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Abstract Cyclopentenyl cytosine (CPE-C) is an investi-
gational drug that is active against human solid tumor
xenografts. The 5'-triphosphate of CPE-C inhibits CTP
synthase, and depletes CTP and dCTP pools. We con-
ducted a phase I clinical trial of CPE-C given as a 24-h
continuous 1.v. infusion every 3 weeks in 26 adults with
solid tumors. The starting dose rate, 1 mg/m?* per h,
was selected on the basis of both preclinical studies and
pharmacokinetic data from two patients obtained after
a test dose of 24 mg/m? CPE-C as an i.v. bolus. Dose
escalation was guided by clinical toxicity. A total of 87
cycles were given, and ten patients received four or
more cycles. The mean CPE-C steady-state plasma
levels (Cpss) increased linearly from 0.4 uM to 3.1 uM
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at dose levels ranging from 1 to 5.9 mg/m~ per h (actual
body weight); the mean total body clearance was
146 + 38 ml/min per m? CPE-C was eliminated by
both renal excretion of intact drug and deamination to
cyclopentenyl uracil in an apparent 2:1 ratio. CTP
synthase activity in intact bone marrow mononuclear
cells was inhibited by 58% to 100% at 22 h compared
to matched pretreatment samples at all CPE-C dose
levels. When all data were combined, flux through CTP
synthase was decreased by 89.6% +3.1% at 22h
{mean + SE, n = 16), and remained inhibited by
67.6% + 7.7% (n = 10) for at least 24 h post-CPE-C
infusion. Granulocyte and platelet toxicities were dose-
dependent, and dose-limiting myelosuppression occur-
red during the initial cycle in two of three patients
treated with 5.9 mg/m?* per h. Four of 11 patients
(4 of 20 cycles) who received 4.7 mg/m* per h CPE-C
experienced hypotension 24—48 h after completion of
the CPE-C infusion during their first (n = 2), third
(n =1) and sixth cycles (n = 1), respectively. Two of
these patients died with refractory hypotension despite
aggressive hydration and cardiopulmonary resuscita-
tion. One of 12 patients (28 total cycles) treated
with 3.5 mg/m? per h CPE-C experienced orthostatic
hypotension during cycle 1, and this patient had a
second episode of orthostatic hypotension at a lower
dose (3.0 mg/m?per h). Hypotension was not seen
in patients receiving < 2.5mg/m? per h CPE-C.
The occurrence of hypotension did not directly
correlate with either CPE-C Cpss, CPE-U plasma
levels, pretreatment cytidine plasma levels, baseline
CTP synthase activity, or with the degree of enzyme
inhibition during treatment. While the hypotension
appeared to be dose-related, its unpredictable occur-
rence and the uncertainty concerning the mechanism
preclude a recommendation of a tolerable dose for
futare studies.

Key words: Cyclopentenyl cytosine-Phase 1 trials-
CTP synthase - Pharmacokinetics - Hypotension
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Abbrevations CPE-C Cyclopentenyl cytosine - Cyd
cytidine - CPE-CTP cyclopentenyl cytidine triphos-
phate - CPE-U cyclopentenyl uracil - Cp plasma con-
centration - Cpss plasma concentration at steady-state
Urd uridine HPLC high-performance liquid
chromatography - DCT Division of Cancer Treatment -
NCI National Cancer Institute - EKG electrocardio-
gram

Introduction

CPE-C (NSC 375575) is an investigational Cyd ana-
logue in which a carbocyclic cyclopentenyl moiety re-
places the furan ring of the ribose sugar [1, 2]. CPE-C
is metabolized intracellularly to its 5’-monophosphate
by Urd/Cyd kinase (E.C. 2.7.1.48), and readily forms
the corresponding di- and triphosphate derivatives
[3-5]. CPE-CTP potently inhibits CTP synthase (E.C.
6.3.4.2), leading to depletion of CTP and dCTP pools,
inhibition of RNA and DNA synthesis, and S-phase
accumulation [2-7]. CPE-C is active against murine
and human leukemias and carcinomas in both in vitro
and in vivo models [1, 4-8]. CPE-CTP has an appar-
ent intracellular half-life of 12-24 h [4, 5]. [*H]CPE-C
is incorporated into RNA at low levels, predominantly
in low molecular mass (4-8 S) species [5].

In a human colon cancer cell line, a 24-h exposure to
0.5 uM CPE-C results in > 90% lethality, and is ac-
companied by persistent CTP depletion for at least
96 h [5]. Continuous exposure to Cyd provides dose-
dependent protection: 0.5uM Cyd, a physiological
concentration, cannot rescue cells against = 1puM
CPEC for 24 h, while 10 uM Cyd is protective [5, 9].
Saturation of phosphorylation to the monophosphate
form occurs at extracellular concentrations of
5-10 uM, suggesting that the target Cpss in a clinical
trial should not exceed this level.

Preclinical studies with CPE-C suggested species dif-
ferences in both drug disposition and toxicity [ 10-13].
CPE-C is markedly more toxic to CD2F1 mice than to
Fischer-344 rats, presumably because of the relatively
high plasma Cyd levels in rats [10]. Continuous infu-
sion of CPE-C in dogs leads to weight loss, pan-
cytopenia, and abnormalities in both bone marrow
and lymph nodes, and the maximally tolerated doses
are 5 mg/m? per h over 24 h and 1.6 mg/m? per h over
72 h [11]. Rodents and dogs eliminate the drug prim-
arily through renal excretion, with a clearance of
90-102 ml/min per m? [10-12].

Reversible granulocytopenia has been shown to
occur in primates following a 24-h continuous 1.v. infu-
sion of 12.5 mg/m? per h CPE-C, with a Cpss of 2.1 uM
[13]. In primates, CPE-C is rapidly deaminated to its
Urd analogue, CPE-U. Although CPE-U is an inhibi-
tor of Urd/Cyd kinase, it is not cytotoxic. CPE-U
interferes with CPE-C phosphorylation if present con-

currently at a tenfold or more excess with respect to
CPE-C, whereas delayed administration of CPE-U
does not reverse CPE-C toxicity [14]. After iv. bolus
administration, CPE-C is rapidly eliminated from the
plasma in a biphasic manner with a total body clear-
ance of 662 ml/min per m?, about fivefold higher than
reported for rodents and dogs [12].

Based upon its preclinical activity, CPE-C appeared
to merit clinical evaluation as an antineoplastic agent.
The rapid deamination of CPE-C in non-human prim-
ates, its saturable metabolism, and the desire to avoid
potentially antagonistic concentration ratios of CPE-U
to CPE-C provided the rationale for continuous 1.v.
infusion. In addition, the Cpss of CPE-C tolerated by
primates are in the range associated with in vitro
cytotoxicity to cancer cells. The objectives of this trial
were to establish the toxicities of CPE-C given as a 24-h
continuous i.v. infusion every 21 days, to determine the
pharmacokinetic profile of CPE-C, and to measure the
effects of CPE-C on target enzyme activity (CTP syn-
thase) in mononuclear cells isolated from bone marrow.
The interspecies differences in pharmacokinetics sug-
gested that selection of a starting dose based on murine
and canine toxicology might underestimate the dose
that would be associated with toxicity in humans. The
starting dose rate, 1 mg/m? per h for 24 h, was therefore
selected not only on the basis of preclinical studies in
subhuman primates, but also by pharmacokinetic data
from the first two patients obtained after a test dose of
24 mg/m? CPE-C as an i.v. bolus. The initial dose level
was 8% of the dose that was tolerated in subhuman
primates, and 20% of the maximally tolerated dose in
dogs.

Patients, materials and methods

Materials

CPE-C and CPE-U (NSC 375574) of pharmaceutical purity were
obtained from the Drug Synthesis and Chemistry Branch, and
[5-*H]JCPE-C (15 Ci/mmol) and tetrahydrouridine (NSC 112907)
from the Pharmaceutical Resources Branch, Developmental Thera-
peutics Program, DCT, NCI. [5-*H]Urd (20 Ci/mmol) was pur-
chased from Moravek Biochemicals (Brea, Calif). Phosphate-buf-
fered isotonic saline (PBS), pH 7.2 and RPMI-1640 medium were
obtained from Biofluids, Inc. (Rockville, Md.). Fetal bovine serum
was from Gibco (Grand Island, N.Y.). Lymphocyte Separation Me-
dium (LSM) was purchased from Organon Teknika (Durham, N.C.).
Cyd was purchased from Sigma Chemical Co. (St. Louis, Mo.). All
other chemicals and solvents were reagent grade and were used
without further purification.

Patients

Eligibility requirements included age > 18 years, refractory solid
tumors, a Zubrod (Eastern Cooperative Oncology Group) perfor-
mance status of 2 or better, an absolute granulocyte
count > 2000/ul, a platelet count > 100 000/ul, a serum bilirubin
< 1.6 mg/dl, serum glutamate oxaloacetate transferase up to four times



above the upper limits of the institutional norm, and a serum
creatinine < 1.6 mg/dl. Objectively measurable disease was not
required. At least 4 weeks must have elapsed since completing any
previous chemotherapy, and the patient had to be fully recovered
from the toxicities of previous therapies. The protocol, which in-
cluded the rationale for obtaining biochemical studies, was ap-
proved by the institutional review boards of the NCI and the
National Naval Medical Center, and all patients gave written in-
formed consent.

Treatment plan

Drug treatment was administered on an inpatient basis. CPE-C was
provided as lyophilized powder (10 mg) with 50 mg mannitol in
a 10-ml vial. Reconstitution with 2 ml sterile water for injection
(USP) provided a 5mg/ml solution of CPE-C and 25mg/ml of
mannitol at a pH of 6-7. The appropriate total daily dose of CPE-C
was diluted in 500 ml0.9% sodium chloride injection (USP) and was
administered via a fixed-rate infusion pump over 24 h (CADD-1
Ambulatory Infusion Pump, Pharmacia-Deltec, Inc., St. Paul,
Minn).

The body surface area for determining individual CPE-C dose
was calculated on the basis of actual body weight in patients who
were either underweight or of appropriate weight and on the basis of
ideal body weight in overweight individuals. To avoid the confound-
ing effect of any possible circadian variation in CPE-C phar-
macokinetics, CTP synthase activity, and/or drug metabolism, infu-
sions were started between 10:00 a.m. and noon. Patients remained
hospitalized for an additional 2448 h following completion of ther-
apy for observation and pharmacologic monitoring. Chemotherapy
was delivered every 21 days provided that clinical toxicity had
resolved.

The initial two patients enrolled into the study received the same
total dose of CPE-C as specified for the initial dose level, 24 mg/m?,
as-a S5-min iv. infusion to permit determination of CPE-C phar-
macokinetics. These patients then received CPE-C 2 weeks later,
administered as a 24-h infusion at 1 mg/m? per h. Individual cohorts
of at least three patients were treated at each dose level. Because the
mean achieved CPE-C Cpss at dose level 1 was in the concentration
range associated with in vitro cytotoxicity, subsequent dose escala-
tion was guided by clinical toxicity as follows: 1.67-fold, 1.5-fold,
1.4-fold, and 1.33-fold. Once grade 2 toxicity (excluding nausea and
vomiting) occurred in two or more patients, dose-escalation pro-
ceeded in 25% increments. If grade 3 or 4 toxicity occurred in one
patient, additional patients were entered at the same dose level.
Dose-escalations ceased once two patients at a given dose level
experienced non-hematologic toxicity at grade 3 or above or hema-
tologic toxicity at grade 4; that dose level would be considered the
maximally tolerated dose. Individual patients were allowed to es-
calate to the next dose level every third cycle if clinical toxicity was
grade 1 or less in severity during the preceding two cycles. The dose
of CPE-C was decreased one dose level if the patient experienced
toxicity at grade 3 or above. For control of vomiting, 0.15 mg/kg
ondansetron was administered iv. every 4 h for 24 h starting im-
mediately before CPE-C and continuing for up to 24 h post-CPE-C.

Sample collection for pharmacokinetics

Blood was drawn from a peripheral vein in the non-CPE-C infused
arm. A 20-ml pretreatment blood sample was obtained from all
patients. For the two patients given a 5-min infusion of CPE-C, 5-ml
blood samples were obtained at 2, 5, 10, 20, 30, 45, 60 and 90 min as
well as at 2, 3, 4, 6 and 24 h after drug administration. For patients
treated with a 24-h infusion of CPE-C, a 5-m] blood sample was
obtained at 6h and three “steady-state” samples were obtained
during the 20-24 h period of the infusion. Once the CPE-C Cpss
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was consistently > 1 uM, blood samples were also obtained during
the post-infusion period at 5, 15, 30 and 60 min and at 2, 4, 6 and
24 h for the determination of elimination kinetics®. Blood samples
were collected in 10-ml heparinized tubes containing sufficient tetra-
hydrouridine, a Cyd deaminase inhibitor, so that the concentration
in whole blood was 100 uM. The blood was immediately placed on
ice and plasma was separated by centrifugation at 800 g for 10 min
at 4°C. The plasma was stored at ~70°C until analysis.

A pretreatment urine sample, and urine in 8-h increments for the
infusion period and for the 24 h post-infusion period were collected.
The total urine volume for each time period was measured. An
aliquot was removed for creatinine analysis, and another aliquot
was immediately frozen on dry ice and stored at — 70°C for sub-
sequent HPLC analysis.

HPLC assay for CPE-C pharmacokinetic studies

An HPLC method was used to measure levels of CPE-C, CPE-U
and pretreatment Cyd [12, 13]. Isocarbodine (1 nmol) was added to
0.5m] plasma or to 1.0 ml urine (diluted by 1:20 or 1:100) as an
internal standard [15]. Plasma was ultrafiltered in an Amicon Cen-
trifree Micropartition System (Beverly, Mass.) by centrifugation at
2000 g for 50 min, while urine was filtered through a Millipore
{Bedford, Mass.) Millex-GS 0.22-um filter unit. A phenylboronic
acid (PBA) solid-phase extraction cartridge (Analytichem, Varian
Sample Preparation Products, Harbor City, Calif) was activated by
washing with 2 ml methanol followed by 2 ml 0.01 M sodium phos-
phate buffer (pH 10.0). Exactly 0.30m! plasma ultrafiltrate or
0.80 ml urine filtrate was added to the activated PBA cartridge and
washed with an additional 2 ml pH-10 buffer. The cartridge was then
dried with a positive pressure of nitrogen. The nucleosides were
eluted with 0.25 m1 2 M formic acid, and neutralized with approxim-
ately 50 mg solid ammonium bicarbonate. A 10-ul aliquot was then
analyzed on a multidimensional HPLC system.

Two narrow-bore C-18 reversed phase columns were connected in
tandem and eluted isocratically with 0.1 M ammonium formate
buffer {pH 5.0) at a flow rate of 0.15 ml/min. The precolumn consis-
ted of two Brownlee 2.0 x 30 mm ODS cartridges {(Applied Biosys-
tems, Santa Clara, Calif) in a 60-mm column holder, while the
analytical column was a 2.1 x 250 mm Supleco LC-18-S column
(Bellefonte, Pa.). When the nucleosides of interest had eluted from
the precolumn (3.5-5min), a six-position Valco {Houston, Tx.)
EC6U electronic switching valve was automatically activated so that
the precolumn was backflushed and analytical column elution re-
mained constant at 0.15ml/min. When the final component of
interest had eluted from the analytical column (25-28 min), the valve
was switched again so that precolumn and analytical column were in
series and the system could equilibrate for 5 min before the next
injection. CPE-C had a retention time of 12.3 min, while Cyd,
CPE-U and isocarbodine eluted at 15.4, 17.2 and 21.6 min, respec-
tively. A Gilson (Middleton, Wis.) Model 116 variable UV detector
was used to measure CPE-C, Cyd and isocarbodine peak areas at
278 nm, and CPE-U and isocarbodine peak areas at 265 nm.

Standard curves of CPE-C and CPE-U in plasma and diluted
urine were prepared for each patient by addition of known amounts
of CPE-C and CPE-U to the corresponding pretreatment samples.
Selected pretreatment plasma samples were also spiked with known
amounts of Cyd. All samples were then processed and analyzed in
the same manner as the unknown samples. The ratios of the area of

'For patients in whom elimination kinetics were determined, the i.v.
bag contained the appropriate daily dose plus 10% overfill to insure
that CPE-C would still be infusing when the pump was discontinued
at 24 h. In these patients, CPE-C was dilnted in 264 ml 0.9% sodium
chloride injection (USP) and 240 ml was given at a constant rate
over 24 h
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each analyte to that of internal standard were calculated, and these
values were then used to define a standard curve by linear least-
squares regression analysis. All standard curves consisted of a
minimum of five standard points plus a blank, and typically had
correlation coefficients > 0.997. For samples from patients receiv-
ing > 2.5mg/m® per h and for whom post-infusion samples were
analyzed, spiked standards covered the range 0.1-4 uM for CPE-C
and CPE-U in plasma and 0.1-8 pM in diluted urine. Cyd plasma
standards covered the range 0-2 pM and the standard curve was
constructed by a standard addition method where the ratio of the
area of endogenous Cyd to internal standard was subtracted from
each point. This assay allowed a limit of quantitation (signal-to-
noise ratio greater than five and above or at the lowest point
on the standard curve) in biological samples of 0.1 uM (25 ng/ml)
for CPE-C, 0.2 uM (50 ng/ml) for Cyd, and 0.3 pM (70 ng/ml) for
CPE-U.

Pharmacokinetic analysis

Data from the CPE-C bolus doses of 24 mg/m? and from the
post-infusion period of CPE-C continuous infusion whose rates
were high enough ( > 2.5 mg/m? per h) to observe plasma elimina-
tion were fitted to both biexponential and triexponential equations
of the form

Cpit) = 3, Ae™
i=1

using GraphPad Software for DOS (San Diego, Calif.), where Cp(r)
is the plasma concentration at time ¢, 4; is the exponential coefficient
and k; is the rate constant. For the bolus dose data, areas-under-the-
curve were also estimated using the trapezoid rule and equations
derived from statistical moment theory. The resulting phar-
macokinetic parameters were then calculated using standard equa-
tions [16]. For samples obtained during continuous infusion of
CPE-C, Cpss was defined as the mean of measured Cp for three
samples obtained during the 20-24 h period of the infusion. The
total body clearance for infusion doses was then defined as the rate
of infusion divided by the Cpss.

CTP synthase assay

Bone marrow was aspirated from consenting patients under local
anesthesia with lidocaine to obtain 1-2 ml samples from either the
sternum or posterior iliac crest. The samples were collected in
heparinized tubes prior to the infusion, at 22 h during the infusion,
and 24 and 48 h after completion of the infusion, and were immedi-
ately placed on ice. The samples were diluted with an equal volume
of PBS, carefully layered onto LSM and centrifuged at 20°C (400 x ¢
for 20 min). The cell layer at the plasma/LSM interface was gently
collected and washed twice with 50 ml RPMI-1640 medium. The
mononuclear cell pellet was then resuspended in 1-2 ml complete
medium (RPMI-1640 with 1.8 mM glutamine and 10% fetal bovine
serum) and transferred to an 80-cm? tissue culture flask. An aliquot
of the mononuclear cell suspension was counted using a hema-
cytometer. Nucleated cell recovery tended to decrease with sequen-
tial aspirations (mean number of cells x 10° range): pretreatment 64,
18-445 (n = 16); 22 h 48.5, 3-439 (n = 16); 48 h 27, 5.8-184 (n = 10);
72h 104, 54-153 (n = 2).

The mononulcear cells were then incubated for 4 h with [*H]Urd
(1 uM, 1 pCi/nmol) in 10 ml complete medium at 37°C in a humidi-
fied atmosphere containing 5% CO, [17]. The non-adherent cells
were then collected, washed once with ice-cold PBS, and centrifuged
(400 g) at 4°C for 10 min. The pellet was extracted with 3 ml ice-cold
0.5 N perchloric acid. The acid-soluble fraction was isolated and
neutralized as previously described [5]. The sample was then
lyophilized, and stored at — 70°C. Immediately prior to HPLC

analysis, the samples were dissolved in 600 ul distilled water and
clarified by centrifugation (8000 g) at 4°C for 10 min.

A Waters analytical HPLC system (Millipore Corp., Bedford,
Mass.) with an in-line Flo-One Beta liquid scintillation flow detector
(Radiomatic, Tampa, F1.) was employed [5]. A Waters SAX Radial-
Pak column (0.8 x 10 cm) was developed using two buffers: 0.007 M
ammonium phosphate, pH 4.5 (buffer A), and 0.75 M ammonium
phosphate, pH 4.5 (buffer B). A linear gradient was run over 5 min
from 100% A to 75% A/25% B, followed by isocratic conditions for
the next 50 min. A linear gradient to 20% A/80% B was run from 55
to 65 min, followed by a linear gradient to 100% B at 70 min. The
column was washed with 100% B for 5 min and then allowed to
equilibrate with 100% A for 15 min prior to the next run. [*HJUTP
and [*H]CTP eluted at 48 and 57 min, respectively. Statistical and
graphic analysis of the pharmacodynamic data was performed using
SigmaStat Statistical Analysis Software v. 1.0 and SigmaPlot Scient-
ific Graphing Software for DOS v. 5.0 (both from Jandel Scientific,
San Rafael, Calif.).

Results
Patients

Of 26 patients entered into this trial, 23 were either
asymptomatic or minimally symptomatic (Table 1).
The majority of patients had colorectal cancer; all had
received prior chemotherapy, and half had received
prior radiotherapy. The starting dose was 1 mg/m? per h
for 24 h. The measured CPE-C clearance in the initial
two patients who received a 5-min i.v. infusion dose of
24 mg/m* CPE-C predicted that this starting dose-rate
was appropriate and would yield CPE-C Cpss in the
submicromolar range.

After dose-limiting granulocyte toxicity occurred in
two of three patients entered at 5.9 mg/m? per h, the
protocol was amended to permit further study of the
tolerability of the 3.5 and 4.7 mg/m? per h dose levels
and better delineation of the duration of the biochemi-
cal effects. A total of 87 cycles were administered (me-
dian, 2 cycles; range, 1-10 cycles).

Table 1 Patient characteristics

Age (years; median, range) 54 (26-71)
Males/females 17/9 (65%/35%)
Zubrod Performance Status
0 19 (73%)
1 4 (15%)
2 3 (12%)
Primary histology
Colorectal 22 (84%)
Breast 1 (4%)
Pancreas 1 (4%)
Head and neck 1 (4%)
Soft tissue sarcoma 1 (4%)
Prior therapy
Radiotherapy 13 (50%)
[1311]Col-1 monoclonal antibody 3 (12%)
Chemotherapy 26 (100%)

Median number of prior regimens 2 (range 1-5)




Clinical toxicity

CPE-C was associated with dose-dependent, reversible
decreases in the granulocyte and platelet counts
(Fig. 1). The median day of the granulocyte and platelet
nadirs during cycle 1 were 17 days (range 7-27 days)
and 11 days (range 3-19 days), respectively. The me-
dian granulocyte nadirs during cycle 1 were 1500/ul,
1000/ul and 450/ul, at dose levels 3.5,4.7 and 5.9 mg/m?®
per h, respectively (Fig. 1). No patient experienced
grade 4 hematologic toxicity during their initial cycle at
dose levels < 4.7 mg/m? per h, but two of three pa-
tients treated with < 5.9 mg/m* per h experienced
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Fig. 1a,b Relationship between the granulocyte (a) and platelet (b)
nadirs and CPE-C dose (based on actual body weight) during the
first cycle of therapy. The insets show the median nadirs according
to CPE-C dose. The solid lines represent a straight line fit of the data
by linear regression
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a granulocyte count < 500/ul during cycle 1. The me-
dian granulocyte and platelet nadirs at each dose level
for all cycles were similar to those occurring during
cycle 1 (data not shown), suggesting that retreatment
with CPE-C was not associated with greater myelosup-
pression. The incidence of hematologic toxicity at
grade 3 or above for all cycles of therapy is presented in
Table 2. A granulocyte nadir below 1000/ul occurred in
25% and 50% of the cycles with 4.7 and 5.9 mg/m? per
h CPE-C, respectively. However, a platelet nadir below
50 000/ul only occurred during one cycle (at 5.9 mg/m?>
per h). Mild to moderate anemia occurred frequently at
most dose levels, but the hemoglobin nadir was gener-
ally = 8.0 g/dlL.

Patients began to experience mild nausea and vomit-
ing during the CPE-C infusion at the 3.5 mg/m? per h
dose level. A prophylactic antiemetic (ondansetron)
was subsequently employed, which ameliorated this
toxicity. Grade 2 diarrhea occurred in one of six pa-
tients (17%) and two of eight patients (25%) during
cycle 1 at 3.5 and 4.7 mg/m? per h, respectively. Only
one patient (treated at 5.9 mg/m? per h CPE-C) experi-
enced grade 2 mucositis during cycle 1.

The most serious non-hematologic toxicity was
hypotension (Table 3). Six episodes of hypotension
occurred in five patients, and varied from orthostatic
hypotension that resolved in hours to a few days, to
life-threatening or fatal hypotension. None of the hypo-
tensive patients had clinical evidence of dehydration.
The onset of hypotension was between hours 48 and 72
(24—48 h after completion of the CPE-C infusion). The
first patient to experience hypotension (PB) had transi-
ent orthostatic hypotension during her third cycle
of therapy when her dose was escalated to 4.7 mg/m?
per h. A life-threatening episode of hypotension occur-
red in the sixth patient (AT) entered at 4.7 mg/m? per h
CPE-C. Systolic hypotension developed on day 3 of
her initial cycle, which did not resolve with initial i.v.
crystalloid hydration. The patient eventually made

Table 2 Hematologic toxicity for all cycles

CPE-C dose No. of cycles®. Number of cycles complicated by grade

(mg/m?*/h) (no. of 3-4 toxicity (number of patients
patients experiencing grade 3—4 toxicity at

each level)
Granulocyte Platelet Hemoglobin

1.0 6(3) 0 0 0

1.67 9(4) 0 0 1(1)

2.5 15(6) 0 0 3(1)

3.0 3(1) 1(1) 0 2(1)

35 28(12) 3(3) 0 0

4.7 20(10) 5(5) 0 {1y

59 4(3) 2(2) 1(1) 1(1)

“Hematologic toxicity could not be analyzed for the two cycles
associated with fatal hypotension; thus, hematologic toxicity was
evaluable in 85 cycles and in 10 of 11 patients treated with
4.7 mg/m? per h CPE-C
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Table 3 Hypotensive episodes during CPE-C treatment {(ND not done)

Patient Age CPE-Cdose Cycle  CPE-C Cpss(uM) CPE-U Cyd Cp Symptoms/blood pressure
(ID/sex) (vears) (mg/m?/h) Cpmax pretreatment (mmHg)
During 24 h post (uM) M)
treatment treatment
MB/F 37 3.5 1 1.8 ND 0.8 0.59 Day 3¢, orthostatic
hypotension
3 4 ND ND ND ND Day 4, orthostatic
hypotension
PB/F 45 47 3 2.5 0.24 1.0 ND Day 3, orthostatic
hypotension
AT/F 67 4.7 1 23 0.52 1.5 095 Day 3, systolic BP
70-80 supine
BG/M 67 4.7 1 2.9 0.1 2.0 0.81 Day 3, systolic BP 60;
refractory
DM/M 49 4.7 6 2.75% 0.13 2.0 0.32 Day 3, systolic BP 40;
refractory
1.73° ND 0.6 0.73

2Cycle 1 (pharmacokinetic data not available for cycle 6) 1* and Cycle 4°, respectively.

®Cycle 4 (pharmacokinetic data not availabe for cycle 6)

“Day 3 refers to the period 24-48 h after the end of the 24-h CPE-C infusion

a complete recovery. A question about a possible drug
interaction between prazosin, an adrenergic blocker
she was taking for hypertension, ondansetron, and
CPE-C was raised. Neither patient received additional
CPE-C therapy.

The treatment plan was then modified to include
0.9% sodium chloride 100 ml/min (given through
a separate i.v. line) starting the evening before CPE-C
administration. Hydration continued at the same rate
during and for 24 h following the CPE-C infusion. Vital
signs, including orthostatic blood pressure measure-
ments, were taken every 4 h. Three additional patients
were then entered at the dose level below, 3.5 mg/m?
per h. One of these patients (MB) had orthostatic blood
pressure changes on day 3 of her first cycle, but she was
minimally symptomatic. Two additional patients were
then entered at 4.7 mg/m? per h. One of these patients
experienced a transient near-syncopal episode while
walking on day 4 of her first cycle, but her vital signs
were normal seconds later. Cardiac monitoring over
the next 24 h was unremarkable. A 67-year-old male
(BG) with no prior cardiac history experienced ortho-
static hypotension on day 3 of his initial cycle, which
progressed over several hours to frank systolic hypo-
tension. Despite aggressive hydration, he remained
hypotensive. He subsequently developed bradycardia
followed by cardiac arrest; resuscitation efforts were
unsuccessful. There was no clinical evidence of acute
myocardial infarction, adrenal insufficiency, or infec-
tion; permission for post-mortem examination was
denied. After this episode of fatal hypotension, no addi-
tional patients were entered into the study.

Laboratory studies in the hypotensive patients
revealed abnormalities consistent with hypoperfusion,
including metabolic acidosis, hypoxemia, elevation of
LDH, and increased BUN and creatinine. Decreased

voltage was noted on EKGs; echocardiograms showed
vigorous left ventricular contraction and no evidence of
pericardial effusion,

The three patients undergoing treatment on the pro-
tocol were advised of the hypotensive death, and
offered the options of either discontinuing protocol
therapy or receiving their next cycle of therapy in the
coronary care unit with hemodynamic monitoring. All
three patients elected to remain in the study. Two of
these patients received a dose reduction from 3.5 and
4.7 mg/m? per h to 3.0* and 3.5 mg/m? per h, respec-
tively, for their second cycle. The third patient had
tolerated three prior cycles at 4.7 mg/m? per h without
toxicity, and remained at this dose for the monitored
cycle. A decrease in the central venous pressure was
noted in two patients, but each had normal cardiac
output and low normal to normal systemic vascular
resistance. Serial echocardiograms in all three patients
revealed a hyperdynamic picture, and EKGs showed
decreased voltage. Patient DM had minimal
hemodynamic abnormalities during the monitored
(fourth) cycle; unfortunately, he experienced fatal treat-
ment-associated hypotension during his sixth cycle at
4.7 mg/m? per h. This patient felt weak on day 3, then
developed vomiting and chest discomfort. Upon
presentation at a local emergency room, he was found
to be hypotensive, and was treated with fluids and
dopamine. An EKG showed low voltage, and Swan
Ganz catheterization revealed a pulmonary artery
pressure of 43/15 mmHg (mean pressure 26). Before

2The dose of CPE-C was decreased by one-half dose level rather
than a full dose level for patient MB because she experienced few
symptoms during the period of orthostatic blood pressure changes
at 3.5 mg/m? per h



further measurements could be taken, he experienced a
cardiac arrest with electrocardiographic changes con-
sistent with electromechanical dissociation. Cardiopul-
monary resuscitation was unsuccessful. Post-mortem
examination revealed global subendcardial necrosis,
a minimal pericardial effusion, and non-atherosclerotic
coronary arteries; other organs were unremarkable.

CPE-C pharmacokinetics and plasma Cyd levels

CPE-C was rapidly eliminated from the plasma of two
patients after an i.v. bolus test dose of 24 mg/m?. Par-
ent drug Cp decreased from an initial maximum of
approximately 10 uM to less than 1 uM by 2 h. Both
patients exhibited similar plasma elimination kinetics
with two phases of fairly rapid elimination (average
half-lives 8.0 and 101 min, respectively). A third, more
prolonged, elimination phase was suggested by the fact
that CPE-C could still be detected in plasma 24 h
following drug administration, but the Cp data were
msufficient to define this phase since the values
( £ 0.1 uM) were below the limit of quantitation of the
HPLC assay. Based on the average total body clear-
ance of 199 ml/min per m?, a continuous infusion of
1 mg/m? per h CPE-C was predicted to yield a Cpss of
0.3-0.4 pM. This was indeed the case for these two
patients whose individual total body clearances during
continuous infusion were within 12% of the corres-
ponding bolus value.

During a 24-h infusion, CPE-C Cpss was propor-
tional to dose and increased in a linear manner with
escalating doses (Fig. 2). The measured Cpss of three
overweight patients dosed on the basis of ideal body
weight were consistently lower than other patients
treated at the same dose levels. Therefore, Cpss accord-
ing to CPE-C dosage based on actual body weight are
presented in Fig. 2. The plasma clearance (mean + SD)
of CPE-C was 146 4+ 34 mi/min per m? (n = 36). The
CPE-C Cp versus time profile for a representative pa-
tient treated at 4.7 mg/m? per h is shown in Fig. 3.
Steady-state was achieved around hour 12 of inf-
lusion. The Cp of CPE-C exceeded that of CPE-U
during the 24-h infusion, and the average ratio of CPE-
C Cpss to the maximum CPE-U level was 1.65 + 0.44
(mean + SD, n = 31); CPE-U levels increased in pro-
portion to CPE-C Cpss (r = 0.90, data not shown).

Post-infusion samples were obtained in patients
treated at > 3.5mg/m?* per h. CPE-C Cp decreased
rapidly to 23 + 10% (mean + SD, n = 9) of the Cpss
values by 4-6 h after the completion of the infusion
(0.63 £ 0.17 uM). However, CPE-C was still detected in
plasma 24 h post-infusion at 10% + 5% of the Cpss
(0.21 £ 0.12 uM, » = 11), indicating a slow terminal
phase of elimination. Urinary excretion of CPE-C and
CPE-U was 32% =+ 14% and 17% =+ 8%, respect-
ively (n = 22), of the administered dose for the first 48 h
of therapy. The Cpss of CPE-C and the ratio of CPE-C
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Fig. 2 Relationship between CPE-C steady-state plasma concentra-
tion (Cp) and dose. Individual values for CPE-C Cpss are the mean
of three plasma level measurements made during 20-24 h of the
infusion period. Measurements are from all 26 patients and repres-
ent 35 cycles of therapy. The CPE-C dose for three overweight
patients (dosed on the basis of ideal body weight) has been recal-
culated on the basis of their actual weight for this figure. The solid
line represents the best linear least-squares fit for the data with
a forced zero intercept: Cpss = 0.5253(dose), r = 0.92
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Fig. 3 Plasma concentration versus time profile of CPE-C (Q) and
CPE-U (A) for a patient receiving a 24-h continuous infusion of
CPE-C at a rate of 4.7 mg/m? per h. The solid curve through the
post-infusion CPE-C points represents the best fit of the data to
a three-compartment open model. The calculated half-lives are
10.3 min, 2.6 h, and 63 b, respectively, for the phases defined by this
model. The dashed curve connecting the infusion time CPE-C points
is the curve calculated from the parameters defined by the experi-
mentally fitted plasma elimination curve. CPE-U points are connec-
ted by the long-short dashed line

to CPE-U in patients who experienced hypotension
were not higher than those achieved in other patients at
the same dose level (Table 3 and Fig. 2). Pretreatment
plasma Cyd levels were 0.62 & 0.24 uM (mean + SD,
range 0.3-1.2 uM, n = 24), and were not lower in pa-
tients experiencing hypotension. The ratio of CPss
CPE-C to pretreatment Cyd increased with higher
CPE-C doses (r = 0.71, data not shown), and ranged
from 0.6 to 9.7.

The pharmacodynamic relationship  between
achieved CPE-C Cpss and hematologic toxicity was
explored. The absolute granulocyte nadirs in 12 cycles
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in which the CPE-C Cpss was < 1.5 uM (median
2807/ud, range 1092-6408) were significantly higher
than the nadirs in 22 cycles with a Cpss > 1.6 uM
(median 1484/ul, range 20-5184; P = 0.003, Mann-
Whitney rank sum test). The percentage change in
granulocyte and platelet counts during the initial cycle
tended to increase as the Cpss of CPE-C increased
(r = 0.66 and r = 0.68, respectively, data not shown).

Biochemical studies

In preliminary studies, [PHJCPE-C metabolism was
studied in mononuclear cells isolated from peripheral
blood and bone marrow from normal volunteers. Fol-
lowing a 4-h in vitro exposure to 0.1 uM and 1 uM
[*H]JCPE-C, CPE-CTP formation was 174 and
992 fmol/10° cells in bone marrow mononuclear cells.
CPE-CTP formation in peripheral blood mononuclear
cells, however, was four- and sixfold lower. Therefore,
bone marrow was selected as the surrogate tissue for
‘biochemical monitoring.

Bone marrow aspirates were obtained immediately
“prior to treatment and again at 22 h during the initial
CPE-C infusion. The mononuclear cells were isolated
and incubated with 1pM [*H]Urd (10 pCi total,
1 uCi/nmol). [*H]CTP formation in pretreatment
samples was compared with that in samples obtained
during or following CPE-C treatment. Based on the
relatively long intracellular half-life, CPE-CTP levels
were not expected to appreciably decrease during the
isolation and incubation of bone marrow. CTP syn-
thase activity was expressed in two ways: as the abso-
lute amount of CTP formed over time per million cells,
and as the ratio of [*H]CTP to [*HJUTP. Preclinical
studies indicated that UTP pools did not increase no-
ticeably despite inhibition of CTP synthase, which may
be explained by the much smaller endogenous CTP
pools compared to UTP pools [3, 5]. For these experi-
ments, a 4-h incubation period rather than a brief pulse
was selected to permit greater time for equilibration of
precursor and flux through the enzyme pathway.

Paired baseline and 22-h bone marrow samples were
obtained in 16 patients. Only one patient was studied at
cach of the first three dose levels, whereas three or more
patients were studied at dose levels 4-6. The duration
of CPE-C-mediated biochemical effects was studied
during the initial cycle in ten patients receiving
> 3.5 mg/m? per h CPE-C.

Baseline CTP synthase activity was 172 + 67 fmol/h
per 106 cells (mean + SE; median, 99.5; range 13-1111;
n = 16). There was evidence of a biochemical effect at
22 h even at the lowest CPE-C dose levels; flux through
the CTP synthase pathway was inhibited by more than
58% in all samples (data not shown).

Therefore, data from all dose levels were combined.
CTP synthase activity at 22 h during CPE-C infusion
had decreased to 9.2 + 3.0 fmol/h per 10° cells (median,

7, range 0-42; n=16; P =0.023, paired ¢-test).
Although some recovery was cvident at 48h (24 h
post-CPE-C infusion), CTP synthase activity remained
depressed: 27.0 4+ 8.3 fmol/h per 10° cells (median, 18;
range, 2-83, n = 9).

Estimation of CTP synthase activity as the ratio of
[*H]CTP to [*HJUTP allows for any possible differ-
ences in [*H]Urd transport and phosphorylation, per-
mits internal normalization of each sample, and is
relatively independent of cell number [17]. Conse-
quently, this estimate may be more reliable and have
less variability than the expression of activity as abso-
lute amounts of product formed over time per million
cells. As shown in Fig. 4, the ratio of [*H]CTP to
[*HJUTP in all pretreatment samples combined was
0.096 (n = 16). At 22 h during the CPE-C infusion, the
ratio was dramatically decreased to 0.010 (10.5 + 3.1%
of the paired baseline samples; P < 0.001, paired t-test).
By 48 h, although partial recovery was noted, the ratio
remained significantly depressed (32.5 + 7.7%) com-
pared to the paired baseline samples (P < 0.001), and
was decreased by > 50% in eight of ten patients. The
degree of enzyme inhibition at 48 h appeared to be
greater with higher CPE-C doses (Table 4). Diminished
flux through CTP synthase persisted at 72 h in two
patients receiving 3.5 and 4.7 mg/m? per h, although
greater recovery was noted in the patient receiving the
lower dose. These results suggest that although the
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Fig. 4 Effect of CPE-C treatment on CTP synthase in intact bone
marrow mononuclear cells. The impact of CPE-C infusion of CTP
synthase activity was estimated by comparing the ratio of [*H]CTP
to [*H]UTP in paired pretreatment samples with those obtained at
22h (n=16), 48 h (n=10) and 72h (n = 2) as described in the
Methods. Since profound biochemical effects were observed at all
CPE-C doses, the data were combined, and are presented as the
mean + SE (22 h and 48h) or as the mean + range (72 h). The
decreases in the [PH]CTP to [PH]JUTP ratio compared with the
matched baseline samples were highly significant at 22 h and 48 h
(P < 0.001, paired t-test)
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Table 4 Effect of CPE-C on

CTP synthase activity in bone CPE-C dose No. of CTP Synthase Inhibition (%, mean =+ SD)

marrow mononuclear cells (NA (mg/m?/h) patients .

no sample available) 22h 48h 72
1-2.5 3 929 +9.5 NA NA
3.5 4 982 + 3.6 56.7(36.4-60.6; n = 2) M8 mn=1)
4.7 6 84.4 +16.7 60.6 + 26.8 (n = 95) 632 (n=1)
59 3 850+ 6.3 86.6 +4.1(n=3) NA

CTP synthase activity was estimated as the ratio of [*H]CTP to [*H]UTP in bone marrow
samples obtained during or following the 24-h infusion of CPE-C. The percentage inhibition
was calculated from the following expression: [ 1-(post-treatment/pretreatment enzyme activ-

ity)] x 100

degree of CTP synthase inhibition during the CPE-C
infusion (22-h sample) was comparable at all doses
studied, the duration of enzyme inhibition may be
longer at higher doses. However, impaired flux through
CTP synthase at either 22 h or 48 h did not closely
correlate with the severity of granulocytopenia (data
not shown).

Biochemical studies were obtained in four of the five
patients who ultimately experienced hypotension, but
only two patients were studied during the cycle in
which hypotension occurred. CTP synthase activity
using either definition indicated that the spectrum of
values overlapped in patients who did and did not
experience hypotension. For example, the ratio of
[*H]CTP to [*HJUTP was decreased by over 90% at
22 h (mean + SD, 95 + 4%) during the CPE-C infu-

sion compared to their pretreatment values in all four -

of the patients who experienced hypotension. The de-
gree of enzyme inhibition at 22 h, however, was not
appreciably different in patients who did not experience
hypotension (mean + SD, 86 + 17%, n = 12). One pa-
tient experiencing fatal hypotension had evidence of
persistent enzyme inhibition by 68% at 48 h, the day
that he died. CTP synthase was also inhibited by 77%
at 48 h in patient MB treated with 3.5 mg/m? per h,
although partial recovery (38% inhibition) was noted
at 72 h, the day she experienced orthostatic hypotension.

Clinical response

All but one of the 26 patients had documented disease
progression in the 3 months prior to entering into this
trial. The median time to treatment failure after starting
CPE-C therapy was 7.9 weeks (range 0.3-34.7 weeks),
and was > 3 months in 11 patients (42%). No partial
or complete responses were seen.

Discussion

We evaluated the clinical toxicities, pharmacokinetics
and biochemical effects of the investigational anti-

metabolite CPE-C given as a 24-h continuous i.v. infu-
sion in this phase I trial. A 24-h infusion was selected
for several reasons. An infusion of 12.5 mg/m? per h for
24 h in subhuman primates has been shown to be
tolerated with minimal toxicity, and achieves a Cpss in
the concentration range associated with in vitro
cytotoxicity and prolonged biochemical effects. The
projected CPE-C plasma levels would be lower than
those associated with saturation of intracellular phos-
phorylation. The ratio of CPE-U to CPE-C during the
24-h infusion in primates was favorable and would be
predicted not to cause biochemical antagonism. In ad-
dition, the physiological plasma levels of Cyd would
not be expected to protect cancer cells from CPE-C
toxicity. With this schedule, the median granulocyte
and platelet nadirs decreased with increasing doses of
CPE-C, and dose-limiting hematologic toxicity occur-
red in two of three patients treated at 5.9 mg/m? per h.
Five patients ultimately experienced hypotension on
six occasions. Four hypotensive episodes occurred in
20 cycles (in 4 of 11 patients) at CPE-C 4.7 mg/m? per
h, including two fatal events despite attempted car-
diopulmonary resuscitation. One episode of hypoten-
sion occurred in 28 cycles (1 of 12 patients) at CPE-C
3.5 mg/m? per h; this patient subsequently experienced
another episode of orthostatic hypotension at a lower
dose, 3.0 mg/m? per h. Hypotension was not observed
in 30 cycles administered at CPE-C doses < 2.5 mg/m?
per h. Hypotension occurred 48-72 h after the start of
CPE-C treatment (24-48 h after discontinuation of
CPE-C). Invasive hemodynamic monitoring showed
decreased right-sided filling pressures, suggesting that
venous dilatation preceded arterial vasodilation. The
occurrence of hypotension was unpredictable in that
one fatal episode occurred in a patient during his sixth
consecutive cycle at 4.7 mg/m? per h. This patient not
only had a normal cardiovascular status prior to entry
into the study, but had no appreciable hemodynamic
abnormalities detected by invasive monitoring during
cycle 4. In addition, another patient with minimally
symptomatic orthostatic hypotension at 3.5 mg/m?
per h tolerated two consecutive cycles at 3.0 mg/m?
per h before experiencing symptomatic orthostatic hy-
potension during the next cycle.
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Hypotension was not suspected after completion of
the initial toxicology studies; however, blood pressure
and pulse rate monitoring are not routinely included in
such studies. Acute fatalities within the first 3 days after
CPE-C administration have been reported to occur
only in dogs recetving very high single i.v. bolus doses;
the cause of death in these animals was unclear. Two
other antimetabolites that also inhibit CTP synthase
have previously been clinically evaluated: 3-deazau-
ridine, a Urd analogue, and acivicin, a glutamine antag-
onist. Hypotension was not reported with either of
these agents on several different schedules, including
a 72-h continuous i.v. infusion schedule for acivicin
[18-20]. A number of Cyd and deoxycytidine ana-
logues have been studied in clinical trials as antineop-
lastic agents. One of these agents, cyclocytidine, an
analogue of ¢ytosine arabinoside with a longer plasma
half-life, is associated with postural hypotension, but
the mechanism has not been identified [21]. Other
chemotherapeutic agents associated with hypotension
include teniposide, paclitaxel, flavone acetic acid (a
flavonoid), and homoharringtonine (a cephalotaxine
ester} [22-24]. Teniposide- and paclitaxel-associated
hypotension occurs acutely during the infusion, and
may be accompanied by other anaphylactoid symp-
toms. This toxicity has been attributed to the presence
of Cremaphor in the formulation, which may induce
histamine release. The incidence of hypotension and
anaphylactoid reactions is reduced by lengthening the
infusion, and, in the case of paclitaxel, prophylactic use
of antihistamines and corticosteroids. The underlying
mechanisms for the clinical hypotension associated
with flavone acetic acid and homoharringtonine are
not known, but this toxicity is also ameliorated by
lengthening the duration of infusion. Unlike teniposide
and paclitaxel, CPE-C is water soluble, and the recon-
stituted clinical formulation has a neutral pH. All pa-
tients in this trial received the same lot of CPE-C, and
re-analysis of vials from this lot after the episodes of
hypotension indicated that the clinical formulation was
99.95% pure.

Mean CPE-C Cpss increased in a linear manner
from 0.4 uM to 3.1 uM over the dose rate used in this
study, 1-5.9 mg/m? per h. CPE-C Cp initially declined
rapidly upon discontinuation of the infusion. CPE-C
levels were detectable 24 h after completion of the infu-
sion, however, indicating a more prolonged third phase
of elimination; this phenomenon may reflect slow re-
lease of CPE-C from tissues. In vitro, CPE-C concen-
trations in the 0.1-0.5 pM range for 24 h are associated
with cytotoxicity in several cancer cell lines. There was
a trend for decreasing granulocyte and platelet nadirs
with increasing dose and CPE-C Cpss levels. CPE-U
Cp levels also increased in a linear manner from
0.2-2.3 uM in proportion to CPE-C Cpss, and there
was no evidence for saturation of elimination.
Deamination of CPE-C was not as extensive as in
subhuman primates, and the clearance in humans was

only 22% of that obtained in monkeys. Urinary excre-
tion of CPE-C accounted for 32% of the clearance,
whereas deamination to CPE-U accounted for 17%.
Prolonged exposure to 1 mM CPE-U is not cytotoxic
to human leukemia cells in vitro [14], and very large
doses of CPE-U have been given to mice without
toxicity [25]. CPE-U levels were neither unusually high
nor low in patients experiencing hypotension.

CTP synthase activity in intact bone marrow mono-
nuclear cells at 22 h of the infusion was significantly
inhibited at all CPE-C dose levels compared to the
paired baseline sample; > 80% inhibition was noted in
14 of 16 samples. With an in situ assay, expression of
CTP synthase activity as the absolute amount of CTP
formed per hour per million cells might be inaccurate if
differences in [*H]Urd transport and/or conversion to
[PHJUTP occurred on the different study days, parti-
cularly if the incubation period was brief and recovery
of mononuclear cells varied from baseline to the final
day of evaluation. We used a relatively long incubation
(4 h) to permit more time for equilibration. The mono-
nuclear cell numbers isolated from the bone marrow
aspirates at baseline and 22 h were similar, but mono-
nuclear cell recovery at 48 and 72 h was much lower
than baseline (and presumably reflected acute drug
effects). For these reasons, CTP synthase activity was
also calculated as the ratio of [*H]JCTP to [*HJUTP,
since any possible differences in [*HJUTP formation
are taken into account for each sample [17]. The effect
of CPE-C on flux through CTP synthase was similar
using either definition, but there was less variability
using the ratio of [*H]CTP to [*HJUTP. As there was
no evidence for dose-dependent inhibition of enzyme
activity at 22 h, there also was no correlation between
enzyme inhibition during CPE-C infusion and hema-
tologic or other clinical toxicities. Inhibition of CTP
synthase persisted for at least 24 h after completion of
the CPE-C infusion, and the duration of enzyme inhibi-
tion appeared to be longer at higher doses. Other
variables which might affect toxicity include the circu-
lating concentrations of Cyd, since Cyd rescues cancer
cells from CPE-C toxicity in a dose-dependent manner
[4-6, 9, 26]. Pretreatment Cyd Cp ranged from 0.3 to
1.2 uM in this study. Although the ratio of CPE-C Cpss
to Cyd increased with increasing CPE-C dose, there
was no apparent correlation between Cyd levels and
clinical toxicity.

In summary, a 24-h continuous infusion of CPE-C
was associated with predictable, dose-dependent
myelosuppression. While hypotension also appeared to
be dose-related, its unpredictable occurrence and the
uncertainty concerning the mechanism preclude a rec-
ommendation of a tolerable dose for future studies.
Additional preclinical studies are in progress to €luci-
date the mechanism of CPE-C-associated hypotension,
and to identify any therapeutic interventions which
might counter the vascular effects. We have previously
reported that a brief (3-h) pre-exposure to a non-toxic,



but biochemically active, concentration of CPE-C
(0.5 uM) enhances the metabolism and cytotoxicity of
cytosine arabinoside in a human colon cancer cell line
[277. If the basis of the hypotension can be ascertained,
CPE-C administered at low doses may have potential
clinical use as a biochemical modulator of cytosine
arabinoside.
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