodules had decreased by 90% and after nine
cycles, the pulmonary nodules and suprapubic mass had
disappeared. The only remaining evidence of disease was
a previously irradiated site of bony metastases. After
three cycles, the patient’s dose was escalated to 0.48 mg/
m? per day, which was well tolerated. The patient
received a total of 13 cycles and discontinued the study
at his own request. At the time of this report he had
remained in a partial response for over 53 months.

A 32-year-old patient with colon cancer who had
received one prior chemotherapy regimen showed a 26%
decrease in disease after two cycles. The patient was
entered at dose level 7-DMA (0.6 mg/m? per day over
120 h weekly for 3 of 4 weeks) and did not receive any
dose escalations or reductions, but he progressed after ten
cycles. Another 40-year-old patient with non-small-cell
lung cancer entered at dose level 6-DMA (0.48 mg/m? per
day over 120 h weekly for 3 of 4 weeks) showed an 82%
decrease after four cycles. However, during cycle 5 he
was found to have cerebral metastases and was removed
from the study. It is unclear whether the patient had
prior CNS disease at the start of treatment since brain
imaging is not a part of the initial evaluation.

Pharmacokinetics and pharmacodynamics

Pharmacokinetic data were collected from 47 patients
and are summarized in Table 5. As in previous studies of
9-AC, the overall interpatient variability was high, with
the coefficient of variation of the total lactone clearance
being 64% and for total 9-AC clearance 57%. No ap-
preciable differences between the DMA and CD forms
of 9-AC were observed when lactone clearance (z-test,
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Fig. 1 Pharmacodynamic cor-
relation between 9-AC lactone
AUC and percent decrease in 100 -
platelets. The solid line was L4
determined by fitting data to a 7 L
simple E,.x model (closed "q','
circles patients treated with the == 80 - o
DMA formulation, open circles 3
patients treated with the CD o
formulation) 0.
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clinical comparison cannot be made because the DMA
formulation was given every 3 of 4 weeks and the CD
formulation was given every 2 of 3 weeks.

No consistent differences in the pharmacokinetics of
the DMA and CD formulations were observed; how-
ever, both showed substantial interpatient variability.
The overall total 9-AC systemic clearance in this study
(1.87+1.07 I/h per m?) was in general agreement with
that previously observed during an earlier phase I study
of the 9-AC DMA formulation infused over 72 h
(2.39+£0.94 1/h per m?) [15]. When just 9-AC DMA
patients were analyzed, the total plasma 9-AC clearance
decreased as the dose rate increased, although there was
still substantial overlap in the range of clearance values
over the different dose levels (Table 5). The reasons for
this dose dependency are unclear, especially given our
earlier observation that total 9-AC clearance tends to
increase slightly at higher doses during a 72-h infusion
[15]. Pharmacodynamic correlations were identified be-
tween drug AUC and myelosuppressive toxicities such
as thrombocytopenia (Fig. 1) and neutropenia, but these
correlations were less strong than those previously found
in our phase I trial of a 72-h infusion of 9-AC [12, 15].
This may have been partially due to the use of a variable
duration of infusion, resulting in changes in drug con-
centrations and durations of exposure in different pa-
tients. Nonetheless, the weakness of these correlations
suggest that therapeutic drug monitoring of 9-AC plas-
ma levels are unlikely to be of benefit in predicting
clinical toxicity in patients receiving 120-h weekly drug
infusions.

The full clinical efficacy profile of 9-AC has yet to be
reported. In our study, one patient with bladder cancer
had a durable response for 53 months with bone

metastases as the only site of residual disease. This
patient continued to do well at the time of this report
although he had been off treatment for 48 months.
Another patient with lung cancer had a marked decrease
in his primary tumor but he was taken off study for
newly recognized brain metastases. The observation that
9-AC dose not readily penetrate the blood-brain barrier
[26] may explain why the patient developed brain lesions
while extra-CNS sites appeared to respond to 9-AC. It is
of interest that these tumor responses occurred despite
the relatively low 9-AC steady-state plasma lactone
concentrations (<10 nM) achieved in this study. A
single phase II trial of a 120-h infusion of 9-AC in
untreated colorectal cancer has failed to show antitumor
activity [27]. However, further phase II testing in other
tumor types must still be reported.

In conclusion, our recommended phase II doses for
the 9-AC DMA formulation is 0.48 mg/m? per h over
120 h for 3 of 4 weeks and for the 9-AC CD formulation
0.6 mg/m” per day over 120 h for 2 of 3 weeks. Although
dose-limiting myelosuppression occurred on both
schedules, it is unlikely that granulocyte colony-stimu-
lating factor would be of substantial benefit because the
nadirs tended to occur during week 1 of cycle 2, and
concomitant chemotherapy and growth factor support is
generally not advisable. The clinical toxicities and the
pharmacokinetic profiles are not substantially different
between the DMA and CD formulations of 9-AC.
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