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Abstract Purpose: RPI.4610 (ANGIOZYME) is a
chemically stabilized ribozyme targeting vascular endo-
thelial growth factor receptor 1. The purpose of this
study was to evaluate the safety and pharmacokinetics
of RPI.4610 in combination with carboplatin and pac-
litaxel in patients with advanced solid tumors. Methods:
The study used a sequential treatment design evaluating
a single dose level for all three drugs: paclitaxel
175 mg m�2 and carboplatin AUC=6 on day 1 of a 21-
day cycle, and RPI.4610 100 mg m�2 day�1 beginning
on day 8 and continuing daily thereafter. Pharmacoki-
netic samples were drawn on day 1 of courses 1 (che-
motherapy alone) and 2 (chemotherapy+RPI.4610),
and on day 8 of course 1 (RPI.4610 alone). Ratios were
generated by comparing the pharmacokinetic parame-
ters for the combination of carboplatin with paclitaxel
when administered alone or together with RPI.4610.
Results: Twelve patients were enrolled in this trial and
received two to six courses of treatment each. The most

common grade 3–4 toxicities were neutropenia (three
patients), thrombocytopenia (three patients), pain (three
patients), anemia (two patients) and fatigue (two pa-
tients). The ratio of the mean maximum plasma con-
centration (Cmax) for carboplatin when administered
with paclitaxel alone versus when administered with
paclitaxel and RPI.4610 was 1.07 (90% confidence
interval, 0.77–1.37). Similarly, the ratio of the mean
AUC0-last for carboplatin was 1.04 (0.73–1.35). For
paclitaxel the ratio of the mean Cmax when adminis-
tered with carboplatin alone versus with carboplatin and
RPI.4610 was 1.17 (1.03–1.31), and the ratio of the mean
AUC0–last was 1.17 (1.04–1.30). Objective tumor re-
sponses were observed and included one patient with a
complete response (bladder cancer) and one patient with
a partial response (esophageal cancer). Conclusions:
These results indicate that RPI.4610, carboplatin, and
paclitaxel can be administered safely in combination
without substantial pharmacokinetic interactions.
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Pharmacokinetics Æ Ribozyme Æ Vascular endothelial
growth factor receptor Æ Angiogenesis inhibitors

Introduction

Vascular endothelial growth factor (VEGF) is an
angiogenesis-promoting molecule. Many of the effects of
VEGF are mediated through multiple high-affinity
receptors on endothelial cells, including VEGFR-1. One
way in which inhibition of VEGF receptor activity can
be accomplished is by use of catalytic RNA molecules
known as ribozymes. Ribozymes can downregulate
VEGF receptor function by specifically cleaving the
mRNAs that encode for the primary VEGF receptor
proteins. Because short RNA molecules are physiologi-
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cally unstable, ribozymes must be chemically modified to
provide in-vivo stability while preserving catalytic
activity and target specificity. Chemically stabilized ri-
bozymes which incorporate 2¢-O-methyl sugar-modified
nucleotides, 5¢-phosphorothioate linkages, and 3¢-in-
verted 2¢-deoxyabasic residues provide improved resis-
tance to nucleases without loss of catalytic activity [12].
In preclinical studies ribozymes directed against VEG-
FR-1 were more potent inhibitors of angiogenesis and
tumor growth than a similar ribozyme directed against
VEGFR-2 [13].

RPI.4610 (ANGIOZYME) is a stabilized ribozyme
(Fig. 1) that specifically targets the preRNA for VEG-
FR-1 and its alternatively spliced, soluble form,
sVEGFR-1. RPI.4610 is the first synthetic compound
based on ribozyme technology to be developed and
tested for clinical application.

In preclinical studies RPI.4610 inhibited in-vivo
growth of a highly metastatic clone of the Lewis lung
carcinoma in a dose-dependent manner, reducing the
number of lung metastases [13]. RPI.4610 also reduced
the number of peritumoral vessels in a murine intra-
dermal model using Hey ovarian, SK-MEL-1 mela-
noma, ACHN renal and LNCap prostate cell lines.
When combined with interferon, RPI.4610 was syner-
gistic against Hey ovarian and SK-MEL-1 melanoma
cell lines [5]. RPI.4610 reduced the number of metastases
in a human KM12 colorectal cancer xenograft model
and reduced the number of metastases and increased
survival in a murine mammary 4T1 tumor model.

RPI.4610 is well absorbed by subcutaneous (s.c.)
administration [13]. The only normal tissue changes
observed in murine and primate toxicology studies were
reversible accumulation of basophilic and cytoplasmic
granules in the kidney and liver without renal or hepatic
dysfunction and irritation at the s.c. injection site in 13-
week studies at doses up to 300 mg m�2 day�1 [18].

A previous single agent clinical study of RPI.4610
revealed that agent was well tolerated with a dose-lim-
iting toxicity of grade 3 s.c. injection site reactions at
300 mg m�2 dose. Specific localization of RPI.4610 and
some decrease in immunohistochemical staining of
VEGFR-1 were observed in endothelial cells [21]. The

observation of dose-limiting toxicity at 300 mg m�2 and
volume limitations of s.c. daily injection led to the
determination of 100 mg m�2 as the recommended
phase II dose. In a phase II monotherapy RPI.4610 trial,
45 late-stage metastatic breast cancer patients who had
progressive disease despite chemotherapy received
100 mg m�2 RPI.4610 by daily s.c. injection. Although
there were no objective responses, RPI.4610 monother-
apy was associated with a significant decrease in
sVEGFR-1 by week 6 (Gabriel N. Hortobagyi, unpub-
lished data). It was hypothesized that inhibition of
VEGFR-1 alone might be insufficient to induce clinically
detectable antitumor activity and would require the
combination of RPI.4610 with other agents for optimum
antitumor effect. In fact, important additive or syner-
gistic antitumor activity has been noted in preclinical
models when angiogenesis inhibitors have been com-
bined with classical cytotoxic agents, suggesting that this
approach could provide superior clinical activity by
complementary targeting of both the tumor and vascu-
lar compartments. Carboplatin and paclitaxel are cyto-
toxic agents commonly used in combination for
treatment of a variety of diseases, including lung and
ovarian cancers. An association between tumor angio-
genesis, prognosis, and outcome has been reported for
both of these tumors [4, 11]. In preclinical studies, car-
boplatin and paclitaxel resulted in enhanced tumor
growth inhibition when combined with an antiangio-
genic agent [7]. Therefore, addition of an angiogenesis-
targeted agent to this combination could potentially
result in increased antitumor efficacy.

RPI.4610 has multiple possible sites for platinum
adduct formation and four phosphorothioate-linkages.
Carboplatin has an extremely strong interaction with
sulfur-containing compounds such as RPI.4610, because
of platinum’s electrophilic nature. Although no signifi-
cant pharmacokinetic interactions between carboplatin
and RPI.4610 were shown in a murine model [9], this
study was designed to assess and potential pharmaco-
kinetic interaction in humans.

The purpose of this study was to determine if full-
dose RPI.4610 could be given safely in combination with
standard doses of carboplatin and paclitaxel. The
objectives were:

1 to characterize the toxicities of RPI.4610, carboplatin,
and paclitaxel when administered over a 3 week cycle,

2 to characterize the pharmacokinetic behavior of the
combination in addition to any drug interactions, and

3 to seek preliminary evidence of antitumor efficacy.

Methods

Patient selection

Patients with histologically or cytologically confirmed
metastatic cancer of any histology appropriate for
treatment with carboplatin and paclitaxel therapy were

Fig. 1 Structure of RPI.4610. Nucleotide and backbone chemical
modifications are: uppercase, ribonucleotide; lowercase, 2¢-O-
methyl sugar-modified ribonucleotide; B, inverted 2¢-deoxyribose
abasic; s, phosphorothioate linkage; u4, 2¢-C-allyl uridine
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eligible for this study. Other relevant eligibility criteria
included:

1 Karnofsky performance status ‡70%,
2 age ‡18 years,
3 life expectancy ‡12 weeks, and
4 adequate hematopoietic function (absolute neutrophil

count ‡1,500 lL�1, platelet count ‡100,000 lL�1),
renal function [creatinine concentration £ 1.5 times
the institutional upper limit of normal (ULN)], and
hepatic function [total bilirubin level £ 1.5 times
ULN and alanine aminotransferase (ALT) £ 2 times
ULN].

Exclusion criteria included:

1 known central nervous system metastases;
2 chemotherapy, investigational drugs, hormonal ther-

apy, surgery, or anticoagulant therapy within the
preceding 21 days;

3 significant cardiac disease;
4 history of a bleeding disorder; or
5 the presence of a serious active infection or other

underlying medical condition that would preclude full
compliance with the study.

Informed consent was obtained according to federal
and institutional guidelines. The institutional review
boards for the Vanderbilt–Ingram and the University of
Colorado cancer centers approved the protocol.

Drug administration

The study used a sequential treatment design exploring a
single dose level for all drugs. Subjects received paclit-
axel 175 mg m�2 and carboplatin targeting an area un-
der the curve (AUC) of 6 mg mL�1 min on day 1 of a
21-day cycle. RPI.4610 100 mg m�2 was administered
s.c. beginning day 8 and administered daily thereafter.
Carboplatin could be discontinued at the discretion of
the investigator after four courses of treatment.

Paclitaxel was administered intravenously (i.v.) over
3 h using standard premedications consisting of
diphenhydramine 50 mg i.v., cimetidine 300 mg i.v., and
antiemetics. Thirty minutes after the paclitaxel infusion
was completed, carboplatin was administered i.v. over
30 min. The carboplatin dose was determined by the
Calvert formula [the total dose of carboplatin
(mg)=(target AUC)(GFR+25)], where the glomerular
filtration rate (GFR) was estimated by use of the
Cockroft–Gault formula.

RPI.4610 was supplied by Sirna Therapeutics
(Boulder, CO, USA) in 10-mL glass vials containing
180 mg or 225 mg of lyophilized drug. The appropriate
vial strength was selected on the basis of subject body
surface area. The subject (or the caregiver) reconsti-
tuted the drug with an appropriate volume of USP
half-normal saline for injection to achieve a final drug
concentration of 150 mg mL�1. The total dose was
then aspirated into a syringe and injected s.c. The dose

of RPI.4610 was capped at 225 mg because of limita-
tions to the volume of drug that could be daily
administered subcutaneously.

Pretreatment and follow-up studies

Interval histories, physical examinations, and routine
laboratory studies were conducted before treatment,
weekly during course 1 and every 3 weeks thereafter.
Routine laboratory studies included a complete blood
count with differential white blood cell counts, pro-
thrombin time (PT)/partial thromboplastin time (PTT),
serum electrolytes, renal and liver function tests, uri-
nalysis, and analysis of antibodies to RPI.4610. A 12-
lead ECG was obtained before beginning treatment.

Plasma sampling and assay

To evaluate whether there was an interaction between
RPI.4610 and the combination of carboplatin and pac-
litaxel, blood samples were drawn when carboplatin was
administered with paclitaxel (day 1), when RPI.4610 was
administered alone (day 8), and when all three agents
were administered together (course 2, day 1) (Fig. 2).
Pharmacokinetic samples were collected by drawing
blood at the following times: course 1, day 1: baseline, 3,
4, 6, 8, 12, and 24 h after beginning of paclitaxel infu-
sion; course 1, day 8: baseline, 2, 4, 6, 8, and 20 h after
RPI.4610 injection; and course 2, day 1: baseline, 3, 4, 6,
8, 12, and 24 h after beginning of paclitaxel infusion.
Samples were collected into sodium heparin tubes,
placed on ice, and centrifuged at 3,000 rpm for 10 min
at 4�C. The upper layer was transferred with a glass
pipette to a cryovial and stored at �70�C until further
processing.

Quantitation of RPI.4610 was performed by anion-
exchange HPLC analysis as described previously [17].
The total platinum in plasma was assayed by inductively
coupled plasma mass spectrometry as described previ-

Fig. 2 Trial design and pharmacokinetic sampling schedule
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ously [3]. Carboplatin plasma concentrations were
recalculated on the basis of the molar ratio of plati-
num:carboplatin. Total paclitaxel in plasma was mea-
sured by liquid chromatography–mass spectroscopy as
described previously [15].

Pharmacokinetic analyses

Pharmacokinetic parameters for RPI.4610, carboplatin,
and paclitaxel were calculated from plasma concentra-
tion–time data using the noncompartmental approach.
AUC was calculated using the linear trapezoidal method
from time zero up to the last detectable concentration
(AUC0–last). The maximum plasma concentration
(Cmax) and AUC0–last values were calculated for each
patient on each treatment. Mean pharmacokinetic
parameters were compared using paired t-tests.

The primary statistical analysis assessed the effect of
RPI.4610 on carboplatin and paclitaxel pharmacoki-
netic parameters. For each subject and each chemo-
therapy agent the difference between each
pharmacokinetic parameter on day 1 (carboplatin and
paclitaxel alone) and day 1 of course 2 (carboplatin and
paclitaxel with RPI.4610) was determined. For each
measure of exposure, ratios were calculated describing
each parameter when given as monotherapy relative to
the value obtained when the drug was administered as
part of combination therapy. The mean and SD for
each ratio was calculated, and 90% confidence intervals
(CI) surrounding the mean of the ratios were calculated
[19].

The secondary analysis assessed the effect of car-
boplatin and paclitaxel on RPI.4610 pharmacokinetic
parameters. For each subject the difference in each
RPI.4610 pharmacokinetic parameter on day 8
(RPI.4610 alone) and day 1 of course 2 (carboplatin and
paclitaxel with RPI.4610) was obtained. For each mea-
sure of exposure, ratios were calculated describing each
parameter when given as a monotherapy relative to the
value obtained when the drug was administered as part
of combination therapy. The mean and SD for each
ratio were calculated, and 90% CIs surrounding the
mean of the ratios were calculated.

Ratios near unity would be consistent with the lack of
a pharmacokinetic interaction between these drugs un-
der this treatment regimen [19].

Safety and tolerability assessments

Toxicities, graded according to the National Cancer
Institute Common Toxicity Criteria (CTC version 2.0),
were recorded as maximum grade/patient for all
treatment courses. The relationship of the study
treatment to an adverse event was determined by the
investigator to be not related, possibly related, or
probably related.

Statistical considerations

Descriptive statistics (mean±SD) were calculated for all
pharmacokinetic parameters. The statistical analyses
were performed using SAS software (version 8.0 for
Windows; SAS Institute, Cary, NC, USA). Statistical
significance was considered to be demonstrated by a
two-tailed P value of less than 0.05. With 12 patients we
had 80% power to observe at least one patient experi-
encing an adverse event that occurred with a true fre-
quency of 0.15 [6].

Results

Patient characteristics

Twelve patients were treated between August 2001 and
November 2002. The characteristics of the patients are
shown in Table 1. Three patients had received no prior
therapy and received the study drugs as the first therapy
for metastatic disease. Only one patient did not receive
the combination therapy on day 1 of course 2 because of
prolonged neutropenia. This patient is included in the
safety analysis.

Safety

Table 2 lists all grade 2–4 toxicities observed during any
course of treatment. Overall, the most common grade 3–

Table 1 Patient characteristics

Characteristic No. of patients

Total patients 12
Male/female 7/5
Age (years)
Median 53
Range 35–70
No. of carboplatin/paclitaxel courses per patient
Median 3
Range 2–6
Days of exposure to RPI.4610
Median 88
Range 31–421
Karnofsky performance status score
Median 85
Range 80–100
Tumor types
Non-small cell lung cancer 3
Esophageal cancer 4
Thymoma 1
Renal cell cancer 1
Renal pelvis and ureter 1
Cervical cancer 1
Bladder cancer 1
Prior therapy
None 3
Surgery 7
Chemotherapy 7
Radiation 5
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4 toxicities were neutropenia (three patients), thrombo-
cytopenia (three patients), anemia (two patients), pain
(three patients, although none of them localized to the
injection site), and fatigue (two patients). No patient had
severe infection or sepsis during neutropenia.

Four patients continued on RPI.4610 alone for more
than 200 days following completion of four cycles of
carboplatin, paclitaxel, and RPI.4610. Grade 2–4 tox-
icities observed during RPI.4610 monotherapy included
fatigue (one patient, grade 2); pain (one patient, grade

4); and rash (one patient, grade 3). The patient who
developed grade 4 pain on RPI.4610 monotherapy had
transitional cell carcinoma of the renal pelvis and ureter.
RPI.4610 was interrupted for 2 weeks during which time
the pain resolved. RPI.4610 was reinitiated and the pain
did not recur. RPI.4610 was interrupted for 10 days in
one patient who developed grade 3 rash and, upon res-
olution, was resumed without problems.

Administration of RPI.4610 did not result in changes
in PT/PTT. No patient developed a thromboembolic
event during the study. One patient developed cerebral
hemorrhage while thrombocytopenic at the site of pre-
viously resected brain metastases. RPI.4610 had been
discontinued 13 days before the event. Because of timing
of the event and the short half-life of RPI.4610
(209 min), this was considered not related to RPI.4610.

Pharmacokinetic studies

Protocol-specified pharmacokinetic samples were ob-
tained from six patients and were used to determine
pharmacokinetic interactions between RPI.4610 and the
carboplatin/paclitaxel combination. Delays between
chemotherapy and RPI.4610 administration on day 1 of
course 2 rendered the data from the other six patients
unreliable. The pharmacokinetic parameters Cmax and
AUC0–last (mean±SD) for each of the drugs and the
means for the ratio of monotherapy to combination
therapy for Cmax and AUC0–last are listed in Table 3.

Effect of RPI.4610 administration on plasma pharmaco-
kinetics of carboplatin and paclitaxel

The carboplatin and paclitaxel concentration versus
time curves are presented in Figs. 3 and 4, respectively.
The pharmacokinetic analyses for carboplatin and pac-
litaxel (CP) are presented in Table 3. When carboplatin
pharmacokinetic parameters were compared for the
combination CP alone versus CP plus RPI.4610, no
statistical difference was observed for Cmax (P=0.817)
and AUC0–last (P=0.990). Similarly, when paclitaxel
pharmacokinetic parameters were compared for the
combination CP alone versus CP plus RPI.4610, no
significant difference was observed (P=0.101 for Cmax,

Table 2 Adverse events by patient in any cycle (n=12)

Toxicity Grade 2 Grade 3 Grade 4

Anemia 3 2
Neutropenia 1 1 2
Thrombocytopenia 1 3
Atrial fibrillation 1
Blurred vision 1
Abdominal pain 1
Constipation 4
Diarrhea 1
Nausea/vomiting 4
Stomatitis 1
Asthenia 1
Fatigue 3 2
Pain 1 2 1a

Arthralgia 2 1a

Myalgia 3
Upper respiratory infection 2
Bronchitis 1
Pneumonia without neutropenia 1b

Dyspnea 2 1b

Hypoxia 1b

Urinary tract infection 1
Anorexia 3
Dehydration 2
Cerebral hemorrhage 1c

Peripheral neuropathy 2 1
Somnolence 1
Syncope 1
Alopecia 5
Rash 1 1
Lymphoedema 1

aThese symptoms occurred in the same patient at the same time
bThese respiratory system-related symptoms occurred in the same
patient at the same time
cBleeding occurred while thrombocytopenic at the site of previously
resected brain metastases, although RPI.4610 was discontinued
13 days before the event

Table 3 Pharmacokinetics of carboplatin, paclitaxel, and RPI.4610

Drug Treatment Cmax
(lg mL�1 h;
mean±SD)

AUC0–last

(lg mL�1 h;
mean±SD)

Ratio of the means (90% CI)

Carboplatin (CP without RPI) 52.3±17.4 149.0±36.2 Cmax (without RPI)/Cmax (with RPI) 1.07 (0.77–1.37)
(CP with RPI) 50.5±11.3 149.2±30.1 AUC (without RPI)/AUC (with RPI) 1.04 (0.73–1.35)

Paclitaxel (CP without RPI) 4.6±1.5 14.0±4.8 Cmax (without RPI)/Cmax (with RPI) 1.17 (1.03–1.31)
(CP with RPI) 3.9±1.4 11.8±3.4 AUC (without RPI)/AUC (with RPI) 1.17 (1.04–1.30)

RPI.4610 (RPI.4610 without CP) 3.4±1.4 28.3±13.2 Cmax (without CP)/Cmax (with CP) 1.19 (0.65–1.72)
(RPI.4610 with CP) 3.2±1.4 30.3±9.8 AUC (without CP)/AUC (with CP) 0.90 (0.52–1.28)

RPI RPI.4610, CP carboplatin/paclitaxel
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and P=0.060 for AUC0–last). Although these values
approach statistical significance, the 15% relative dif-
ference between the mean values for both Cmax and
AUC are not felt to be clinically significant. The ratio of
the mean carboplatin Cmax values [(Cmax without
RPI.4610)/(Cmax with RPI.4610)] was 1.07 (90% CI,
0.77–1.37), and the ratio of the mean AUC0–last values
was 1.04 (90% CI, 0.73–1.35). For paclitaxel the ratio of
the mean Cmax values was 1.17 (90% CI, 1.03–1.31) and
the ratio of the mean AUC0–last values was 1.17 (90% CI
1.04–1.30). On the basis of these values the pharmaco-
kinetics of carboplatin and paclitaxel do not appear to
be substantially affected by RPI.4610.

Effect of carboplatin and paclitaxel administration on
plasma pharmacokinetics of RPI.4610

Concentrations of RPI.4610 in patients receiving
RPI.4610 monotherapy or CP plus RPI.4610 combina-
tion therapy are presented in Table 3 and depicted in
Fig. 5. No statistical difference was observed between

Cmax and AUC0–last of RPI.4610 when administered
alone or in combination with CP (P=0.679 for Cmax,
P=0.581 for AUC0–last). The ratio of the mean Cmax
values was 1.19 (90% CI, 0.65–1.72), and the ratio of the
mean AUC0–last values was 0.90 (90% CI, 0.52–1.28).
These data are consistent with a lack of pharmacokinetic
interaction between CP and RPI.4610 when RPI.4610
was administered as an s.c. bolus injection following a
standard regimen of CP.

Antitumor effect

Objective tumor responses were observed in this trial
and consisted of a complete response lasting more than
7 months in a patient with chemotherapy naı̈ve meta-
static bladder cancer, a partial response lasting more
than 3 months in a patient with previously treated (cis-
platin, paclitaxel, and fluorouracil) adenocarcinoma of
the gastroesophageal junction, and stable disease in
three patients with thymoma, lung cancer, and uterine
cervical cancer lasting between 2 months and
12+ months.

Discussion

Inhibition of neovascularization driven by VEGF-med-
iated receptor signaling is a promising approach to
cancer treatment. In addition to multiple preclinical
models, the benefit of this combined approach has re-
cently been demonstrated for an anti-VEGF monoclonal
antibody, bevacizumab, in combination with irinotecan,
5-FU, and leucovorin (IFL) chemotherapy in a phase III
clinical trial for patients with metastatic colorectal can-
cer [8]. It is biologically, pharmacologically and clini-
cally important to evaluate pharmacokinetic
interactions and the spectrum and frequency of clinical
adverse events when anti-VEGF therapy is combined
with conventional chemotherapy.

Fig. 4 Concentration of paclitaxel in patients receiving carbopla-
tin/paclitaxel monotherapy (broken line) or carboplatin/paclitaxel
plus RPI.4610 combination therapy (solid line). Data presented are
mean±SD of results from six patients

Fig. 5 Concentration of RPI.4610 in patients receiving RPI.4610
monotherapy (broken line) or carboplatin/paclitaxel plus RPI.4610
combination therapy (solid line). Data presented are mean±SD of
results from six patients

Fig. 3 Concentration of carboplatin in patients receiving carbopl-
atin/paclitaxel monotherapy (broken line) or carboplatin/paclitaxel
plus RPI.4610 combination therapy (solid line). Data presented are
mean±SD of results from six patients
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The present study demonstrated there were no
appreciable pharmacokinetic interactions between the
anti-VEGFR-1 ribozyme RPI.4610 and carboplatin/
paclitaxel. The Cmax and AUC0–last of carboplatin and
paclitaxel appeared to be relatively unaltered by coad-
ministration of RPI.4610. The difference between
AUC0–last for paclitaxel with or without RPI.4610 was
only 2.2 lg mL�1 h, a 15% relative difference. Although
this approached statistical significance, it is considered
not to be clinically significant. The pharmacokinetic
parameters of RPI.4610 were also not significantly al-
tered by coadministration of carboplatin/paclitaxel.
RPI.4610 is a nucleic acid-based agent and has multiple
possible guanine sites for platinum adduct formation by
carboplatin; however, this clinical study showed no rel-
evant pharmacokinetic interactions between carboplatin
and RPI.4610. The result is comparable with preclinical
observations which showed no significant pharmacoki-
netic interactions between carboplatin and RPI.4610
and no DNA adduct formation in vivo [9].

These results are consistent with studies involving
other nucleic acid-based agents. For example, the
pharmacokinetics of a bcl-2 antisense oligodeoxynucle-
otide was not altered by coadministration of carboplatin
and etoposide [16]. The pharmacokinetics of an H-ras
antisense oligodeoxynucleotide was also not altered by
coadministration of gemcitabine [1]. The result is also
comparable with data demonstrating there are no
pharmacokinetic interactions between bevacizumab and
a variety of chemotherapeutic agents [10].

Drug interaction studies can use a randomized
crossover, a one-sequence crossover, or a parallel design.
A randomized crossover has been considered ideal. We,
however, used a one-sequence crossover in the present
study because the chances of a carryover effect between
treatment cycles were considered minimal. Indeed, for
carboplatin and RPI.4610, concentrations were mea-
sured just before the next administration and they were
found to be negligible. In a previous study of paclitaxel,
no significant change in pharmacokinetics was observed
in weekly administrations of paclitaxel [2].

In human single agent clinical phase I and I/II stud-
ies, RPI.4610 was well tolerated at doses up to
300 mg m�2 administered i.v. or s.c. Once-daily s.c.
administration resulted in prolonged plasma levels with
(t1/2=209 min) [17]. The principal toxicity of RPI.4610
was a mild injection-site reaction. In the present study in
which RPI.4610 was administered with carboplatin/
paclitaxel, the most common grade 3–4 toxicities were
neutropenia (three patients, 25%), thrombocytopenia
(three patients, 25%), pain (three patients, 25%), ane-
mia (two patients, 16.7%) and fatigue (two patients,
16.7%). The spectrum, frequency, and severity of these
toxicities appear to be similar to those observed as a
result of administration of carboplatin/paclitaxel alone.
In one such study that utilized doses of carboplatin/
paclitaxel similar to those used in this study, the most
common grade 3–4 toxicities were neutropenia (62.9%),
thrombocytopenia (14.8%), anemia (11.4%), alopecia

(44.4%), neuropathy (7.4%), nausea/vomiting (7.4%),
and mucositis (7.4%) [14]. These findings suggest that
RPI.4610 100 mg m�2 day�1 did not add appreciably to
the rate or severity of toxicities observed with paclitaxel
175 mg m�2 and carboplatin AUC 6. Although one
patient developed grade 3 rash and another developed
grade 4 pain during single agent RPI.4610, these epi-
sodes were transient and did not recur upon reintro-
duction of RPI.4610. Although these events are regarded
as possibly related to RPI.4610, this suggests the events
may, at least in part, have been attributable to the
underlying tumor or other, unrecognized, intercurrent
events. Other less common and/or less serious adverse
events, such as alopecia, peripheral neuropathy, nausea/
vomiting, or fatigue, occurred with a frequency that did
not seem to be greater than what might be expected from
carboplatin/paclitaxel alone.

No thromboembolic events were observed in this
study. This is in contrast to a phase II trial in which
RPI.4610 was administered in combination with IFL
chemotherapy to patients with metastatic colorectal
cancer. In that study, deep vein thrombosis/pulmonary
embolism was reported in 19 of 83 patients (23%) [20].
Although 16% incidence of thromboembolic events was
reported in patients receiving IFL alone for advanced
colorectal cancer [8], it cannot be ruled out that there
may be a biological, if not pharmacological interaction
between RPI.4610 and specific drugs, and/or clinical
situations. Also, we cannot exclude the possibility that
adverse pharmacokinetic or pharmacodynamic effects
may occur at higher dose levels of RPI.4610 or car-
boplatin or paclitaxel. Further studies to explore the
interaction of selected chemotherapeutic agents and
RPI.4610 on the coagulation cascade and/or endothelial
cells are warranted.

Although antitumor response was not a primary
objective of the present study, tumor responses were
observed and consisted of one complete response, one
partial response and three patients with disease stabil-
ization.

Because long-term therapy with angiogenesis inhibi-
tors may be necessary to achieve optimum tumor con-
trol, it is important to determine if an angiogenesis
inhibitor can be administered without cumulative tox-
icity. In this study no apparent cumulative toxicity oc-
curred during RPI.4610 monotherapy and four patients
continued on RPI.4610 for more than 200 days. Fur-
thermore, nucleic acid-based agents seem to be suitable
for long-term therapy in terms of lower cost and
immunogenicity than antibody-based agents. The lack
of pharmacological interaction with chemotherapeutic
drugs, the unlikelihood of cumulative toxicity, and
encouraging tumor responses observed in this study
make RPI.4610 an attractive candidate for further clin-
ical evaluation in combination with carboplatin/paclit-
axel.
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