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Abstract
Purpose GTI-2040 is a novel antisense oligonucleotide to
the R2 subunit of ribonucleotide reductase. This phase II
trial was conducted to determine the eYcacy and tolerabil-
ity of GTI-2040 when combined with docetaxel and predni-
sone for the treatment of patients with castration-resistant
prostate cancer (CRPC).

Methods Chemo-naïve CRPC patients with adequate
performance status and organ function were treated with
docetaxel 75 mg/m2 IV on day 1 plus GTI-2040 5 mg/kg/
day by continuous intravenous infusion day 1–14 on a
21 day cycle, with prednisone 5 mg orally twice daily. The
primary endpoint was PSA response rate. Pharmacokinetic
studies of GTI-2040 and pharmacodynamic studies on
peripheral blood mononuclear cells (PBMC) were also
performed.
Results Twenty-two patients in total (19 from this study
and 3 from a prior phase I/II study at this institution) were
treated at the recommended phase II dose. A conWrmed
PSA response was seen in 9/22 patients (41%). Of 16
patients with measurable disease, there was 1 partial
response (PR) and 12 stable disease (SD) lasting
3.6 months (median), as best response. The most common
toxicities were anemia, fatigue, lymphopenia, leucopenia
and neutropenia. Grade 3+ toxicities included neutropenia,
lymphopenia, leucopenia, fatigue, febrile neutropenia and
hypophosphatemia.
Conclusions The PSA response rate of GTI-2040 in com-
bination with docetaxel and prednisone just met the mini-
mum phase II criteria for further enrollment. However,
after evaluation of all the clinical data, further study of this
dose and schedule of GTI-2040 in CRPC was not recom-
mended.
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Introduction

Prostate cancer is the most commonly diagnosed and
second leading cause of cancer-related death in North
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America. Although androgen deprivation therapy is ini-
tially eVective in treating recurrent or metastatic disease, all
patients will eventually develop castration-resistant pros-
tate cancer (CRPC). The current standard of care for CRPC
are docetaxel-based regimens; however, long-term remis-
sions are infrequent and not all patients respond, underscor-
ing the need for novel therapeutic approaches [18, 21].

GTI-2040 is a synthetic phosphorothioate oligonucleo-
tide complementary to the mRNA of the R2 subunit of ribo-
nucleotide reductase (RNR). RNR is required for the
reductive conversion of ribonucleotides to deoxynucleo-
tides, a rate-limiting step in DNA synthesis and repair [14].
RNR is composed of two dissimilar subunits, R1 and R2,
encoded on diVerent chromosomes. R1 is present during the
entire cell cycle and has a half-life of 18–24 h, while R2
expression increases dramatically in late G1/early S phase
and has a half-life of only 3 h [2]. Although R2 is not an
oncogene, it is overexpressed in many tumor tissues, and
therefore may play a role in both tumorigenesis and drug
resistance [7, 8].

GTI-2040 demonstrates dose-dependent growth inhibi-
tion of tumor cell lines including human prostate cancer
cells and xenografts. At concentrations ¸0.2 �M, GTI-
2040 decreases RNR R2 mRNA expression in human
tumor cell lines and arrests cells in early G1/S phase.
EYcacy in vivo against chemotherapy-resistant tumors has
also been documented, including those tumors resistant to
other RNR inhibitors such as gemcitabine and hydroxyurea.
GTI 2040 has shown synergistic tumor weight reduction
when combined with conventional chemotherapy, includ-
ing the taxanes that arrests cells in a diVerent phase (G2/M)
of the cell cycle compared with GTI-2040 [14, 17].

A single agent phase I trial of GTI-2040 deWned a maxi-
mally tolerate dose (MTD) of 185 mg/m2/day continuous
infusion (CIV) over 21 days every 4 weeks. Fatigue and anor-
exia were the most common constitutional toxicities. The
main dose-limiting toxicity (DLT) was reversible hepatic tox-
icity [6]. A phase I/II trial of GTI-2040 in combination with
cytarabine in refractory and relapsed acute myelogenous leu-
kemia (AML) has been successfully completed with plans for
further study of this combination in AML [11]. A phase I/II
study of GTI-2040 in combination with docetaxel (Study
6104) deWned a recommended phase II dose (RP2D) of doce-
taxel 75 mg/m2 IV day 1 plus GTI-2040 5 mg/kg/day by con-
tinuous intravenous infusion day 1–14 on a 21-day cycle, with
prednisone 5 mg orally twice daily. In this study, the main
toxicities were neutropenia, sepsis, fatigue and GI toxicity, but
DLT were not observed. One CRPC patient on this phase I/II
study achieved a PSA response [15].

Given the preclinical activity of GTI-2040 in prostate
cancer cell lines and xenografts, synergy of GTI-2040 with
the taxanes and PSA response seen in the phase I/II study,
this phase II trial of GTI-2040 in combination with

docetaxel and prednisone in chemo-naïve CRPC patients
was undertaken.

Patients and methods

Eligible patients had conWrmed prostate adenocarcinoma
with adequate organ function, ECOG PS 0/1, a PSA
¸20 ng/mL and disease progression (deWned as ¸2 consec-
utive rises in PSA, 1 wk apart) despite castrate testosterone
levels (<50 ng/mL). Anti-androgens (Xutamide, nilutamide
or cyproterone acetate) were stopped ¸4 weeks and bicalu-
tamide ¸6 weeks prior to enrollment. Prior radiation was
permitted provided ¸4 weeks elapsed prior to study entry.
Key exclusion criteria were prior chemotherapy, radioiso-
tope therapy or investigational agents for CRPC; brain
metastases, symptomatic peripheral neuropathy ¸grade 2,
or uncontrolled intercurrent illness. Due to the risk of phar-
macokinetic interactions between anti-retroviral therapy
and GTI-2040, HIV-positive patients were excluded.
Patients receiving anti-coagulants except low-dose warfarin
were also excluded.

Study design and treatment

This was a multi-institutional phase II study conducted by
the Princess Margaret Hospital (PMH) Phase II Consortium
and the National Cancer Institute Cancer Therapy Evalua-
tion Program (NCI CTEP). Ethics boards at all participat-
ing sites approved the study, and patients signed a written
informed consent form. GTI-2040 manufactured by Lorus
Therapeutics Inc., was supplied by NCI CTEP. All patients
initially received docetaxel 75 mg/m2 IV day 1 plus GTI-
2040 5 mg/kg/day by continuous intravenous infusion day
1–14 on a 21 day cycle, with prednisone 5 mg orally twice
daily. Doses were adjusted for severe toxicity. In cycle 1,
docetaxel was given on day 3 to allow pharmacokinetic
analysis of GTI-2040 alone; on subsequent cycles, both
drugs were given on day 1.

Treatment with GTI-2040, docetaxel and prednisone
continued for 10 cycles or until one of the following: (1)
disease progression deWned as new/worsening disease
symptoms requiring a change in management, objective
progression in measurable disease by RECIST criteria, or
two consecutive increases in PSA at least 25% over nadir
and an absolute increase of at least 5 ng/mL), (2) intercur-
rent illness (3) unacceptable adverse event, (4) patient with-
drawal or (5) investigator’s discretion.

Baseline and follow-up studies

Baseline assessment included a history, physical, height,
weight, PS assessment; CBC with diVerential serum
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chemistries, prothrombin time, prostate-speciWc antigen
(PSA), testosterone, EKG; chest X-ray or chest-computed
tomography (CT), and abdominal and pelvis CT scans.
Bone scans were performed if clinically indicated. PSA
response was evaluated every 3 weeks with conWrmatory
PSA performed at least 3 weeks following PSA response.
Measurable disease was evaluated every 3 cycles with con-
Wrmatory scans done 4–6 weeks following initial objective
response. Blood samples for the pharmacokinetics of GTI-
2040 were collected on day 1 pretreatment and cycle 1 at 2,
4, 8, 24, 48 h, day 15 and day 22 and cycle 2 day 15 and
analyzed in the pharmacology laboratory at PMH using a
previously described HPLC method [23]. Peripheral blood
mononuclear cells (PBMC) were collected from only 8
patients at baseline and on day 3 of treatment for analysis of
ribonucleotide reductase. Total RNA was extracted from
PBMC, and higher quality samples were analyzed for
mRNA expression of R1 and R2 and for the housekeeping
genes (ß-actin, 18S, HuPo and TBP) by real-time PCR
using the ABI 7900HT PCR system [9].

Response assessment

Patients receiving at least one cycle of therapy and having
¸2 PSA values at least 3 weeks apart from baseline were
evaluable for PSA response. PSA response was deWned as a
50% decrease in PSA from baseline conWrmed by a second
PSA value ¸3 weeks later. The PSA response duration
began the date of the Wrst 50% decline in PSA and ended
when PSA increased by 25% over the nadir PSA with an
increase of at least 5 ng/mL and conWrmed by a second
measurement [3]. Measurable response was evaluated using
Response Evaluation Criteria in Solid Tumors criteria
(RECIST) [22]. Treatment failure was deWned as new or
worsening disease, symptoms requiring change in manage-
ment, a decrease in ECOG PS by two levels, new or objec-
tive progression in measurable disease, or a 25% increase
over the baseline or nadir PSA (whichever was lower), with
an increase of at least 5 ng/mL, conWrmed by a second mea-
surement. All patients receiving treatment were assessable
for toxicity.

Statistical considerations

The primary end point was PSA response. A two-stage
design based on both response and progression was used to
ensure early closure if the regimen was inactive [20]. The
study design was based around the PSA response rate
expected with docetaxel and prednisone alone and the
hypotheses of P0 = 0.40 and P1 = 0.60, � = 0.10, � = 0.10.
Under this design, stage I was to accrue 18 patients with
continuation to stage II if ¸8 PSA responses were observed.
The true � = 0.095 and true � = 0.100 for this design.

Results

Patient population

Twenty-two patients were accrued to stage 1 from Septem-
ber 2004–2005. This included 3 patients treated at the rec-
ommended phase II dose (RP2D) from the phase I/II dose
escalation study (Study 6104) at our institution. Patient
baseline characteristics are listed in Table 1.

Adverse events (AE)

In total, 121 cycles of treatment were administered. Most
frequent AE were anemia, fatigue, lymphopenia, alopecia
and elevated alkaline phosphatase (Table 2). Twenty
patients across 78 cycles experienced at least one grade 3 or
higher adverse event. Four or more patients experienced
grade 3+ neutropenia, lymphopenia, leucopenia, fatigue,
febrile neutropenia and hypophosphatemia (Table 3).

Response

All 22 CRPC patients (from both studies) were evaluable
for response. Nine patients had a conWrmed PSA response
(41%, 95% CI 21–64%) and thirteen patients had no PSA
response, including one patient who had a PSA response
that was unconWrmed due to no repeat test. From this phase
II study alone, 8/19 had a conWrmed PSA response, while
11 (including one unconWrmed response) had no PSA
response. Since the stage I accrual target, considering all
patients treated at the RP2D level was exceeded, and all 22
patients were evaluable for response, adjustments to the sta-
tistical design were necessary to mimic the initial hypothe-
ses. The design was adjusted to test P0 = 0.40 versus
P1 = 0.60, � = 0.10, � = 0.10 with stage I sample size Wxed
at 22. Using this design, >9 PSA responses were required to
continue to stage 2.

Of the 16 patients overall who had measurable disease, 1
had PR, 12 had SD and 3 had PD. The patient with an
objective PR also had a PSA response, as did 4/12 patients
with SD, and 2/3 with PD. Patients coming oV treatment

Table 1 Patient characteristics

Total patients entered 22

Median age (range) 63 (52–77)

Median baseline PSA (range) 140 (26–1256)

Performance status (0:1:2) 14:7:1

Prior therapy (radiation) 14

Target/non-target sites 2 (0–10)/1 (0–8)

Median cycles/pt (range) 5 (2–10)
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were censored in the analysis of time to progression (TTP).
Median TTP was 4.1 months (95% CI 3.5-not reached), and
6-month progression-free estimate was 41% (95% CI 22–
77%) (Table 4).

Treatment discontinuation

All 22 patients are now oV-study. Ten patients came oV-
treatment due to PD (two clinical PD), 5 due to adverse
events (grade 5 febrile neutropenia, grade 4 fatigue,
grade 4 infection, grade 3 lymphopenia and grade 3
febrile neutropenia), 1 pt came oV at the investigators
discretion, and 2 patients withdrew consent after cycle 3.
Four patients completed 10 cycles of treatment and were
removed having completed protocol. Median duration
on study treatment was 3.5 mos (95% CI 3.0–5.1) with
Wve patients remaining on treatment longer than
6 months (Table 4).

Deaths

As of this writing, 16 patients are known to have died. One
patient included from the prior phase I/II study died due to
febrile neutropenia during cycle 2. All other patients died
>30 days after completion of study. Six-month survival is esti-
mated at 82% (95% CI 67.2–99.6%), 1-year survival is esti-
mated at 54% (95% CI 36.4–79.7%), and median survival is
estimated to be 13.1 mo (95% CI 9.4-not reached) (Table 4).

Pharmacodynamic and pharmacokinetic studies

Figure 1 summarizes the expression data from 8 evaluable
patients for R1 and R2 genes normalized to RPLP2 (a stable
ribosomal housekeeping gene). The changes in expression of
R1 were not signiWcant during GTI-2040 treatment (Fig. 1a).
R2 expression levels decreased in two patients, who
responded to GTI-2040 on gene expression level, but did not
change or slightly increased in the remaining 6 patients’ sam-
ples (Fig 1b). Figure 1c shows changes in R1 and R2 expres-
sion in 2 patients responding at the gene expression level.
Only one of these patients showed a PSA response. Figure 1d
shows expression changes in the 6 non-responding patients.
This data was not robust enough to draw any Wrm conclu-
sions. Pharmacokinetic analysis, showed Tmax to be 8 h
(range 8–336 h), Cmax was 3.9 § 2.3 ug/mL and AUC(0–
336) 798 § 624 ug*h/mL (Fig. 2).

Discussion

Docetaxel combined with prednisone administered every
3 weeks is currently the standard of care for the Wrst-line

Table 2 Most common adverse 
events (n = 22 patients)

Adverse event No. of 
patients

Worst 
grade

No. of patients 
grade ·2/3/4

No. of 
cycles

Anemia 20 3 19/1/0 107

Fatigue 20 4 13/5/2 93

Lymphopenia 18 4 8/8/2 88

Alopecia 16 2 16/0/0 81

Increased alkaline phosphatase 15 3 13/2/0 79

Table 3 Most common 3+ 
adverse events in 4 or more 
patients (n = 22 patients)

Adverse event No. of 
patients

Worst 
grade

No. of 
cycles

No. of patients 
grade 3

No. of patients
grade 4

Lymphopenia 9 4 17 7 2

Neutropenia 8 4 27 5 3

Fatigue 7 4 9 5 2

Leukopenia 6 3 15 6 0

Febrile neutropenia 4 3 5 4 0

Hypophosphatemia 4 3 5 4 0

Table 4 Response

a One unconWrmed PR was counted as SD

PSA response (22 evaluable) PSA response 9
No PSA response 13a

Objective response 
(16 evaluable)

Partial response (PR) 1
Stable disease (SD) 12
Progressive disease 3

Duration on treatment 3.5 mo (95% CI 3.0–5.1)

Median TTP 4.1 mo (95% CI 3.5-not reached)

6-month PFS 41.1% (95% CI 22–76.5%)

6-month survival 81.8% (95% CI 67.2–99.6%)

1-year survival 53.8% (95% CI 36.4–79.7%)

Median survival 13.2 mo (95% CI 9.4-not reached)
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treatment of CRPC. In the TAX 327 study, the PSA
response rate of this regimen given every 3 weeks was
45%, with a median duration of response of 7.7 months,
and updated overall survival of 17.9 months. The every
3-week docetaxel regimen also showed a response in terms
of decreasing pain of 35% and improvements in quality of
life of 22% [1, 21]. The goal of this phase II study was to
determine whether the addition of the antisense oligonu-
cleotide GTI-2040 to the every 3-week docetaxel and pred-
nisone regimen was tolerable and would improve antitumor
eYcacy using PSA response rate as the primary endpoint.

The main toxicities of the combination of GTI-2040 with
docetaxel and prednisone were anemia, fatigue and lymphope-
nia. In particular, the incidence of fatigue was 91%, which was

much higher than the 53% incidence of fatigue reported on the
TAX 327 study with docetaxel and prednisone alone [21].

The PSA response rate seen with the addition of
GTI-2040 to docetaxel and prednisone was only 44% (9/22
patients), which was comparable to the 45% response rate
seen with docetaxel and prednisone alone and just met the
minimum phase II criteria for further enrollment. Although
from a strictly response standpoint, the original criteria used
to determine whether or not to proceed to stage 2 was appro-
priate, several important clinical factors became apparent
that led to the study closing after stage 1. For example, only
a median of 5 cycles of treatment with GTI-2040 could be
delivered (time to progression was 4.1 months) compared
with 9.5 cycles delivered on the TAX 327 study. Also,
GTI-2040 required central venous access for the 14-day
infusion, which was both inconvenient for a palliative regi-
men and associated with risks such as infection.

Despite the small number of samples collected in the
study for pharmacodynamic analysis, reduced RRM2 was
seen in only two patients, possibly indicating insuYcient
dosing of GTI-2040 to achieve adequate target downregula-
tion. In elderly AML patients, Marcucci et al. [12] have
explored a higher 7 mg/kg/day dosing and reported tolera-
bility when administered over a shorter duration, in combi-
nation with cytarabine. Another issue is the optimal
scheduling of these two agents. Preclinical studies are now
showing that sequential rather than concurrent dosing may

Fig. 1 RRM1 and RRM2 expression in patients’ WBC samples (PHL-024)
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have superadditive eVects. In a study by Lee et al., two cell
lines were transfected with a suboptimal dose of GTI-2040
for 4 h followed by treatment with a suboptimal dose of
docetaxel the same day or 24, 48 or 72 h later. The greatest
eVect was seen when docetaxel was administered 24 h post
transfection, with similar results seen in a xenograft mouse
model. Synergistic eVects in the induction of cell-cycle
arrest and apoptosis were also observed for the 48-h treat-
ment schedule [13]. Taken together, altered dosing and
scheduling may need to be explored further clinically. But
at this point, it is unclear whether CRPC would be the ideal
setting in which to do this because there is no conWrmation
that RRM2 is a key target in this disease. Notably, another
RNR inhibitor, the chemotherapeutic drug gemcitabine has
not shown activity in this disease [4, 5, 16].

Unfortunately in CRPC two recent studies combining
standard Wrst-line docetaxel with targeted therapies have
either been stopped early due to toxicity or failed to meet
their primary eYcacy endpoints [10, 19]. This raises an
important issue, which is the risk of compromising proven
therapy when it is used in combination with other agents.
Although response rates in this GTI 2040 study were simi-
lar to that seen with docetaxel alone, nearly every outcome
listed in Table 4 was worse in a patient population that was
not appreciably sicker or more heavily pretreated than the
TAX 327 population. That coupled with the fact that fewer
cycles could be delivered (5 cycles vs. 9 cycles on TAX
327) may explain why the median survival was only
13.2 months.

In conclusion, the PSA response rate of GTI-2040 in
combination with docetaxel and prednisone in this study
just met the minimum phase II criteria for further enroll-
ment. However, after careful evaluation of all the clinical
data, further study of this dose and schedule of GTI-2040 in
CRPC was not recommended.

Acknowledgments Grant support:  NIH grant. NCI contracts
N01CM17107, N01CM62203.

References

1. Berthold DR, Pond GR, Roessner M, de Wit R, Eisenberger M,
Tannock AI (2008) Treatment of hormone-refractory prostate can-
cer with docetaxel or mitoxantrone: relationships between pros-
tate-speciWc antigen, pain, and quality of life response and survival
in the TAX-327 study. Clin Cancer Res 14:2763–2767

2. Bjorklund S, Skog S, Tribukait B, Thelander L (1990) S-phase-
speciWc expression of mammalian ribonucleotide reductase R1
and R2 subunit mRNAs. Biochemistry 29:5452–5458

3. Bubley GJ, Carducci M, Dahut W, Dawson N, Daliani D, Eisen-
berger M, Figg WD, Freidlin B, Halabi S, Hudes G, Hussain M,
Kaplan R, Myers C, Oh W, Petrylak DP, Reed E, Roth B, Sartor
O, Scher H, Simons J, Sinibaldi V, Small EJ, Smith MR, Trump
DL, Wilding G et al (1999) Eligibility and response guidelines for
phase II clinical trials in androgen-independent prostate cancer:

recommendations from the Prostate-SpeciWc Antigen Working
Group. J Clin Oncol 17:3461–3467

4. Buch-Hansen TZ, Bentzen L, Hansen S, Hoeyer M, Jensen NV,
Saxe C, Sengeloev L (2009) Phase I/II study on docetaxel, gemcit-
abine and prednisone in castrate refractory metastatic prostate can-
cer. Cancer Chemother Pharmacol

5. Cricca A, Marino A, Valenti D, Melotti B, Amaducci E, Guardigli
C, Lenzi M, Martorana G, Buli P, Martoni AA (2006) Gemcita-
bine plus mitoxantrone and prednisone in the palliative treatment
of hormone-resistant prostate cancer (HRPC): a phase II study
(GOAM 01.01 study). Anticancer Res 26:2301–2306

6. Desai AA, Schilsky RL, Young A, Janisch L, Stadler WM,
Vogelzang NJ, Cadden S, Wright JA, Ratain MJ (2005) A phase I
study of antisense oligonucleotide GTI-2040 given by continuous
intravenous infusion in patients with advanced solid tumors. Ann
Oncol 16:958–965

7. Fan H, Villegas C, Huang A, Wright JA (1998) The mammalian
ribonucleotide reductase R2 component cooperates with a variety
of oncogenes in mechanisms of cellular transformation. Cancer
Res 58:1650–1653

8. Huang A, Fan H, Taylor WR, Wright JA (1997) Ribonucleotide
reductase R2 gene expression and changes in drug sensitivity and
genome stability. Cancer Res 57:4876–4881

9. Juhasz A, Vassilakos A, Chew HK, Gandara D, Yen Y (2006)
Analysis of ribonucleotide reductase M2 mRNA levels in patient
samples after GTI-2040 antisense drug treatment. Oncol Rep
15:1299–1304

10. Kelly W, Halabi S, Carducci M, George DJ, Mahoney JF, Stadler
WM, Morris MJ, KantoV P, Monk JP, Small EJ (2010) A random-
ized, double-blind, placebo-controlled phase III trial comparing
docetaxel, prednisone, and placebo with docetaxel, prednisone,
and bevacizumab in men with metastatic castration-resistant pros-
tate cancer (mCRPC): survival results of CALGB 90401. J Clin
Oncol, Annu Meet Proc: Abstract No. LBA4511

11. Klisovic RB, Blum W, Wei X, Liu S, Liu Z, Xie Z, Vukosavljevic
T, Kefauver C, Huynh L, Pang J, Zwiebel JA, Devine S, Byrd JC,
Grever MR, Chan K, Marcucci G (2008) Phase I study of GTI-
2040, an antisense to ribonucleotide reductase, in combination
with high-dose cytarabine in patients with acute myeloid leuke-
mia. Clin Cancer Res 14:3889–3895

12. Klisovic RB, Blum W, X W, S L, C K, L H, Zwiebel JA, Byrd
JC, Grever MR, Marcucci G (2009) A phase 1 study of GTI-
2040, an antisense to ribonucleotide reductase (RNR) in com-
bination with high dose cytarabine (HiDAC) in relapsed or
refractory acute myeloid leukemia (AML): pharmacokinetics
(PK), pharmacodynamic (PD) and clinical results. Blood (Ash
Annu Meet Abstr) 106

13. Lee Y, Avolino T, Feng N, Xiong K, Jin H, Wang M, Wright J,
Young A (2007) Determination of optimized administration
schedule of GTI-2040 and docetaxel combination treatment for
NSCLC cells in vitro and in vivo. In: Proceedings of the American
Association of Cancer Research Annual Meeting

14. Lee Y, Vassilakos A, Feng N, Lam V, Xie H, Wang M, Jin H,
Xiong K, Liu C, Wright J, Young A (2003) GTI-2040, an antisense
agent targeting the small subunit component (R2) of human ribo-
nucleotide reductase, shows potent antitumor activity against a
variety of tumors. Cancer Res 63:2802–2811

15. Leighl NB, Laurie SA, Knox JJ, Ellis PM, Shepherd FA, Burkes
RL, Vincent M, Pond GR, Zwiebel JA, Moore MJ (2005) Phase I/
II study of GTI-2040 plus docetaxel as 2nd-line treatment in non-
small cell lung cancer (NSCLC) and other solid tumors. J Clin On-
col, Annu Meet Proc: Abstract No. 7253

16. Morant R, Bernhard J, Maibach R, Borner M, Fey MF,
Thurlimann B, Jacky E, Trinkler F, Bauer J, Zulian G, Hansel-
mann S, Hurny C, Hering F (2000) Response and palliation in a
phase II trial of gemcitabine in hormone-refractory metastatic
123



Cancer Chemother Pharmacol (2011) 67:927–933 933
prostatic carcinoma. Swiss Group for Clinical Cancer Research
(SAKK). Ann Oncol 11:183–188

17. Orr RM (2001) GTI-2040. Lorus therapeutics. Curr Opin Investig
Drugs 2:1462–1466

18. Petrylak DP, Tangen CM, Hussain MH, Lara PN Jr, Jones JA,
Taplin ME, Burch PA, Berry D, Moinpour C, Kohli M, Benson
MC, Small EJ, Raghavan D, Crawford ED (2004) Docetaxel and
estramustine compared with mitoxantrone and prednisone for ad-
vanced refractory prostate cancer. N Engl J Med 351:1513–1520

19. Scher H, Chi KN, De Wit R, Berry WR, Albers P, Henick B, Ven-
ner P, Heidenreich A, Chu L, Heller G (2010) Docetaxel (D) plus
high-dose calcitriol versus D plus prednisone (P) for patients (Pts)
with progressive castration-resistant prostate cancer (CRPC): re-
sults from Phase III ASCENT2 trial. J Clin Oncol, Annu Meet
Proc: Abstract No. 4509

20. Simon R (1989) Optimal two-stage designs for phase II clinical tri-
als. Control Clin Trials 10:1–10

21. Tannock IF, de Wit R, Berry WR, Horti J, Pluzanska A, Chi KN,
Oudard S, Theodore C, James ND, Turesson I, Rosenthal MA,
Eisenberger MA (2004) Docetaxel plus prednisone or mitoxan-
trone plus prednisone for advanced prostate cancer. N Engl J Med
351:1502–1512

22. Therasse P, Arbuck SG, Eisenhauer EA, Wanders J, Kaplan RS,
Rubinstein L, Verweij J, Van Glabbeke M, van Oosterom AT,
Christian MC, Gwyther SG (2000) New guidelines to evaluate the
response to treatment in solid tumors. European Organization for
Research and Treatment of Cancer, National Cancer Institute of
the United States, National Cancer Institute of Canada. J Natl Can-
cer Inst 92:205–216

23. Zhang W, Leighl N, Zawisza D, Moore MJ, Chen EX (2005)
Determination of GTI-2040, a novel antisense oligonucleotide, in
human plasma by using HPLC combined with solid phase and liq-
uid-liquid extractions. J Chromatogr B Analyt Technol Biomed
Life Sci 829:45–49
123


	A phase II study of the antisense oligonucleotide GTI-2040 plus docetaxel and prednisone as first-line treatment in castration-resistant prostate cancer
	Abstract
	Introduction
	Patients and methods
	Study design and treatment
	Baseline and follow-up studies
	Response assessment
	Statistical considerations

	Results
	Patient population
	Adverse events (AE)
	Response
	Treatment discontinuation
	Deaths
	Pharmacodynamic and pharmacokinetic studies

	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


