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Abstract

Purpose T-Hydroxystaurosporine (UCN-01) is a protein
kinase inhibitor that inhibits several serine—threonine kin-
ases including PKC and PDK1. Due to the preclinical syn-
ergistic effects seen with topoisomerase I inhibitors and
non-overlapping toxicity, UCN-01 and irinotecan were
combined in a dose-finding study designed to determine the
maximum tolerated dose (MTD), toxicity profile, and phar-
macokinetics (PK) of UCN-01 and irinotecan.

Methods Patients with incurable solid malignancies
received UCN-01 intravenously (IV) as a 3-h infusion on
day 1 and irinotecan IV over 90 min on days 1 and 8 of a
21-day cycle. Doses of UCN-01 for subsequent cycles were
half the starting dose. Dose level 1 (DL1) consisted of
UCN-01 and irinotecan doses of 50 and 60 mg/m?, respec-
tively. Blood samples were collected in cycle 1 for UCN-
01, irinotecan, and irinotecan metabolites.

Results A total of 16 patients were enrolled on the trial at
UCN-01/Irinotecan doses of 50/60 mg/m2 (DL1; n=1),
70/60 mg/m?* (DL2; n = 6), 90/60 mg/m? (DL3; n = 4), and
70/90 mg/m*> (DL4; n=5). Two dose-limiting toxicities
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were observed each in DL3 and DL4 (2 grade 3
hypophosphatemia, 1 grade 4 hyperglycemia and grade 3
hypophosphatemia, 1 grade 4 febrile neutropenia). Fatigue,
diarrhea, nausea, and anorexia were the most prevalent tox-
icities. No objective responses were documented, and four
patients had stable disease for at least ten cycles. The long
half-life (292.0 4= 135.7 h), low clearance (0.045 + 0.038 I/
h), and volume of distribution (14.3 £ 5.9 1) observed for
UCN-01 are consistent with prior UCN-01 data. There was
a significant decrease in C,,,, of APC, AUC of APC and
SN-38, and AUC ratio of SN-38:irinotecan when compar-
ing days 1 and 8 PK.

Conclusions APC and SN-38 exposure decreased when
administered in combination with UCN-01. The MTD of
the combination based on protocol criteria was defined as
70 mg/m* of UCN-01 on day 1 and 60 mg/m? of irinotecan
on days 1 and 8 in a 21-day cycle.

Keywords UCN-01 - Irinotecan - Phase I - Cell cycle -
G2/M checkpoint

Introduction

7-Hydroxystaurosporine (UCN-01) (Fig. 1) has been shown
to be a selective inhibitor of a number of serine—threonine
kinases, including the Ca**- and phospholipid-dependent
protein kinase C (PKC), cell cycle-specific kinases [29, 30],
Chkl [11, 36] and 3-phosphoinositide-dependent protein
kinase-1 (PDK1) [7, 19]. UCN-01 was selected for clinical
development because of its potent antiproliferative activity
in vitro in the NCI human tumor cell screen against several
cell lines and its antineoplastic activity in xenograft
systems. While UCN-01 is a potent inhibitor of several
important kinases, the precise mechanism of action for its
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Fig. 1 Chemical structure of UCN-01

antitumor activity is still not fully understood. In numerous
preclinical studies it was documented that UCN-01 causes
arrest of cell cycle progression at G,/S phase and/or abroga-
tion of arrest at G, phase at concentrations that reduce PKC
activity, although the extent to which PKC or PDK1 modu-
lation contributes to these effects remains undetermined.

Induction of apoptosis by UCN-01 has been reported in
various human cell lines, including MCF-7 and MDA-
MBA453 breast carcinoma [27], A431 epidermoid carcinoma
[1], A549 NCSLC [16], U-87 and SG-388 glioma [3], and
SBC-3 small cell lung cancer lines [34]. UCN-01 has also
been shown to enhance the cytotoxic properties of a variety
of agents in human tumor cell lines [23]. At clinically rele-
vant concentrations (20—150 nM), UCN-01 was shown to
act synergistically with thiotepa, mitomycin C, cisplatin,
melphalan, topotecan, gemcitabine, fludarabine, and 5-fluo-
rouracil. In particular, preclinical studies with UCN-01 and
topoisomerase inhibitors demonstrate a synergy that is not
sequence dependent [33].

Phase I studies of UCN-01 evaluating schedules of 72-
and 3-h intravenous (IV) infusions have been completed [9,
25]. Pharmacokinetic data from these studies revealed that
the agent binds tightly to human alpha-1 acid glycoprotein
(AAGQG) resulting in a long half-life of several weeks, small
volume of distribution at steady state and low systemic
clearance. To prevent drug accumulation UCN-01 dose was
reduced by half after the first cycle in both schedules. The
maximum tolerated dose (MTD) of UCN-01 for the 72-h
schedule was 42.5 mg/m*/day for 3 days during cycle 1 and
the same dose per day for 1.5 days for subsequent cycles.
For the 3-h schedule, the cycle 1 MTD is 95 mg/m? of
UCN-01. Significant toxicities seen with this agent include
hyperglycemia with metabolic acidosis, nausea, vomiting,
and hypotension. Pulmonary toxicity was seen on the 72-h
infusion phase I, and although in the 3-h trial of single
agent UCN-01 no pulmonary toxicity or dyspnea was docu-
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mented, the current combination study required adequate
respiratory function as entry criteria.

These single-agent studies suggest that at doses close to
the MTD, free UCN-01 concentrations are in the range pre-
dicted to enhance the antitumor effect of topoisomerase
inhibitors. A combination of UCN-01 and topotecan has
been recently reported, which showed good tolerance and
preliminary evidence of clinical activity [14]. Due to poten-
tial synergy and non-overlapping toxicity profiles, UCN-01
and irinotecan were combined in a dose-finding phase I
study, designed to determine the MTD, acute and chronic
toxicity profile, and pharmacokinetics (PK) of UCN-01 and
irinotecan.

Patients and methods
Patient eligibility

Patients were required to have histologically confirmed
malignancy that was metastatic or unresectable and for
which standard curative or palliative measures did not exist,
age >18, ECOG performance status <2, life expectancy of
12 weeks or longer. Eligibility criteria also included ade-
quate bone marrow, hepatic, and renal function [leukocytes
>3,000/ul, absolute neutrophil count (ANC) >1.500/ul,
platelet count >100,000/pl, glucose lower than 200 mg/dl,
normal bilirubin level, AST or ALT levels <2.5x the upper
limit of normal (ULN), creatinine within normal limits or
creatinine clearance >60 ml/min/1.73 m? for patients with
creatinine levels above institutional normal limits], and
amylase levels <2.0x the ULN. FEV1 > 75% of predicted,
and adequate respiratory function tests (including a
DLCO > 75% of predicted) were also required. Patients
could have received any prior chemotherapy or radiation
therapy, as long as it was terminated 28 days prior to study
initiation. Patients who had not recovered from adverse
events due to agents administered more than 4 weeks ear-
lier and those with clinically significant and/or uncontrolled
medical conditions were excluded. A special focus was put
on patients with diabetes mellitus, symptomatic coronary
artery disease, or pulmonary dysfunction. The institutional
review board of our institution granted protocol approval.
Patients were required to provide written informed consent
prior to enrollment into the study.

Study objectives

The primary objectives of the trial were to determine the
MTD and recommended phase II doses of UCN-01 in com-
bination with irinotecan, and to characterize the PKs of
UCN-01 and irinotecan when given in combination. The
secondary objectives of the trial included gaining prelimi-
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nary evidence for anti-tumor effect of the combination of
UCN-01 and irinotecan and determining the relationship
between alpha-acid glycoprotein (AAG) concentration and
UCN-01 disposition. Adverse events were classified and
graded according to the National Cancer Institute Common
Terminology Criteria for Adverse Events (NCI CTCAE)
version 3.0. Standard RECIST were used to define response
or progression [31]. Patients were considered evaluable for
toxicity and efficacy once therapy was initiated.

Treatment plan

7-Hydroxystaurosporine was supplied by the National Can-
cer Institute, Division of Cancer Treatment and Diagnosis,
Cancer Therapy Evaluation Program. Because of the poten-
tial for venous irritation from UCN-01, a central port was
inserted before initiation of therapy. Treatment consisted of
UCN-01 administered IV on day 1 and irinotecan adminis-
tered IV on days 1 and 8, both in an outpatient setting.
Starting doses of UCN-01 and irinotecan were 50 and
60 mg/m?, respectively. Due to its prolonged half-life, the
UCN-01 dose was reduced by 50% for cycles 2 and
beyond. On day 1, irinotecan was administered over 90 min
followed by UCN-01 as a 3-h infusion. A cycle consisted of
21 days. Prophylactic antiemetics included IV 5-HT; antag-
onists and a single dose of glucocorticoids (dexamethasone
10 mg IV) prior to chemotherapy. In the absence of treat-
ment delays due to adverse events, treatment was adminis-
tered until disease progression, intercurrent illness that
prevented further administration of treatment, unacceptable
adverse event(s), or withdrawal of consent. Re-treatment on
day 22 required an ANC >1.500/ul, platelet count
>100,000/ul, a creatinine clearance rate >50 ml/min, and
resolution of all non-hematological toxicities (except alope-
cia and fatigue) to baseline or less than grade 1. In case of a
delay longer than 14 days, the patient was removed from
the study. The dose escalation scheme is shown in Table 1.

Follow-up and monitoring

Toxic events were recorded on a continuous basis, and fol-
lowed until they were resolved to baseline or less than

Table 1 Dose escalation scheme

Dose UCN-01 UCN-01 Irinotecan ~ Number Number

level (cycle 1) (cycles 2+) (mg/mz) of patients of DLTs
(mg/mz) (mg/mz)

1 50 25 60 1 0

2 70 35 60 6 0

3 90 45 60 4 2

4 70 35 90 5 3

DLT gose-limiting toxicity

grade 1. Immediately prior to study entry, patients had a
complete clinical history and physical examination, vital
sign assessment, complete blood counts, serum biochemis-
try tests (albumin, alkaline phosphatase, total bilirubin,
bicarbonate, BUN, calcium, chloride, creatinine, glucose,
LDH, phosphorus, potassium, total protein, AST, ALT,
sodium, magnesium, amylase), electrocardiogram, chest X-
ray, pulmonary function test, and a disease assessment by
computed tomography (CT) scan. CT scan of disease sites
was repeated every two cycles. Patients on this study had
serum glucose measured 2 and 24 h after the infusion of
UCN-01. History, adverse events, complete blood counts,
and serum biochemistry tests were performed on a weekly
basis, or when clinically indicated.

Definition of dose-limiting toxicity
and maximum tolerated dose

Non-hematologic DLT was defined as any grade 3 toxicity
with the exception of diarrhea or nausea/vomiting, or any
grade 4 toxicity during the first cycle. Grade 3 diarrhea last-
ing more than 24 h despite antidiarrheals and grade 3 nau-
sea/vomiting despite optimal antiemetics were also
considered a DLT. Hematologic DLT was defined as any
grade 4 hematologic toxicity except neutropenia also dur-
ing the first cycle. Patients with grade 4 neutropenia for >5
days or presenting with neutropenic fever were classified as
a DLT. Patients with thrombocytopenia <25,000/pl regard-
less of duration was classified as a DLT. An accelerated
titration design was used for dose escalation, where one
patient was treated at each dose level until occurrence of
grade 2 or higher toxicity; when grade 2 toxicity occurred
the cohort was expanded to a total of three patients. After
this three patients were treated at each dose level. If no
DLT was encountered in the three patients in cycle 1, dose
escalation was allowed. If one of the three patients experi-
enced a DLT, three more patients were to be enrolled at the
same dose level and if none of these three additional
patients experienced a DLT, dose escalation was allowed.
The MTD was defined as the highest dose tested in which
fewer than 33% of patients experienced DLT attributable to
the study drug(s), when at least six patients were treated at
that dose and were evaluable for toxicity. The MTD is the
recommended Phase II dose for the combination of UCN-
01 and irinotecan at the tested schedule.

Pharmacokinetic sampling and analytic assay for irinotecan

Pharmacokinetic studies were done in all patients during
cycle 1 day 1 and cycle 1 day 8. Blood samples were
collected at the following times: pretreatment; at 0.5 h
during the irinotecan infusion; 5 min before the end of
infusion; and postinfusion at 0.17, 0.5, 1, 2, 4, 7.5, 24, 48,
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and 72 h after the end of the infusion. Blood samples were
collected in heparinized tubes and centrifuged at 1,000x g
for 10 min, and plasma was frozen at —70°C until the time
of analysis. Total plasma concentrations (i.e., the total of
lactone and carboxylate) of irinotecan and its metabolites
SN-38, SN-38 glucuronide (SN-38G), and APC were deter-
mined by reverse-phase high-performance liquid chroma-
tography with fluorescence detection using a modification
of a procedure described previously [8, 35]. Irinotecan, SN-
38, SN-38G, and APC were quantitated over the range of
10-3,000, 2—-600, 100-600, and 2—-600 ng/ml, respectively.
SN-38G was measured indirectly by quantitation of the
peak area at the retention time of SN-38G using the SN-38
calibration curve as previously described [8, 35]. A limited
amount of SN-38G was available to confirm the retention
time of this metabolite (Aventis Pharma, Vitro-sur-Seine
Cedex, France). Quality assurance samples were assayed
with each analytic run and were within 15% of the nominal
concentration.

Pharmacokinetic sampling and analytic assay for UCN-01

Pharmacokinetic studies were done in all patients during
cycle 1. Blood samples were collected at the following
times: pretreatment; at 0.5, and 1.5 h during the infusion of
UCN-01; 5 min before the end of infusion; and postinfu-
sion at 0.5, 2, 4, 24, 48, and 72 h after the end of the infu-
sion. Samples were also obtained at 1 and 2 weeks after the
end of the infusion and immediately before the second infu-
sion. Blood samples were collected in heparinized tubes
and centrifuged at 1,000xg for 10 min, and plasma was
frozen at —70°C until the time of analysis. Plasma samples
were analyzed using a modification of a high-performance
liquid chromatography method using an UV spectropho-
tometer [9]. UCN-01 plasma concentrations were quanti-
tated over the range of 0.1-100 umol/l. Quality assurance
samples were assayed with each analytic run and were
within 15% of the nominal concentration.

Pharmacokinetic data analysis

Individual plasma concentrations of irinotecan and metabo-
lites were analyzed using noncompartmental methods as
implemented in the computer software program WinNonlin
version 5.0 (Pharsight, Inc., Mountain View, CA, USA).
The maximum plasma concentration (C,,,) was the
observed value. The area under the plasma concentration-
time curve (AUC) value was calculated to the last quantifi-
able sample (AUC,,) by use of the linear/log trapezoidal
rule. The AUC values were extrapolated to infinity
(AUC,,p by dividing the last quantifiable concentration by
the terminal disposition rate constant (4,), which was deter-
mined from the slope of the terminal phase of the concen-
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tration-time profile with a 1/[concentration]’ weight. The
terminal half-life (T,,,) was calculated as 0.693 divided by
A,. The clearance (Cl) was calculated by dividing the dose
administered by AUC, ;. Metabolic ratios were calculated
from plasma AUC values and included the relative extent
of conversion of irinotecan to its active metabolite SN-38
(i.e., AUCgN 35/ AUCinorecan)s the relative extent of glucu-
ronidation of SN-38 (i.e., AUCqy 336/AUCqgy.35), and the
relative extent of metabolism of irinotecan to APC (i.e.,
AUCAPC/ AUCirinotecan)'

7-Hydroxystaurosporine PKs were determined using a
two-compartmental linear model. Individual PK parameters
were estimated by the method of weighed least-squares
regression as implemented in ADAPT II release 5.0 [6].
The model-fit parameters included V_, K;,, K,,, and K.
Calculated secondary PK variables included Vi, 1, ,, 1,5,
and Cl.. AUC was calculated as dose divided by Cl,. C,,,,
values were obtained from the concentration-time data at
the end of the drug infusion.

Statistical analysis

Univariate linear correlation analysis was used to assess the
relationship between body surface area (BSA) and UCN-01
AUC. ANOVA was used to determine the association
among patient demographics and UCN-01 exposure and
worst grade of hypotension and hyperglycemia during
course 1. The method of Tukey—Kramer was used to adjust
for multiple comparisons of mean values. The association
between categorical variables was assessed using Fisher’s
exact test. Statistical analysis was done using JMP Statisti-
cal Discovery Software version 3.2.6 (SAS Institute, Cary,
NC, USA). The a priori level of significance was P < 0.05.

Results
Patient characteristics

Between January 2003 and January 2006, 16 patients with
advanced solid tumors were accrued into the study. Strict
entry criteria significantly hindered accrual. All patients
were assessable for toxicity, and response could be evalu-
ated in 14 patients. Demographic and clinical characteris-
tics of the subjects are summarized in Table 2. A total of 76
cycles of the study regimen were delivered (median, two
cycles; range 1-16).

Dose escalation process
Starting doses of UCNOI and irinotecan were 50 and

60 mg/m?, respectively (Table 1). No grade 2 or greater
toxicity was observed in the first patient at dose level 1,
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Table 2 Patient characteristics

Characteristics No. of patients

No. of patients 16

Sex (male/female) 11/5

59 (34-75)
Eastern Cooperative Oncology Group Performance Status

0 6

1 10

Primary tumor site

Age (years), median (range)

Colorectal

Pancreas (adenocarcinoma)
Pancreas (neuroendocrine)
Biliary

Duodenal

Hepatocellular

Base of tongue (adenocystic carcinoma)
Mesothelioma

Thyroid (medullary)

Ovary

Skin (merkel cell)

Unknown primary (adenocarcinoma)

S Sy S S TN

Prior regimens for advanced disease
0-2 12

3 or more 4

thus dose level 2 was opened, where UCN-01 was
increased to 70 mg/m2 (Table 1). No DLTs were observed
in dose level 2 but the cohort was increased to 3 due to a
grade 2 toxicity, and thus accrual continued in dose level 3,
where UCN-01 dose was escalated to 90 mg/m”. The third
patient at dose level 3 experienced a grade 3 hypophosphat-
emia during cycle 1. Expansion was initiated but the fourth
patient at dose level 3 experienced an episode of grade 3
hypophosphatemia, and thus this dose level was not consid-
ered safe and no further patients were treated. Both patients
were reduced to the prior dose level and continued therapy
for an additional cycle without recurrence of the event.
Three more patients were entered at dose level 2, without
any DLT. In an attempt to deliver an irinotecan dose closer
to the single-agent dose, the protocol was amended and
accrual continued in dose level 4, where UCN-01 was kept
at 70 mg/m? and irinotecan dose was escalated to 90 mg/
m?. The first patient at dose level 4 experienced grade 3
hypophosphatemia and grade 4 hyperglycemia and expan-
sion to six patients was planned. However, the fourth
patient treated at this dose level had a grade 3 hypophos-
phatemia and the fifth subject was hospitalized with grade 4
febrile neutropenia. Dose level 2 (already expanded to six
patients and with 0/6 DLTs) consisting of 70 mg/m? of
UCN-01 on day 1 and 60 mg/m? of irinotecan on days 1
and 8 of a 21-day cycle was defined as the MTD.

Toxicity

Treatment was generally well tolerated and in concordance
with the expected side effect profile of both agents. The
toxic events experienced during cycle 1 or during all cycles
of therapy and thought to be possibly, probably, or likely
related to UCN-01 and/or irinotecan are listed in
Tables 3 and 4, respectively. The most common adverse
events were fatigue, diarrhea, nausea, vomiting, anorexia,
hyperglycemia, hypotension, and abdominal cramps. Diar-
rhea and abdominal cramps are thought to be related to iri-
notecan, whereas nausea, vomiting, hyperglycemia, and
hypotension (and lightheadedness) have been consistently
associated with UCN-01.

A significant number of patients had laboratory abnor-
malities which constituted the majority of the grade 3-4
events, particularly during the first cycle. Eight patients
experienced hyperglycemia in 11 courses, of which two
were grade 3 and one grade 4. Patients were successfully
managed with hypoglycemic agents and did not require
dose reductions. Five patients had significant hypophos-
phatemia in 13 courses, of which five were grade 3; four of
these grade 3 events occurred during the first cycle, consti-
tuting the principal dose-limiting toxicity of the combina-
tion, as detailed above. After dose reductions in the affected
patients, the events did not recur. Infusion-related nausea,
vomiting, headache, and lightheadedness were also likely
UCN-0l1-related toxicities that were frequently observed.
Interestingly, whereas nausea/vomiting occurred repeatedly
over subsequent cycles of therapy (successfully managed
with increased antiemetic therapy), headache and light-
headedness were almost exclusively documented during the
first cycle. Despite the occurrence of hyperglycemia, the
reason for maintaining a single dose of dexamethasone
prior to UCN-01 in subsequent cohorts were that nausea
and vomiting represented a toxicity that was more relevant
clinically, and a single corticosteroid dose in non-diabetic
subjects was not felt to substantially increase the risk of a
severe hyperglycemic event. Other less frequent toxicities
observed were hypokalemia, hyponatremia, stomatitis,
fever, and facial flushing. Few neurologic and no pulmo-
nary events were recorded. One patient presented with a
transient, grade 2 episode of confusion that was attributed
to concomitant medication and one patient presented grade
1 numbness in the perioral area that subsided spontane-
ously. A small proportion of patients experienced hemato-
logic toxicity, although one case of grade 4 febrile
neutropenia was documented. This event had an uncompli-
cated course and the patient recovered shortly thereafter,
but was taken off the study for disease progression and thus
the impact of reducing the dose could not be evaluated.

Patient demographics (age, BSA, and sex), AAG concen-
trations, and UCN-01 plasma exposure (C,, and AUC)
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Table 3 Summary of nonhema-
tologic and hematologic toxicity
(cycle 1) presenting in two or
more patients

Toxicity Patients

Toxicity events by dose level (UCN-01/irinotecan)

50/60 (n=1)

70/60 (n = 6) 90/60 (n=4) 70/90 (n =5)

34 1-2 34 1-2 34 1-2 34

Nonhematologic

—_
—_

Diarrhea

—
(=)

Fatigue

—_
(=]

Nausea
Vomiting
Anorexia
Headache
Hypotension
Diaphoresis
Hyperglycemia
Cramping
Hypophosphatemia
Lightheadedness
Fever

Elevated ALT

Hematologic

W W W B LI L N O & © O

Anemia
Lymphopenia
Leukopenia

— NN W

Febrile neutropenia

3 1 3 2 1
5 2 3
2 1 2 1 4
2 1 2 1 3
4 1 3
1 2 3
1 4
2 2 2
1 1 2 1
3 1 1
2 2
1 1 1
2 1
3
1 2
2

were not related to worst grade of hypotension or hypergly-
cemia during course 1 (P > 0.08). UCN-01 AUC was related
to worst grade of hypotension during course 1 (P = 0.02).

Activity

Of the 16 patients, 14 are assessable for response. In one
subject progression was suspected clinically and docu-
mented radiologically after one course of treatment, and
seven had progressive disease upon reevaluation after two
cycles. The other six patients had stable disease as best
response, and there were four patients (two ECOG 0, two
ECOG 1) that received ten or more cycles of the study regi-
men (base of tongue carcinoma and biliary adenocarcinoma
ten cycles each, medullary thyroid cancer 11 cycles, and
colorectal adenocarcinoma 16 cycles), without requiring
dose reductions for acute or chronic toxicities.

Pharmacokinetics

Plasma samples were obtained from all 16 patients for
UCN-01, and PK data were evaluable for all patients for
UCN-01 and 15 patients for irinotecan. UCN-01 plasma PK
variables are listed in Table 5. At the MTD, 70 mg/m>
administered over 3 h, average (Zstandard deviation) val-
ues for Vg, t,4 and Clg were 143 £591, 292.0 £
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135.7 h, and 0.045 £ 0.038 I/h, respectively. At this dose
level, average (Estandard deviation) values for C,,, and
AUC were 34.7 & 16.9 pmol/l and 10,061 £ 5,106 pmol h/
I, and values for these exposure variables varied 4.8- and
14.5-fold, respectively.

Because the dose of UCN-01 is calculated based on a
patient’s BSA, the relationship between BSA and UCN-01
PK variables were assessed. BSA was associated with nei-
ther UCN-01 V (R=0.05; P=0.85) nor Cl, (R=0.37;
P =0.16). To search for other clinical variables that may be
related to UCN-01 exposure, the relationships between pre-
treatment AAG and UCN-01 PK variables were also
assessed. Pre-treatment AAG concentrations were corre-
lated with both UCN-01 V, (R=0.59; P =0.06) and CI
(R=10.56; P=0.07) but did not reach significance in this
small population. Co-administration of irinotecan does not
appear to alter UCN-01 PKs.

Irinotecan plasma PK variables are listed in Table 6.
When using a paired #-test to compare AUC and C,,, on
both day 1 and day 8, there was a significant reduction in SN-
38 AUC (P =0.03), APC AUC (P =0.04), and APC C,,,,
(P =0.03). This translated to a 50% decrease in SN38:irino-
tecan AUC ratio (P =0.03). A similar trend was observed
with the APC:irinotecan AUC ratio (P = 0.06) but it did not
reach statistical significance. The alteration was not observed
in a significant chance in irinotecan or metabolite half-lives.
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Table 4 Summary of nonhema-
tologic and hematologic toxicity
(all cycles) presenting in two or
more patients

Toxicity Patients Courses Toxicity events by dose level (UCN-01/irinotecan)

50/60 (n=1) 70/60 (n=6) 90/60(n=4) 70/90 (n=35)

1-2 34 1-2 3-4 1-2 34 1-2 34

Nonhematologic

Fatigue 13 25

Diarrhea 11 31 5 1
Nausea 10 18

Anorexia 10 15

14

—_

Vomiting
Hyperglycemia
Headache
Cramping

Hypotension

W= A —~ N R o A OO
—

~N 9 0

Diaphoresis

—_
[\S)

Hypophosphatemia
Lightheadedness

— = AN R = W= B~ = BN

Constipation

N = = NN = NN W kR B W UL W W

Hypokalemia
Stomatitis
Fever
Elevated ALT
Rash

Hyponatremia

NN W W W kA 0OV O 9 0 O

NN W W W W Wk~ W
[\
—_

Facial flushing

Hematologic

—
—
~
[\S)
[\S)

Anemia
Lymphopenia

Leukopenia

— NN A

Febrile neutropenia

Table 5 Summary of pharmacokinetics parameters of UCN-01

Dose UCN-01
level dose
(mg/m?)

No. of
patients

Infusion Pharmacokinetic variables

duration (h)

Chnax (pmol/l) AUC (pmol h/1) Vi (D) Typp5(h) Cl, (I/h)

1 50
2 70
3 90
4 70
2 and 4 70
All

[T N - -

1
16

2.70

2.73 £0.10
2.65£0.11
298 £0.12
2.84 £0.17
278 £0.17

19.8

37.1 £20.9
31.6 £22.6
31.8 £12.7
347 £16.9

4,005

9,982 £ 5,162
12,526 + 13,891
10,157 5,643
10,061 + 5,106

122

13.7£4.3
19.0 £8.5
11.8 £4.8
128 £4.4
143 £5.9

204

283.2 £ 137.7
341.4 +182.2
2806 £ 125.6
282.0 £ 125.7
292.0 £ 135.7

0.042

0.051 &+ 0.057
0.050 £ 0.035
0.033 +0.017
0.043 +0.043
0.045 +0.038

Values are reported as the mean =+ standard deviation

AUC area under the concentration-time curve, C,

nax Maximal plasma concentration, T, 5 terminal half-life, V; volume of distribution at steady-
state, CI; systemic clearance

Discussion PDKI. Despite its level of preclinical activity against mul-
tiple in vivo models, the two reported phase I trials encom-
passing a total of 71 patients (17 treated at the respective

MTDs) showed modest antitumor activity, with one

7-Hydroxystaurosporine is a selective inhibitor of a number
of serine—threonine kinases, particularly PKC, Chkl, and
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melanoma patient showing a partial response [9, 25]. Thus,
rational combinations with cytotoxic agents have been con-
ducted. Based on the observed preclinical synergy and the
potentially non-overlapping toxicity profiles, UCN-01 and
irinotecan were combined in this dose-finding phase I study
designed to determine the MTD, acute, and chronic toxicity
profile, and PK of UCN-01 and irinotecan. The escalation
design successfully increased UCN-01 first, but neither fur-
ther increases in UCN-01, nor escalations of irinotecan,
were well tolerated. Thus dose level 2, consisting of 70 mg/
m? of UCN-01 on day 1 and 60 mg/m? of irinotecan on
days 1 and 8 of a 21-day cycle, was defined as the MTD. At
this dose level no DLTSs occurred in six treated patients. In
this trial the accelerated titration design did not seem
advantageous, possibly due to the relative (onefold) prox-
imity of the combination starting doses to the single-agent
tolerated doses.

Metabolic toxicities such as hypophosphatemia and
hyperglycemia constituted most of the grade 3—4 events,
and were defined as dose-limiting. Hypophosphatemia had
not previously been identified as dose limiting and may be
unique to this combination. Hyperglycemia has previously
been described as due to insulin resistance and may be
related to UCN-01 inhibiting PDK signaling [20]. As
expected with irinotecan, diarrhea, and abdominal distur-
bances were prevalent but easily managed, and no potentia-
tion by UCN-01 was seen. Interestingly, few neurological
and pulmonary events occurred, suggesting a close dose-
dependency of these toxicities with UCN-01. Hematologic
toxicity was notably mild, with the exception of one epi-
sode of grade 4 febrile neutropenia. Another remarkable
aspect was that none of the four patients who received ten
or more cycles of the study regimen required dose reduc-
tions for acute or chronic toxicities, highlighting the tolera-
bility of the combination at the evaluated doses.

The molecular basis of these UCN-01-related metabolic
toxicities is currently undetermined. Parathyroid hormone
is the main phosphate regulation mechanism, and inhibits
proximal tubular reabsorption of phosphate by retrieval of
type Ila Na-PO, cotransporters (Npt2a) from the renal
tubule membrane. This process is mediated by a complex
equilibrium between the activation of both protein kinases
A and C [32] that ultimately converge on the extracellular
signal-regulated kinase/mitogen-activated protein kinase
(ERK/MAPK) pathway [2]. Therefore, UCN-01-mediated
PKC inhibition/modulation may disrupt this equilibrium
and induce the observed alterations in phosphate and cal-
cium levels. PKC is also involved at several steps in glu-
cose metabolism. PKC regulates insulin action and
degradation by interacting with insulin receptor substrates
[24]. Glucose absorption control is mediated in part by
PKC and ERK/MAPK-dependent activation and recruit-
ment of glucose transporters to the intestinal membrane

[13, 18]. Glucose and fatty acid uptake by tissues is also
mediated in part by PKC modulation [21], and PKC has
been proposed to have a pathogenic impact in diabetes, as
PKC-beta and other PKC isoenzymes have been implicated
in the loss of endothelial barrier function in diabetic micro-
angiopathy [15]. The complexities of these control mecha-
nisms are evidenced by the observation of opposite effects
on the same pathway, as although hyperglycemia was pre-
dominant, hypoglycemia was also documented.

Similar to results from the phase I study of 72-h infu-
sions [25] and shorter infusion times of 1-3 h [9], UCN-01
exhibited a long half-life (292 h), low clearance (0.045 1/h),
and marked variability in AUC values (~15-fold). The long
half-life has been attributed in part to high-affinity binding
to AAG which only has a half-life of (3-5 days) [10, 25].
As with other studies, we saw no relationship between
AAG and several PK parameters [9, 28]. Not unexpectedly,
there were no correlations between increasing UCN-01
exposure and increasing grade of toxicity which is consis-
tent with previous single agent trials [9].

Since irinotecan is highly susceptible to CYP3A4 and
ABCBI inhibition [17] and induction [22] in humans, alter-
ations to the PKs are anticipated with agents that modulate
these proteins. A limitation of the current study was not
performing a PK assessment of irinotecan alone to deter-
mine the true interaction since UCN-01 was present during
both day 1 and day 8. Despite this, a significant decrease in
both CYP3A4 and carboxylesterase-mediated pathways
was observed by 8 days of continual exposure to UCN-01.
A previous study demonstrated that ABCB1 was not
induced in the presence of UCN-01 in the lung cancer cell
line A549 [5]. Currently, there appears to be no published
literature on the alteration of CYP3A4 with UCN-01.
Therefore, the mechanisms behind this possible drug inter-
action are unknown.

A study combining of UCN-01 and topotecan has been
reported, showing good tolerance and preliminary evi-
dence of clinical activity in platinum-refractory ovarian
cancer patients [14]. The recommended phase II schedule
was UCN-01 70 mg/m? as a 3-h infusion on day 1, fol-
lowed by topotecan 1.0 mg/m? infused over 30 minutes on
days 1-5. The authors reported a profile of non-hematolog-
ical toxicities that resembles the currently presented data,
consisting of hyperglycemia, infection, coagulation abnor-
malities, fatigue, hypotension, nausea, and hypomagnese-
mia. However, hematologic toxicities occurred universally
in that study, supporting the known higher myelotoxicity
of topotecan when compared with irinotecan. A subse-
quent phase II study of this combination in patients with
ovarian cancer is underway. Unfortunately the PK analysis
did not include topotecan, and thus we cannot ascertain
whether the interaction observed with irinotecan is agent-
or family-specific.
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The significance and potential use of this combination is
uncertain, as it is not clear at this point whether UCN-01
will continue its clinical development. However, as a class
of agents PKC inhibitors are showing promise. Enzastaurin
is an orally available PKC beta inhibitor that displays pro-
apoptotic properties against a spectrum of malignancies and
is currently being investigated in clinical trials [4, 12].

In summary, the combination of UCN-01 and irinotecan
at clinically relevant doses for both agents was shown to
have an acceptable toxicity profile in patients with advanced
solid malignancies. While UCN-01 was not affected by iri-
notecan, irinotecan and SN38 exposure decreased when
administered in combination with UCN-01.

Acknowledgments UOI1 program CA 70095, Commonwealth
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