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Abstract Purpose: R115777 is a selective, nonpeptidom-
imetic inhibitor of farnesyltransferase (FTase), an enzyme
responsible for the post-translational modification of
several proteins, including Ras. Given the high frequency
of K-Ras mutations in malignancies commonly treated
with irinotecan, the broad preclinical antiproliferative
activity of R115777 and its largely non-overlapping tox-
icity profile with irinotecan, this phase I study of the
combination of R115777 and irinotecan in patients with
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advanced cancer was undertaken. Patients and meth-
ods: Enrolled onto the study were 14 patients (eight male,
six female; median age 63 years, range 48—72 years). Five
patients had an ECOG performance status (PS) of 0, eight
patients PS 1, and one patient PS 2. The patients were
treated with R115777 orally twice daily for 28 days and
irinotecan 100 mg/m” as an intravenous infusion on
days 1, 8, 15, and 22 of each 42-day cycle. Seven patients
received R115777 100 mg twice daily and seven received
R115777 200 mg twice daily. Results: Dose-limiting
toxicity (DLT) was experienced by one of seven patients
treated with R115777 100 mg (grade 3 fatigue), and two
of seven patients treated with R115777 200 mg (grade 3
diarrhea, grade 4 neutropenia lasting >5 days). The
maximum tolerated dose (MTD) was R115777 100 mg
twice daily and irinotecan 100 mg/m? weekly. Non-DLTs
were primarily rash, fatigue, diarrhea, and neutropenia.
R115777 demonstrated linear pharmacokinetics with-
out interaction with irinotecan and achieved serum
levels required for antitumor activity in vitro. Conclu-
sions: Serum levels of R115777 exceeded those necessary
for FTase inhibition in vitro without evidence of inter-
action with irinotecan. However, the MTD of R115777 in
this study was lower than that obtained with an alternate
schedule. Thus, further development of this schedule is
not recommended.

Keywords Irinotecan - R115777 - Phase I -
Farnesyltransferase inhibitor - Pharmacokinetics

Introduction

R115777 (ZARNESTRA, tipifarnib) is a selective,
nonpeptidomimetic competitive inhibitor of farnesyl-
transferase (FTase), an enzyme responsible for post-
translational modification of several proteins, including
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Ras [8]. In vitro, R115777 inhibits farnesylation of lamin
B and K-ras B peptide substrates at nanomolar
concentrations, while demonstrating antiproliferative
effects in colon and pancreatic cancer cell lines [8]. In
vivo, R115777 suppresses tumor growth of human colon
and pancreatic cancer xenografts [8]. Recent evidence
suggests that the activity of R115777 may result from
inhibition of multiple targets in addition to Ras [§].

Phase I studies of R115777 have demonstrated the
tolerability of this orally administered compound in
several delivery schedules. Hudes et al. evaluated a
twice-daily schedule of R115777 given 21 days out of 28,
with achievement of plasma levels required for FTase
inhibition in vitro [12]. Dose-limiting toxicity (DLT) was
primarily myelosuppression, with fatigue and hyperbi-
lirubinemia observed. Alternative dosing has been
explored. A study utilizing continuous twice daily dosing
of R115777 has demonstrated myelosuppression and
neurosensory toxicities as dose-limiting, and established
300 mg twice daily as the recommended phase II dose
for chronic administration [3].

Irinotecan is a camptothecin derivative and topo-
isomerase-I inhibitor which has demonstrated a broad
range of clinical antitumor activity. It results in im-
proved survival when administered as both initial
treatment of metastatic colorectal cancer in combination
with 5-fluorouracil [19] and as salvage therapy after
fluoropyrimidine therapy [6, 18]. Promising clinical
activity has also been seen in a variety of other malig-
nancies, including small-cell lung cancer and cancers of
the upper gastrointestinal tract [2, 13, 17].

Given the broad preclinical antiproliferative activity
of R115777, the different mechanisms of action of
R115777 and irinotecan and their partially non-overlap-
ping toxicity profiles, we hypothesized that both drugs
could be safely combined with potential relevance in
numerous clinical contexts. This phase I study was
undertaken to determine the maximum tolerated dose
(MTD) and DLT of the combination of weekly irinotecan
and twice-daily R115777 administered for 28 days out of
42. Secondary objectives included assessment of phar-
macokinetic interactions between R115777 and irinotec-
an and preliminary evaluation of antitumor activity.

Patients and methods
Patient eligibility

Patients enrolled onto this study were at least 18 years of age and
had a pathologically confirmed malignancy for which no standard
therapy existed. Additional inclusion criteria included: life expec-
tancy of at least 3 months, at least 4 weeks elapsed since prior
chemotherapy or radiotherapy (6 weeks for nitrosoureas or mito-
mycin C), Eastern Cooperative Oncology Group (ECOG) perfor-
mance status < 2 (ambulatory at least 50% of waking hours),
adequate hematologic function (absolute neutrophil count (ANC)
>1500/ul, platelets >100,000/ul, hemoglobin >9.0/dl), adequate
renal function (serum creatinine within normal limits), adequate
hepatic function (ALT and AST not more than two times the upper
limit of normal), and negative pregnancy test for women of child-

bearing potential. Exclusion criteria included prior bone marrow
transplantation or high-dose chemotherapy, extensive prior
radiation therapy (=25% of bone marrow reserve), participation in
another investigational treatment protocol within 30 days, known
allergy to azole class of drugs or irinotecan, and concomitant use of
proton pump inhibitors. Prior irinotecan was allowed. Patients
provided written informed consent as per institutional and federal
requirements, and the protocol was approved by the Institutional
Review Board of Fox Chase Cancer Center.

Treatment plan and definition of MTD

This was a phase I, open label dose-escalation trial. R115777 was
supplied by Johnson and Johnson Pharmaceutical Research and
Development as 100-mg tablets and administered orally twice daily
at 12-h intervals and within 30 min after meals for 28 consecutive
days followed by a 2-week rest (42-day cycles). Irinotecan was given
as a 90-min infusion on days 1, 8, 15, and 22 followed by a 2-week
break. For cycle 1 only, R115777 dosing started on day 4 to allow
pharmacokinetic assessment of irinotecan alone. Cycles were
repeated every 42 days until evidence of disease progression or
unacceptable toxicity. Three to six patients were to be enrolled at
each dose level. If none of the first three patients experienced DLT
within the first cycle, dose escalation would proceed. If one of three
encountered DLT, three additional patients would be enrolled at
that dose level. If DLT was not experienced in these additional
three patients, dose escalation would proceed. The MTD was de-
fined as the highest dose which did not cause DLT in two or three
of three patients or in two or more of six patients (i.e. 233%)
treated at that level during their first cycle of therapy.

The initial cohort of patients was treated with 100 mg twice
daily of R115777 and 100 mg/m? of irinotecan weekly. In the
absence of DLT, additional cohorts of patients would be treated
with increasing doses of R115777 by increments of 100 mg twice
daily. If a dose level exceeded the MTD, enrollment continued with
a decrease in R115777 of 100 mg per dose.

A history and physical examination, and complete blood count
(CBC), chemistries, liver function, coagulation studies, EKG, and
radiographic evaluation of metastatic disease were performed
within 14 days of initiation of therapy. Women of childbearing
potential had urine or serum pregnancy tests prior to starting study
medication. A CBC and chemistries were obtained weekly on
study. Tumor response was evaluated with repeat radiographic
assessment after two cycles of therapy or as clinically indicated
using World Health Organization criteria [16].

Definition of DLT

Toxicity was graded according to the NCI Common Toxicity
Criteria v 2.0 (http://ctep.info.nih.gov/reporting/ctc.html). DLT
was defined as grade 3 or more non-hematologic toxicity (exclud-
ing rash, nausea, vomiting, or diarrhea responding to symptomatic
management), grade 3 thrombocytopenia or grade 4 granulocy-
topenia lasting > 5 days, any grade 4 thrombocytopenia or grade 4
neutropenia associated with fever or infection, omission of two or
more doses of irinotecan in a cycle due to toxicity, or interruption
of R115777 dosing for more than seven consecutive days due to
drug-related toxicity.

Dose modification

Irinotecan

For ANC <1500/ul but >1000/ul on the day of irinotecan
therapy, the dose of irinotecan was reduced to 80 mg/m?. For
ANC <1000/ul, irinotecan was held and restarted upon neu-
trophil recovery with dose reduction to 80 mg/m2 Further



necessity for dose reduction of irinotecan below 80 mg/m? man-
dated removal of the patient from study. For grade 2 or 3 diar-
rhea, irinotecan was reduced to 80 mg/m> with (grade 3) or
without (grade 2) the omission of a dose. Grade 4 diarrhea would
mandate dose reduction of irinotecan below 80 mg/m’? and
removal from study.

RI115777

R115777 therapy was temporarily discontinued for grade 3 or more
non-hematologic toxicity (excluding nausea/vomiting or diarrhea
responding to symptomatic management), grade 4 neutropenia,
grade 3 thrombocytopenia lasting >5 days, or grade 4 thrombo-
cytopenia. R115777 was restarted when these toxicities resolved to
grade 1 or less with a dose reduction of 100 mg twice daily.

Pharmacokinetic assessment

Blood samples (5 ml) were collected for pharmacokinetic evalu-
ation on days 1 (irinotecan only), 6 or 7 (R115777 only), and 8
(R115777 and irinotecan). Irinotecan plasma levels were obtained
on day 1 predosing, at 30 and 60 min into infusion, at the end of
infusion, and at the following time-points (expressed as
hours:minutes) after infusion: 0:10, 0:20, 0:30, 0:60, 0:90, 2:00,
3:00, 5:00, 6:00, 8:00, 10:00, 24:00, and 48:00. R115777 plasma
levels were obtained predosing on day 6 or 7, and at 1, 2, 3, 5, 8,
and 12 h after R115777 administration. On day 8, pharmacoki-
netic sampling was performed immediately prior to irinotecan
infusion and R115777 administration, at 30 and 60 min into
irinotecan infusion, at the end of infusion, and at the following
time-points (expressed as hours:minutes) after infusion: 0:10,
0:20, 0:30, 0:60, 0:90, 2:00, 3:00, 5:00, 6:00, 8:00, 10:00, 24:00,
and 48:00.

R115777 serum levels were measured by a validated liquid
chromatography-tandem mass spectrometry (LC-MS/MS) assay
in the range 2.00 to 5000 ng/ml. Briefly, samples for R115777
were analyzed in the following manner. To 0.1-ml aliquots of
human plasma, 10 ng of a stable isotope-labeled internal
standard was added. After adding 1 ml NaOH (0.1 M), the
samples were extracted with 5 ml heptane containing 10% of
isoamyl alcohol. The organic layer was evaporated under nitro-
gen at 65°C and the residue dissolved in 200 pl methanol, and
50 Wl ammonium formate 0.002 M (pH 4) was added. The
extracts were injected in 4-pl aliquots onto an API 3000 (Applied
Biosystems) LC-MS/MS with a Turbolonspray interface, oper-
ated in the positive-ion mode. Separation was on a 5cm X
4.6 mm chromatographic column, packed with 3 um C18 BDS-
Hypersil (Alltech). The mobile phase was 0.002 M ammonium
formate/acetonitrile (40/60) at a flow rate of 1.5 ml/min. The
total run time was 2.5 min. The mass spectrometer was operated
in the MRM mode. The mass transitions monitored were m/z
489.1 to m/z 407.1 and m/z 492.1 to m/z 407.1 for R115777 and
the internal standard, respectively.

Irinotecan and its metabolite SN-38 were measured by a vali-
dated HPLC fluorescence assay in the ranges of 5-1500 ng/ml and
0.5-100 ng/ml, respectively. Briefly, 200 pL acetonitrile/methanol
(1:1, v/v) was added to human plasma (100 pl) to precipitate
plasma proteins. After mixing, the sample was centrifuged at
23,000 g for 10 min. A volume of 75 pl of the supernatant was
mixed with 75 pl 0.01 M sodium tetraborate (pH 9). After brief
mixing, this solution was transferred to an autosampler vial and
25 ul was injected onto the HPLC column. Separation was on a
15 cm X 4.6 mm chromatographic column, packed with 3.5 pm
Zorbax SB-C18 (Agilent Technologies). The mobile phase con-
sisted of a mixture of 0.1 M ammonium acetate/acetonitrile/TEA
(800/200/1), containing 5 mM tetrabutyl ammonium phosphate,
pumped at a flow rate of 1.5 ml/min. The total run time was
10 min. Detection was by fluorescence with excitation and emission
wavelengths of 385 nm and 525 nm, respectively.
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Table 1 Patient characteristics (n=14)

Characteristic Number
Age (years)

Median 63

Range 48-72
Cycles of therapy

Total 24

Median 1

Range 1-7
Sex (M/F) 8/6
Performance status

0 5

1 8

2 1
Primary cancer

Colorectal 8

Pancreas 2

GE junction 1

Hepatoma 1

Leiomyosarcoma 1

Cholangiocarcinoma 1
Two or more prior chemotherapy regimens 6
Prior irinotecan therapy 4

Results
Patient characteristics

Enrolled onto this study were 14 patients who received a
total of 24 cycles of treatment (median 1, range 1-7).
Patient characteristics are listed in Table 1. Of the 14
patients, 8 had colorectal cancer, and 13 had received
prior chemotherapy (11 for metastatic disease), with 6
having received at least two prior regimens, and 4 having
received prior irinotecan.

Toxicity

All enrolled patients received at least one dose of study
drugs and were evaluable for toxicity. Of three patients
treated at the initial dose level of R115777 100 mg twice
daily and irinotecan 100 mg/m” weekly, one (a 69-year-
old female with rectal cancer) experienced grade 3
hypophosphatemia. As this resolved without specific
intervention within 4 days and grade 2 hypophosphat-
emia was present prior to enrollment on study, this was
not considered a DLT and a decision was made to dose-
escalate to cohort 2 (200 mg twice daily of R115777 with
irinotecan 100 mg/m?). As one of three initial patients at
this dose level, a 61-year-old female with colon cancer,
developed DLT (grade 3 diarrhea resulting in temporary
suspension of therapy), accrual to cohort 2 was
expanded. Of the next three patients treated with
R115777 200 mg twice daily, one patient, a 73-year-old
female with colon cancer, experienced grade 3 hypoka-
lemia and grade 3 rash necessitating treatment discon-
tinuation. As rash had not previously been described as
a dose-related event with R115777 and the hypokalemia
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Table 2 Maximum adverse event grade per patient (n=14)

Toxicity Cycle 1 (grade) All cycles (grade)

1 2 3

~

1 2 3

N

Anemia

Anorexia

Diarrhea

Dry mouth
Elevated ALT/AST
Fatigue
Hyperbilirubinemia
Hypoalbuminemia
Hypokalemia
Hypophosphatemia
Leukopenia

Nausea
Neutropenia

Rash

Vomiting
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was not considered clinically significant, this patient was
not considered to have experienced DLT. The patient
was replaced by one additional patient at the second
dose level, a 63-year-old female with colon cancer who
developed grade 4 neutropenia lasting for 12 days. As
the MTD was exceeded at the second dose level, four
additional patients were enrolled to the first cohort
(R115777 100 mg twice daily and irinotecan
100 mg/m?). Of these, a 70-year-old male with colon
cancer developed grade 3 neutropenia lasting 8 days
after the completion of cycle 1, and a 63-year-old male
with colon cancer developed grade 3 fatigue lasting
25 days. The latter toxicity was considered a DLT.
Thus, dose level 1 defined the MTD of this combination
and schedule. Other toxicities are listed in Table 2.
Grade 1 and 2 toxicities were primarily gastrointestinal

Table 3 Pharmacokinetic parameters for R115777 (n=14). Values
are means + SD except T1/2 values which are harmonic means and
pseudo SD. Cmax and AUC differ only as a function of dose
(P <0.05); no differences were noted as a function of day (Cmax

(diarrhea, anorexia, nausea), fatigue, and myelosup-
pression. Rash was seen in four patients (three grade 1/2,
one grade 3), associated with pruritus responsive to
antihistamines, and typically located on the trunk. The
rash was similar to that previously reported with
R115777 [5]. No objective antitumor responses were
observed.

Pharmacokinetics/pharmacodynamics

Pharmacokinetic parameters for days 7 and 8 R115777
dosing at 100 mg and 200 mg and for days 1 and 8
irinotecan and SN38 levels are summarized in Tables 3
and 4. All 14 patients provided samples for this
analysis. The pharmacokinetic parameters for R115777
were evaluated as a function of dose (i.e. 100 mg and
200 mg) and time (i.e. day 7 and day 8). Values for
R115777 Cmax (mean range from 408.1 to 1041.7 ng/l)
and AUC (mean range from 1955.6 to 4316.8 ngh/l)
showed approximate dose proportional increases as a
function of dose on both day 7 and day 8. The values
for R115777 Tmax (mean range from 1.2 to 2.4 h) and
T1/2 (harmonic mean range from 3 to 3.6 h) did not
appreciably change as a function of either dose or
time. Comparison of day 7 and day 8 pharmacokinetic
parameters for R115777 revealed no significant differ-
ences. The pattern of changes in the pharmacokinetic
parameters of R115777 is consistent with R115777
displaying linear pharmacokinetics.

The pharmacokinetic parameters from irinotecan and
SN38 are in agreement with values reported previously
[3]. There was no pharmacokinetic interaction between
irinotecan and R115777, as the pharmacokinetic
parameters for each drug were similar when given alone

maximum plasma concentration, Tmax time to maximum plasma
concentration, 4UC area under the plasma concentration versus
time curve, 71//2 elimination half-life)

Day Cmax (pg/l) AUC (pgh/l) Tmax (h) T1/2 (h)

100 mg 200 mg 100 mg 200 mg 100 mg 200 mg 100 mg 200 mg
7 472.1+£197.6 769.6+340.8 2101.9+539.0 3845.2+1736.6 23+1.0 2.3+0.8 3.0£0.5 34+1.0
8 408.1+215.4 1041.7 £556.2 1955.6 £758.2 4316.8 £2320.5 24+1.1 1.2+0.8 3.1+0.8 3.6£0.9

Table 4 Pharmacokinetic parameters for irinotecan and SN38
(n=14). Values are means+SD except T1/2 values which are
harmonic means and pseudo SD (Cmax maximum plasma con-
centration, Tmax time to maximum plasma concentration, AUC

area under the plasma concentration versus time curve, 77/2
elimination half-life, C/ plasma clearance, Vss plasma volume at
steady state, NC not calculated)

Day Cmax (ug/l) AUC (pgh/l) Tmax (h) T1/2 (h) ClI (I/h/m?) Vss (I/m?)
SN38 Irinotecan SN38 Irinotecan ~ SN38 Irinotecan SN38 Irinotecan Irinotecan Irinotecan

1 18.3+7 1387 +312 2394105 69562319 2.25+1.18 NC 19.8+10.5 10.3+3.1 15.74+4.7 126.2+33.4

8 17.2+11.4 1550+529 246+116.7 7609+2932 1.78+0.61 NC 21.3+995 10.7+£23 14.8+5.1 128.1+£51.1




Diarrhea Grade

Fig. 1 Correlation between SN38 AUC on day 8 and worst grade
of diarrhea in cycle 1 (R=0.75, P=0.002, Pearson correlation test)

(day 1 for irinotecan and day 7 for R115777) or in
combination (day 8).

Pharmacodynamic assessment revealed a strong cor-
relation between SN38 AUC and grade of diarrhea
(R=0.75, P=0.002, Pearson correlation test; Fig. 1) but
not between RI115777 AUC values and grade of
neutropenia or diarrhea (data not shown).

Discussion

This study defined the MTD of a combination of
R115777 and irinotecan to be 100 mg twice daily of
R115777 administered for 28 days with irinotecan
100 mg/m2 administered days 1, 8, 15, and 22 of a
42-day cycle. Plasma levels of R115777 and irinotecan
achieved were compatible with preclinical antitumor
activity and phase I experiences [7, 8], without evidence
of pharmacokinetic interaction.

The toxicities demonstrated in this phase I study are
consistent with known side effect profiles of the two
agents. Phase I studies of R115777 have predominantly
shown myelosuppression as dose limiting [5, 12]. Diar-
rhea is common with weekly irinotecan therapy and is
dose limiting [7]. Preliminary results of a phase I trial of
an alternative administration schedule of these agents
have been reported by Verweij and colleagues [20]. In
that study, irinotecan was dosed once every 3 weeks and
R115777 was given twice daily either continuously or
intermittently for 14 out of 21 days. At the time of their
report, treatment with intermittent R115777 at 200 mg
twice daily with 350 mg/m? of irinotecan was well
tolerated, and R115777 dose escalation was ongoing.

There are several non-mutually exclusive explana-
tions for why the regimen explored in this study did not
permit dose escalation of R115777. The recommended
phase II dose and schedule of R115777 is 300 mg twice
daily given for 21 days followed by a 1-week break. This
dose has been well tolerated in patients with advanced
prostate cancer [11], breast cancer [14], and acute leu-
kemia [15], although patients with pancreatic and colon
cancer do not tolerate it as well [4, 21]. In the current
study, we extended the R115777 treatment duration to
28 days out of 42, which may have led to increased
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toxicity. This is supported by the observation that DLTs
in our study were observed at a median of 21 days
(range 14-29 days) from initiation of cycle 1 R115777
therapy. Presumably, some of this toxicity may have
been prevented by a 14 out of 21-day R115777 schedule.

No evidence of a pharmacokinetic interaction was
seen in either our study or that reported by Verweij and
colleagues. The AUC reported by Verweij et al. for
R115777 when measured with concurrent therapy is
similar to our reported value (3588+£1555 s
4317 £2321 h-ng/ml, mean £+ SD) [20]. It is possible that
our schedule has uncovered a pharmacodynamic inter-
action between irinotecan and R115777 that is inde-
pendent of pharmacokinetic parameters. Alternatively, a
small pharmacokinetic interaction may have been
missed given the small number of patients in our study.

Irinotecan delivery scheduling may have contributed
to the toxicity seen in our study. Although the weekly
irinotecan schedule is more commonly utilized in
North America, the every-3-week schedule frequently
used in Europe is associated with decreased diarrhea
and myelosuppression [9]. The average weekly AUC of
SN38 received by patients was higher in our 4 out of 6
weekly irinotecan schedule than in the every-3-week
irinotecan delivery utilized by Verweij and colleagues
(164 vs 108 h'-ng/ml). Thus, our schedule provided
greater dose intensity of irinotecan, with SN38 AUC
correlating strongly with grade of diarrhea.

Finally, patient characteristics may have accounted
for some of the decreased tolerability in our study. Our
patient population was predominantly comprised of
pretreated patients with colorectal or pancreatic cancer.
All but one of our patients received prior chemotherapy,
with nearly half treated with at least two prior chemo-
therapy regimens.

R115777 has antitumor activity in several disease
settings, including acute leukemia, breast cancer, and
myeloproliferative disorders [10, 14, 15]. During the
course of the current phase I study, it became apparent
that R115777 does not demonstrate single-agent activity
in gastrointestinal or lung cancers, diseases in which
irinotecan has a standard role in management and
K-Ras mutations are frequent. Our study in pancreatic
cancer demonstrated no clinical responses in 20 treated
patients [4], while only one antitumor response was seen
in 51 patients with advanced colorectal cancer in the
cooperative group setting [21]. No responses were seen
with R115777 administered as a single agent in 44 pre-
viously untreated patients with non-small-cell lung
cancer [1]. Thus, identification of a clinically relevant
target disease for this combination awaits further
investigation.

In conclusion, we defined the MTD of the combina-
tion of R115777 given for 28 days out of 42 and weekly

irinotecan to be 100 mg twice daily and 100 mg/m?>,

respectively. It is not possible to dose-escalate R115777
further on this delivery schedule. As this is only 33% of
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the single agent MTD of R115777, with lower exposure
than that achieved with the alternative schedule from
Verweij et al. [20], we cannot recommend our schedule
for further study.
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