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Abstract
Background Fluoropyrimidine based therapy has modest
activity in patients with metastatic renal carcinoma and
inhibition of ribonucleotide reductase is synergistic in
model systems. GTI-2040 is a 20-mer phosphorothioate oli-
gonucleotide complimentary to the R2 component of ribo-
nucleotide reductase that has activity in renal cancer
models.
Methods Metastatic renal carcinoma patients without
prior Xuoropyrimidine therapy and normal organ function
were treated with oral capecitabine 880 mg/m2 twice daily

along with continuous infusion GTI-2040 starting at
148 mg/m2/day for 21 days, for each 28-day cycle. After
completion of the phase I portion, the phase II study portion
sought to rule out a null hypothesized 10% response rate
versus an alternative 25% response rate utilizing � and �
errors of 0.05 and 0.2, respectively. GTI-2040 pharmacoki-
netics and eVects on ribonucleotide reductase expression in
peripheral mononuclear cells were evaluated in a subset of
patients.
Results Based on one dose limiting toxicity in nine patients
in the phase I portion, the phase II portion was conducted
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using the previously recommended 185 mg/m2/day dose of
GTI-2040. Twenty-six patients were enrolled in the phase II
portion to obtain 18 fully evaluable for response. Only one
patient, treated at a GTI 2040 dose of 185 mg/m2/day in the
phase I portion of the protocol, responded. Toxicities and
GTI-2040 pharmacokinetics were consistent with previously
reported results. R2 expression in peripheral mononuclear
cells was too variable for accurate interpretation.
Conclusion Further study of GTI-2040 and capecitabine
in metastatic renal cancer at this dose and schedule is not
indicated. Further study is necessary to determine whether
lack of activity is due to inadequate target inhibition or
inadequate eVect of appropriate targeting.

Keywords Renal cancer · GTI-2040 · 
Ribonucleotide reductase · Capecitabine · Fluoropyrimidine

Introduction

Despite recent dramatic advances in the treatment of meta-
static renal cancer with oral VEGFR/PDGFR tyrosine
kinase inhibitors and mTOR inhibitors, therapy for these
patients remains inadequate. These new agents, although
leading to improved progression free and likely overall sur-
vival, have not led to complete responses and essentially all
patients eventually progress [1, 2]. In fact, the only poten-
tial curative therapy for patients with metastatic renal can-
cer is high dose IL-2, which is poorly tolerated and leads to
a complete response in only 4–8% of a select population [3,
4]. It thus remains critical to identify novel systemic treat-
ments for this disease.

Traditionally renal cell cancer is considered resistant to
standard cytotoxic, or DNA targeted, therapy. Nevertheless,
use of Xuoropyrimidines has led to low but reproducible
objective response rates [5]. The combination of Xuoroura-
cil, or the oral analog capecitabine, with gemcitabine may be
particularly eVective, perhaps through inhibition of ribonu-
cleotide reductase, but no randomized data demonstrating a
clear advantage over a Xuoropyrimidine alone exist [6–8].
To this end a combination of a Xuoropyrimidine with other
potentially synergistic agents is worthy of investigation.

GTI-2040 is a 20-mer phosphorothioate oligonucleotide
complimentary to the R2 component of ribonucleotide
reductase [9]. Ribonucleotide reductase catalyzes the syn-
thesis of 2�-deoxyribonucleotides from their corresponding
ribonucleotide 5�-diphosphate. This is the rate limiting
reaction in the production of 2�-deoxyribonucleotide tri-
phosphates necessary for DNA replication. The R2 compo-
nent of ribonucleotide reductase is regulated diVerentially
throughout the cell cycle, being highest during late G1 and
early S-phase, and requires the stably expressed R1 compo-
nent to form a fully active ribonucleotide reductase enzyme

[10]. Finally, R2 is overexpressed in cancer cells and in
experimental systems contributes to drug resistance [11].

Preclinical studies of GTI-2040 suggested potent antitu-
mor activity especially in renal cell carcinoma models [9].
Toxicology and pharmacokinetic studies further suggested
that GTI-2040 would be safe in humans at doses predicted
to inhibit ribonucleotide reductase (data on Wle, Lorus Ther-
apeutics). A phase I clinical study of GTI-2040 in solid
tumor patients has been reported [12]. The recommended
phase II dose was 185 mg/m2/day by continuous infusion
for 21 days on a 28-day cycle, with dose limiting toxicities
being fatigue and transient elevation of serum hepatic trans-
aminases. Biochemical evidence of complement activation
was also noted at the highest doses and was associated with
elevated transaminases. Pharmacokinetics of GTI-2040
were quite variable with mean steady state levels of
0.63 �g/ml at the recommended phase II dose, which is the-
oretically suYcient for inhibiting ribonucleotide reductase
as determined in model systems [9]. Based on these consid-
erations a phase I/II trial of GTI-2040 and capecitabine was
initiated in patients with advanced renal carcinoma.

Methods

Patients

Patients were required to have histologic/cytologic conWr-
mation of metastatic renal cancer without limitation to any
histologic subtype, as well as measurable disease on stan-
dard radiologic imaging as deWned by the usual RECIST
criteria [13]. Karnofsky performance status needed to be at
least 70%, and patients needed to have adequate organ
function deWned by normal PT/PTT, hemoglobin >10.0 g/
dl, WBC >3.0/�l, neutrophil count >1,500 cells/�l, platelet
count >80,000/�l, creatinine ·1.6 mg/dl, bilirubin
<1.5 mg/dl, and AST and ALT <2 times the upper limit of
normal. There was no limitation on prior therapy except for
the exclusion of patients previously treated with any anti-
sense drug or Xuoropyrimidine. Any prior therapy must
have been completed at least 28 days prior to enrollment
and pregnancy and/or patients unwilling to comply with a
contraceptive regimen were exclusion criteria. Other exclu-
sions included a prior non-renal cell malignancy diagnosed
within the previous 5 years, a serious bleeding tendency,
use of aspirin, or signiWcant infection. The clinical protocol
was approved by each institution’s IRB and every patient
provided written informed consent.

Treatment

Patients were treated with oral capecitabine 1,660 mg/m2/
day divided into two daily doses and rounded to the nearest
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whole tablet size along with continuous infusion GTI-2040
for 21 days, for each 28-day cycle. The initial GTI-2040
dose level was 148 mg/m2/day with a planned escalation to
the phase II recommended dose of 185 mg/m2/day if fewer
than two of six patients experienced dose-limiting toxicities
in cycle 1. Dose reductions of capecitabine were also speci-
Wed if more than two of six patients experienced a dose lim-
iting toxicity at the starting dose levels. Dose limiting
toxicities were deWned as grade 4 neutropenia lasting
3 days or longer or grade 3/4 neutropenia associated with
fever, grade 4 thrombocytopenia or grade 3 thrombocytope-
nia associated with hemorrhage, grade 3 elevated PT/PTT,
delay of at least fourteen days in initiating the second cycle
of therapy due to persistent treatment related toxicity grade
2 or greater, and any grade 3/4 non-hematologic toxicity
except alopecia, gastrointestinal toxicity, or palmar plantar
erythrodysesthesia. Protocol speciWed dose modiWcations
were also made for grade 3 or 4 hematologic toxicity, grade
2 or greater palmar plantar erythrodysesthesia, and grade 2
or greater diarrhea or mucositis. Disease reevaluation by
radiologic imaging was performed every 8 weeks and
patients continued treatment until documented progression,
serious toxicity, or patient withdrawal.

Pharmacokinetics and pharmacodynamics

Blood samples for pharmacokinetic analysis were collected
from all patients at the Wrst dose level and from the initial
12 patients at the recommended phase 2 dose at 1, 2, 3, 4
and 6 h after initiating GTI 2040 therapy, and at 0.25, 0.5,
1, 2, 4, and 6 h after initiating the infusion and prior to the
end of infusion on day 22. Steady state levels were also
obtained on day 8 and 15 of cycle 1 and day 1 of cycle 2.
Analysis was performed as previously described [14].

Blood samples for RT-PCR evaluation of R1 and R2
ribonucleotide reductase expression were collected at base-
line and on day 22. Erythrocytes were immediately lysed
and the leukocyte pellet frozen at ¡80°C prior to shipping
for central analysis. Real-time quantitative RT-PCR analy-
sis was performed using TaqMan® Gene Expression Assay
(Applied Biosystems) for both R1 and R2 ribonucleotide
reductase relative to expression of the TATA box binding
protein (TBP) mRNA using standard methodologies.

Statistics

The size of the phase II portion of the trial was based on a
target activity level of 25% with a null hypothesis of 10%.
The null hypothesis was based on reported activity of 5FU
and capecitabine regimens in the literature and degree of
improvement felt to be necessary to justify further evalua-
tion of a continuous infusion regimen. An initial 18 patients
were to be accrued and further accrual of an additional 25

patients planned if there were more than two responders in
the initial cohort. At least 8 responders out of the Wnal 43
patients were required for further study of this combination
based on an � = 0.05 and a power of 80% [15]. Survival and
time to progression were calculated using Kaplan–Meier
statistics.

Results

In the initial phase I portion of the protocol none of the Wrst
three patients treated with 145 mg/m2/day GTI 2040 and
one of six treated at 185 mg/m2/day experienced dose limit-
ing toxicity (Grade 3 diarrhea). For the phase II portion, 26
patients were enrolled; two were found to be ineligible on
central review and never received any study treatment, Wve
were treated but found to be ineligible on retrospective
review, and one patient stopped treatment due to toxicity
prior to the Wrst disease re-evaluation, thus leaving 18
patients fully evaluable by protocol deWnitions for eYcacy.
The Wve treated patients found to be ineligible had an ele-
vated PT and/or PTT (3 pts), an elevated creatinine of
1.7 mg/dl (1 pt), or prior therapy with 5-Xuorouracil (1 pt).
Characteristics of all 33 treated patients are provided in
Table 1. None of the patients in the phase II portion of the
study and only one patient treated at a GTI 2040 dose of
185 mg/m2/day in the phase I portion of the protocol had an
objective response and thus further accrual was halted.
Maximal tumor change by RECIST criteria of the 30
patients with at least 2 radiologic evaluations is depicted in
Fig. 1. One patient with a greater than 30% decrease in
baseline lesion measurements also developed new lesions
and was thus characterized as progressive disease.

The median time to progression was 3.1 months and the
median survival was 12.1 months (data not shown). Major
toxicity is depicted in Table 2 and is consistent with
previously reported toxicities of each agent alone. All of
the cardiovascular and the majority of the infectious com-
plications were felt to be unrelated or unlikely related to
study treatment by the investigator. Only one patient had
evidence of elevated hepatic transaminases (grade 2) and
seven had evidence of prolonged PT and/or PTT, none of
which led to any signiWcant bleeding episodes.

Pharmacokinetic parameters exhibited high inter-patient
variability (Table 3). At the phase II dose of 185 mg/m2 the
mean and relative coeYcient of variation for GTI-2040
AUC and t1/2 were 1073 (35%) �g-hr/ml and 0.952 h
(68%), respectively. The estimated mean (%CV) steady
state concentration of GTI-2040 at 185 mg/m2 was 2.29
(26%) �g/ml. For pharmocodynamic analysis, only ten ade-
quate paired samples were obtained and baseline R2/TBP
ratios varied widely making interpretation of any changes
with therapy impossible.
123
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Discussion

In this study the combination of GTI-2040 and capecitabine
was found to be tolerable with the spectrum and severity of

Table 1 Patient characteristics of all treated patients

Characteristic Number

Sex (M/F) 24/9

Age (median, range) 61 (37–79)

Histology

Clear cell 27

Papillary 1

Sarcomatoid 1

UndeWned 4

Grade

1,2 10

3,4 15

Unknown 8

Karnofsky performance Status (median, range) 80 (70–100)

Prior therapy

Nephrectomy 24

Immunotherapy 29

Other systemic therapy 10

Prior systemic therapies (median, range) 1 (0–3)

No prior systemic therapies 3

Time from diagnosis (mo) (median, range) 21 (1–212)

Number of metastatic sites

One 1

Two 7

Three or more 25

MSKCC prognostic group (17)

Low 11

Intermediate 16

High 6

Fig. 1 Maximal RECIST based change in tumor size of the 30 patients
with at least 2 radiologic evaluations (note that one of the patients with
greater than 30% decrease in tumor measurements also developed new
disease and was thus classiWed as progressive disease)
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Table 2 Worst grade toxicity per patient occurring in at least 10% of
participants or at least Grade 3 in severity, regardless of attribution in
all treated patients (N = 33)

Gr 1 Gr 2 Gr 3 Gr 4

Cardiovascular

Angina pectoris 0 0 1 0

Atrial Wbrillation/Xutter 1 0 1 1

Hypotension 2 2 0 0

Tachycardia 4 0 0 0

Thrombosisb 0 1 1 1

Gastrointestinal

Constipation 6 4 0 0

Diarrhoea 8 3 1 0

GI haemorrhagea 0 0 1 0

Nausea 13 7 2 0

Vomiting 9 5 2 0

General and systemic

Anorexia 9 6 0 0

Fatigue/weakness 13 8 5 0

Oedema 7 4 0 0

Pyrexia 8 3 1 0

Weight decreased 11 7 1 0

Hematologic

Anaemia 0 14 2 0

Leukopenia 0 3 2 0

Lymphopenia 0 6 6 0

Neutropenia 0 2 2 0

Thrombocytopenia 1 4 5 0

Infectious

Catheter related infection 1 0 2 0

Non-leukopenic infection 3 6 2 0

Sepsis 0 0 3 3

Laboratories

Bicarbonate decreased 0 2 0 1

Creatinine increased 0 7 0 0

Hyperglycaemia 1 1 2 0

Hypoalbuminaemia 0 2 1 0

Hypocalcaemia 0 9 0 0

Hypophosphataemia 0 5 2 0

PT/PTT prolonged 1 2 4 0

Musculoskeletal

Arthralgia 3 2 0 0

Back pain 2 1 1 0

Neck pain 2 1 1 0

Pain in limb 5 1 0 0

Neurologic/psychiatric

Headache 4 2 0 0

Neuropathy 7 2 2 0

Syncope 0 0 1 0

Depresión 3 2 0 0
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the toxicities similar to that expected with capecitabine or
GTI-2040 alone. Unfortunately, the response rate did not
meet pre-speciWed criteria for further investigation of this
combination. Even under the most conservative interpreta-
tion, only 1 of 18 (6%) patients in the phase II portion of
the study responded. This is consistent with the response
rate seen in a multi-institutional study of continuous infu-
sion Xuorouracil [16]. The change in tumor size also did not
suggest a major disease stabilizing eVect of the regimen.
Likewise, time to progression and survival are consistent
with previously reported studies of refractory renal cancer
patients treated with inactive agents [17]. Although a multi-
institutional study of capecitabine plus gemcitabine demon-
strated an 11% response rate, it is diYcult to compare
results across studies and determine whether this truly rep-
resents an advantage [7].

The explanation for the limited responses is unclear. The
enrolled patient population does not appear to have any

worse prognostic features than reported in other trials for
refractory renal cancer. The steady state levels of GTI-2040
observed were theoretically suYcient to inhibit ribonucleo-
tide reductase while the observed toxicity does not suggest
that patients received an inadequate drug exposure [9]. The
pharmacodynamic studies were not adequate enough to
determine whether consistent inhibition of ribonucleotide
reductase R2 was achieved in circulating mononuclear
cells. Degree of inhibition of tumor ribonucleotide reduc-
tase R2 is thus a matter of speculation Nevertheless, the
combination of GTI-2040 and capecitabine, at these doses
and schedules, is not recommended for further evaluation in
renal cancer.
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