
Introduction

Conventional treatments for human cancers include
surgery, radiation and chemotherapy. These modalities
act systemically and are therefore limited by their unfa-
vorable side effect profiles. More recently, research
efforts have begun focusing on novel approaches to treat
cancer by specifically targeting cancer cells, while poten-
tially leaving healthy cells intact. One such novel
approach is antisense therapy (1). Antisense agents
inhibit the expression of a target gene in a sequence-
specific manner, and theoretically can be used to treat
any disease that is caused by overexpressed genes.
Antisense oligonucleotides directed against the bcl-2
gene may have therapeutic potential against several dif-
ferent types of human cancers. The antisense oligonu-
cleotide oblimersen sodium (G3139, GenasenseTM) is
gaining recognition as a potential candidate for the treat-
ment of several types of cancer, both as monotherapy
and in combination with available chemotherapy regi-
mens.

Oblimersen sodium is comprised of a phosphoro-
thioate backbone linking 18 modified DNA bases and tar-
gets the first 6 codons of the human bcl-2 mRNA
sequence, thereby blocking the production of its target
protein. Bcl-2 is a potent inhibitor of apoptosis that is
overexpressed in many cancers. Overexpression of
bcl-2 is thought to be a fundamental cause of the inherent
resistance of cancer cells to current anticancer treat-
ments, such as chemotherapy, radiation and mono-
clonal antibodies. Furthermore, bcl-2 overexpression is
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Abstract

Oblimersen sodium is an antisense oligonucleotide
that targets human bcl-2 mRNA. The protein product
of the bcl-2 gene is normally involved in regulating cell
cycle processes. However, in cancer cells, the Bcl-2
protein is overexpressed, which increases metastatic
potential, promotes chemotherapy resistance and pre-
vents apoptosis. Oblimersen blocks the production of
the Bcl-2 protein, thereby enhancing apoptosis in can-
cer cells. It also enhances the antitumor effects of a
broad range of cytotoxic agents (taxanes, platinum
agents, anthracyclines and antimetabolites) against
various hematological malignancies, including lym-
phomas, leukemia and myeloma, as well as solid
tumors, including breast, prostate, lung and colon can-
cers. In phase I/II clinical trials, administration of
oblimersen as a continuous i.v. infusion or by s.c.
injection is well tolerated and has moderate but clear
antitumor activity. Oblimersen is highly protein bound,
and is rapidly and widely distributed to highly perfused
organs, particularly the lungs and bone marrow.
Multiple treatment cycles of oblimersen are tolerable in
most patients. Steady-state concentrations are linear
with dose, and remain unchanged when administered
in combination with cytotoxic agents. Oblimersen
therefore represents a highly specific, targeted
approach to treating a range of human cancers with
increased efficacy and a reduced likelihood of side
effects.
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Experiments in athymic castrated male mice bearing
human prostate cancer LNCaP xenografts showed that
treatment with oblimersen (12.5 mg/kg/day i.p.)
decreased tumor volume by up to 50% compared to pre-
castration levels, which contrasts with a significant
increase over 12 weeks in controls; this effect was corre-
lated with changes in serum prostate-specific antigen
(PSA) levels. These findings indicated that antisense Bcl-
2 oligodeoxynucleotide therapy is able to delay the pro-
gression to androgen independence in prostate cancer
(4).

Another study in nude mice bearing imatinib-resistant
BCR-ABL-transformed TF-1 cells demonstrated the effi-
cacy of oblimersen in increasing survival and reducing
tumor volume, with complete tumor regression in 3 of 5
animals. Moreover, enhanced apoptosis was observed in
cells from treated animals cultured with antileukemic
agents including imatinib, daunorubicin and etoposide
(16).

Triple combination of oblimersen, cisplatin and INX-
6295, a c-myc antisense compound, proved to be more
effective than single agents or double combinations in
mice injected with human metastatic melanoma cell lines.
A combination of oblimersen (0.2 mg/day i.v. x 4), cis-
platin (3.3 mg/kg/day i.p. x 3) and INX-6295 (0.5 mg/day
i.v. x 7) produced 85-98% tumor growth inhibition, as well
as prolonging survival by 52-83%. Over half of the ani-
mals bearing NG melanoma had complete tumor regres-
sions and 2 of 6 were cured on this combination (17).

Pharmacokinetics and Metabolism

The pharmacokinetic and metabolic profiles of
oblimersen have been investigated in BALB/c mice (18).
Following a single i.v. bolus dose or continuous s.c. dos-
ing of [35S]-labeled oblimersen, radioactivity was rapidly
and widely distributed to highly perfused organs, particu-
larly the lungs and bone marrow. The AUC was lower
after i.v. than after s.c. administration. Radioactivity was
slowly eliminated from the plasma, with a terminal half-life
of 11 h following i.v. administration and of 22 h after s.c.
administration. High plasma protein binding (> 85-98%)
was seen. Biodistribution studies demonstrated high tis-
sue/plasma ratios in major organs except the brain, with
the highest ratios observed in the liver and kidney, fol-
lowed by bone marrow and spleen. Oblimersen is metab-
olized to a variety of degradation products that are formed
predominantly by the liver. Metabolism and elimination
are more extensive with i.v. than with s.c. administration.
Oblimersen is eliminated mainly in the urine and to a less-
er extent in the feces.

Clinical Studies

Oblimersen is currently in phase III trials as monother-
apy and in combination with other chemotherapeutic
agents for refractory CLL, and as combination therapy for

associated with poor response rates, decreased time to
relapse and decreased survival in patients with a variety
of tumors. By inhibiting the production of Bcl-2,
oblimersen enhances apoptosis in tumor cells in vitro and
in vivo. Moreover, evidence from preclinical and clinical
studies demonstrates that oblimersen acts synergistically
with many cytotoxic chemotherapy agents (i.e., taxanes,
platinum agents, anthracyclines and antimetabolites)
against various hematological malignancies (i.e., lym-
phoma, leukemia and myeloma) and solid tumors (i.e.,
breast, prostate, lung and colon cancers) (1-3).

Oblimersen is currently being investigated in phase III
trials for the treatment of malignant melanoma, multiple
myeloma and chronic lymphocytic leukemia (CLL). Other
clinical trials are ongoing in other tumor types, including
prostate, breast, colorectal and small cell lung cancer
(SCLC) and lymphomas.

Pharmacological Actions

Oblimersen is a potent inhibitor of bcl-2 expression in
vitro and in vivo, resulting in marked increases in apopto-
sis in several tumor types, including human prostate can-
cer LNCaP cells (4), human breast cancer MDA-MB-
435/LCC6 cells (5), human melanoma 518A2 cells (6)
and cells from patients with refractory multiple myeloma
(7). However, the mechanism of action in human prostate
cancer PC-3 cells appeared to be more complex. In these
cells, oblimersen markedly reduced Bcl-2 protein expres-
sion and proliferation, but did not induce significant apop-
tosis (8).

Oblimersen enhances the cytotoxic effect of anti-
cancer drugs against a variety of hematological malig-
nancies and solid tumors. Preclinical studies demonstrat-
ed that oblimersen acts synergistically with doxorubicin
and liposomal doxorubicin in a mouse xenograft model of
human breast cancer (5), with dacarbazine in SCID mice
bearing melanoma 5182 (6), with cisplatin in human
nasopharyngeal carcinoma (9) and human gastric cancer
xenograft models (10) in SCID mice, with bortezomib in
multiple myeloma and non-Hodgkin�s lymphoma (NHL)
xenografts in SCID mice (11), with paclitaxel in the
LNCaP xenograft model in nude mice (12), with rituximab
in a human/SCID model of post-transplant lymphoprolif-
erative disorder (13), with cyclophosphamide in SCID
mice bearing human NHL (DoHH2) tumors (14) and with
vinorelbine in a mouse model of human metastastic non-
small cell lung cancer (NSCLC) (15). Oblimersen-
containing combination therapies resulted in enhanced
antitumor activity, durable tumor regressions, increased
survival, and in some cases cure, of the tumor-bearing
animals in the absence of increased toxicity. The effect
appeared to be sequence-dependent, oblimersen pre-
treatment being most effective.

878 Oblimersen Sodium



patients, 9 (45%) had a response, including 6 complete
remissions. Adverse events included fever, nausea, eme-
sis, electrolyte imbalance and fluid retention.

Escalating doses of oblimersen were assessed in a
phase I study in patients with refractory/relapsed and
chemotherapy-naïve mantle cell lymphoma (25). Obli-
mersen was administered at an initial dose of 3
mg/kg/day for 7 days of a 21-day cycle for up to 6 cycles
or until disease progression. Patients who did not
respond to initial treatment received 4 mg/kg/day for 7
days in subsequent cycles. A cohort of refractory/
relapsed patients received an initial daily dose of 4 mg/kg
oblimersen, which was escalated to 5 mg/kg/day in sub-
sequent cycles. Of the 18 evaluable refractory/relapsed
patients receiving the lowest dose of oblimersen, 1 had a
complete response and 7 had stable disease. In patients
who received escalated doses, 2 of 3 evaluable patients
achieved a partial response. In the chemotherapy-naïve
group, 5 disease stabilizations were obtained. Eight
patients completed combination therapy with oblimersen
and R-CHOP (rituximab, cyclophosphamide, doxorubicin,
vincristine and prednisone). In this group, 2 patients had
a complete response, 4 a partial response and 2 stable
disease. The treatment was well tolerated and combina-
tion with R-CHOP did not appear to increase toxicity.

Oblimersen was studied in a phase I trial in combina-
tion with irinotecan in patients with metastatic colorectal
cancer (26). Oblimersen 3-7 mg/kg/day was administered
as a continuous i.v. infusion for 8 days with irinotecan
(280-350 mg/m2 i.v.) given on day 6 of a 21-day cycle.
After 12 cycles, 1 patient who had previously been treat-
ed with irinotecan had persistent stable disease. In 3 of 9
irinotecan-naïve patients, a partial response was
obtained in 1 after 2 cycles and 2 patients had stable dis-
ease after 6 and 8 cycles, respectively. The dose regimen
of 5 mg/kg/day oblimersen and 280 mg/m2 irinotecan was
safe, while dose-limiting toxicity of grade 3-4 diarrhea,
grade 3 nausea/vomiting, grade 4 neutropenia and febrile
neutropenia was seen in half of the patients at the 5/350
dose level.

A phase I dose-finding study examined the efficacy of
combined treatment with oblimersen and mitoxantrone in
patients with metastatic hormone-refractory prostate can-
cer (27). Oblimersen was administered at doses of 0.6-
5.0 mg/kg/day as a continuous i.v. infusion for 14 days of
a 21-day cycle, with mitoxantrone 4-12 mg/m2 given as an
i.v. bolus on day 8. Two patients had a reduction in PSA
of > 50%. One patient receiving oblimersen 1.2
mg/kg/day and the lowest dose of mitoxantrone had
symptomatic improvement in bone pain. Five patients had
stable disease and 1 of 7 with measurable disease had a
partial response. The estimated median overall survival
was 18.7 months. No dose-limiting toxicity was seen and,
except for lymphopenia, toxicity was generally similar to
that observed with mitoxantrone alone.

Results from other phase I clinical trials indicated that
combinations of oblimersen and paclitaxel (28) or doce-
taxel (29) were well tolerated and associated with biolo-
gical activity, and that a combination of oblimersen,

the treatment of advanced malignant melanoma. It is also
in clinical trials for refractory multiple myeloma, NHL,
NSCLC, acute and chronic myeloid leukemia (CML),
prostate, breast and colorectal cancer, and in children
with solid tumors.

Oblimersen was studied as monotherapy in a phase I
clinical trial in heavily pretreated patients with relapsed
NHL (19, 20). Patients with follicular, small lymphocytic,
diffuse large B-cell or mantle cell lymphomas expressing
Bcl-2 received daily doses of oblimersen of 4.6-195.8
mg/m2 by continuous s.c. infusion for 14 days. Although
the dose of oblimersen was low in most patients, several
major responses were observed; there was 1 complete
response, 2 minor responses, 9 cases of stable disease
and 9 cases of progressive disease. Computed tomogra-
phy scans showed a reduction in tumor size in 2 patients.
The number of circulating lymphoma cells was reduced in
2 patients, serum concentrations of lactate dehydrogen-
ase were reduced in 4 patients, and in 2 of these patients
symptoms improved. One patient with low-grade lym-
phoma who had progressive disease in nodes and bone
marrow after 2 prior regimens achieved a complete
response with oblimersen, which was maintained for over
3 years. Dose-limiting toxicity consisted of thrombocy-
topenia, hypotension, fever and asthenia, and the maxi-
mum tolerated dose was 147.2 mg/m2/day.

Another phase I trial evaluated oblimersen in combi-
nation with doxorubicin in patients with advanced hepato-
cellular carcinoma (21). Oblimersen was administered as
a continuous i.v. infusion for 8 days of a 21-day cycle, fol-
lowed by a standard bolus injection of doxorubicin on day
5. Of the 10 patients evaluable for response, 2 had stable
disease and 1 had a mixed response after 4-6 cycles.
Dose-limiting toxicity was grade 4 myelosuppression, and
grade 3 neutropenia was common, resulting in a change
in schedule to every 28 days.

Sixteen patients with SCLC received oblimersen 5-7
mg/kg/day by continuous i.v. infusion for 8 days of a 21-
day cycle in combination with carboplatin on day 6 and
etoposide on days 6-8 (22). A partial response was
obtained in 12 of 14 evaluable patients (86%) and 2 oth-
ers had stable disease. The median time to disease pro-
gression was 5.9 months. Carboplatin and etoposide did
not appear to affect the pharmacokinetics of oblimersen.

In 35 patients with advanced cancer, a phase I dose-
escalation study was conducted using both 14- and 21-
day i.v. infusions of oblimersen at doses of 0.6-6.9
mg/kg/day. No major antitumor responses were
observed, but 13 (37%) patients had stable disease. Obli-
mersen was generally well tolerated in these patients,
side effects including fatigue and reversible elevation in
serum transaminases. Steady-state plasma levels
increased linear to dose and were achieved at about
10 h, with a terminal half-life of approximately 2 h (23).

Another phase I study was conducted using a contin-
uous i.v. infusion of oblimersen with escalating doses of
fludarabine, cytarabine and filgrastrim (granulocyte
colony-stimulating factor, or G-CSF) in patients with
refractory/relapsed acute leukemia (24). Of 20 evaluable
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docetaxel and doxorubicin was also well tolerated and did
not influence the pharmacokinetics of docetaxel or doxo-
rubicin (30).

A phase I/II trial in patients with multiple myeloma
refractory to vincristine, doxorubicin and dexamethasone
(VAD) examined the effect of continuous i.v. infusion of
oblimersen (7 mg/kg/day) for 7 days in combination with
VAD on days 4-7. Of 5 patients treated at the time of
reporting, 2 achieved a partial remission after 3 cycles
and 1 had stable disease. The most frequently reported
side effect was grade 2 fatigue (31).

Twelve patients with refractory SCLC entered a phase
I/II trial using a 7-day continuous i.v. infusion of
oblimersen at a fixed dose of 3 mg/kg/day, followed by
paclitaxel 150 mg/m2 on day 6 (32). No objective
responses were observed, but 2 patients achieved stable
disease, with 1 patient remaining stable on therapy for
more than 30 weeks. The treatment regimen was well
tolerated.

Another phase I/IIa trial investigated the combination
of oblimersen and dacarbazine in 14 patients with
advanced malignant melanoma (33). Oblimersen was
administered i.v. or s.c. at daily doses of 0.6-6.5 mg/kg
plus standard dacarbazine treatment. Six patients
achieved antitumor responses: 1 complete, 2 partial and
3 minor responses. The estimated median survival of all
patients exceeded 12 months. Lymphopenia was com-
mon, but no dose-limiting toxicity was observed.

Preliminary results of a phase I/II trial of oblimersen in
patients with CLL were reported (34). Oblimersen was
administered as a continuous i.v. infusion at a dose of 3
mg/kg/day for 5-7 days of a 21-day cycle in patients who
had previously been treated with fludarabine. Of the 19
patients evaluable for response after at least 2 cycles of
oblimersen, 2 achieved a partial response despite having
failed a median of 3 prior treatment regimens, and 9
patients experienced disease stabilization. Circulating
leukemia cells were reduced from baseline by > 25% in 7
of 11 patients (63%). Six of 17 patients (35%) showed a
decrease in lymphadenopathy, and 5 of 15 patients (33%)
a reduction in hepatomegaly or splenomegaly. Treatment
was well tolerated.

Source

Genta, Inc. (US).
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