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over the past decade is attributed mainly to the discov-
ery and integration of more active cytotoxic therapy in
the front-line setting and at recurrence. Unfortunately,
current treatment of ovarian cancer is limited by patients
developing resistance to cytotoxic chemotherapy. Recent
emphasis has been on evaluating novel agents that work
differently from traditional cytotoxic chemotherapy and
therefore may benefit patients in the setting of resistant
disease, either alone or through enhancing the activity of
currently available cytotoxic treatments. 

Although malignant cells use many of the same
signaling pathways as normal cells, exploitable differ-
ences may exist that can be targeted with molecular
therapeutics. Significant redundancy and plasticity of
signaling and other biochemical pathways occur in
cells. Ultimately, cancer seems to arise because these
normal pathways are disrupted. Sometimes malignant
cells acquire mutations that cause their growth to be-
come dependent on a particular pathway or process,
or for which a particular pathway confers a growth ad-
vantage. For example, hundreds of tyrosine kinases2

mediate many normal cellular processes and signaling
pathways. Mutations of various tyrosine kinases have
been implicated in malignant transformation and
tumor progression,3,4 making them attractive thera-
peutic targets in cancer treatment. For example, the
epidermal growth factor receptor (EGFR) is up-regu-
lated in many solid cancers, and multiple approaches
to target this receptor have been successful in cancer
treatment.5,6

More knowledge about the biology of carcinogene-
sis and potential targets for therapeutics has coincided
with advances in pharmacology. This was initially seen
in hematologic malignancies, which may result from a
single mutation, such as in the case of chronic myeloge-
nous leukemia (CML) and the Philadelphia chromosome,
which is present in most patients with CML and causes
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Abstract
Although significant improvements in standard therapy for ovarian
carcinoma have been made over the past decade, current treatment
is limited by the development of resistance to cytotoxic chemother-
apy, and most women ultimately die of the disease. New knowl-
edge of the biology of ovarian cancer has led to the identification
of potential molecular targets that are differentially expressed in nor-
mal cells versus cancer cells, and advances in pharmacology have
led to the development of novel agents that work differently from
traditional cytotoxic chemotherapy by exploiting these targets.
Many of these agents are being evaluated in clinical trials. This ar-
ticle discusses molecular targets that are important in ovarian car-
cinoma, including angiogenesis, tyrosine kinases, mitogen-activated
protein kinases, and phosphatidylinositol-like kinases such as mam-
malian target of rapamycin, and the proteosome. This article re-
views novel non-cytotoxic agents that target these pathways and are
currently being evaluated in ovarian carcinoma treatment. (JNCCN
2006;4:955–966)

Ovarian cancer is the eighth most common cancer and
the fifth leading cause of cancer mortality in women in
the United States. An estimated 20,180 new cases and
15,310 deaths will occur from ovarian cancer in 2006.1

The current standard of care is aggressive surgical cy-
toreduction followed by chemotherapy typically consist-
ing of a platinum agent and a taxane. Although 5-year
survival has improved,1 most women with ovarian can-
cer ultimately die of the disease. Improvement in survival
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activation of the proto-oncogene BCR-ABL.7 Imatinib
mesylate is a potent inhibitor of the tyrosine kinase
activity of BCR-ABL and has shown great efficacy in
this disease.8

The area of solid tumors seems more complex, be-
cause molecular heterogeneity occurs within solid tu-
mors and the microenvironment of the tumor or the
malignant cell may play a role in its growth and sur-
vival. For example, tumors require new blood vessels
to form to deliver blood and nutrients for continued
growth and progression. Antiangiogenic agents tar-
get the signaling pathways of endothelial cells in tu-
mors, and thus affect tumor viability by influencing
angiogenesis. 

Because a high degree of redundancy exists in sig-
naling pathways in the cell and many tyrosine kinases

have similar activating pathways, inhibitors devel-
oped against a particular tyrosine kinase may inhibit
multiple tyrosine kinases. Imatinib, for example, in-
hibits the BCR-ABL tyrosine kinase activity, but also
inhibits the platelet-derived growth factor receptor
(PDGFR) and c-kit. This has led to its investigation
and approval for treating gastrointestinal stromal tu-
mors, which overexpress and often carry gain-of-func-
tion mutated c-kit.9

This article discusses novel treatment approaches
for ovarian carcinoma (Table 1). Many agents have not
been tested in large numbers of patients with ovarian
carcinoma, but have shown promise in treating other 
malignancies. In those cases, this article briefly explains
the specific pathway and the reasons it is a potential
target for treating ovarian carcinoma. The article
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Table 1 Novel Therapy Under Study for Ovarian Cancer
Phase of Testing Synergy with 

Agent Mechanism of Action in OEC Chemotherapy

AMG 706 Receptor tyrosine kinase inhibitor targeting I – II Suspected
all known VEGF receptors, PDGFR, 
c-kit and c-Ret

Bevacizumab Monoclonal ab binds VEGF III Yes

BMS-214662 Farnesyl transferase inhibitor I Suspected

Bortezomib Proteosome inhibitor I Suspected

Cetuximab Monoclonal antibody that binds EGFR I Yes

Erlotinib Reversible, selective inhibitor of EGFR II single-agent Suspected
I - II with chemotherapy

Everolimus mTOR inhibitor I Unknown

Flavopiridol Depletes cyclin D1, binds to dsDNA, inhibits I Suspected
cyclin dependent kinase

Lapatinib Reversible inhibitor of Erb 1 and Erb 2 I – II Yes

Lonafarnib Farnesyl transferase inhibitor III Suspected

Ovarex Monoclonal antibody to CA-125 III Unknown

Pertuzumab Monoclonal antibody binds to extracellular II Suspected
domain of HER-2

PTK 787 Receptor tyrosine kinase inhibitor targeting I Suspected
VEGFR-1/Flt-1, VEGFR-2/KDR, 
VEGFR-3/Flt-4, PDGFR, KIT

Sorafenib Competitive inhibitor of ATP binding to Raf II Suspected

SU11248 Receptor tyrosine kinase inhibitor targeting I Unknown
PDGFR, VEGFR, KIT, FLT3

TLK286 Glutathione-S transferase analogue targeting II Yes
Glutathione-S transferase P1-1

Trastuzumab Monoclonal antibody binds to extracellular II Yes
domain of HER-2

VEGF Trap Recombinant fusion protein binds VEGF A, II Unknown
VEGF B, PlGF1, PlGF2
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focuses on the pathways that appear to be most im-
portant in ovarian carcinoma and on agents that cur-
rently appear most promising. For a complete listing
of all agents currently under evaluation for the treat-
ing ovarian cancer, please visit the Clinical Trial Web
site (http://www.clinicaltrials.gov).

Antiangiogenesis 
Access to oxygen and nutrients is vital to tumor
growth. One way that tumors seem to obtain these 
vital substances is by creating new blood vessels, a process
known as angiogenesis (Figure 1). Angiogenesis also
appears to play a role in tumor metastasis by provid-

ing access to the systemic lymphatic and circulatory
systems. Inhibiting angiogenesis is an appealing ap-
proach to controlling malignant disease. One hypo-
thetical concern is that impairing the vascular supply
to tumors might lead to tumor hypoxia and resistance
to cytotoxic agents and radiotherapy. However,
clinical trials show synergy with antiangiogenic
treatment and traditional cytotoxic therapy and
radiotherapy.10–12 Experts have suggested that new
blood vessels in tumors are aberrant and, therefore,
are unable to efficiently deliver oxygen and chemo-
therapeutics to tumors. They suggest that antiangio-
genic agents actually stabilize these new blood vessels,
thereby improving delivery of oxygen, nutrients, and
cytotoxic agents. The improved nutrient and oxygen
supply ensures that proportionally more of the tumor
cells are undergoing rapid growth, thereby making
them more susceptible to radiotherapy and systemic
cytotoxics, which attack cells during their growth
phase.13,14

Bevacizumab 
Bevacizumab is a humanized monoclonal antibody
against vascular endothelial growth factor (VEGF).15

VEGF is overexpressed in many human cancers, in-
cluding ovarian cancer.16–18 Overexpression of VEGF
seems to predict a poor prognosis in patients with ovar-
ian cancer.19,20 Interestingly, it appears to be present
at high levels in ascitic fluid in patients with ovarian
cancer complicated by ascites.21

The early trials with this agent did not include pa-
tients with ovarian carcinoma, and the first report of
using bevacizumab in ovarian cancer was published in
2005.22 In this case report, the patient had primary re-
fractory disease and had progressed through multiple
regimens before receiving bevacizumab, which pro-
duced a partial response and an improved performance
status. Subsequently, the Gynecologic Oncology Group
(GOG) conducted a phase II trial evaluating beva-
cizumab as a single agent in the second- or third-line
setting, showing notable results. These included a
17.7% objective response rate, a 38.7% 6-month 
progression-free survival (PFS) rate, and a median PFS
of 4.8 months.23 Early results of a phase II trial of beva-
cizumab combined with low-dose metronomic oral cy-
clophosphamide also had a notable partial response
rate of 28% and a disease stabilization rate of 59%,
with a median PFS of 5.8 months among the 29 patients
evaluable when the results were presented.24 This trial
is currently in the second stage of accrual. Bevacizumab

Original Article 957

Non-Cytotoxic Therapy for Ovarian Cancer

Figure 1 The upper diagram illustrates normal angiogenesis, which is
stimulated by binding of VEGF to the VEGFR; the lower diagram
illustrates the angiogenesis inhibitors and how they interfere with
angiogenesis either in the extracellular space or in the cytoplasm. 
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is also being evaluated in the front-line setting in
combination with standard chemotherapy. 

GOG 218 is an ongoing phase III, 3-arm, ran-
domized, double-blind, placebo-controlled trial com-
paring carboplatin and paclitaxel with or without
bevacizumab. In this trial, all patients receive 6 cy-
cles of carboplatin and paclitaxel every 21 days, with
either placebo or bevacizumab given with chemother-
apy starting with the second cycle. The patients in
arm 1 receive placebo with chemotherapy and then
every 21 days after chemotherapy is completed for up
to 22 cycles. Patients in arm 2 receive bevacizumab
with chemotherapy and then receive placebo every
21 days for up to 22 cycles. Those in arm 3 receive be-
vacizumab with chemotherapy and then every 21 days
after chemotherapy for up to 22 cycles.

Bevacizumab is also being evaluated in combina-
tion with erlotinib (see later section) for treating ovar-
ian cancer in women whose disease is refractory to
platinum and taxane. Experts have suggested that
combining bevacizumab, an antiangiogenesis drug,
and erlotinib, an EGFR receptor inhibitor, may in-
hibit multiple signal transduction pathways and re-
verse cancer progression in this difficult-to-treat
population. Previous studies of this combination in
non-small cell lung cancer, renal cell carcinoma, and
metastatic breast cancer have indicated a potential
synergistic effect for these two agents.25–27

VEGF Trap
AVE0005 (VEGF Trap) is a recombinant fusion pro-
tein composed of a portion of the extracellular do-
mains of the VEGF receptor fused to the Fc portion
of human IgG1.28 It binds to VEGF A, VEGF B, and
placental growth factors 1 and 2 (PlGF1 and PlGF2).
In a phase I trial of this agent in patients with solid tu-
mors, 1 patient with ovarian cancer experienced a par-
tial response and improved performance status. These
results led to a phase II trial evaluating VEGF Trap as
a single agent in ovarian cancer, which is currently
accruing patients. Preclinical data from a human ovar-
ian cancer model suggest synergy with paclitaxel.29

Thalidomide 
Thalidomide was initially used to treat morning sick-
ness and was withdrawn because of teratogenicity,
which was believed to be caused by inhibition of blood
vessel development in the fetus.30 Thalidomide ap-
pears to have immunomodulatory effects in addition
to its antiangiogenic effects. It can either up- or down-
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regulate tumor necrosis factor-� (TNF-�), partially
by interacting with nuclear factor kappa B (NF-�B).
It appears to suppress interleukin-12 (IL-12) produc-
tion and may augment T-cell activity.31

Although it has shown significant activity in mul-
tiple myeloma,32–34 thalidomide has limited experience
in treating ovarian cancer. A trial in Britain studying
the effects of low-dose thalidomide in melanoma, re-
nal cell carcinoma, ovarian cancer, and breast cancer
found that only 1 of 19 patients with ovarian cancer
experienced disease stabilization, and none experi-
enced a response to treatment.35 In a pilot study in the
United States that enrolled 10 patients, 2 quit before
completing 1 month of treatment; 2 of the remaining
8 experienced significant declines in CA 125; and 
1 experienced a measurable response based on Response
Evaluation Criteria in Solid Tumors criteria.36 In the
phase II setting, treatment with thalidomide com-
bined with topotecan was compared with topotecan
alone, and preliminary results were recently 
presented.37 A current GOG trial is evaluating this
agent in patients with rising CA 125 values and no
measurable disease. 

SU11248 (Sunitinib)
SU11248 is an oral, multitargeted, receptor tyrosine ki-
nase inhibitor targeting PDGFR, vascular endothelial
growth factor receptor (VEGFR), KIT, and FLT3. In a
phase I trial of this agent in patients with advanced
solid tumors, 2 patients had ovarian cancer, with 1 re-
maining on this agent for more than 20 weeks.38

PTK 787 (ZK 222584, Vatalanib)
PTK787 is an oral angiogenesis inhibitor that targets
multiple VEGFR tyrosine kinases, including VEGFR-1/
Flt-1, VEGFR-2/KDR, VEGFR-3/Flt-4, the PDGFR
tyrosinekinase, and the c-kit protein tyrosine kinase.39

Therefore, it is being evaluated in cancers that over-
express these receptors, including ovarian cancer.
Preliminary results from a phase I study evaluating this
agent combined with paclitaxel and carboplatin in the
front-line treatment of patients with advanced disease
showed that the combination was well tolerated and
feasible.40 It is currently being evaluated in the setting
of recurrent disease in combination with docetaxel.

AMG 706
AMG 706 is an oral multikinase inhibitor targeting
all known VEGFRs, PDGFR, c-kit, and c-Ret. In a
phase I clinical trial in patients with advanced solid
tumors, AMG 706 was well tolerated and had a broad
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range of activity.41 It is currently being evaluated in
multiple phase I trials in combination with agents that
have known activity in ovarian cancer, including 
paclitaxel, docetaxel, and carboplatin, and the GOG
will soon conduct a phase II trial assessing AMG 706
as a single agent in recurrent ovarian cancer.

AZD2171
AZD2171 is an oral VEGFR-2 inhibitor that has
shown efficacy in the preclinical setting42 and is being
evaluated as a single agent in recurrent disease in the
phase II setting. The International Collaborative
Ovarian Neoplasm Group is evaluating this agent in
combination with platinum-based therapy in recur-
rent, platinum-sensitive disease.

Inhibition of the erb Family 
of Tyrosine Kinases
The erb family of tyrosine kinases is composed of 
4 transmembrane receptors: EGFR or HER1/ErbB1,
HER2/ErbB2, HER3/ErbB3, and HER4/ErbB4.43 Each
receptor has a unique pattern of ligand binding and 
activation, generally through dimerization with each
other to form homodimers or heterodimers.44 The erb
family of receptors has been shown to be important in
directing growth and differentiation of epithelial cells
during fetal development, and in malignant transfor-
mation and disease progression in many epithelial 
cancers.45,46 Although evidence conflicts regarding the
importance of these receptors’ expression and their prog-
nosis in ovarian cancer,47–51 they are nonetheless an at-
tractive target for further research in treating this disease. 

Two main strategies for targeting these membrane
receptors were developed. Monoclonal antibodies are
large molecules that bind to an epitope on the recep-
tor at its extracellular domain, inhibiting binding of
the activator ligand or dimerization (Figure 2). They
are typically administered intravenously and have long
half-lives. Small molecules cross the cell membrane
and bind to the intracellular portion of the receptor,
blocking activity of the kinase. These are typically ad-
ministered orally and have a short half-life, requiring
daily or more frequent dosing.

Trastuzumab
Trastuzumab is a humanized monoclonal antibody 
that binds to the extracellular domain of HER2, 
inhibiting the growth of cancer cells that overexpress
this receptor. Although it has been successful in 

treating breast cancers that overexpress HER2, its use-
fulness in ovarian cancer is limited by a low frequency
of overexpression of HER2 in ovarian cancers. In a
phase II GOG trial evaluating this agent in patients
with recurrent ovarian cancer, only 11% were found
to have tumors that overexpressed HER2. The over-
all response rate in this trial was 7%.52

Pertuzumab 
Pertuzumab is another recombinant humanized mon-
oclonal antibody that binds to the extracellular domain
of HER2.53 However, it binds at a different epitope
from trastuzumab, blocking the dimerization site of
HER2. This antibody impairs activity of this receptor
even in tumors that do not overexpress HER2. In pre-
clinical studies, it has been shown to inhibit the growth
of prostate and breast cancer cell lines that were not
inhibited by trastuzumab.54

A phase I clinical trial of pertuzumab in pa-
tients with advanced solid tumors included 3 pa-
tients with ovarian cancer: one who experienced
disease stabilization and one who experienced a par-
tial response lasting at least 11 months at the time
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Figure 2 How specific tyrosine kinase inhibitors interfere with erB
signaling is shown.
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of publication.55 This led to a phase II clinical trial
of this agent in heavily pretreated (a median of 5
prior regimens) patients with advanced resistant
ovarian cancer. Preliminary data from 117 evalu-
able patients in this trial showed a partial response
rate of 4% and stable disease lasting at least 6
months in 7%.56 An additional 3% of patients ex-
perienced a decline of at least 50% in CA 125 
levels. Preclinical data suggested that this agent
would have activity in patients whose tumors did
not overexpress HER2.54 In a subset of 28 patients
whose tumor samples were evaluated for HER2 ac-
tivation, results indicated that the pertuzumab had
a greater benefit for those whose tumors had high
levels of activated HER2. 

This agent is also being evaluated in combination
with gemcitabine in patients with recurrent ovarian 
carcinoma. Preclinical data also suggest efficacy for
pertuzumab in combination with other targeted agents,
such as trastuzumab57 and erlotinib.58 The trastuzumab/
pertuzumab combination is currently being evaluated
in patients with breast cancer. 

Cetuximab 
Cetuximab is a chimeric human–mouse monoclonal
antibody that binds to the EGFR and blocks binding
of its ligands, EGF and TGF-�, thereby blocking dimer-
ization and activation.59 Early phase I studies of 
cetuximab given as a single agent showed disease 
stabilization rather than response. However, testing in
the phase I setting suggested the agent had greater 
efficacy when given in combination with chemother-
apy.59 Preclinical data from a mouse xenograft model
suggest efficacy using intraperitoneal cetuximab with
photodynamic therapy.60 In light of a recent trial show-
ing a survival benefit from intraperitoneal chemother-
apy in patients with ovarian cancer,61 these preclinical
data are intriguing. 

Cetuximab is being evaluated in the front-line
setting in combination with standard chemother-
apy for patients with either optimally debulked or
suboptimally debulked stages III and IV disease.
Preliminary results recently showed that the regi-
men has been well tolerated; the first 15 evaluable
patients showed a complete clinical response rate
of 87%.62 A trial examining cetuximab as a single
agent in recurrent ovarian cancer has just completed
first-stage accrual; the data currently are undergoing
analysis.

Erlotinib/Gefitinib
Erlotinib is an oral, reversible, selective inhibitor of
EGFR. It competes with adenosine 5�-triphosphate
(ATP) at the intracellular domain of the EGFR,
thereby preventing activation of the receptor.26 In a re-
cently published phase II study in 34 women with ad-
vanced, recurrent ovarian carcinoma who were treated
with erlotinib as a single agent, 2 (6%) experienced a
partial response and 15 (44%) experienced disease
stabilization.63 Median overall survival was 8 months,
and the 1-year survival rate was 35.3%. Interestingly,
a positive correlation occurred between the severity
of the rash and survival. 

Erlotinib is being evaluated in combination with
chemotherapy in front-line and recurrent disease. Early
results have been presented from 2 front-line phase I
studies evaluating erlotinib with standard chemo-
therapy in patients with advanced disease. Although
it was well tolerated with carboplatin and paclitaxel,64

dose-limiting toxicities were seen with carboplatin
and docetaxel, and further data from patients in this
trial treated with a lower dose of erlotinib have not yet
been presented.65 A phase II trial of erlotinib in com-
bination with paclitaxel and carboplatin is currently
in progress to evaluate efficacy. Additionally, erlotinib
is being evaluated for efficacy as maintenance therapy
after completion of front-line therapy, and is being
evaluated in the phase II setting in combination with
bevacizumab in patients with recurrent disease.

A phase II study evaluating gefitinib, another oral
inhibitor of EGFR, in patients with ovarian cancer
showed limited efficacy.66 However, translational stud-
ies investigating mutations of the EGFR showed that
only the patient who experienced a partial response
had an activating mutation of EGFR, suggesting that
prescreening patients for mutations in EGFR may im-
prove response rates to EGFR inhibitors. 

Lapatinib (GW572016)
Lapatinib is an oral, reversible inhibitor of Erb 1 and
Erb 2, and is thus a dual-kinase inhibitor.67 Multiple
phase I trials have shown that it is well tolerated and
has some efficacy, particularly in the setting of HER2
overexpression.68–70 It is currently being evaluated as 
a single agent in patients with recurrent ovarian can-
cer. It has also been evaluated in combination with pa-
clitaxel in patients with solid tumors and seems to be
well tolerated and to have activity.71 It particularly 
appears to have activity in women with breast cancer
whose tumors were previously resistant to taxanes.
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Proteosome Inhibition
The proteasome is a multicatalytic enzyme complex,
located in the cytoplasm and nucleus, which is 
responsible for intracellular protein degradation and re-
cycling (Figure 3). The proteosome regulates cell cycling
and apoptosis by removing proteins (e.g., transcription
factors) after they undergo ubiquitination. Specifically,
the proteasome regulates the cyclin-dependent kinase,
NF-�B, which in turn regulates cell adhesion molecules
and p53.72,73 Dysregulation of the proteosome appears to
play a role in tumor development, progression, and drug
resistance, so inhibition of the proteosome has become
a valid target for cancer therapeutics.74 Pharmacologic
inhibitors of the proteasome have shown in vitro and in
vivo antitumor activity.74–77 Preclinical studies show that
proteasome inhibition potentiates the activity of other
cancer therapeutics, partly through down-regulating
chemoresistance pathways.78,79

Bortezomib 
Bortezomib is the first proteosome inhibitor agent to
undergo clinical testing and has been found to have
significant efficacy against multiple myeloma and non-
Hodgkin’s lymphoma.80,81 Although fewer data are
available in the area of solid malignancies, a phase I
trial showed promising activity.82 In light of preclini-

cal data showing that proteosome inhibition can po-
tentiate chemotherapeutics and down-regulate re-
sistance mechanisms, bortezomib was evaluated in
combination with chemotherapy in various solid tu-
mors, including chemotherapeutic agents known to
have activity in ovarian cancer.83–86 In a phase I trial
in patients with recurrent ovarian cancer, bortezomib
was tested in combination with carboplatin and was
well tolerated.87 It is currently being evaluated in com-
bination with carboplatin in patients with recurrent 
refractory ovarian cancer. 

The Mitogen-Activated Protein 
Kinase Pathway 
The mitogen-activated protein (MAP) kinase path-
way (Figure 4) is involved in regulating cell survival
and proliferation and has been shown to be up-
regulated in cancer cells. Attempts to control cancer
by targeting steps along this pathway have shown some
success. Currently, the 2 main approaches are in 
the area of farnesyl transferase inhibition and Raf 
inhibitors.

Farnesyl Transferase Inhibitors 
Farnesyl transferase activates Ras, which is then able
to bind to the cell membrane and activate a signal-
ing cascade that ultimately activates the MAP ki-
nase, leading to cellular activity. The farnesyl
transferase inhibitor BMS-214662 has been evalu-
ated in combination with conventional chemother-
apeutic agents that are active in ovarian cancer. A
phase I trial in patients with advanced solid tumors
showed that farnesyl transferase in combination with
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Figure 3 Ubiquitinated protein enters the proteosome. The ubiquitinated
protein is degraded, and ubiquitin is recycled for further use by the cell.

Figure 4 The steps specific to the MAP kinase pathway and the 
PI3-K/Akt/PTEN pathway are shown. Each of these can be dysregulated
in malignancy and can be targets for novel therapies in cancer treatment.
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carboplatin and paclitaxel was well tolerated, and
that activity seemed to occur.88 In patients with ovar-
ian cancer, 1 of 2 experienced a prolonged response.
A newer agent, lonafarnib (SCH66336), is currently
undergoing evaluation in Europe in a phase III trial
in combination with carboplatin and paclitaxel as
front-line treatment for patients with ovarian can-
cer, with the comparison arm undergoing standard
therapy with carboplatin and paclitaxel.

Raf Inhibition
Raf is a downstream effector molecule activated by
signaling from Ras, that in turn continues the cascade
and leads to MAP kinase activation.89 It can also
be activated by Ras-independent mechanisms.
Inhibition of this target has shown striking success
in treating renal cell carcinoma, and sorafenib has re-
cently been approved by the Food and Drug
Administration for treating this disease. Phase I stud-
ies of sorafenib, a competitive inhibitor of ATP bind-
ing to Raf, included patients with ovarian carcinoma,
approximately 50% of whom had evidence of stable
disease with this drug.89 This agent is currently being
evaluated in the phase II setting in combination with
gemcitabine,90 and with combination carboplatin and
paclitaxel in patients with recurrent ovarian cancer.
Newer agents that inhibit Raf are being developed
but have not reached the stage of phase I testing.

Mammalian Target of Rapamycin
Inhibitors 
Mammalian target of rapamycin (mTOR) is a mem-
ber of the phosphatidylinositol-like kinases and is 
involved in regulating membrane trafficking and
breakdown of proteins, transcription, translation, and
maintenance of the cell cytoskeleton (Figure 4). It is
regulated by the PI3-K/Akt/PTEN pathway, which is
often dysregulated in malignant transformation, typ-
ically because of constitutive activation of Akt or up-
regulation of P13K. This pathway has been shown to
be dysregulated in ovarian cancer.91,92 Rapamycin in-
hibits mTOR, and analogues of this drug are being
studied in the setting of cancer therapy.

CCI-779 (Temsirolimus)
Temsirolimus is a soluble ester of rapamycin and
has shown activity both in vitro and in vivo. It has
been shown in the phase II setting to have activity
in 111 patients with advanced refractory renal cell

carcinoma.93 Median survival in these patients was
15 months. It will soon be tested by the GOG in 
patients with relapsed ovarian cancer.

RAD 001 (Everolimus)
Everolimus is a rapamycin ester analogue that has been
well tolerated in the phase I setting.94 Although no
current trials focus on patients with ovarian cancer, it
has shown some activity in other solid tumors, and
trials are currently being developed to evaluate this
compound and others in patients with relapsed ovar-
ian cancer.

Other Agents

Mab 43.13
Oregovomab is a modified murine monoclonal anti-
body against CA 125. By binding to this antigen,
which is expressed on the surface of most advanced 
epithelial ovarian carcinoma cells and is also found
in the serum, oregovomab activates the immune 
system to recognize and react against the antibody/
antigen complex. Some patients also develop an im-
mune response to tumor cells expressing the CA 125
antigen.95 In a small trial of 20 patients with recurrent
ovarian cancer,95 oregovomab was well tolerated in
combination with various chemotherapy agents and
appeared to induce immune responses in a percentage
of patients. In this trial, patients who mounted a mea-
surable T-cell response to CA 125 appeared to expe-
rience a statistically significant survival benefit. 

Oregovomab has been compared with placebo in
the front-line setting as consolidation after completion
of primary chemotherapy.96 Although it was well-
tolerated, oregovomab did not provide a statistically
significant improvement in time to recurrence in this
145-patient study. However, in an unplanned subset
analysis, patients with favorable prognostic indicators
experienced a statistically significant PFS benefit com-
pared with the placebo group. This agent is currently
being evaluated in a larger multi-institutional, placebo-
controlled trial as consolidation after front-line ther-
apy for patients with ovarian or primary peritoneal
carcinoma and elevated CA 125 levels at diagnosis.

Flavopiridol 
Flavopiridol is a semisynthetic derivative of an alkaloid
derived from a plant.97 It works by inhibiting cyclin-de-
pendent kinase and depleting cyclin D1, which coordi-
nate movement through the cell cycle.98 Flavopiridol has
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also been shown to bind to dsDNA.99 It decreases tran-
scription, blocks angiogenesis, and induces apoptosis.
Although its activity as a single agent has been limited
since the first phase I trial,97,98,100,101 it has shown activity
in 2 separate phase I trials combined with paclitaxel and
cisplatin, respectively. Most notably, some evidence of dis-
ease stability was seen.99,102 It is currently being evaluated
in combination with cisplatin in patients with relapsed
ovarian or primary peritoneal carcinoma.

Conclusions
As more is learned about the signaling pathways and
the micro- and macroenvironments of tumor cells and
how they differ from normal cells, new ways to ex-
ploit these differences will be found. Newer treatments
will be developed to optimize control of cancer while
sparing normal cells, making them more effective and
less toxic.

Although ovarian cancer is not rare, many novel
agents will be evaluated first in the more common
cancers, such as lung, breast, and colon cancers, be-
cause greater numbers of patients with these diseases
can be enrolled in clinical trials. One challenge will
be to use the information gained from evaluating these
agents in other diseases to determine which are most
likely to have activity in ovarian cancer based on
knowledge of the pathways that are most important in
ovarian cell transformation and disease progression.

How to best evaluate the efficacy of these novel
therapies in treating malignant disease will be another
challenge. Many of these agents are not cytotoxic,
and therefore may have low response rates as single
agents using standard response criteria.103 These new
forms of treatment may confer prolonged periods of dis-
ease stabilization, an end result that is not typically seen
in trials of more traditional cytotoxic agents, but one
that ultimately may confer a survival benefit for pa-
tients with malignant disease. Experts must ensure
that clinical benefit from these agents is appropriately
measured so that the evaluation of agents that may
help patients live longer is not abandoned. 

These targeted therapies have often shown synergy
with traditional cytotoxic agents when evaluated in
treating malignancy. Preclinical data suggest that tar-
geted therapies may work synergistically with other
targeted agents, and the first trials are now evaluating
this in patients. Evaluation of combinations of these
agents with traditional cytotoxics and other novel
agents needs to continue for effective treatments of

malignant disease to be found. As the numbers of avail-
able novel agents increase, more effective ways to eval-
uate and predict the combinations that are most likely
to affect a particular disease must be developed. This
can be accomplished through performing translational
research, such as DNA microarrays and proteomic
analyses, to see which genes are activated and would
serve as the optimal targets for learning about the in
vivo effects of these treatments at the molecular level
and on the tumor environment.

References
1. Jemal A, Siegel R, Ward E, et al. Cancer statistics, 2006. CA Cancer

J Clin 2006;56:106–130.

2. Manning G, Whyte DB, Martinez R, et al. The protein kinase com-
plement of the human genome. Science 2002;298:1912–1934.

3. Hunter T. Signaling—2000 and beyond. Cell 2000;100:113–127.

4. Blume-Jensen P, Hunter T. Oncogenic kinase signalling. Nature
2001;411:355–365.

5. Cunningham D, Humblet Y, Siena S, et al. Cetuximab monother-
apy and cetuximab plus irinotecan in irinotecan-refractory metasta-
tic colorectal cancer. N Engl J Med 2004;351:337–345.

6. Shepherd FA, Rodrigues Pereira J, Ciuleanu T, et al. Erlotinib in
previously treated non-small-cell lung cancer. N Engl J Med
2005;353:123–132.

7. Wong S, Witte ON. The BCR-ABL story: bench to bedside and
back. Annu Rev Immunol 2004;22:247–306.

8. Kantarjian H, Sawyers C, Hochhaus A, et al. Hematologic and cy-
togenetic responses to imatinib mesylate in chronic myelogenous
leukemia. N Engl J Med 2002;346:645–652.

9. Demetri GD, von Mehren M, Blanke CD, et al. Efficacy and safety
of imatinib mesylate in advanced gastrointestinal stromal tumors.
N Engl J Med 2002;347:472–480.

10. Gorski DH, Leal AD, Goydos JS. Differential expression of vascu-
lar endothelial growth factor-A isoforms at different stages of
melanoma progression. J Am Coll Surg 2003;197:408–418.

11. Krause S, Forster Y, Kraemer K, et al. Vascular endothelial growth
factor antisense pretreatment of bladder cancer cells significantly
enhances the cytotoxicity of mitomycin C, gemcitabine and cis-
platin. J Urol 2005;174:328–331.

12. Sanborn RE, Sandler AB. The safety of bevacizumab. Expert Opin
Drug Saf 2006;5:289–301.

13. Jain RK. Normalizing tumor vasculature with anti-angiogenic therapy:
a new paradigm for combination therapy. Nat Med 2001;7:987–989.

14. Jain RK. Normalization of tumor vasculature: an emerging con-
cept in antiangiogenic therapy. Science 2005;307:58–62.

15. Midgley R, Kerr D. Bevacizumab—current status and future direc-
tions. Ann Oncol 2005;16:999–1004.

16. Leung DW, Cachianes G, Kuang WJ, et al. Vascular endothelial growth
factor is a secreted angiogenic mitogen. Science 1989;246:1306–1309.

17. Toi M, Matsumoto T, Bando H. Vascular endothelial growth fac-
tor: its prognostic, predictive, and therapeutic implications. Lancet
Oncol 2001;2:667–673.

18. Yamamoto Y, Toi M, Kondo S, et al. Concentrations of vascular en-
dothelial growth factor in the sera of normal controls and cancer
patients. Clin Cancer Res 1996;2:821–826.

Original Article 963

Non-Cytotoxic Therapy for Ovarian Cancer

JN049_Jrnl_40906Martin.qxd  9/23/06  3:48 AM  Page 963

http://www.ingentaconnect.com/content/external-references?article=0007-9235(2006)56L.106[aid=7311710]
http://www.ingentaconnect.com/content/external-references?article=0007-9235(2006)56L.106[aid=7311710]
http://www.ingentaconnect.com/content/external-references?article=0028-4793(2002)346L.645[aid=2852448]
http://www.ingentaconnect.com/content/external-references?article=0028-4793(2002)347L.472[aid=4947101]
http://www.ingentaconnect.com/content/external-references?article=0036-8075(2002)298L.1912[aid=4991104]
http://www.ingentaconnect.com/content/external-references?article=0092-8674(2000)100L.113[aid=3201541]
http://www.ingentaconnect.com/content/external-references?article=0028-0836(2001)411L.355[aid=3201542]
http://www.ingentaconnect.com/content/external-references?article=0028-0836(2001)411L.355[aid=3201542]
http://www.ingentaconnect.com/content/external-references?article=0028-4793(2004)351L.337[aid=6738903]
http://www.ingentaconnect.com/content/external-references?article=0028-4793(2005)353L.123[aid=7512720]
http://www.ingentaconnect.com/content/external-references?article=0028-4793(2005)353L.123[aid=7512720]
http://www.ingentaconnect.com/content/external-references?article=0732-0582(2004)22L.247[aid=7512719]
http://www.ingentaconnect.com/content/external-references?article=1072-7515(2003)197L.408[aid=7512718]
http://www.ingentaconnect.com/content/external-references?article=0022-5347(2005)174L.328[aid=7512717]
http://www.ingentaconnect.com/content/external-references?article=1470-2045(2001)2L.667[aid=7512716]
http://www.ingentaconnect.com/content/external-references?article=1470-2045(2001)2L.667[aid=7512716]
http://www.ingentaconnect.com/content/external-references?article=0036-8075(1989)246L.1306[aid=132417]
http://www.ingentaconnect.com/content/external-references?article=0923-7534(2005)16L.999[aid=7354461]
http://www.ingentaconnect.com/content/external-references?article=1078-8956(2001)7L.987[aid=5058541]
http://www.ingentaconnect.com/content/external-references?article=0036-8075(2005)307L.58[aid=6937706]
http://www.ingentaconnect.com/content/external-references?article=1078-0432(1996)2L.821[aid=2726382]


19. Raspollini MR, Amunni G, Villanucci A, et al. Prognostic signif-
icance of microvessel density and vascular endothelial growth fac-
tor expression in advanced ovarian serous carcinoma. Int J Gynecol
Cancer 2004;14:815–823.

20. Nishida N, Yano H, Komai K, et al. Vascular endothelial growth
factor C and vascular endothelial growth factor receptor 2 are re-
lated closely to the prognosis of patients with ovarian carcinoma.
Cancer 2004;101:1364–1374.

21. Belotti D, Paganoni P, Manenti L, et al. Matrix metalloproteinases
(MMP9 and MMP2) induce the release of vascular endothelial
growth factor (VEGF) by ovarian carcinoma cells: implications for
ascites formation. Cancer Res 2003;63:5224–5229.

22. Monk BJ, Choi DC, Pugmire G, Burger RA. Activity of beva-
cizumab (rhuMAB VEGF) in advanced refractory epithelial ovar-
ian cancer. Gynecol Oncol 2005;96:902–905.

23. Burger RA, Sill M, Monk BJ, et al. Phase II trial of bevacizumab in
persistent or recurrent epithelial ovarian cancer (EOC) or primary
peritoneal cancer (PPC): a Gynecologic Oncology Group (GOG)
study [abstract]. J Clin Oncol 2005;23(Suppl 1):457s. Abstract
5009.

24. Garcia AA, Oza AM, Hirte H, et al. Interim report of a phase II
clinical trial of bevacizumab (Bev) and low dose metronomic oral
cyclophosphamide (mCTX) in recurrent ovarian (OC) and pri-
mary peritoneal carcinoma: a California Cancer Consortium Trial
[abstract]. J Clin Oncol 2005;23(Suppl 1):455s. Abstract 5000.

25. Hainsworth JD, Sosman JA, Spigel DR, et al. Treatment of metasta-
tic renal cell carcinoma with a combination of bevacizumab and 
erlotinib. J Clin Oncol 2005;23:7889–7896.

26. Herbst RS, Johnson DH, Mininberg E, et al. Phase I/II trial evalu-
ating the anti-vascular endothelial growth factor monoclonal an-
tibody bevacizumab in combination with the HER-1/epidermal
growth factor receptor tyrosine kinase inhibitor erlotinib for patients
with recurrent non-small-cell lung cancer. J Clin Oncol
2005;23:2544–2555.

27. Dickler M, Rugo H, Caravelli J, et al. Phase II trial of erlotinib
(OSI-774), an epidermal growth factor receptor (EGFR)-tyrosine
kinase inhibitor, and bevacizumab, a recombinant humanized mon-
oclonal antibody to vascular endothelial growth factor (VEGF),
in patients (pts) with metastatic breast cancer (MBC) [abstract]. 
J Clin Oncol 2004;22(suppl):127s. Abstract 2001.

28. Dupont J, Rothenberg ML, Spriggs DR, et al. Safety and pharma-
cokinetics of intravenous VEGF Trap in a phase I clinical trial of
patients with advanced solid tumors [abstract]. J Clin Oncol
2005;23(suppl 1):199s. Abstract 3029.

29. Hu L, Hofmann J, Holash J, et al. Vascular endothelial growth fac-
tor trap combined with paclitaxel strikingly inhibits tumor and as-
cites, prolonging survival in a human ovarian cancer model. Clin
Cancer Res 2005;11(19 Pt 1):6966–6971.

30. Eleutherakis-Papaiakovou V, Bamias A, Dimopoulos MA.
Thalidomide in cancer medicine. Ann Oncol 2004;15:1151–1160.

31. Crane E, List A. Immunomodulatory drugs. Cancer Invest
2005;23:625–634.

32. Barlogie B, Desikan R, Eddlemon P, et al. Extended survival in ad-
vanced and refractory multiple myeloma after single-agent thalido-
mide: identification of prognostic factors in a phase 2 study of 169
patients. Blood 2001;98:492–494.

33. Singhal S, Mehta J, Desikan R, et al. Antitumor activity of thalidomide
in refractory multiple myeloma. N Engl J Med 1999; 341:1565–1571.

34. Weber D, Rankin K, Gavino M, et al. Thalidomide alone or with
dexamethasone for previously untreated multiple myeloma. J Clin
Oncol 2003;21:16–19.

35. Eisen T, Boshoff C, Mak I, et al. Continuous low dose thalidomide:
a phase II study in advanced melanoma, renal cell, ovarian and
breast cancer. Br J Cancer 2000;82:812–817.

36. Abramson N, Stokes PK, Luke M, et al. Ovarian and papillary-
serous peritoneal carcinoma: pilot study with thalidomide. J Clin
Oncol 2002;20:1147–1149.

37. Downs LS Jr, Argenta P, Ghebre R, et al. A prospective random-
ized trial of thalidomide with topotecan compared to topotecan
alone in women with recurrent epithelial ovarian, primary peri-
toneal or fallopian tube carcinoma. Presented at the Society of
Gynecologic Oncologists 37th Annual Meeting on Women’s
Cancer. Palm Springs, California, March 22–26, 2006.

38. Rosen L, Mulay M, Long J, et al. Phase I trial of SU011248, a novel
tyrosine kinase inhibitor in advanced solid tumors [abstract]. Proc
Am Soc Clin Oncol 2003;2003:191. Abstract 765.

39. Thomas AL, Morgan B, Horsfield MA, et al. Phase I study of the
safety, tolerability, pharmacokinetics, and pharmacodynamics of
PTK787/ZK 222584 administered twice daily in patients with ad-
vanced cancer. J Clin Oncol 2005;23:4162–4171.

40. Schroder W, Witteveen E, Abadie S, et al. A phase IB, open label,
safety and pharmacokinetic (PK) study of escalating doses of
PTK787/ZK 222584 in combination with paclitaxel and carbo-
platin in patients (PTs) with stage IIC to IV epithelial ovarian can-
cer [abstract]. J Clin Oncol 2005;23(Suppl 1):465s. Abstract 5042.

41. Rosen L, Kurzrock R, Jackson E, et al. Safety and pharmacokinet-
ics of AMG 706 in patients with advanced solid tumors [abstract].
J Clin Oncol 2005;23(Suppl 1):195s. Abstract 3013.

42. Wedge SR, Kendrew J, Hennequin LF, et al. AZD2171: a highly po-
tent, orally bioavailable, vascular endothelial growth factor recep-
tor-2 tyrosine kinase inhibitor for the treatment of cancer. Cancer
Res 2005;65:4389-4400.

43. Gross ME, Shazer RL, Agus DB. Targeting the HER-kinase axis in
cancer. Semin Oncol 2004;31(1 Suppl 3):9–20.

44. Yarden Y, Sliwkowski MX. Untangling the ErbB signalling net-
work. Nat Rev Mol Cell Biol 2001;2:127–137.

45. Burgess AW, Cho HS, Eigenbrot C, et al. An open-and-shut case?
Recent insights into the activation of EGF/ErbB receptors. Mol
Cell 2003;12:541–552.

46. Jorissen RN, Walker F, Pouliot N, et al. Epidermal growth factor re-
ceptor: mechanisms of activation and signalling. Exp Cell Res
2003;284:31–53.

47. Berchuck A, Rodriguez GC, Kamel A, et al. Epidermal growth fac-
tor receptor expression in normal ovarian epithelium and ovarian
cancer. I. Correlation of receptor expression with prognostic fac-
tors in patients with ovarian cancer. Am J Obstet Gynecol
1991;164:669–674.

48. Bartlett JM, Langdon SP, Simpson BJ, et al. The prognostic value
of epidermal growth factor receptor mRNA expression in primary
ovarian cancer. Br J Cancer 1996;73:301–306.

49. Fischer-Colbrie J, Witt A, Heinzl H, et al. EGFR and steroid re-
ceptors in ovarian carcinoma: comparison with prognostic param-
eters and outcome of patients. Anticancer Res 1997;17(1B):613–619.

50. Goff BA, Shy K, Greer BE, et al. Overexpression and relationships
of HER-2/neu, epidermal growth factor receptor, p53, Ki-67, and
tumor necrosis factor alpha in epithelial ovarian cancer. Eur J
Gynaecol Oncol 1996;17:487–492.

51. Nicholson RI, Gee JM, Harper ME. EGFR and cancer prognosis.
Eur J Cancer 2001;37(Suppl 4):S9–S15.

52. Bookman MA, Darcy KM, Clarke-Pearson D, et al. Evaluation 
of monoclonal humanized anti-HER2 antibody, trastuzumab, in

964 Original Article

Martin and Schilder

© Journal of the National Comprehensive Cancer Network | Volume 4 Number 9 | October 2006

JN049_Jrnl_40906Martin.qxd  9/23/06  3:48 AM  Page 964

http://www.ingentaconnect.com/content/external-references?article=1078-0432(2005)11L.6966[aid=7512736]
http://www.ingentaconnect.com/content/external-references?article=1078-0432(2005)11L.6966[aid=7512736]
http://www.ingentaconnect.com/content/external-references?article=0732-183X(2003)21L.16[aid=6895688]
http://www.ingentaconnect.com/content/external-references?article=0732-183X(2003)21L.16[aid=6895688]
http://www.ingentaconnect.com/content/external-references?article=0007-0920(2000)82L.812[aid=2897728]
http://www.ingentaconnect.com/content/external-references?article=0006-4971(2001)98L.492[aid=2079487]
http://www.ingentaconnect.com/content/external-references?article=0028-4793(1999)341L.1565[aid=1980891]
http://www.ingentaconnect.com/content/external-references?article=0090-8258(2005)96L.902[aid=7373628]
http://www.ingentaconnect.com/content/external-references?article=0732-183X(2005)23L.7889[aid=7512728]
http://www.ingentaconnect.com/content/external-references?article=0732-183X(2005)23L.2544[aid=7354482]
http://www.ingentaconnect.com/content/external-references?article=0732-183X(2005)23L.2544[aid=7354482]
http://www.ingentaconnect.com/content/external-references?article=0923-7534(2004)15L.1151[aid=7373722]
http://www.ingentaconnect.com/content/external-references?article=0735-7907(2005)23L.625[aid=7443998]
http://www.ingentaconnect.com/content/external-references?article=0735-7907(2005)23L.625[aid=7443998]
http://www.ingentaconnect.com/content/external-references?article=0008-5472(2003)63L.5224[aid=7512729]
http://www.ingentaconnect.com/content/external-references?article=0008-543X(2004)101L.1364[aid=7512730]
http://www.ingentaconnect.com/content/external-references?article=1048-891X(2004)14L.815[aid=7512731]
http://www.ingentaconnect.com/content/external-references?article=1048-891X(2004)14L.815[aid=7512731]
http://www.ingentaconnect.com/content/external-references?article=0250-7005(1997)17L.613[aid=5910654]
http://www.ingentaconnect.com/content/external-references?article=0732-183X(2002)20L.1147[aid=7512727]
http://www.ingentaconnect.com/content/external-references?article=0732-183X(2002)20L.1147[aid=7512727]
http://www.ingentaconnect.com/content/external-references?article=0392-2936(1996)17L.487[aid=7512722]
http://www.ingentaconnect.com/content/external-references?article=0392-2936(1996)17L.487[aid=7512722]
http://www.ingentaconnect.com/content/external-references?article=1097-2765(2003)12L.541[aid=7512721]
http://www.ingentaconnect.com/content/external-references?article=1097-2765(2003)12L.541[aid=7512721]
http://www.ingentaconnect.com/content/external-references?article=0732-183X(2005)23L.455[aid=7512738]
http://www.ingentaconnect.com/content/external-references?article=0008-5472(2005)65L.4389[aid=7512724]
http://www.ingentaconnect.com/content/external-references?article=0008-5472(2005)65L.4389[aid=7512724]
http://www.ingentaconnect.com/content/external-references?article=1471-0072(2001)2L.127[aid=3177702]
http://www.ingentaconnect.com/content/external-references?article=0007-0920(1996)73L.301[aid=7512723]
http://www.ingentaconnect.com/content/external-references?article=0002-9378(1991)164L.669[aid=2526099]
http://www.ingentaconnect.com/content/external-references?article=0002-9378(1991)164L.669[aid=2526099]
http://www.ingentaconnect.com/content/external-references?article=0732-183X(2004)22L.127[aid=7512737]
http://www.ingentaconnect.com/content/external-references?article=0014-4827(2003)284L.31[aid=7230077]
http://www.ingentaconnect.com/content/external-references?article=0014-4827(2003)284L.31[aid=7230077]
http://www.ingentaconnect.com/content/external-references?article=0732-183X(2005)23L.4162[aid=7512725]


© Journal of the National Comprehensive Cancer Network | Volume 4 Number 9 | October 2006

patients with recurrent or refractory ovarian or primary peritoneal
carcinoma with overexpression of HER2: a phase II trial of the
Gynecologic Oncology Group. J Clin Oncol 2003;21: 283–290.

53. Adams CW, Allison DE, Flagella K, et al. Humanization of a re-
combinant monoclonal antibody to produce a therapeutic HER
dimerization inhibitor, pertuzumab. Cancer Immunol Immunother
2006;55:717–727.

54. Agus DB, Akita RW, Fox WD, et al. Targeting ligand-activated
ErbB2 signaling inhibits breast and prostate tumor growth. Cancer
Cell 2002;2:127–137.

55. Agus DB, Gordon MS, Taylor C, et al. Phase I clinical study of 
pertuzumab, a novel HER dimerization inhibitor, in patients with
advanced cancer. J Clin Oncol 2005;23:2534–2543.

56. Gordon MS, Matei D, Aghajanian C, et al. Clinical activity of per-
tuzumab (rhumba 2C4), a HER dimerization inhibitor, in advanced
ovarian cancer: potential predictive relationship with tumor HER2
activation status. J Clin Oncol 2006; Aug 8 [Epub ahead of print].

57. Nahta R, Hung MC, Esteva FJ. The HER-2-targeting antibodies
trastuzumab and pertuzumab synergistically inhibit the survival of
breast cancer cells. Cancer Res 2004;64:2343–2346.

58. Friess T, Scheuer W, Hasmann M. Combination treatment with
erlotinib and pertuzumab against human tumor xenografts is supe-
rior to monotherapy. Clin Cancer Res 2005;11:5300–5309.

59. Baselga J, Pfister D, Cooper MR, et al. Phase I studies of anti-epi-
dermal growth factor receptor chimeric antibody C225 alone and
in combination with cisplatin. J Clin Oncol 2000;18:904–914.

60. del Carmen MG, Rizvi I, Chang Y, et al. Synergism of epidermal
growth factor receptor-targeted immunotherapy with photody-
namic treatment of ovarian cancer in vivo. J Natl Cancer Inst
2005;97:1516–1524.

61. Armstrong DK, Bundy B, Wenzel L, et al. Intraperitoneal cisplatin
and paclitaxel in ovarian cancer. N Engl J Med 2006;354:34–43.

62. Aghajanian C, Sabbatini P, Derosa F, et al. A phase II study of ce-
tuximab/paclitaxel/carboplatin for the initial treatment of advanced
stage ovarian, primary peritoneal, and fallopian tube cancer
[abstract]. J Clin Oncol 2005;23(Suppl):466s. Abstract 5047.

63. Gordon AN, Finkler N, Edwards RP, et al. Efficacy and safety of er-
lotinib HCl, an epidermal growth factor receptor (HER1/EGFR)
tyrosine kinase inhibitor, in patients with advanced ovarian carci-
noma: results from a phase II multicenter study. Int J Gynecol
Cancer 2005;15:785–792.

64. Blank SV, Curtin JP, Goldman NA, et al. Tolerability of carboplatin,
paclitaxel and erlotinib as first-line treatment of ovarian cancer [ab-
stract]. J Clin Oncol 2005;23(Suppl 1):467s. Abstract 5052.

65. Vasey P, Kaye S, Paul J, et al. A phase Ib trial of erlotinib (E) in com-
bination with docetaxel (D) and carboplatin (C) in untreated ovar-
ian, fallopian tube and primary peritoneal cancers [abstract]. J Clin
Oncol 2004;22(Suppl):453s. Abstract 5017.

66. Schilder RJ, Sill MW, Chen X, et al. Phase II study of gefitinib in
patients with relapsed or persistent ovarian or primary peritoneal
carcinoma and evaluation of epidermal growth factor receptor mu-
tations and immunohistochemical expression: a Gynecologic
Oncology Group Study. Clin Cancer Res 2005;11:5539–5548.

67. Burris HA III, Hurwitz HI, Dees EC, et al. Phase I safety, pharma-
cokinetics, and clinical activity study of lapatinib (GW572016), a
reversible dual inhibitor of epidermal growth factor receptor tyro-
sine kinases, in heavily pretreated patients with metastatic carci-
nomas. J Clin Oncol 2005;23:5305–5313.

68. Versola M, Burris HA, Jones S, et al. Clinical activity of GW572016
in EGF10003 in patients with solid tumors [abstract]. J Clin Oncol
2004;22(Suppl):206s. Abstract 3047.

Original Article 965

Non-Cytotoxic Therapy for Ovarian Cancer

69. Minami H, Nakagawa K, Kawada K, et al. A phase I study of
GW572016 in patients with solid tumors [abstract]. J Clin Oncol
2004;22(Suppl):207s. Abstract 3048.

70. Dees EC, Burris H, Hurwitz H, et al. Clinical summary of 67 heav-
ily pre-treated patients with metastatic carcinomas treated with
GW572016 in a phase Ib study [abstract]. J Clin Oncol 2004;
22(Suppl):241s. Abstract 3188.

71. Jones SF, Hainsworth JD, Spigel DR, et al. A phase I study of the
dual kinase inhibitor GW572016 in combination with paclitaxel
(EGF10009) [abstract]. J Clin Oncol 2004;22(Suppl):147s. Abstract
2083.

72. Lenz HJ. Clinical update: proteasome inhibitors in solid tumors.
Cancer Treat Rev 2003;29(Suppl 1):41–48.

73. Dalton WS. The proteasome. Semin Oncol 2004;31(Suppl 16):3–9;
discussion 33.

74. Adams J. The development of proteasome inhibitors as anticancer
drugs. Cancer Cell 2004;5:417–421.

75. An B, Goldfarb RH, Siman R, Dou QP. Novel dipeptidyl protea-
some inhibitors overcome Bcl-2 protective function and selectively
accumulate the cyclin-dependent kinase inhibitor p27 and induce
apoptosis in transformed, but not normal, human fibroblasts. Cell
Death Differ 1998;5:1062–1075.

76. An WG, Hwang SG, Trepel JB, Blagosklonny MV. Protease in-
hibitor-induced apoptosis: accumulation of wt p53, p21WAF1/CIP1,
and induction of apoptosis are independent markers of proteasome
inhibition. Leukemia 2000;14:1276–1283.

77. Dou QP, McGuire TF, Peng Y, An B. Proteasome inhibition leads
to significant reduction of Bcr-Abl expression and subsequent in-
duction of apoptosis in K562 human chronic myelogenous leukemia
cells. J Pharmacol Exp Ther 1999;289:781–790.

78. Frankel A, Man S, Elliott P, et al. Lack of multicellular drug re-
sistance observed in human ovarian and prostate carcinoma treated
with the proteasome inhibitor PS-341. Clin Cancer Res
2000;6:3719–3728.

79. Ma MH, Yang HH, Parker K, et al. The proteasome inhibitor 
PS-341 markedly enhances sensitivity of multiple myeloma tumor
cells to chemotherapeutic agents. Clin Cancer Res 2003;9:
1136–1144.

80. Orlowski RZ, Stinchcombe TE, Mitchell BS, et al. Phase I trial of
the proteasome inhibitor PS-341 in patients with refractory hema-
tologic malignancies. J Clin Oncol 2002;20:4420–4427.

81. Richardson PG, Barlogie B, Berenson J, et al. A phase 2 study of
bortezomib in relapsed, refractory myeloma. N Engl J Med
2003;348:2609–2617.

82. Aghajanian C, Soignet S, Dizon DS, et al. A phase I trial of the
novel proteasome inhibitor PS341 in advanced solid tumor malig-
nancies. Clin Cancer Res 2002;8:2505–2511.

83. Appleman LJ, Ryan DP, Clark JW, et al. Phase I dose escalation study
of bortezomib and gemcitabine safety and tolerability in patients
with advanced solid tumors [abstract]. Proc Am Soc Clin Oncol
2003;22:209s. Abstract 839.

84. Fanucchi MP, Belt RJ, Fossella FV, et al. Phase (ph) 2 study of borte-
zomib {+/–} docetaxel in previously treated patients (pts) with ad-
vanced non-small cell lung cancer (NSCLC): preliminary results
[abstract]. J Clin Oncol 2004;22(Suppl):643s. Abstract 7107.

85. Voortman J, Smit EF, Kuenen BC, et al. A phase 1B, open-label,
dose-escalation study of bortezomib in combination with gemc-
itabine (Gem) and cisplatin (Cis) in the first-line treatment of pa-
tients with advanced solid tumors: preliminary results of a phase IB
study [abstract]. J Clin Oncol 2005;23(Suppl 1):160s. Abstract
2103.

JN049_Jrnl_40906Martin.qxd  9/23/06  3:48 AM  Page 965

http://www.ingentaconnect.com/content/external-references?article=0732-183X(2003)21L.283[aid=6631685]
http://www.ingentaconnect.com/content/external-references?article=0732-183X(2005)23L.2534[aid=7512748]
http://www.ingentaconnect.com/content/external-references?article=1535-6108(2002)2L.127[aid=7512749]
http://www.ingentaconnect.com/content/external-references?article=1535-6108(2002)2L.127[aid=7512749]
http://www.ingentaconnect.com/content/external-references?article=0732-183x(2000)18L.904[aid=3178407]
http://www.ingentaconnect.com/content/external-references?article=1078-0432(2005)11L.5300[aid=7512747]
http://www.ingentaconnect.com/content/external-references?article=0008-5472(2004)64L.2343[aid=7447306]
http://www.ingentaconnect.com/content/external-references?article=1078-0432(2005)11L.5539[aid=7512744]
http://www.ingentaconnect.com/content/external-references?article=1048-891X(2005)15L.785[aid=7512745]
http://www.ingentaconnect.com/content/external-references?article=1048-891X(2005)15L.785[aid=7512745]
http://www.ingentaconnect.com/content/external-references?article=1078-0432(2002)8L.2505[aid=4734966]
http://www.ingentaconnect.com/content/external-references?article=0028-4793(2003)348L.2609[aid=6041351]
http://www.ingentaconnect.com/content/external-references?article=0028-4793(2003)348L.2609[aid=6041351]
http://www.ingentaconnect.com/content/external-references?article=0732-183x(2002)20L.4420[aid=5459895]
http://www.ingentaconnect.com/content/external-references?article=1078-0432(2003)9L.1136[aid=6895696]
http://www.ingentaconnect.com/content/external-references?article=1078-0432(2003)9L.1136[aid=6895696]
http://www.ingentaconnect.com/content/external-references?article=0022-3565(1999)289L.781[aid=3306581]
http://www.ingentaconnect.com/content/external-references?article=1078-0432(2000)6L.3719[aid=5832641]
http://www.ingentaconnect.com/content/external-references?article=1078-0432(2000)6L.3719[aid=5832641]
http://www.ingentaconnect.com/content/external-references?article=0305-7372(2003)29L.41[aid=6425439]
http://www.ingentaconnect.com/content/external-references?article=0305-7372(2003)29L.41[aid=6425439]
http://www.ingentaconnect.com/content/external-references?article=0340-7004(2006)55L.717[aid=7512750]
http://www.ingentaconnect.com/content/external-references?article=0340-7004(2006)55L.717[aid=7512750]
http://www.ingentaconnect.com/content/external-references?article=0732-183X(2005)23L.5305[aid=7512743]
http://www.ingentaconnect.com/content/external-references?article=1535-6108(2004)5L.417[aid=6739351]
http://www.ingentaconnect.com/content/external-references?article=1350-9047(1998)5L.1062[aid=7512742]
http://www.ingentaconnect.com/content/external-references?article=1350-9047(1998)5L.1062[aid=7512742]
http://www.ingentaconnect.com/content/external-references?article=0887-6924(2000)14L.1276[aid=7512741]
http://www.ingentaconnect.com/content/external-references?article=0028-4793(2006)354L.34[aid=7512678]
http://www.ingentaconnect.com/content/external-references?article=0027-8874(2005)97L.1516[aid=7512746]
http://www.ingentaconnect.com/content/external-references?article=0027-8874(2005)97L.1516[aid=7512746]


86. Shapiro CL, Ramaswamy B, Young D, et al. Phase I trial of borte-
zomib in combination with paclitaxel in advanced solid tumor pa-
tients (pts) [abstract]. J Clin Oncol 2005;23(Suppl 1):217s. Abstract
3104.

87. Aghajanian C, Dizon DS, Sabbatini P, et al. Phase I trial of borte-
zomib and carboplatin in recurrent ovarian or primary peritoneal
cancer. J Clin Oncol 2005;23:5943–5949.

88. Dy GK, Bruzek LM, Croghan GA, et al. A phase I trial of the novel
farnesyl protein transferase inhibitor, BMS-214662, in combination
with paclitaxel and carboplatin in patients with advanced cancer.
Clin Cancer Res 2005;11:1877–1883.

89. Beeram M, Patnaik A, Rowinsky EK. Raf: a strategic target for ther-
apeutic development against cancer. J Clin Oncol 2005;23:6771–6790.

90. Welsh S, Hirte H, Schilder RJ, et al. Phase II study of sorafenib
(BAY 43-9006) in combination with gemcitabine in recurrent ep-
ithelial ovarian cancer: a PMH phase II consortium trial [abstract].
J Clin Oncol 2006;24(Suppl 1):127s. Abstract 5084.

91. Gao N, Flynn DC, Zhang Z, et al. G1 cell cycle progression and the
expression of G1 cyclins are regulated by PI3K/AKT/mTOR/p70S6K1
signaling in human ovarian cancer cells. Am J Physiol Cell Physiol
2004;287:C281–C291.

92. Altomare DA, Wang HQ, Skele KL, et al. AKT and mTOR phos-
phorylation is frequently detected in ovarian cancer and can be
targeted to disrupt ovarian tumor cell growth. Oncogene
2004;23:5853–5857.

93. Atkins MB, Hidalgo M, Stadler WM, et al. Randomized phase II
study of multiple dose levels of cci-779, a novel mammalian target
of rapamycin kinase inhibitor, in patients with advanced refrac-
tory renal cell carcinoma. J Clin Oncol 2004;22:909–918.

94. Tabernero J, Rojo F, Burris H, et al. A phase I study with tumor mo-
lecular pharmacodynamic (MPD) evaluation of dose and schedule
of the oral mTOR-inhibitor Everolimus (RAD001) in patients
(pts) with advanced solid tumors [abstract]. J Clin Oncol
2005;23(suppl 1):193s. Abstract 3007.

966 Original Article

Martin and Schilder

© Journal of the National Comprehensive Cancer Network | Volume 4 Number 9 | October 2006

95. Gordon AN, Schultes BC, Gallion H, et al. CA125- and tumor-
specific T-cell responses correlate with prolonged survival in ore-
govomab-treated recurrent ovarian cancer patients. Gynecol Oncol
2004;94:340–351.

96. Berek JS, Taylor PT, Gordon A, et al. Randomized, placebo-con-
trolled study of oregovomab for consolidation of clinical remission
in patients with advanced ovarian cancer. J Clin Oncol
2004;22:3507–3516.

97. Schwartz GK, Ilson D, Saltz L, et al. Phase II study of the cyclin-
dependent kinase inhibitor flavopiridol administered to patients
with advanced gastric carcinoma. J Clin Oncol 2001;19:1985–1992.

98. Senderowicz AM, Headlee D, Stinson SF, et al. Phase I trial of con-
tinuous infusion flavopiridol, a novel cyclin-dependent kinase in-
hibitor, in patients with refractory neoplasms. J Clin Oncol
1998;16:2986–2999.

99. Bible KC, Lensing JL, Nelson SA, et al. Phase 1 trial of flavopiri-
dol combined with cisplatin or carboplatin in patients with 
advanced malignancies with the assessment of pharmacokinetic
and pharmacodynamic end points. Clin Cancer Res 2005;11:
5935–5941.

100. Stadler WM, Vogelzang NJ, Amato R, et al. Flavopiridol, a novel
cyclin-dependent kinase inhibitor, in metastatic renal cancer: a
University of Chicago Phase II Consortium study. J Clin Oncol
2000;18:371–375.

101. Aklilu M, Kindler HL, Donehower RC, et al. Phase II study of
flavopiridol in patients with advanced colorectal cancer. Ann Oncol
2003;14:1270–1273.

102. Schwartz GK, O’Reilly E, Ilson D, et al. Phase I study of the cyclin-
dependent kinase inhibitor flavopiridol in combination with pa-
clitaxel in patients with advanced solid tumors. J Clin Oncol
2002;20:2157–2170.

103. Therasse P, Arbuck SG, Eisenhauer EA, et al. New guidelines to
evaluate the response to treatment in solid tumors. J Natl Cancer
Inst 2000;92:205–216.

JN049_Jrnl_40906Martin.qxd  9/23/06  3:48 AM  Page 966

http://www.ingentaconnect.com/content/external-references?article=0732-183X(2005)23L.5943[aid=7512767]
http://www.ingentaconnect.com/content/external-references?article=1078-0432(2005)11L.1877[aid=7512766]
http://www.ingentaconnect.com/content/external-references?article=0732-183X(2005)23L.6771[aid=7512765]
http://www.ingentaconnect.com/content/external-references?article=0950-9232(2004)23L.5853[aid=7512764]
http://www.ingentaconnect.com/content/external-references?article=0950-9232(2004)23L.5853[aid=7512764]
http://www.ingentaconnect.com/content/external-references?article=0732-183X(2004)22L.909[aid=6425129]
http://www.ingentaconnect.com/content/external-references?article=0090-8258(2004)94L.340[aid=7512763]
http://www.ingentaconnect.com/content/external-references?article=0090-8258(2004)94L.340[aid=7512763]
http://www.ingentaconnect.com/content/external-references?article=0732-183X(2004)22L.3507[aid=7512762]
http://www.ingentaconnect.com/content/external-references?article=0732-183X(2004)22L.3507[aid=7512762]
http://www.ingentaconnect.com/content/external-references?article=0732-183x(2001)19L.1985[aid=4837327]
http://www.ingentaconnect.com/content/external-references?article=0732-183x(1998)16L.2986[aid=4837326]
http://www.ingentaconnect.com/content/external-references?article=0732-183x(1998)16L.2986[aid=4837326]
http://www.ingentaconnect.com/content/external-references?article=1078-0432(2005)11L.5935[aid=7512761]
http://www.ingentaconnect.com/content/external-references?article=1078-0432(2005)11L.5935[aid=7512761]
http://www.ingentaconnect.com/content/external-references?article=0732-183x(2000)18L.371[aid=4837329]
http://www.ingentaconnect.com/content/external-references?article=0732-183x(2000)18L.371[aid=4837329]
http://www.ingentaconnect.com/content/external-references?article=0923-7534(2003)14L.1270[aid=7512760]
http://www.ingentaconnect.com/content/external-references?article=0923-7534(2003)14L.1270[aid=7512760]
http://www.ingentaconnect.com/content/external-references?article=0732-183x(2002)20L.2157[aid=5600253]
http://www.ingentaconnect.com/content/external-references?article=0732-183x(2002)20L.2157[aid=5600253]
http://www.ingentaconnect.com/content/external-references?article=0027-8874(2000)92L.205[aid=2178138]
http://www.ingentaconnect.com/content/external-references?article=0027-8874(2000)92L.205[aid=2178138]

