
Abstract. Background/Aim: We aimed to identify the most
effectual groups of targeted therapies for ovarian cancer in
recent clinical trials. Materials and Methods: A systematic
literature review has been gathered on an inventive study design
that comprises of five steps. This involves search for pertinent
publications from 2010 to date in various accessible medical
data bases, usage of inclusion and exclusion, appraisal of
quality of the studies included, abstraction of the relevant data
and intelligible amalgamation of the data abridged in an
evocative and narrative style. Results: Three types of modalities
of targeted-therapy drugs have been identified; angiogenesis
inhibition, signal enzymes inhibition and apoptosis induction in
the tumor cells. Conclusion: There has been a surge in clinical
trials with drugs that specifically target signal enzymes, induce
apoptosis and inhibit angiogenesis in site-specific ovarian
cancer cells, which could be very promising to design a more
efficacious protocol for treating the disease.

Targeted therapy is a recent drug innovation in the treatment
of cancer. In contrast to chemotherapy, that involves
employment of non-specific intracellular toxins that inhibit
the process of cell division, targeted therapy, utilizes specific
drugs that target exclusive molecular mechanisms that abet
carcinogenesis, thereby reducing the side- effects due anti-

mitotic damage to the normal cells, especially, in the bone
marrow, digestive tract, and hair follicles.

The modality of these targeted-therapy drugs varies and
includes signal enzymes inhibition, apoptosis induction and
angiogenesis inhibition in the tumor. The arsenal of targeted
therapy today comprises of drugs like imatinib mesylate,
gefitinib, sunitinib and bortezomib. 

Given the fact that ovarian cancer is one of the most
deadly gynecological malignancies and the fifth leading
cause of cancer-related mortality in women globally (1) there
has been a recent surge in research efforts to explore new
avenues and methods for treating ovarian cancer. Further,
demonstration of the fact that a single short-term treatment
of ovarian cancer cells with chemotherapy could result in a
cancer stem cell (CSC)-like enriched residual population that
would potentially generate significantly greater tumor burden
has fuelled the search for better therapeutic manoeuvres for
ovarian cancer (2).

There has also been a surge in clinical trials with drugs
that specifically target signal enzymes, induce apoptosis and
inhibit angiogenesis in site specific ovarian cancer cells,
thus, utilizing the molecular profile of a patient’s cancer to
design a more efficacious protocol for treating the disease. 

The present study is an inclusive review of topical
literature on targeted therapy for the treatment of ovarian
cancer. 

Search Strategy

An inclusive literature search was accomplished by cross-
referencing of keywords and ensuing second stage use of the
references of the literature categorized in the preliminary
sequence to condense the search operational. Consequent to
the documentation of this principal collection of studies,
formulation of the inclusion and exclusion criteria was
achieved. 
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The exploration included literature pertaining to targeted
therapy in the treatment of ovarian cancer; the relevance of
targeted therapy for the treatment of the disease; specificity
of targeted therapy in ovarian cancer treatment; assessment
of post-treatment response; enduring surveillance and
recurrence of ovarian cancer. The evaluation terms included
targeted therapy, targeted therapy in the evaluation of ovarian
cancer, targeted therapeutics in ovarian cancer, recent
innovations in targeted therapy for the treatment of ovarian
cancer, evaluation studies on targeted therapy in ovarian
cancer and comparison of assorted targeted therapeutics for
ovarian cancer treatment. 

One hundred and fifty three studies were obtained in the
initial pursuit on recent trends and publications selected
based on inclusion and exclusion criteria. One hundred and
one studies were excluded as not pertaining to studies on
ovarian cancer. Thirteen studies were excluded as not
pertaining to specific manifestation, more recent diagnostic
and treatment procedures. Seven studies were excluded as
being editorials instead of being research publications. Two
studies were excluded as letters to the editor. In the final
selection, thirty studies were designated and implied as
highly apposite to the current review. 

Methodology

The systematic literature review has been erected on an
inventive study design that comprises of five key steps. This
involves search for pertinent publications in various
accessible medical data bases, usage of inclusion and
exclusion criteria for the selection of relevant publications,
appraisal of quality of the studies included, abstraction of the
relevant data and intelligible amalgamation of the data. The
results of the studies in this review have been abridged in an
evocative and narrative style. Quality evaluation has been
done autonomously by two reviewers on quality of the
methodology. The differences have been resolved by
discussion with a third reviewer, wherever necessary in
accordance with the guidelines of ‘The Cochrane Reviewers’
Handbook’ guidelines (3). 

Review guidelines relating to healthcare review including
lucidity of the description of the problem, well defined
objective stating the category of population, interventions
and outcomes of interest and study designs have been
incorporated. Since, it is an established fact that non-
randomized studies build estimates that imply more intense
benefits of the effects of health care than randomized trials;
substantial efforts to identify and include studies other than
randomized trials have been placed in the study (3). 

The search period has been from the year 2010 till date to
guarantee more recent studies and technological trends.
Search literature databases, websites and internet search
engines employed included Biomed central, Cinahl, Cochrane

Library, Embase, Picarta, PubMed, SCI, www.doh.gov.uk,
www.escriber.com, www.google.com and www.who.org. 

Choice of inclusion criteria involved comparative study
design, group protocol for treatment, assessment of post-
treatment response and long-term surveillance in ovarian
cancer, prevention and control, specific research studies on
targeted therapy in ovarian cancer and targeted therapeutic
awareness among the scientific population. 

Selection exclusion criteria included editorials, letters,
descriptions non-specific to targeted therapy and ovarian
cancer treatment in the target population.

Results

Studies on anti-angiogenic therapeutics. Since angiogenesis
plays a vital role in carcinogenesis, anti-angiogenic targeted
therapy is principally based on the fact that therapeutics that
inhibit the process of angiogenesis would retard the growth and
progression of tumors (4). Apart from the monoclonal Vascular
endothelial growth factor (VEGF) antibody Bevacizumab,
numerous anti-angiogenic therapeutics for ovarian cancer
patients have been evaluated in clinical trials. This evaluation
has been, perhaps, due to the failure to demonstrate the efficacy
of bevacizumab with reference to overall survival (OS) instead
of just a demonstrated progression-free survival (PFS) in the
target groups, in various studies including the International
collaboration on ovarian neoplasms trial 7 (ICON7) and the
complementary Gynecologic oncology group study 218 (GOG-
218) (for the first-line treatment) (5), the Ovarian cancer study
comparing efficacy and safety of chemotherapy and anti-
Angiogenic therapy in platinum-sensitive recurrent disease
(OCEANS) (for platinum-sensitive recurrence) (6), and the
Avastin use in platinum-resistant epithelial ovarian cancer
(AURELIA) trials (for platinum-resistant recurrence) (7).

These include those targeting extracellular receptors, those
that interfere with VEGF receptors and multiple additional
intracellular pathways that are VEGF independent. 

A recent international, double-blind phase III anti-
angiopoietin therapy with trebananib for recurrent ovarian
cancer (TRINOVA -1) trial in a cohort of 919 patients with
recurrent ovarian cancer with a platinum-free interval <12
months and ≤3 prior therapies has studied the inhibition of
angiogenesis with a peptibody trebananib (AMG386)
through the angiopoietin pathway by blocking the binding of
the angiopoietins Ang1/Ang2 to the Tie2 receptor, thus,
addressing a VEGF-independent, parallel anti-angiogenic
pathway. This study has shown a significantly improved
median PFS of 2.8 months [7.2 vs. 5.4 months; hazard ratio
(HR) 0.66; 95% CI 0.57-0.77; <0.001] with lesser VEGF-
associated side effects such as hypertension, proteinuria,
thromboembolic occurrences (8, 9). 

Studies pertaining to the inhibition of angiogenesis by
targeting multiple VEGF proteins in the VEGF pathway
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apart from VEGF gained importance recently with studies on
the fusion protein aflibercept containing VEGF binding
domains from extracellular regions of the VEGF receptor 1
(VEGFR-1) and VEGFR-2. The protein has been shown to
have strong broad affinity towards VEGF-A, VEGF-B and
have demonstrated a better control of malignant ascites with
a reduction of the interval between paracenteses (e.g., 55.1
vs. 23.3 days, respectively; 95% CI=10.6-53.1; p=0.0019) in
phase II clinical trials in a cohort of relapsed ovarian cancer
patients (10). Phase III clinical trials have not been in place
perhaps due to reporting of Grade 3/4 adverse effects
including hypertension in up to 27.5% of the cases, dyspnea
in up to 20%, proteinuria in up to 9.4% of patients
accompanied with a higher rate of intestinal perforation (10). 

Inhibition of angiogenesis by multikinase inhibitors has
on the other hand shown promising results by intracellular
blockade of signal transduction pathways instead of the
pursuing the extracellular receptors discussed previously. An
oral tyrosine kinase inhibitor targeting three different protein
kinases (VEGFR, platelet-derived growth factor receptors
(PDGFR), and C-Tyrosinkinase (c-KIT)) Pazopanib has been
proven effective and currently is being tested in numerous
phase II trials (11-14).

Nintedanib (BIBF 1120) targeting VEGFR, PDGFR, and
Fibroblast growth factor receptors (FGFR) is yet another oral
triple angiokinase inhibitor that is currently being studied as
the first-line therapy of ovarian cancer. A randomized phase
III trial in a cohort of 1,366 patients has shown that the
primary endpoint (median PFS) was prolonged from 16.6 to
17.3 months (HR=0.84; 95% CI=0.72-0.98; p=0.024) (15).

The oral tyrosine kinase inhibitor cediranib has been
shown to be a potent inhibitor of all three VEGF receptors
(VEGFR-1, -2, -3) and c-kit with pronounced selectivity for
VEGFR-2 in an open-label phase II trial followed by a
randomized, double-blind, placebo-controlled phase III trial.
The results of a randomized phase II trial investigating the
combination of cediranib 30 mg daily and the Poly(ADP-
ribose) polymerase (PARP) inhibitor olaparib 200 mg twice
dialy vs. olaparib 400 mg twice dialy alone in 90 women
with recurrent platinum-sensitive ovarian cancer and a
deleterious germline Breast cancer gene (BRCA)1 or 2
mutation has focused the attention on the drug further. The
international randomized phase III Platine, avastin and
olaparib in 1st line (PAOLA-1) trial initiated recently by the
french Groupe d’investigateurs nationaux pour l’étude des
cancers ovariens (GINECO) to investigate the combination
of chemotherapy, anti-angiogenic therapy and PARP
inhibitors in the first-line setting for ovarian cancer patients
is worth the mention in this context (16-18).

Sunitinib, a multikinase inhibitor targeting VEGF
receptors, PDGF receptors, stem cell factor receptor (KIT)
and FMS-like tyrosine kinase-3 (Flt-3), is currently in phase
II studies for ovarian cancer and recurrent disease (19).

Sorafenib is another oral multitargeted tyrosine kinase
inhibitor blocking VEGFR2, VEGFR3, as well as PDGFR
beta, Flt-3, and c-kit (26) that also has partial inhibitory
effects on portions of the RAS/RAF/MEK/ERK signaling
pathway that has been established to have a pivotal role in
the development of ovarian cancer (20).

Studies on Targeting Signaling Pathways 

Numerous studies have shown that targeting specific signaling
pathways involved in cancer progression could be a promising
molecular therapeutic choice in combating cancer in terms of
inhibition of cell migration, invasion and tumor growth.

Recent studies have revealed that targeting GRB7/ERK/
FOXM1 signaling pathway impairs aggressiveness of ovarian
cancer cells. Subsequent to the findings that inhibition of ERK
signaling by U0126 (1,4-diamino-2,3-dicyano-1,4-bis (2-
aminophenylthio)butadiene) or PD98059 (2-(2-Amino-3-
methoxyphenyl)-4H-1-benzopyran-4-one) could reduce the
level of FOXM1 in GRB7-overexpressing ovarian cancer cells,
it is suggested that GRB7, ERK and FOXM1 are regulated in
a cascade or orderly sequence. In vitro and in vivo studies have
shown that inhibition of ERK activity by U0126 or PD98059,
or decreased FOXM1 expression by Thiostrepton drastically
inhibits cell migration, invasion and tumor growth (21).

Sufficient attention has been drawn on the Sphingosine
kinase 1 (SPHK1), the enzyme that produces Sphingosine 1
phosphate (S1P). Studies have confirmed the extensive
expression of SPHK1 in the tumor stroma of High-grade
serous ovarian cancer (HGSC) and its pivotal role in the
differentiation and tumor promoting function of cancer-
associated fibroblasts (CAFs). These studies have further
exhibited that pharmacological inhibition of SPHK1 in
ovarian fibroblasts could attenuate TGF-β-induced expression
of CAF markers, reducing their capacity to stimulate ovarian
cancer cell migration and invasion. Elucidation of the
mechanism by which SPHK1 mediates TGF-β signaling
through transactivation of S1P receptors (S1PR2 and S1PR3),
leading to p38 MAPK phosphorylation and in vivo
confirmation of reduction of tumor growth and metastasis in
SPHK1 knockout mice have further widened the scope for
further investigations on the potential of SPHK1 inhibition as
a novel stroma-targeted therapy in HGSC cases (22).

It is imperative to mention the focus on targeting cyclin-
dependent kinase pathways in the treatment of ovarian and
other gynaecological cancers. The new class of targeted-
therapeutic agents known as the CDK 4/6 inhibitors target
the CDK 4/6 kinases that promote transition through the cell
cycle. Some of the oral CDK 4/6 inhibitors now under active
clinical trials include palbociclib, abemaciclib and ribociclib
and have been reported to have negligible toxicity (23). 

A recent study has shown that a chemically synthesized
isoflavone analog (RY-2f), suppressed PI3K/AKT/mTOR
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signaling and is a potential targeted therapeutic. In vivo
studies have revealed that RY-2f could effectively block an
A2780-induced xenograft tumor growth with no detectable
toxicity in the animals at the therapeutic doses. Studies have
also implied that that this isoflavone analog, inhibits ovarian
cancer cell proliferation, blocks cell cycle in G2/M phase and
induces cellular apoptosis through up-regulation of p21,
cyclin B1, Bax, Bad and cleaved-PARP, and suppression of
cyclin A, CDK2 and Bcl-2. An improved synergistic
therapeutic effect of RY-2f and cisplatin has also been
elucidated in cell proliferation and colony formation assays
as well (24). 

Importunate activation of STAT3 activated by janus
family kinases (JAK) via cytokine receptors, growth factor
receptor, and non-growth factor receptor tyrosine kinases is
often detected in ovarian cancer. Moreover, studies have
shown that activation of STAT3 mediates tumor cell
proliferation, survival, motility, invasion, and angiogenesis,
suppresses antitumor immune responses and supports tumor-
promoting inflammation. An elucidation and evaluation
study on targeted blockade of JAK/STAT3 signaling in
inhibition of ovarian cancer is worth the mention in this
context. Evaluation of AZD1480, a novel ATP-competitive
JAK inhibitor, on cell viability, apoptosis, proliferation,
migration, and adhesion of ovarian carcinoma cells in vitro
and in vivo assessment of tumor growth, progression, gene
expression, tumor-associated matrix metalloproteinase
(MMP) activity, and immune cell populations in a
transgenic mouse model of ovarian carcinoma has shown
that AZD1480 treatment inhibits STAT3 phosphorylation,
DNA binding, migration and adhesion of cultured ovarian
carcinoma cells with a diminished ovarian tumor growth
rate, volume, and ascites production. Thus, therapeutic
pharmacologic inhibition of the JAK2/STAT3 pathway can
disrupt ovarian tumor growth and warrants further
investigation as a targeted therapy (25).

Studies involving the treatment of isolated tumor cells
from the ascites of ovarian cancer patients and HEY ovarian
cancer cell line with paclitaxel in a mouse xenograft model
and in vitro assays have shown that the inhibition of the
JAK2/STAT3 pathway in ovarian cancer results in the loss
of cancer stem cell-like characteristics (2) and a reduced
tumor burden. Subsequent to the findings that treatment of
isolated tumor cells from the ascites of ovarian cancer
patients and HEY ovarian cancer cell line with paclitaxel
results in a CSC-like residual population which goes in
tandem with the activation of Janus activated kinase 2
(JAK2) and Signal transducer/activation of transcription 3
(STAT3) pathway in paclitaxel surviving cells, it has been
established that a low dose JAK2-specific small molecule
inhibitor (Momelotinib) CYT387 (1 μM) inhibits paclitaxel-
induced JAK2/STAT3 activation and CSC-like characteristics
in vitro and a reduced tumor burden in vivo (2).

Sufficient attention has been drawn on the
phosphatidylinositol 3 kinase (PI3K) pathway, which is
frequently altered in ovarian cancer patients. Quite a number
of novel therapeutics including dual mTORC1/mTORC2,
Akt, and PI3K inhibitors are under active investigation.
Given the fact that a random inhibition of the
PI3K/Akt/mTOR pathway in a nonspecific ovarian cancer
cohort could have little or no effect, it is recommended to
select specific histological types, like clear cell or
endometrioid ovarian cancer with phosphatidylinositol-4,5-
biphosphate 3-kinase, catalytic subunit alpha (PIK3CA)
and/or phosphatase and tensin homolog (PTEN) alterations
in such studies. It is further suggested that the PI3K pathway
inhibition could be more effective in combination with either
chemotherapy or other targeted therapies, including MEK
inhibitors, anti-angiogenic therapy in specific histological
types of the ovarian cancer due to the intricacy of the PI3K
signaling mechanism (26). 

Studies on Induction of Apoptosis 

Previous studies on apoptosis induction in cancer cells have
demonstrated that an adenovirus type 5 E1A enhances the
sensitivity of paclitaxel in paclitaxel-resistant HER-2/neu-
overexpressing human ovarian cancer cells in vitro by
inducing apoptosis. The studies have further elaborated that
apoptosis induction is largely dependent on activation of the
caspase-3 pathway (27).

A study designed to explore the effects of liposome-
survivin antisense oligonucleotide (Lip-ASODN) on the
growth and apoptosis of human ovarian cancer cell lines,
A2780 and SKOV3 and investigate the use of survivin as a
therapeutic target on ovarian cancer has established that the
overexpression of survivin leads to infinite carcino-
proliferation, and survivin expression in the survivin-positive
ovarian cancer cell line A2780 and SKOV3 cells could be
significantly and gradually reduced when transfected with
Lip-ASODN at concentrations of 200, 400 and 600 nM. The
study has further shown that Lip-ASODN transfection
induces greater apoptosis rates in the human ovarian cancer
cell lines A2780 and SKOV3 (p<0.05) (28).

Enzastaurin (LY317615.HCl), a selective inhibitor of
protein kinase C beta (PKCbeta), is yet another entity that
causes induction of apoptosis. Studies have shown that a
combination of enzastaurin and pemetrexed inhibits cell
growth and induces apoptosis of chemoresistant ovarian
cancer cells regulating extracellular signal-regulated kinase
1/2 phosphorylation (29).

Recent studies to evaluate the ability of metformin to
induce apoptosis in epithelial ovarian cancer cell lines and
to identify the pathways involved have established that
metformin induced apoptosis in OVCAR-3 and OVCAR-4
cell lines in an Adenosine monophosphate activated protein
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kinase (AMPK)-independent mode and metformin would
induce apoptosis in OVCAR-3 and OVCAR-4 cells by
activating caspases 3/7, down-regulating Bcl-2 and Bcl-xL
expression, and up-regulating Bax and Bad expression (30).

More recent studies have established that the targeted
inhibition of FAK, PYK2 and BCL-XL synergistically
enhances apoptosis in ovarian clear cell carcinoma cell lines.
Tumor necrosis factor-related apoptosis-inducing ligand
(TRAIL) is another targeted therapeutic strategy for ovarian
cancer. A Mitochondrial division inhibitor-1 (Mdivi-1) has
been shown to enhance the sensitivity of human ovarian
cancer cells to death receptor ligands including TRAIL, FAS
ligands, and TNF-α. The absence of significant cytotoxic
effects on non-transformed human cells with the combination
of TRAIL and mdivi-1 enhances the scope further (31).

Discussion

Validation of the verity that short-term treatment of ovarian
cancer cells with chemotherapy results in an enriched
residual cancer stem cell (CSC)-like population that creates
a potentially significant tumor burden and the anti-mitotic
side- effects to the normal cells during chemotherapy has
prompted the exploration of improved therapeutic stratagems
for the treatment of ovarian cancer. 

The synthesis and analysis of these results indicates that
all the three modalities of the targeted therapy discussed viz.,
signal enzymes inhibition, apoptosis induction and
angiogenesis inhibition in the cancer cells are quite effective
with most of the therapeutics in phase II trials. 

Inhibition of paclitaxel-induced JAK2/STAT3 activation with
momelotinib – CYT387 and targeted blockade of JAK/STAT3
signaling with a novel ATP-competitive JAK inhibitor
AZD1480 are noteworthy investigations. In vitro analysis of
tumor xenografts at protein and mRNA levels have
demonstrated a loss of CSC-like markers and CA125 expression
in paclitaxel and CYT387-treated cell-derived xenografts,
compared to paclitaxel only-treated cell-derived xenografts.
Studies on the effects of AZD1480 on in vivo tumor growth and
progression, gene expression, tumor-associated matrix
metalloproteinase (MMP) activity, and immune cell populations
in a transgenic mouse model of ovarian carcinoma have also
demonstrated an inhibition of STAT3 phosphorylation,
migration and adhesion of ovarian carcinoma cells, ovarian
tumor growth rate, volume, and ascites production. 

On studies targeting the induction of apoptosis, apoptosis
induction by Mdivi-1 that enhances the sensitivity of human
ovarian cancer cells to death receptor ligands including
TRAIL, FAS ligands, and TNF-α is a recent significant
investigation with an absence of sizeable cytotoxic effects
on non-transformed human cells. 

Studies on anti-angiogenic targeted therapeutics have
brought forth numerous research and clinical trials targeting

extracellular receptors, those that interfere with VEGF
receptors and multiple additional intracellular pathways that
are VEGF-independent. A double-blind phase III TRINOVA-
1 trial with a peptibody trebananib (AMG386) that acts
through the angiopoietin pathway blocking the binding of the
angiopoietins Ang1/Ang2 to the Tie2 receptor addressing a
VEGF independent, parallel anti-angiogenic pathway; studies
on the fusion protein aflibercept containing VEGF binding
domains from extracellular regions of the VEGF receptor 1
(VEGFR-1) and VEGFR-2 in phase II clinical trial; inhibition
of angiogenesis by multikinase inhibitors in multiple phase II
clinical trials; an oral triple angiokinase inhibitor nintedanib
(BIBF 1120) targeting VEGFR, PDGFR, and FGFR in phase
III trial; The international randomized phase III PAOLA-1
trial initiated recently by the French Groupe d’Investigateurs
Nationaux pour l’Étude des Cancers Ovariens (GINECO) to
investigate the combination of chemotherapy, anti-angiogenic
therapy and PARP inhibitors in the first-line setting for
ovarian cancer patients are noteworthy investigations.

Conclusion

Corroboration of the fact that a single short-term treatment
of ovarian cancer cells with chemotherapy could result in a
cancer stem cell (CSC)-like enriched residual population that
would potentially generate significantly greater tumor burden
and failure to demonstrate the efficacy of key targeted
angiogenesis inhibitors like bevacizumab in the overall
survival (OS) instead of just a progression-free survival
(PFS) in various studies including the ICON7 and the GOG-
218, the OCEANS and the AURELIA trials has fuelled the
search for better targeted-therapeutic manoeuvres for ovarian
cancer, resulting in an arsenal of novel successful targeted
therapeutics that specifically target signal enzymes, induce
apoptosis and inhibit angiogenesis in site-specific ovarian
cancer cells more effectually. 
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