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Abstract Purpose: Intravenous (i.v.) irinotecan is a
cytotoxic topoisomerase I inhibitor with broad clinical
activity in metastatic colorectal cancer and other tu-
mors. The development of an oral formulation of iri-
notecan could enhance convenience and lessen the
expense of palliative irinotecan delivery. This phase 1
study evaluated the dose-limiting toxicities (DLT),
maximum tolerated dose (MTD), and pharmacokinetics
(PK) of irinotecan given as a powder-filled capsule
(PFC) daily for 5 days every 3 weeks. Patients and
methods: Patients with advanced solid tumors received
escalating doses of oral irinotecan daily for 5 days every
3 weeks. Plasma samples were collected following the
first and fifth doses of irinotecan during Cycle 1 to
determine the PK of irinotecan and its major circulating
metabolites: SN-38, SN-38G, and APC. Results: 20
patients (median age 61.5 years, range 40-75; M/F 12/8;
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ECOG PS 0=5, 1 =11, 2=4) received oral irinotecan at
dose levels of 30 (n=3), 40 (n=3), 50 (n=06), and 60
(n=8) mg/m?/day. Of the eight patients enrolled at
60 mg/m?, three patients experienced DLT (> grade 3)
consisting of nausea (three patients), vomiting (three
patients), diarrhea (two patients), and febrile neutrope-
nia (two patients) for which all the three patients re-
quired hospitalization. Treatment of six patients at the
50-mg/m? dose level resulted in no DLT. Other toxicities
observed include abdominal pain, alopecia, anorexia,
and asthenia. After oral administration, irinotecan was
rapidly absorbed into systemic circulation and converted
to the active metabolite SN-38. Increasing dose levels
resulted in a dose-dependent increase in mean exposure
parameters (Cmax and AUC) of irinotecan and metab-
olites. Systemic exposure parameters (Cmax and AUC,.
»4) of irinotecan and SN-38 were comparable between
days 1 and 5. The extent of conversion from irinotecan
to SN-38 was approximately threefold higher after the
oral administration compared to that previously ob-
served after i.v. administration. The exposure parame-
ters of irinotecan or SN-38 are of limited value in
predicting severity of Cycle 1 toxicities in the twofold
dose range evaluated. Conclusion: Daily oral adminis-
tration of irinotecan as the PFC formulation for 5 days
every 3 weeks can safely deliver protracted exposure to
SN-38, with the MTD of 50 mg/m?/d.

Keywords Oral irinotecan - Pharmacokinetics -
Advanced solid tumors - Phase 1

Introduction

Camptothecin is a plant alkaloid obtained from the
Chinese tree Camptotheca acuminata. Camptothecin and
its derivatives are potent inhibitors of topoisomerase |
(topo-1) [1]. Irinotecan hydrochloride (irinotecan;
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Camptosar®) is a semi-synthetic derivative of campto-
thecin that has broad clinical activity. Intravenous (i.v.)
administration of irinotecan with 5-fluorouracil and
leucovorin is considered one of the standard therapies
for stage IV colorectal carcinoma [2, 3]. The develop-
ment of an oral form of irinotecan has the obvious
merits of enhancing convenience and of reducing ex-
pense of drug delivery in this palliative setting. A pre-
vious clinical trial was performed to test an orally
administered formulation of i.v. irinotecan mixed with a
CranGrape® drink [4]. Irinotecan doses were given once
per day for five consecutive days, and treatment courses
were repeated every 21 days. The toxicity profile of the
1.v. formulation given orally was generally comparable
to that observed in patients receiving i.v. therapy. These
toxicities included gastrointestinal side effects (nausea,
vomiting, and diarrhea) and myelosuppression—opri-
marily neutropenia. Dose-limiting toxicities (DLTs) of
delayed diarrhea and neutropenia were noted at 50 mg/
m?/day in patients =65 years old and at 66 mg/m?/day in
patients <65 years old. Irinotecan has been formulated
as a powder-filled capsule (PFC). Initial preclinical
studies demonstrated that the variability in irinotecan
bioavailability with the PFC formulation seemed less
than that observed when the i.v. irinotecan solution was
administered orally. Based on these data, a starting dose
of 30 mg/m?/day for 5 days [60% of the maximum tol-
erated dose (MTD) for patients >65 years old] was se-
lected for the current trial.

We performed a phase I study to determine MTD and
DLT of irinotecan when administered orally in a PFC
formulation once per day for 5 consecutive days every
3 weeks. We also characterized the pharmacokinetics
(PK) of irinotecan and its metabolites SN-38, SN-38
glucuronide (SN-38G) and APC, and sought evidence of
antineoplastic activity of irinotecan with this formulation.

Material and methods
Patients

All patients participating in this study had histologic
confirmation of a nonlymphoid, nonleukemic malig-
nancy for which there was no known standard therapy
that was either curative or capable of extending life
expectancy. Additional eligibility criteria at study entry
consisted of: Eastern Cooperative Oncology Group
performance status < 2, age =18 years, absolute neu-
trophil count >2,000/mm?, platelet count >150,000/mm?,
hemoglobin level 29.0 gm/dl, serum creatinine within
the institutional limits of normal, direct bilirubin within
the institutional limits of normal, aspartate amino-
transferase (SGOT) < 3.0 times the institutional upper
limit of normal (may be < 5.0 times if liver involved
with tumor), oral intake >1,200 calories/day, and pre-
dicted life expectancy > 12 weeks. Written informed
consent was obtained from all patients prior to the study

entry. The study was approved by the Mayo Foundation
Institutional Review Board.

Patient exclusion criteria included: prior chemo or
biological therapies within 4 weeks of study entry; any
prior mitomycin C or nitrosourea chemotherapy; prior
high-dose chemotherapy and progenitor cell transplant;
prior radiation therapy to >10% of the bone marrow;
active inflammatory bowel disease, significant bowel
obstruction, chronic malabsorption or other major
abdominal surgery resulting in alteration in transit or
absorption of oral medication; ingestion of antacids, H2
antagonists, proton pump inhibitors, sucralfate, or an-
ticonvulsants within the previous week; pregnancy or
lactation; unwillingness to practice adequate contra-
ception by men or women of child-bearing age; uncon-
trolled hypertension or cardiac arrhythmia; unstable
angina; symptomatic congestive heart failure; myocar-
dial infarction within the previous 6 months; central
nervous system metastases or leptomeningeal disease;
known HIV positivity or AIDS-related illness; active
infections; or other severe nonmalignant systemic dis-
eases which, in the judgment of the investigator, would
make the patient inappropriate for entry into this study.

Study design

Irinotecan hydrochloride trihydrate (irinotecan) was
supplied and formulated by Pharmacia (Peapack, NJ,
USA) as a PFC. The capsules contained 5, 20 or 50 mg
of active irinotecan drug, microcrystalline cellulose,
colloidal silicon dioxide, and magnesium stearate as
excipients. The capsules were administered once daily
for 5 consecutive days with treatment repeated every
3 weeks. Irinotecan was administered in the morning
with water and patients fasted for at least 4 h before and
for 1 h after dosing. The starting dose of irinotecan was
30 mg/m?/day for 5 days every 3 weeks with planned
dose escalation to 40, 50, 60, 70, 80, and 90 mg/m2 dose
levels. A standard ‘“‘cohorts of three” phase I clinical
design was employed in this trial [5].

Prestudy evaluations included: a complete history
and physical exam including height, weight, perfor-
mance score, and tumor measurement; complete blood
count; serum chemistries; chest X-ray; urinalysis; elec-
trocardiogram; serum tumor markers; indicator lesion
imaging (MRI, CT scan, or ultrasound); and a serum
pregnancy test in women of child-bearing potential. All
patients underwent an interim history and physical
examination prior to each subsequent cycle of therapy.
Complete blood counts were performed twice weekly
during cycle 1 and then weekly for subsequent cycles.
Serum chemistry tests were performed weekly during the
interval between treatments. The first cycle of therapy
for each patient was administered as an inpatient at the
Mayo General Clinical Research Center to expedite PK
sampling, and subsequent cycles were administered as an
outpatient.



Definitions of DLT included: grade 4 neutropenia for
>5 days, neutropenic fever or infection, grade 4 throm-
bocytopenia, grade >3 diarrhea, nausea or vomiting
despite maximal antidiarrheal or antiemetic support, >
grade 3 nonhematologic toxicity attributed to irinotecan
therapy, failure to complete the first 5 days of irinotecan
therapy due to drug-related toxicities, or failure to re-
cover from toxicities ( < grade 1) to be eligible for re-
treatment with irinotecan within 36 days of the start of
Cycle 1.

Toxicities were evaluated using National Cancer
Institute Common Toxicity Criteria (NCI CTC). The
DLTs were evaluated for the first cycle only. The MTD
was defined as the dose level which, at most, one of six
patients experienced DLT and the next higher dose level
produced DLT in at least two of six patients. Once DLT
was observed in two of six patients at a given dose level,
three more patients were treated at the previous dose
level to better characterize the MTD.

Prophylaxis for nausea and vomiting consisted of
prochlorperazine 5-10 mg orally 3-4 times per day.
With persistent nausea or vomiting, ondansetron 8§ mg
orally up to 1 h before irinotecan dosing and up to two
additional doses daily could be prescribed. Loperamide
was given for any signs of diarrhea during the treatment
with oral irinotecan. Patients were instructed to take
4 mg at the first sign of loose stool, then 2 mg every 2 h
around the clock until diarrhea-free for at least 12 h.
Patients were allowed to take 4 mg every 4 h at night.
Other supportive care consisted of oral or sublingual
hycosamine for symptoms of early cholinergic syn-
drome.

Sample collection

Serial blood samples of 7 mL were collected for PK
analysis immediately before (time 0), and 15, 30, 60,
90 min and 2, 3, 4, 6, 8, 10, and 24 h after the first and
fifth doses. An additional blood sample was collected at
48 h after the fifth dose. Blood specimens were drawn
from a peripheral vein into heparinized tubes and
immediately cooled in an ice water slurry. After centri-
fugation, plasma was transferred to plastic tubes, frozen,
and stored at < —30°C until analysis.

Assay methods

Plasma samples were assayed for irinotecan, SN-38,
total SN-38, and APC concentrations using validated,
sensitive and specific isocratic high-performance liquid
chromatography (HPLC) methods [6]. The lower limits
of quantitation (LLOQ) were 1.28, 0.48, 0.37, and
0.96 ng/mL for irinotecan, SN-38, total SN-38, and
APC, respectively. The inter-day coefficient of variation
(CV%) was less than 11% for all four analytes. The
assay precision, expressed as CV% of the estimated
concentrations of quality control samples, was less than
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10% over the linear concentration range for each of the
analytes.

Calculation of PK parameters

Irinotecan doses were converted to anhydrous-free base
equivalents in the PK analysis. Plasma concentration—
time data of irinotecan, SN-38, SN-38G, and APC were
analyzed by noncompartmental methods [7] using
WinNonlin V.3.2 (Pharsight®, Mountain View, CA,
USA). As a measure of the extent of irinotecan metab-
olism to SN-38, the relative extent of conversion (REC)
was calculated as the ratio of SN-38 AUC and irino-
tecan AUC. The relative extent of SN-38 metabolism to
SN-38G (relative extent of glucuronidation, REG) was
calculated as the ratio of SN-38G AUC and SN-38
AUC. The relative extent of conversion from irinotecan
to APC (relative extent of oxidation, REO) was defined
as the ratio of APC AUC and irinotecan AUC. For the
calculation of REC, REG and REO, AUC0— values
from the first dose and AUCO0-24 values from the fifth
dose were used. REC and REG values obtained in this
trial are compared to those derived from a prior phase
I, single-agent, i.v. irinotecan trial in metastatic colo-
rectal cancer patients who had failed prior 5-fluorouracil
(FU)-containing regimens [18]. REO values obtained in
this trial are compared to those from a '*C-labeled iri-
notecan study in 8 solid-tumor patients with “‘adequate”
organ function [6]. The mass-based AUC values (ng*h/
mL) were used in calculation of the AUC ratios for the
present and prior studies.

Statistical analysis

The safety, toxicity, and PK data were analyzed pri-
marily in a descriptive fashion. The number and severity
of toxic incidents indicated the level of tolerance for oral
irinotecan in the treatment of advanced cancer. Hema-
tological toxicity measures of neutropenia, leukopenia,
and thrombocytopenia were assessed using the contin-
uous variables as outcomes measures (primarily nadir
and percentage change from baseline values) as well as
categorization via NCI CTC standard toxicity grading.
Nonhematological toxicities were evaluated via the
ordinal NCI CTC standard toxicity grading only. Fre-
quency distributions and other descriptive measures
formed the basis of the analysis of these variables.

Results

A total of 21 patients consented to study participation.
One patient did not receive treatment due to small bowel
obstruction. Patient characteristics for the 20 patients
receiving oral irinotecan are shown in Table 1. A total of
82 assessable cycles of irinotecan were administered over
4 different dose levels (Table 2). The median number of
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Table 1 Patient characteristics (n=20)

Number of patients treated 20
Gender (M/F) 12/8
Median age (range) 61.5 years (40-75)
ECOG performance status

0

1 11
2 4
Tumor type

Colorectal 7
Upper gastrointestinal 3
Lung 3
Pancreas 2
Unknown 2
Other (appendix, melanoma, 1
hepatocellular)
Prior therapy

Chemotherapy 17
#Regimens (1/2)
Surgery 14
Radiation therapy 5
Other (hormone, immuno)

Table 2 Dose levels

No. of
patients

Dose
(mg/m?)

W
[}
o0 N W W
—_
N

treatment cycles was 3.5 (range: 1-13) and the median
duration of treatment was 10.9 weeks (range: 2.7-42.3).

Toxicity

Dose-limiting toxicity was observed in three patients at
60-mg/m?> dose level. One patient (a 62-year-old male)
with advanced esophageal adenocarcinoma experienced
grade 3 nausea, diarrhea, and vomiting. The patient was
also unable to recover from the toxicities in time for
retreatment. A second patient (59-year-old male) with
advanced appendiceal adenocarcinoma and peritoneal
metastases had an episode of neutropenic fever along
with grade 3 nausea and grade 2 diarrhea. The third
patient (a 72-year-old female) at the 60-mg/m? level had

advanced colon carcinoma and also experienced a neu-
tropenic sepsis, grade 3 nausea, vomiting, and grade 2
diarrhea and dehydration. Because of the severity of the
side effects, the patient declined further oral irinotecan
treatment. All three patients required hospitalization
during their first cycle of protocol treatment. Treatment
of a total of six patients at the 50-mg/m? dose level
yielded no cycle 1 DLTs. Hematological toxicity for all
dose levels and patients is shown in Table 3. There were
no episodes of grade 3 or 4 thrombocytopenia.

The principle nonhematological toxicities were gas-
trointestinal (Fig. 1). The majority of patients experi-
enced some amount of diarrhea, nausea, and/or
vomiting during the protocol treatment. Though
abdominal pain was a prominent adverse event in this
trial, typical symptoms of early cholinergic syndrome
(lacrimation, diaphoresis, flushing, or abdominal
cramping) were mild in most patients. Patients were
observed for 24 h after the first and fifth doses of oral
irinotecan in the first cycle for cholinergic symptoms.
Eleven patients (55%) reported at least 1 cholinergic
symptom; nine (45%) reported the symptoms during the
first day and seven (35%) reported symptoms on day 5.
Most patients reported the symptoms as mild; however,
two patients experienced severe symptoms on day 5, one
experienced severe flushing and sweating, and another
reported severe ‘“‘other” symptoms. Both patients were
treated at the 60-mg/m?/day dose level. Other nonhe-
matological toxicities related to treatment that were not
dose limiting included alopecia, anorexia, fatigue, and
stomatitis.

There were no responses (complete or partial) ob-
served in this study. The median time to progression for
12 patients who were recorded as stable disease was
3.3 months (range 1.5-9.8). Four patients, two with
advanced colorectal and one each with lung and pan-
creas, had stable disease from 4.7 to 9.8 months.

Pharmacokinetics

Pharmacokinetics were characterized for 20 patients
who received oral irinotecan in doses ranging from 30 to
60 mg/m?/d. Figure 2 shows mean plasma concentra-
tion—time profiles of irinotecan, SN-38, SN-38G, and
APC after the first dose of 50 mg/m?® irinotecan. Fol-
lowing oral administration, irinotecan was rapidly ab-
sorbed into systemic circulation and converted to the

Table 3 Cycle 1 hematologic

toxicity Dose level No. of Leukocyte Neutrophil nadir Platelet nadir

(mg/m?) patients nadir CTC CTC grade CTC grade

grade

1/2 3 4 1/2 3 4 12 3 4
30 3 1 0 0 1 0 0 1 0 0
40 3 1 1 0 0 1 0 0 0 0
50 6 0 0 0 0 0 0 0 0 0
60 8 3 1 1 3 0 2 1 0 0




Fig. 1 Nonhematologic

toxicities related to treatment Toxicity Type
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active metabolite, SN-38, as well as the other two
metabolites, SN-38G and APC. The mean peak plasma
concentrations (Cmax) of irinotecan and its metabolites
were achieved within 6 h after dosing. Thereafter, plas-
ma concentrations of irinotecan and the metabolites
declined gradually and were still quantifiable at 24 h
after dosing for all dose levels.

Table 4 summarizes PK parameters of irinotecan and
the metabolites at the four dose levels evaluated. The
mean Cmax and AUC of irinotecan and each of the
metabolites increased with dose. There was a substantial
overlap in exposure among the four dose levels, mainly
due to the considerable interpatient variability and a
narrow dose range evaluated. T, values of irinotecan
and the metabolites were comparable among the four
different dose levels, and were prolonged on day 5
compared to day 1. Both the Cmax and AUC, ,4 were
comparable between the first and the fifth doses for iri-
notecan and SN-38, indicating a nominal degree of drug
accumulation following multiple dosing. The AUC ra-
tios (REC, REG, and REO) were generally similar
among dose groups. Apparent oral clearance (CI/F)
expressed in units of L/h was not associated with body
surface area (Pearson correlation coefficient <0.02,
P>0.9).

Figure 3 compares the AUC ratios following oral
administration of irinotecan in this study to those ob-
tained after i.v. dosing of irinotecan in previous studies.
The most notable difference is observed for REC, where
the mean REC for oral dosing is about threefold higher
than for i.v. dosing (0.14+0.07 for po vs. 0.033+£0.028
for i.v.). This result demonstrates that irinotecan is more
efficiently converted to the active metabolite, SN-38,

4 5 6 7 8 9 i 1" 12 13 14 15

Frequency

after oral administration. The mean REO is slightly
higher after oral dosing (0.55+0.31 for po vs. 0.33£0.28
for i.v.), but the REG values are not different between
the two administration routes.

The correlation between systemic exposures and
toxicities of irinotecan was explored using the Cmax
and AUC, »4 of irinotecan and SN-38 after the fifth
dose and the severity of Cycle 1 toxicities. The asso-
ciation between exposure parameters of irinotecan or
SN-38 and the severity of Cycle 1 neutropenia or
diarrhea was weak (Spearman correlation coefficient

1000 B
---A--- Irinotecan

g —o— SN-38

S 100 - .o SN-38G

=

=

.2

§ 10 4

g

O

g

‘E 0.1 1

~ 50 mg/m’” (n=6)
0.01 T T T T T T

0 4 8 12 16 20 24
Time, h

Fig. 2 Plasma concentration—time profiles of irinotecan and its
metabolites in cancer patients following the first dose of irinotecan
administered orally as a PFC formulation at 50 mg/m>. Curves with
error bars indicate mean £+ SD
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Table 4 Mean* (= SD) PK paramaters of irinotecan and its metabolites in cancer patients following oral administration of irinotecan as

a PFC formulation

Treatment period

First dose (day 1)

Fifth dose (day 5)

Dose (mg/m?) 30 40 50 60 30 40 50 60

N 3 3 6 8 3 3 6 8

Irinotecan Cmax (ng/mL) 142457 51.6+£50.9 47.4+39.7 68.3+48.8 25.0+£21.9 48.2452.6 67.2+55.0 91.0+£46.1
Tmax (h) 33406 33406 3.5+14 37+£1.6 3.0+0 33+0.6 24+07 41+19
AUCy 24 (ng h/mL) 111450  408+408 486+421 607+508 208+198 5814693 581+449 1020+739
AUCy .. (ng h/mL) 122463  472+£490 6524480 690+551 2334228 7424932 763+571 1360+906
112 (h) 61434 73+14 74+04 78+14 68+24 87+£26 123+1.8 12.6£1.6

SN-38 Cmax (ng/mL) 20412 34427 89+62 68447 28+16 27+1.5 63+ 3.0 10.0+53
Tmax (h) 40420 43+15 53423 36427 40+£17 40+1.7 22407 49+34
AUCy o4 (ng h/mL)  25.0+£9.2 28.6+13.4 82.3+61.4 73.4+53.1 27.6+15.9 33.0+£22.8 65.1+£27.0 123482
AUC, .. (ng h) 133,414 59.0 (n=1) 110£85 124=113 18.0 (n=1) 29.7 (n=1) 141£15 274+138
11> (h) 24,114 124 (n=1) 7.3£2.1 105+12 40 (@m=1) 113 (n=1) 20.1+4.4 152+0.4

SN-38G Cmax (ng/mL) 97469  18.6+20.7 24.9+19.4 182489 11.6+£83 2224224 23.6+17.2 23.0+7.8
Tmax (h) 53+1.1 4040 48428 44+15 37+06 50+17 40£1.1 47+28
AUCy o4 (ng h/mL)  100£67  213+£244 3504318 214+116 141+129 3174420 3134251 334+180
AUCy .. (ng h/mL) 543,204 268+311 3104273 286+180 196193 515+731 6224429 621+391
11> (h) 74,86 92406 93+19 93+1.8 12.0£35 122+59 222445 17.8+49

APC Cmax (ng/mL) 47+15 16.8+20.3 40.9+48.8 18.0+7.8 9.9+10.5 1584152 34.0+40.4 26.9+16.7
Tmax (h) 47+1.1  37+£06 52422 54+22 3.0+£00 3.7+06 43+14 59+34
AUCq s (ng h/mL) 5374233 176+£210 5274692 215100 1194142 2284269 414+392 3754210
AUCy .. (ng h/mL)  89.2 (n=1) 506 (n=1) 83341044 257128 29.8,325 116,755 674485 541+£279
11> (h) 78(m=1) 89(n=1) 7.5 +1.6 7.0 £1.0 43,75 66,126 13.0£1.9 12.8+53

AUC ratios ** REC (SN-38/irinotecan)
REG (SN-38G/SN-38)

0.27 (1=2) 0.06 (n=1) 0.17+0.04 0.11£0.03 0.18+0.10 0.09+0.04
10.6 (n=1) 5.71+0.73 2.53, 6.37 4.52+1.58 7.14+5.77
REO (APC/irinotecan) 0.58 (n=1) 0.49 (n=1) 1.01+0.48 0.41+£0.24 0.49£0.15 0.40+0.18

4.09, 4.93

0.1440.06 0.134+0.06
4.64+2.81 3.51+£2.02
0.65+0.22 0.44+0.26

*Individual PK parameters are listed if N <3. **AUC, .. ratios were reported for the first dose and AUC, »4 ratios were reported for the

fifth dose

=0.4943, P=0.037) in the twofold dose range evalu-
ated. Although patients experienced toxicities that had

relatively high plasma exposure of irinotecan and SN-

38 among this population, high exposure of irinotecan
and SN-38 did not necessarily lead to toxicities in all

patients.

Fig. 3 Comparison of the
relative extent of conversion
(estimated as REC, REG, and
REO ratios) after intravenous
(i.v.) and oral (po)
administration of irinotecan to
cancer patients. As described in
Material and methods, REC,
REG, and REO were the AUC
ratios of SN-38 to irinotecan,
SN-38G to SN-38, and APC to
irinotecan, respectively. The i.v.
data were from previous trials
in cancer patients [6, 18]. For
po, AUC, .. ratios of the first
dose and AUC »4 ratios of the
fifth dose from patients
receiving 30, 40, 50, and 60 mg/
m? of irinotecan as the PFC
formulation were combined.
The solid lines indicate the mean
values

Discussion

Use of irinotecan in metastatic colorectal cancer has
evolved over the last decade from phase I testing to

comparative phase III clinical trials leading to the ap-
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proval by the Food and Drug Administration for both
first- and second-line indications [2, 3, 8, 9]. The use of
oral chemotherapy has potential practical and economic
advantages over i.v. administration. A study evaluating
patient preferences concluded that patients prefer oral
chemotherapy so long as they can be assured that efficacy
was not compromised [10]. Another trial compared use of
1.v. S5-fluorouracil/leucovorin with oral UFT/leucovorin
and found that over eight out of ten patients preferred
oral therapy [11]. Reasons sited for the oral chemother-
apy preference included less toxicity, ability to take the
medication at home and use of pill over injection.

This phase I study reports a single-center study of oral
irinotecan given as a PFC formulation administered for 5
consecutive days every 3 weeks. The majority of patients
enrolled in this trial had advanced gastrointestinal can-
cers, with the most common being the colorectal cancer.
The DLTs encountered at the 60 mg/m?/day dose level
included nausea, vomiting, diarrhea, and neutropenic
fever/sepsis. These are similar to the DLTs reported in
phase I studies using i.v. irinotecan [8, 12, 13].

Pharmacokinetics results of this study show that iri-
notecan was rapidly absorbed into systemic circulation
after oral dosing and converted to the active metabolite
SN-38. Similar to that previously observed fori.v. [13—16]
and oral [4] dosing, there was substantial inter-patient
variability in plasma exposures of irinotecan and SN-38
following oral administration. The terminal ¢, , values of
irinotecan and the metabolites after oral dosing were
similar to those observed after i.v. dosing in previous
clinical studies [4, 13—16]. Consistent with the relatively
moderate #,, values, the accumulation of irinotecan and
the metabolites was minimal after consecutive daily dos-
ing for 5 days. The absence of a relationship between
clearance and body surface area suggests that irinotecan
can be administered orally to adults without correction
for body surface area. However, further studies using this
approach would be required to establish a dose given the
large interpatient variability observed in this trial.

The extent of conversion from irinotecan to SN-38, as
indicated by the REC value, was approximately threefold
higher after oral administration compared to i.v. dosing.
The first pass metabolism following oral administration
likely contributed to the high REC, since the gastroin-
testinal wall and the liver are known to express carbox-
yesterase at very high levels. On the other hand, the higher
REC following oral dosing indicated that the carboxyes-
terase-mediated hydrolysis of irinotecan to SN-38 is a
rate-limiting process during irinotecan disposition.

We evaluated the relationships between irinotecan
and SN-38 PK parameters and Cycle-1 toxicities but this
analysis was limited by several factors including the
small number of patients in each cohort, the limited
number of dose levels and observed toxicities, and the
relatively large interpatient variability with the oral
therapy. In contrast with results from studies of i.v.
irinotecan [14, 17], the relationship observed between the
plasma exposure of irinotecan or SN-38 and toxicities
was weak in the twofold dose range evaluated. Based on
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these results, it is difficult to predict the occurrence and
severity of toxicities based on plasma irinotecan or SN-
38 exposure at the MTD.

The recommended phase II dose of PFC oral irino-
tecan for this trial is 50 mg/m?/day for 5 consecutive
days every 3 weeks. Gastrointestinal and myelosup-
pressive DLTs continue to be problematic for this oral
formulation of irinotecan. A new formulation of oral
irinotecan is currently in clinical trials with plans to
combine the drug with capecitabine in phase I and
subsequent phase II trials for patients with advanced
colorectal carcinoma.
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