
Abstract. Ovarian cancer (OC) is ranked as the eighth most
common gynecological malignancy and is the leading cause of
gynecological cancer-related deaths in women worldwide. The
response to platinum- and taxane-based chemotherapy is very
often poor, and targeted-therapeutics are currently being tested
in patients with OC. Sorafenib is a non-selective multiple kinase
inhibitor with proven antiproliferative effects in thyroid, renal
and hepatocellular carcinoma. Sorafenib acts on vascular
endothelial growth factor (VEGF) and on platelet-derived
growth factor (PDGF) related pathways. It also influences the
rat sarcoma proto-oncogene/rat fibrosarcoma protein
kinase/mitogen activated protein kinase (RAS/RAF/MAPK)
pathway and blocks tumor growth factor beta-1 (TGF-β-1)-
mediated epithelial-mesenchymal transition (EMT). Sorafenib
also acts at the epigenetic level altering the histone acetylation
pattern. There have been phase I, II and III studies investigation
sorafenib in OC. We review several trials in which sorafenib has
been administered as single-agent or combined with other
chemotherapeutics. Unfortunately, the effect of sorafenib was
usually modest and complete response was rarely observed.
Adverse effects occurred frequently, including rash, diarrhea,
edema and weight gain. Sorafenib evidently blocks EMT in
vitro. However, in the conducted trials, sorafenib was
administered to patients with highly advanced tumors. We posit
that blocking EMT may be more effective in early-stage disease.
We also presume that sorafenib would work particularly well in
the treatment of clear cell OC, since this type of OC has

different molecular characteristics from usual OC and is less
sensitive to standard chemotherapy. Furthermore, the
combination of sorafenib with other multiple-kinase inhibiting
agents, e.g. ABT-869, a targeted-agent mainly acting in the
VEGF and PDGF pathways, should be investigated in further
detail. It is probable that synergistic effects can be achieved.

Ovarian cancer (OC) is an umbrella term for malignancies
that originate from the ovary, comprising various
histopathological subtypes. They differ in their biological
behavior and thus also in their response to current treatment
modalities. Response to treatment is often poor, even though
the clinical outcome normally depends more on the tumor
stage than on the histological type (1). The current
classification of ovarian neoplasms includes three tumor
types, according to their histological differentiation, namely
epithelial, sex-cord/stromal, and germ cell neoplasms.
Epithelial OC is the most common sub-type, accounting for
about 85% of all ovarian neoplasms (2). It is ranked as the
eighth most common female malignancy and is the leading
cause of gynecological cancer deaths in women worldwide.
OC is especially prevalent in industrialized nations (3).
Currently, radical surgery is the established treatment
strategy for the management of ovarian tumors. Patients first
undergo a staging procedure according to the current
classification and correspondingly, cytoreductive debulking
of the tumor is performed. This is usually followed by
platinum- and taxane-based adjuvant chemotherapy (4, 5).
The tumor mass remaining after surgery is the most
important prognostic factor (6). In FIGO stage I, curative
unilateral salpingo-oophorectomy (USO) can be performed
in order to retain fertility (7, 8). Most patients present with
FIGO stages III or IV. In these cases, patients have to
undergo abdominal hysterectomy and bilateral salpingo-
oophorectomy (BSO) along with omentectomy.
Additionally, lymphadenectomy, as well as sampling of the
peritoneal fluid, is mandatory (8). This procedure is
followed by chemotherapy. In well-differentiated stage IA
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or IB disease, adjuvant chemotherapy is not recommended
since >90% of the patients survive progression-free longer
than 10 years after tumor resection (9). Platinum-based
regimens are preferred for stage IA or IB high-grade tumors
(10). Today’s standard first-line chemotherapy of advanced
OC is the combination of platinum (usually carboplatin) and
a taxane (usually paclitaxel), given intravenously every 21
days for six cycles (11-13). However, the recurrence rate of
advanced OC is high despite treatment (14). Current
research is, therefore, focusing on new treatment options to
enhance chemotherapy outcome in OC, especially by
targeting of specific molecules. In the recent past, the
introduction of the VEGF antibody bevacizumab into
chemotherapeutic treatment regimens has resulted in
statistically significant positive effects on progression-free
survival (PFS) in patients enrolled in phase II and phase III
clinical studies, compared to control groups receiving
standard chemotherapy only (15, 16). Studies by the
International Collaboration on Ovarian Neoplasms (ICON-
7) and the Gynecologic Oncology Group (GOG-218)
demonstrated prolonged PFS compared to the classic
platinum- and taxane-based chemotherapy for patients with
OC (17). The GOG reported in a double blind randomized
phase III trial that adding bevacizumab to conventional
chemotherapy increased the median PFS compared to the
control group by about four months, with the hazard ratio
for death or progression being 0.717 [95%/CI=0.625 to
0.824; p<0.001] compared to the controls, who received
chemotherapy only (17, 18). Aghajanian et al. showed in a
multi-center phase III study including 484 patients, that the
PFS of patients treated with bevacizumab was improved
compared to the controls, with 12.4 and 8.4 months
respectively; the hazard ratio of progression was 0.484
[95%/CI=0.388 to 0.605; p<0.0001] (19). 

Sorafenib Acts on Various Pathways Related to
Carcinogenesis and Tumor Progression

Sorafenib is a non-selective multi-kinase-inhibitor, which has
proven anti-proliferative effects in thyroid cancer, renal cell
carcinoma (RCC) and in hepatocellular carcinoma (HCC)
(20, 21). It is an antibody designed to inhibit signaling in the
VEGF and PDGF receptor pathways. It exerts its effects by
binding to tyrosine kinases and the Raf kinase, resulting in
cell-cycle inhibition and is thereby attenuating tumor growth
(22). In a randomized clinical study, Escudier et al. showed,
that sorafenib can extend the PFS in patients by
approximately 2.7 months as compared to the control group
(23). Therefore, sorafenib was approved for the treatment of
RCC (in 2005) and HCC (in 2007) by the US Food and Drug
Administration (FDA) (23, 24). It has been shown that
sorafenib effectively prolongs survival in patients with
advanced HCC (20). There have been two large randomized,

double-blind, placebo-controlled, multi-center phase III trials
that clearly provided evidence for the efficacy of sorafenib in
prolonging median overall survival and also in delaying the
median time to progression in patients with HCC (24-26).
Sorafenib has also been investigated in combination with
bevacizumab in metastatic breast cancer (27). This
combination was found to cause severe toxic effects, with
50% of the patients reporting grade 3 toxicity. The side-
effects comprised of hypertension, gastrointestinal toxicity,
neuropathy, rash, pain and wound complications. Complete
or partial response was not observed in any of the patients.
Therefore, the authors did not recommend further
investigation of the sorafenib/bevacizumab combination for
metastatic breast cancer (27). Schwartzberg and colleagues
investigated the addition of sorafenib to either gemcitabine or
capecitabine in patients with advanced, Her2-negative breast
cancer who had progressive disease despite treatment with
bevacizumab (28). A clinically modest, but statistically
significant benefit in PFS was observed (28). 

The RESILIENCE phase III trial is currently investigating
the addition of sorafenib to first- or second-line capecitabine
therapy for advanced stage, Her2-negative breast cancer (29).
Sorafenib may also be of relevance with respect to the
treatment of peritoneal cancer (30). In mouse models for
epithelial growth factor receptor (egfr-) for Her2-
overexpressing and for RAS/RAF mutant breast cancer,
sorafenib acted synergistically with the pan-cyclin-dependent
kinase-inhibitor flavopiridol. Mice treated with both drugs
showed reduced primary tumor growth rates and reduced
metastatic tumor loads (31). Sorafenib exerts its antitumoral
activity on the one hand via direct effects on cancer cells,
and on the other hand, via indirect effects on endothelial
cells (32,33). Sorafenib acts at the VEGF receptor (VEGFR)
the PDGF receptor (PDGFR), at the fms-related tyrosine
kinase-3 (FLT3) and at v-KIT Hardy-Zuckerman 4 feline
sarcoma viral oncogene homolog (c-KIT) (30). 

Sorafenib is administered orally as a bisaryl urea (30). The
anti-tumoral activity of sorafenib is most probably due to the
inhibition of tumor growth and angiogenesis by blocking
several receptor tyrosin kinases (23, 24, 34). Zhang et al.
found, that sorafenib also inhibits the coordinated epigenetic
switching in the RAS/RAF/MAPK pathway and in the
ERBB signaling pathway (35). To examine whether
sorafenib could impair TGF-β-induced EMT in epithelial
cells, human alveolar (A549) epithelial cells, a lung
adenocarcinoma cell line, have been used. A549 epithelial
cells are an ideal in vitro model for assessing EMT and
carcinogenesis. According to this investigation by Zhang and
colleagues, sorafenib probably has much broader effects than
currently supposed. As a matter of fact, sorafenib has been
demonstrated to also act at the epigenetic level and to alter
gene expression (35). Table I gives a brief drug-summary
about sorafenib (Table I).
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TGF-β-1-mediated EMT of Cancer Cells Is
Blocked by Sorafenib

Sorafenib is the first oral chemotherapeutic agent that has the
power to regulate gene expression and cellular activity via
epigenetic reprogramming of DNA by histone modification.
Thereby, sorafenib strongly inhibits tumor growth and
angiogenesis (35). 

Sorafenib has been demonstrated to significantly inhibit
tumor growth and tumor invasion of adjacent tissue, because
it prohibits EMT (35). EMT is believed to be essential for
the progression of malignant diseases as it alters cell
adhesion, cytoskeleton re-modeling, cell migration and
MAPK-signaling (35-37). Whenever tumor cells that are
derived from the epithelium lose their specific function and
acquire mesenchymal features, the primary tumor progresses
towards metastasis. The epithelial cells lose their
characteristics in the process of EMT and become more
motile and invasive (38, 39). It has been demonstrated that
in OC, tumor cells undergo EMT, which is accompanied by
invasive growth and metastasis. Thus, EMT plays a crucial
role in ovarian carcinogenesis and blocking this process
with sorafenib might be beneficial for a patient’s outcome
(40). TGF-β1-induced EMT is probably the most common
route leading to tumor metastasis. TGF-β influences wound
healing, cell proliferation and differentiation and controls
apoptosis (38, 41-44). In early tumor stages, TGF-β works
as a tumor suppressor as it inhibits cell growth and induces
apoptosis. However, in advanced stages, TGF-β is a tumor
promoter, because tumor cells cannot be growth-arrested by
TGF-β, undergo EMT and become invasive. EMT is then
induced by TGF-β1 (38). Sorafenib has been demonstrated
to suppress TGF-β1-induced EMT in alveolar epithelial
cells (35, 45).

The Anticarcinogenic Mechanism of Histone
Deacetylase Inhibitors (HDACIs) Resembles the
Effect of Sorafenib

De-acetylation of histones plays an important role in various
mechanisms of tumorigenesis, including cell-cycle control,
apoptosis, angiogenesis and invasive growth (46, 47).

The regulation of transcription in eukaryotic cells is
mainly based on acetylation and de-acetylation of histones
(48). The most important regulators of the histone acetylation
pattern are histone acetyltransferases (HATs) and histone
deacetylases (HDACs). The acetyl group from the amino
acid lysine in the histone tail is removed by HDACs.
Consequently, the chromatin structure becomes more
compact and gene transcription is repressed, as access to the
transcription factors is then more difficult (49-51). HDACIs
have been developed as therapeutic agents in cancer
treatment (52). HDACIs act at the epigenetic level, inhibiting
cell growth and proliferation similarly to sorafenib (47).
Interestingly, HDACIs alone did not bring significant benefit
in clinical use. There is even evidence for EMT induction by
HDACIs, thus leading rather to tumor aggressiveness when
administered as single-agents (49). Therefore, it is advisable
to always combine HDACIs with drugs that specifically
block EMT. As a consequence, sorafenib, as an EMT-
blocking agent, is an option for a combination with HDACIs. 

It has been shown by Zhang et al. that the expression
levels of several HDACs (HDAC1, HDAC2, HDAC4,
HDAC5 and HDAC8) were enhanced in cells undergoing
EMT. In cells treated with sorafenib, however, there was no
enhancement of these HDACs, suggesting that sorafenib
probably blocks a vast variety of HDACs (35). In another
trial by Tang et al. it was demonstrated that sorafenib
synergistically acts with HDACIs in the elimination of CNS
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Table I. Drug summary of sorafenib.

Sorafenib: Drug Summary 

Name Sorafenib 

Chemical formula C21H16CIF3N4O3

Chemical structure 

Administration route Oral 

Dosage 400 mg b.i.d. 

Indication 2005: FDA approval for advanced renal cell carcinoma.
2006: Marketing authorization given by the  European Commission for renal cell carcinoma.
2007: Marketing authorization given by the European Commission for hepatocellular carcinoma;
FDA approval for hepatocellular carcinoma.



tumor cells (53). Furthermore, Gahr et al. reported on a
patient with metastatic HCC who was treated with both
sorafenib and an HDACI, and consecutively showed a partial
remission of the primary tumor and the metastasis for five
months (54). A synergistic effect of HDACIs with sorafenib
in clinical use is probable, however, this has to be
investigated in further detail.

Sorafenib Unfolds Its Anti-Tumoral Activity by
Interacting with EMT-Associated Genes

During EMT, sorafenib continuously restores the changes that
result from histone modification (35, 55). In critical EMT-
associated genes, sorafenib suppresses the coordinated
epigenetic switching, i.e. the switch from E-cadherin to N-
cadherin expression, which is a characteristic of EMT (35,
56-58). Zhang and colleagues performed a study where
markers of active euchromatin (H3K4me3 and H3K9ac) were
determined in the promoter region of E-cadherin and N-
cadherin in A549 alveolar epithelial cells, an established in
vitro model for EMT. The markers were assessed on the
protein level via western-blotting and via chromatin
immunoprecipitation followed by high throughput sequencing
(ChIP-seq). As expected, both the markers were decreased in
the E-cadherin promoter and increased in the N-cadherin
promoter as the cells underwent EMT. Moreover, Zhang et al.
showed an increased expression of the adhesion molecules
OB-cadherin and CDH19 from the cadherin superfamily in
their promoter regions. These epigenetic changes that were
obviously induced by EMT were impressively blocked when
the cells were treated with sorafenib (35).

Apart from E-cadherin and N-cadherin, there are many
other EMT-associated genes, which we briefly describe here:
One of the most important EMT-associated genes is keratin-
19 (KRT19), which shows decreased expression in tumor
tissue and is highly associated with metastasis (56). Keratins
are epithelial markers whose down-regulation leads to EMT
(59). Another important EMT inducer is twist basic helix-
loop-helix transcription factor 1 (TWIST1), which promotes
EMT by repressing E-cadherin expression. Loss of E-
cadherin makes cells less adherent to adjacent structures and
gives them the potential to migrate (60). The association of
TWIST1 expression and metastasis is a well-established
phenomenon (60, 61). The transcription factor-3 (TCF3)
gene is also known to repress E-cadherin and it is known to
be involved in the cellular acquisition of mesenchymal
features (62). ERBB3, which is a member of the EGFR
family, has the potential to heterodimerize with other ERBB
receptors. Thereby, it can switch on pathways that
consecutively promote cell proliferation and differentiation
(63, 64). However, some studies also indicate that ERBB3
can promote apoptosis and therefore prohibit tumor growth
and metastasis (65-67). Down-regulation of the CDH1 gene

that leads to loss of E-cadherin expression is also associated
with EMT (35). Increased expression of the zinc finger E-
box binding homeobox 1 and 2 genes (ZEB1, ZEB2), both
repressing E-cadherin, and increased expression of the
ERBB receptor feedback inhibitor-1 (ERRFI-1) gene, which
is associated with cell growth and of sirtuin 1 (SIRT1), a
gene that can de-acetylase histones and silence genes of cell
cycle regulation, thereby blocking apoptosis and the
elimination of damaged cells, also leads to EMT (35). 

Additional genes that are associated with EMT are
caldesmon 1 (CALD1), that is a promoter for cell proliferation,
loss of desmoplakin (DSP), which is normally responsible for
cell-to-cell adherence and snail homolog 2 SNAIL2, that
encodes a protein which represses E-cadherin and thus has
anti-apoptotic effects. Furthermore, secreted protein, acidic,
cysteine-rich (SPARC), that makes cells change shape and
thereby promotes tumor cell invasion and metastasis is involved
in EMT (56). Members of the integrin family alter the cell-cell
or cell-extracellular matrix adhesion in TGF-β-mediated EMT
and also promote tumor invasion and metastasis (68).

Many genes that play a role in cell contact are known to be
involved in EMT and carcinogenesis. For example, it has been
demonstrated that desmoplakin (DSP) and plakophilin-1
(PKP1) are under-expressed in OSCC cells (69). Deletion of
DSP has been shown in a mouse model of pancreatic
neuroendocrine carcinogenesis (70). Occludin, claudins and
junctional adhesion molecules are transmembrane proteins that
form tight junctions. In the course of carcinogenesis, these
tight junction proteins are altered, changing their position and
the gene expression levels (71-75). For instance, claudins are
up- or down-regulated depending on the tumor entity, or are
located differently in breast, colorectal and pancreatic cancer
(71-75). Occludin is down-regulated in various tumors and is
distincty associated with EMT (76-79). Zonula occludens
protein 1 (ZO-1) is also up- or down-regulated in many types
of tumors (80). Furthermore, adherens junctions are important
for sustaining cellular adhesion and changes in the expression
or function of adherens junction components are associated
with invasive growth of cancer (81-83). 

In conclusion, it is suggested that sorafenib interferes with
TGF-β1-induced EMT via the inhibition of targeted kinase
phosphorylation and also via the inhibition of transcription of
EMT-related genes at the epigenetic level (33, 35). This effect
has been shown for some members of the E-cadherin family,
but further research is needed to demonstrate the blocking of
transcription by sorafenib for other EMT-associated genes.

Histone-modifying Enzymes Are 
Regulated by Sorafenib

Sorafenib has an impact on the function of histone-
modifying enzymes, namely HATs, and thereby potentiates
histone acetylation (35, 84). As described above, Zhang et

ANTICANCER RESEARCH 34: 1519-1530 (2014)

1522



al. have assessed markers of active euchromatin in TGF-β1
stimulated cells (35). After TGF-β1 stimulation, there was
an increase of the marker H3K27me3. In TGF-β1 stimulated
cells that were treated with sorafenib, this effect was reversed
because of the sorafenib-mediated prohibition of epigenetic
switching in these cells (35). Sorafenib prohibited the
epigenetic switching by interacting with the promoters of
TGF-β1, SNAIL and snail homolog-2 (SLUG) (35). In this
study, significant differential histone modification regions
(DHMRs) were crossmatched between the controls, TGF-β1-
stimulated cells and TGF-β1-stimulated plus sorafenib-
treated cells. The DHMR signals were highly divergent
between control and TGF-β1-treated cells, but in TGF-β1
plus-sorafenib-treated cells there were hardly any differences
compared to the controls.

Proteins of the extracellular matrix (ECM) promote the
formation of carcinomas by the induction of cellular
transformation and metastasis (85). Sorafenib effectively
blocks the epigenetic switching in the promoter regions of
several ECM genes, such as collagen type-I alpha-1
(COL1A1) and collagen type-V alpha-1 (COL5A1).

Sorafenib in Ovarian Cancer - 
Review of Clinical Data

Since sorafenib inhibits the kinases c-RAF and b-RAF
which participate in the MAPK pathway that is activated in
OC, this drug is used in patients with OC in combination
to standard (platinum and taxane-based) chemotherapy or
as single-agent (86, 87). The RAS/RAF/MAPK pathway is
activated via RAS and b-RAF, predominantly in ovarian
tumors with low malignant potential, i.e. low-grade serous,
mucinous and clear-cell OC (88-90). In high-grade lesions
of the ovary, the pathway is activated rather by
overexpression of c-RAF, which is a predictor of poor
prognosis.

Several phase I studies have been conducted where the
effect of sorafenib in treatment of solid tumors has been
investigated (91-97). Six among of studies also included OC
(91, 92, 94-98). In these trials, the patients were treated with
sorafenib once- or twice-a-day at different dosages (about
50-800 mg per single dose). Complete response was rarely
observed, and it was evident that patients only benefited
from sorafenib treatment when continuously treated with a
dosage around 100 mg b.i.d.

Phase II studies on sorafenib in OC have unfortunately
demonstrated only minimal benefit (30, 99-104).

The impact of sorafenib in combination with classic
chemotherapy. A multi-center, phase I study evaluated the
efficacy of the combination of sorafenib with gemcitabine in
patients with advanced solid tumors (95). In this trial, two
patients with OC that had been pre-treated with taxane,

platinum and anthracycline therapies experienced a partial
remission (95). Welch et al. designed a study in which the
safety and efficacy of the combination of gemcitabine with
sorafenib should be tested (101). A total of 43 patients with
recurrent epithelial OC were included. Two patients
experienced a partial remission and 10 out of the 43 patients
maintained response or stable disease for at least six months.
Even though prolonged stable disease was observed, the low
overall response rate (4.7%) did not reach the threshold to
be considered effective (101).

In another phase I trial the safety and pharmacokinetics of
the combination of sorafenib with irinotecan was evaluated
(96). In 60% of the patients, sorafenib and irinotecan led to
disease stabilization (96).

In a phase II trial by Ramasubbaiah et al., sorafenib with
weekly topotecan was investigated in patients with platinum-
resistant OC and in patients with primary peritoneal cancer
(99). Topotecan was administered intravenously at a dosage of
3.5 mg/m2 and sorafenib was administered orally at 400 mg
per day. Partial remission was observed in one patient, whereas
10 patients experienced stable disease. Nine out of the latter
patients remained stable for more than three months (99).

In another phase II trial sorafenib was co-administered
with carboplatin and paclitaxel in a neoadjuvant setting (100).
Four patients were included using a 3-week interval schedule.
Sorafenib was administered at a dosage of 400 mg b.i.d. and
cytoreductive surgery was performed thereafter. Following
surgery, one cycle of carboplatin and paclitaxel was planned
followed by another three cycles of carboplatin and paclitaxel
in conjunction with sorafenib. However, after surgical
treatment, all patients had to be dismissed from the study
because of severe toxic side-effects. They included cardiac
output failure and myocardial infarction. Moreover, 2 out of 4
patients had primary progressive disease. On the basis of
these observations, the study had to be stopped (100).

Sorafenib combined with bevacizumab. Azad et al. conducted
a study in which the combination of sorafenib and
bevacizumab was investigated in patients with advanced
solid tumors, including 13 patients with OC (97). Six (46%)
out of the 13 OC patients experienced partial remission (97).
In a study by Lee et al., 19 patients with epithelial OC
received sorafenib and bevacizumab at different dosages.
Eight out of 19 patients (42%) experienced partial remission,
on average lasting for ≥4 months, and seven out of 19 (37%)
reported stable disease lasting for ≥ 4 months. Thus, an
overall benefit was observed in 15 out of 18 (79%) of the
patients with OC (98).

Kohn et al. also evaluated the combination of sorafenib
and bevacizumab in a phase II trial (102). Among 25
investigated patients, 6 had partial remission, lasting for a
median of 15.5 months. In 16 women, stable disease that
lasted for a median of 5 months was reported. 
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Sorafenib as single agent. In a phase I, dose-escalation study
by Strumberg et al., some patients experienced stable disease
for up to >1 year, and in one patient that suffered from RCC
disease even stabilized for more than two years (91).

In a trial by Awada et al., sorafenib was administered for
21 consecutive days followed by seven days off treatment.
In this study, 44 patients with refractory solid tumors were
included and one of them was suffering from OC. Half of the
patients experienced stable disease, but only 6% of the
patients stabilized for more than 1 year (92).

In another phase I study by Moore et al., 41 patients with
solid tumors were evaluated, including 10 patients suffering
from OC. Only 22% of the patients treated with sorafenib
experienced stable disease (with an average duration of 7.2
months), whereas the other 78% experienced deterioration of
their disease (94).

In an open-label, multi-institutional phase II study, the
impact of sorafenib in patients with recurrent OC or primary
peritoneal cancer was evaluated (30). A total of 59 patients
were included in the evaluation for drug efficacy and
received 400 mg of sorafenib b.i.d. Two out of 59 patients
experienced partial remission and 20 out of the 59 had stable
disease, lasting for a mean of 6.14 months (30). 

The efficacy, safety and tolerance of sorafenib as single-
agent used as third-line therapy was evaluated in patients
with epithelial OC or primary peritoneal cancer (103).
Sorafenib was administered to 11 patients at a dosage of 
400 mg b.i.d. in a 4-week cycle. None of the patients
experienced partial or complete remission, nor stable disease
lasting for longer than 6 months. The study was cancelled
before the planned period of time was reached (103).

Recently, a randomized, double-blind, placebo controlled
phase II study was conducted to analyze the effectiveness of
maintenance therapy with sorafenib in OC (104). A total of
246 patients with either epithelial OC or primary peritoneal

cancer in complete remission were randomized to sorafenib
400 mg b.i.d. or to placebo. In this study, 39 events of
progression were observed in the sorafenib group and 68
events of progression in the placebo group. Evidently, there
was no significant difference between sorafenib and placebo
(104).

Phase III trials. In a phase III trial that was carried out by
Matei et al., sorafenib was administered at a dosage of 
800 mg per day in a group of patients with recurrent or
persistent OC and peritoneal cancer (30). In all patients,
ERK and b-RAF were expressed in the respective tumors. A
total of 24% of the investigated patients survived for at least
six months without progression, but the other patients
responded only partially to sorafenib therapy, or their disease
remained stable or became progressive (30). Unfortunately,
severe toxic side-effects were observed in this trial, most
commonly metabolic side-effects, such as weight gain or
increased appetite. Table II summarizes common side-effects
of sorafenib. Diarrhea is one of the most frequent side-
effects, occurring in up to 43% of the patients (23). Diarrhea
was also observed in a trial where sorafenib was
administered to patients with advanced HCC. Interestingly,
in this study the occurrence of sorafenib-associated grade 2
or 3 diarrhea was significantly associated with better overall
survival as compared to patients with grade 0 or 1 diarrhea,
respectively (105). 

None of the other side-effects correlated with better outcome
(105). Hypophosphatemia may also be caused by sorafenib and
occurs in up to 45% (23). It is possible that sorafenib induces
exocrine pancreatic dysfunction that leads to vitamin D
malabsorption and secondary hyperparathyroidism, explaining
the hypophosphatemia (106). Vitamin D screening and
pancreatic enzyme replacement should, therefore, be
considered during sorafenib treatment (106).
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Table II. Common adverse effects of sorafenib, observed in a trial by Matei et al. in 71 evaluated patients (30).

Adverse Effect Symptoms Frequency (n=71) Relative frequency (%) 

Gastrointestinal Diarrhea, nausea, vomiting, loss of appetite 56 79 
Dermatological Rash, redness, itching, peeling skin, hand-foot skin reaction 

(redness, pain, swelling or blisters on the palms of the hands 
or soles of the feet), wound healing promblems 54 76 

Metabolic Weight gain or weight loss, edema 43 61 
Pain Skin pain, Pain in the stomach 32 45 
Cardiovascular High blood pressure, failure of cardiac output, QT prolongation 24 34 
Anemia 22 31 
Neuropathy Pathological skin sensations (tingling, burning, numbness) 18 25 
Thrombocytopenia 15 21 
Leukopenia 13 18 
Neutropenia 10 14 



Another phase III trial was set out in which the impact of
sorafenib in patients with recurrent OC was evaluated. Some
patients definitely responded to sorafenib therapy and many
patients at least remained free of progression for several
months during sorafenib intake. However, in many patients
toxic effects were observed. Most commonly, dermatological
toxicity and metabolic abnormalities occurred.
Dermatological side-effects in this study comprised of rash,
severe pain in the palms and soles, swelling in the face or
tongue, or general skin pain (32, 107). The metabolic side-
effects were edema, rapid weight gain or weight loss, and
increased appetite (32, 107).

Discussion and Conclusion

Sorafenib evidently blocks EMT in vitro. However, also the
reverse mechanism, namely mesenchymal epithelial
transition (MET) is crucial for tumor metastasis (108, 109).
As cells have undergone EMT and migrated to the tissue
where they form the metastases, they need to undergo MET,
re-expressing epithelial features in order to persist and
multiply in that tissue (110). It is proposed that EMT is
responsible for the former steps of cancer metastasis,
whereas MET induces the latter (110). Considering this
sequence, in metastatic disease, it might be necessary not
only to block EMT but also to reverse MET. This might
explain why sorafenib did not show good effects in
metastatic OC so far. We posit that a drug that predominantly
inhibits EMT might exhibit a stronger tumor-damaging effect
at a non-metastatic tumor stage. Sorafenib could be
beneficial in first-line OC therapy, combined with
conventional chemotherapeutics. Whether sorafenib brings
any advantage to first-line therapy still needs to be
investigated in detail.

It is furthermore advisable to investigate the impact of
sorafenib in clear cell OC, which has different molecular
characteristics from other types of OC (111). The tumor
biology of clear cell OC differs considerably from the biology
of serous adenocarcinoma and it has also been reported, that it
is less sensitive to standard chemotherapy (112). Ovarian
serous carcinoma is thought to originate from the fallopian
tube, while clear cell carcinomas are associated with
endometriosis and display mutations similar as in atypical
tissues of endometriosis (113, 114). For this reason it is
assumed that ovarian serous carcinomas originate from
neoplastic cells within endometriotic tissue rather than from the
ovarian epithelium (115). It has also been demonstrated that
clear-cell OCs comprise heterogeneous subsets that feature
different DNA copy number abnormalities (116). Depending
on these mutations, some types of ovarian clear cell carcinomas
are more chemosensitive and are associated with a better
prognosis than others (117). Therefore we suggest that further
clinical research should be done on targeted therapy in the

subsets of clear cell OC. We posit that sorafenib would be
preferentially effective in clear cell carcinoma as compared to
other types of OC, effectively inhibiting tumor growth and
reducing tumor size. Such a result has already been shown in
an animal model of clear cell OC (118).

We propose that sorafenib would act synergistically in
combination with other kinase-inhibiting agents. For example,
ABT-869, a new drug that competitively inhibits receptor
tyrosine kinases, acting on mainly the VEGF and PDGF
pathways, showed good anti-carcinogenic effects in vitro and
in animal models (119, 120). In a phase I trial, ABT-869
showed distinct benefit in solid tumors, including lung cancer
and HCC (119). Dovitinib is another multiple-kinase inhibitor
and target of topoisomerase I and II that is currently being
tested in phase III trials (120). Dovitinib is soon to be
scheduled for the treatment of various cancer types (120).
Another example is ENMD-2076, a novel small molecule
kinase inhibitor that, like sorafenib, acts at various pathways
(121). It has effects on angiogenesis, proliferation and on the
cell cycle, and inhibits tumor growth in tumor xenograft
models of breast and colon carcinoma, as well as of melanoma,
leukemia and multiple myeloma (121). Provided that
cumulative toxicities do not occur, we propose that sorafenib,
in combination with other kinase-inhibiting drugs, might
probably have higher efficacy than in some of the previous
studies reported in this review.

The reviewed data still point out that sorafenib does not
offer much benefit in OC treatment and there is a
considerable risk that sorafenib will not be very effective in
combination with other kinase inhibitors either. For OC
treatment, several pathways of tumorigenesis have been
found where targeted agents are available, and on-going
studies are investigating these agents. Drugs with their action
point in the VEGF and EGFR pathways, and also CA-125-,
cell surface-associated mucin 1 (MUC1)-, folate-receptor-α-
and epithelial cell adhesion molecule (EpCAM)-targeting
therapeutics provide novel treatment options for OC (122).
Further targeting agents are emerging which could also offer
clinical benefit in OC. For example, ipilimumab, a blocker
of the cytotoxic T-lymphocyte antigen 4 (CTLA4), can
enhance the adaptive immune response to evolving cancer
because CTLA4 normally inhibits immune effector cells
(123, 124). The clinical data on CTLA4 blockers in OC
shows that in some patients CA-125 levels significantly
decreased due to the action of this agent and in a study
where patients with FIGO stage IV were treated with
ipilimumab, three out of nine patients experienced stable
disease (more than 6, 4 and 2 months respectively) (125). At
present, a phase II trial is ongoing, where ipilimumab as
monotherapy in patients with recurrent, platinum-sensitive
OC is investigated (122). The recognition of cancer by the
immune effector cells can furthermore be enhanced by
monoclonal antibodies that recognize cancer cells themselves
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in order to activate immune effector cells. Catumaxomab is
such a bi-specific antibody that recognizes EpCAM and CD3
molecules (124, 126). The data show, that intraperitoneal
application of catumaxomab reduces malignant ascites with
EpCAM-positive tumor cells in patients with OC (127). A
positive trend in overall survival was also observed in
patients with OC treated with catumaxomab (128).

To date, it is not only monoclonal antibodies that give
future perspectives for a better management of OC. So-called
‘peptibodies’ are artificially-engineered molecules consisting
of a functional peptide which is chimerized with the Fc
immunoglobulin fragment carrier domain. The most
promising peptibody that has been developed over the past
decade is AMG 386 which interferes with angiopoietin and
therefore has antiangiogenic effects, prohibiting blood vessel
formation and tumor growth (122). In contrast to anti-VEGF-
targeting agents, bleeding or thromboembolic effects have
not been reported as adverse effects of AMG 386 in clinical
trials (129). AMG 386 is currently being investigated in OC
in combination with standard chemotherapy (122).

To conclude, it is evident that many targeted-agents may
offer benefit in the treatment of OC. In many of the trials
that have been conducted so far, the investigated patients
were suffering from advanced-stage disease and the trials
were not well-standardized. Further randomized, double-
blind and placebo-controlled trials, enrolling large patient
cohorts, are advisable to determine the benefit of emerging
targeted therapeutics exactly. We posit that most of these
drugs would work most effectively if administered as first-
line therapy in combination with standard chemotherapy, and
in patients at an early tumor stage.

References

1 McCluggage WG: Morphological subtypes of ovarian
carcinoma: a review with emphasis on new developments and
pathogenesis. Pathology 43(5): 420-432, 2011. 

2 Kaku T, Ogawa S, Kawano Y, Ohishi Y, Kobayashi H, Hirakawa
T et al: Histological classification of ovarian cancer. Med
Electron Microsc 36(1): 9-17, 2003. 

3 Jemal A, Bray F, Center MM, Ferlay J, Ward E and Forman D:
Global cancer statistics. CA Cancer J Clin 61(2): 69-90, 2011. 

4 McGuire WP 3rd and Markman M: Primary ovarian cancer
chemotherapy: current standards of care. Br J Cancer 89(Suppl
3): S3-8, 2003. 

5 Armstrong DK: Relapsed ovarian cancer: challenges and
management strategies for a chronic disease. Oncologist
7(Suppl 5): 20-28, 2002. 

6 Bristow RE, Tomacruz RS, Armstrong DK, Trimble EL, Montz
FJ: Survival effect of maximal cytoreductive surgery for
advanced ovarian carcinoma during the platinum era: a meta-
analysis. J Clin Oncol 20(5): 1248-1259, 2002. 

7 Trimbos JB, Vergote I, Bolis G, Vermorken JB, Mangioni C,
Madronal C et al: Impact of adjuvant chemotherapy and
surgical staging in early-stage ovarian carcinoma: European

Organisation for Research and Treatment of Cancer-Adjuvant
ChemoTherapy in Ovarian Neoplasm trial. J Natl Cancer Inst
95(2): 113-125, 2003. 

8 Fader AN and Rose PG: Role of surgery in ovarian carcinoma.
J Clin Oncol 25(20): 2873-2883, 2007. 

9 Young RC, Walton LA, Ellenberg SS, Homesley HD, Wilbanks
GD, Decker DG et al: Adjuvant therapy in stage I and stage II
epithelial ovarian cancer. Results of two prospective
randomized trials. N Engl J Med 322(15): 1021-1027, 1990. 

10 Elit L, Chambers A, Fyles A, Covens A, Carey M and Fung
MF: Systematic review of adjuvant care for women with Stage
I ovarian carcinoma. Cancer 101(9): 1926-1935, 2004. 

11 Aabo K, Adams M, Adnitt P, Alberts DS, Athanazziou A,
Barley V et al: Chemotherapy in advanced ovarian cancer: four
systematic meta-analyses of individual patient data from 37
randomized trials. Advanced Ovarian Cancer Trialists’ Group.
Br J Cancer 78(11): 1479-1487, 1998. 

12 Ozols RF, Bundy BN, Greer BE, Fowler JM, Clarke-Pearson D,
Burger RA et al: Phase III trial of carboplatin and paclitaxel
compared with cisplatin and paclitaxel in patients with
optimally resected stage III ovarian cancer: a Gynecologic
Oncology Group study. J Clin Oncol 21(17): 3194-3200, 2003. 

13 Piccart MJ, Bertelsen K, James K, Cassidy J, Mangioni C,
Simonsen E et al: Randomized intergroup trial of cisplatin-
paclitaxel versus cisplatin-cyclophosphamide in women with
advanced epithelial ovarian cancer: three-year results. J Natl
Cancer Inst 92(9): 699-708, 2000. 

14 Hennessy BT, Coleman RL and Markman M: Ovarian cancer.
Lancet 374(9698): 1371-1382, 2009. 

15 Aghajanian C, Blank SV, Goff BA, Judson PL, Teneriello MG,
Husain A et al: OCEANS: a randomized, double-blind,
placebo-controlled phase III trial of chemotherapy with or
without bevacizumab in patients with platinum-sensitive
recurrent epithelial ovarian, primary peritoneal, or fallopian
tube cancer. J Clin Oncol 30(17): 2039-2045, 2012. 

16 Perren TJ, Swart AM, Pfisterer J, Ledermann JA, Pujade-
Lauraine E, Kristensen G et al: A phase 3 trial of bevacizumab
in ovarian cancer. N Engl J Med 365(26): 2484-2496, 2011. 

17 Burger RA, Brady MF, Bookman MA, Fleming GF, Monk BJ,
Huang H et al: Incorporation of bevacizumab in the primary
treatment of ovarian cancer. N Engl J Med 365(26): 2473-2483,
2011. 

18 Burger RA, Sill MW, Monk BJ, Greer BE and Sorosky JI:
Phase II trial of bevacizumab in persistent or recurrent epithelial
ovarian cancer or primary peritoneal cancer: a Gynecologic
Oncology Group Study. J Clin Oncol 25(33): 5165-5171, 2007. 

19 Aghajanian C, Blank SV, Goff BA, Judson PL, Teneriello MG,
Husain A et al: OCEANS: a randomized, double-blind,
placebo-controlled phase III trial of chemotherapy with or
without bevacizumab in patients with platinum-sensitive
recurrent epithelial ovarian, primary peritoneal, or fallopian
tube cancer. J Clin Oncol 30(17): 2039-2045, 2012. 

20 Piscaglia F, Salvatore V and Venerandi L: Field practice studies
on sorafenib: lessons in systemic treatment of hepatocellular
carcinoma. Dig Liver Dis 45(5): 367-368, 2013. 

21 Marotta V, Ramundo V, Camera L, Del Prete M, Fonti R,
Esposito R et al: Sorafenib in advanced iodine-refractory
differentiated thyroid cancer: efficacy, safety and exploratory
analysis of role of serum thyroglobulin and FDG-PET. Clin
Endocrinol (Oxf) 78(5): 760-767, 2013. 

ANTICANCER RESEARCH 34: 1519-1530 (2014)

1526



22 Wilhelm SM, Adnane L, Newell P, Villanueva A, Llovet JM and
Lynch M: Preclinical overview of sorafenib, a multikinase inhibitor
that targets both Raf and VEGF and PDGF receptor tyrosine kinase
signaling. Mol Cancer Ther 7(10): 3129-3140, 2008. 

23 Escudier B, Eisen T, Stadler WM, Szczylik C, Oudard S,
Siebels M et al: Sorafenib in advanced clear-cell renal-cell
carcinoma. N Engl J Med 356(2): 125-134, 2007. 

24 Llovet JM, Ricci S, Mazzaferro V, Hilgard P, Gane E, Blanc JF
et al: Sorafenib in advanced hepatocellular carcinoma. N Engl
J Med 359(4): 378-390, 2008. 

25 Llovet JM, Burroughs A and Bruix J: Hepatocellular carcinoma.
Lancet 362(9399): 1907-1917, 2003. 

26 Ling-lin Z, Li M, Jin-hui T and Ke-hu Y: Sorafenib for
advanced hepatocellular carcinoma: a systematic review.
Zhongguo Yi Xue Ke Xue Yuan Xue Bao 33(1): 51-57, 2011. 

27 Mina LA, Yu M, Johnson C, Burkhardt C, Miller KD and Zon
R: A phase II study of combined VEGF inhibitor
(bevacizumab+ sorafenib) in patients with metastatic breast
cancer: Hoosier Oncology Group Study BRE06-109. Invest
New Drugs 2013 Jun 28. 

28 Schwartzberg LS, Tauer KW, Hermann RC, Makari-Judson G,
Isaacs C, Beck JT et al: Sorafenib or placebo with either
gemcitabine or capecitabine in patients with HER-2-negative
advanced breast cancer that progressed during or after
bevacizumab. Clin Cancer Res 19(10): 2745-2754, 2013. 

29 Baselga J, Costa F, Gomez H, Hudis CA, Rapoport B, Roche
H et al: A phase 3 tRial comparing capecitabinE in combination
with SorafenIb or pLacebo for treatment of locally advanced or
metastatIc HER2-Negative breast CancEr (the RESILIENCE
study): study protocol for a randomized controlled trial. Trials
14: 228-6215-14-228, 2013. 

30 Matei D, Sill MW, Lankes HA, DeGeest K, Bristow RE, Mutch
D et al: Activity of sorafenib in recurrent ovarian cancer and
primary peritoneal carcinomatosis: a gynecologic oncology
group trial. J Clin Oncol 29(1): 69-75, 2011. 

31 Nagaria TS, Williams JL, Leduc C, Squire JA, Greer PA and
Sangrar W: Flavopiridol Synergizes with Sorafenib to Induce
Cytotoxicity and Potentiate Antitumorigenic Activity in
EGFR/HER-2 and Mutant RAS/RAF Breast Cancer Model
Systems. Neoplasia 15(8): 939-951, 2013. 

32 Abou-Alfa GK, Schwartz L, Ricci S, Amadori D, Santoro A,
Figer A et al: Phase II study of sorafenib in patients with
advanced hepatocellular carcinoma. J Clin Oncol 24(26): 4293-
4300, 2006. 

33 Chen ML, Yan BS, Lu WC, Chen MH, Yu SL, Yang PC et al:
Sorafenib relieves cell-intrinsic and cell-extrinsic inhibitions of
effector T cells in tumor microenvironment to augment
antitumor immunity. Int J Cancer 2013 Jul 2. 

34 Wilhelm SM, Carter C, Tang L, Wilkie D, McNabola A, Rong
H et al: BAY 43-9006 exhibits broad spectrum oral antitumor
activity and targets the RAF/MEK/ERK pathway and receptor
tyrosine kinases involved in tumor progression and
angiogenesis. Cancer Res 64(19): 7099-7109, 2004. 

35 Zhang J, Chen YL, Ji G, Fang W, Gao Z, Liu Y et al: Sorafenib
Inhibits Epithelial-Mesenchymal Transition through an
Epigenetic-Based Mechanism in Human Lung Epithelial Cells.
PLoS One 8(5): e64954, 2013. 

36 Thiery JP and Sleeman JP: Complex networks orchestrate
epithelial-mesenchymal transitions. Nat Rev Mol Cell Biol 7(2):
131-142, 2006. 

37 Thiery JP, Acloque H, Huang RY and Nieto MA: Epithelial-
mesenchymal transitions in development and disease. Cell
139(5): 871-890, 2009. 

38 Tirino V, Camerlingo R, Bifulco K, Irollo E, Montella R, Paino
F et al: TGF-beta1 exposure induces epithelial to mesenchymal
transition both in CSCs and non-CSCs of the A549 cell line,
leading to an increase of migration ability in the CD133+ A549
cell fraction. Cell Death Dis 4: e620, 2013. 

39 Gavert N and Ben-Ze’ev A: Epithelial-mesenchymal transition
and the invasive potential of tumors. Trends Mol Med 14(5):
199-209, 2008. 

40 Bagnato A and Rosano L: Epithelial-mesenchymal transition in
ovarian cancer progression: a crucial role for the endothelin
axis. Cells Tissues Organs 185(1-3): 85-94, 2007. 

41 Nawshad A, Lagamba D, Polad A and Hay ED: Transforming
growth factor-beta signaling during epithelial-mesenchymal
transformation: implications for embryogenesis and tumor
metastasis. Cells Tissues Organs 179(1-2): 11-23, 2005. 

42 Gomes LR, Terra LF, Sogayar MC and Labriola L: Epithelial-
mesenchymal transition: implications in cancer progression and
metastasis. Curr Pharm Biotechnol 12(11): 1881-1890, 2011. 

43 Labelle M, Begum S and Hynes RO: Direct signaling between
platelets and cancer cells induces an epithelial-mesenchymal-
like transition and promotes metastasis. Cancer Cell 20(5): 576-
590, 2011. 

44 Bierie B and Moses HL: Tumour microenvironment: TGFbeta:
the molecular Jekyll and Hyde of cancer. Nat Rev Cancer 6(7):
506-520, 2006. 

45 Zavadil J and Bottinger EP: TGF-beta and epithelial-to-
mesenchymal transitions. Oncogene 24(37): 5764-5774, 2005. 

46 Li Y, Shin D, Kwon SH. Histone deacetylase 6 plays a role as
a distinct regulator of diverse cellular processes. FEBS J
280(3): 775-793, 2013. 

47 Guo SQ and Zhang YZ: Histone deacetylase inhibition: an
important mechanism in the treatment of lymphoma. Cancer
Biol Med 9(2): 85-89, 2012. 

48 Grunstein M: Histone acetylation in chromatin structure and
transcription. Nature 389(6649): 349-352, 1997. 

49 Kong D, Ahmad A, Bao B, Li Y, Banerjee S and Sarkar FH:
Histone deacetylase inhibitors induce epithelial-to-
mesenchymal transition in prostate cancer cells. PLoS One
7(9): e45045, 2012. 

50 Robey RW, Chakraborty AR, Basseville A, Luchenko V, Bahr
J, Zhan Z et al: Histone deacetylase inhibitors: emerging
mechanisms of resistance. Mol Pharm 8(6): 2021-2031, 2011. 

51 Shahbazian MD and Grunstein M: Functions of site-specific
histone acetylation and deacetylation. Annu Rev Biochem 76:
75-100, 2007. 

52 Tang J, Yan H and Zhuang S: Histone deacetylases as targets
for treatment of multiple diseases. Clin Sci (Lond) 124(11):
651-662, 2013. 

53 Tang Y, Yacoub A, Hamed HA, Poklepovic A, Tye G, Grant S et
al: Sorafenib and HDAC inhibitors synergize to kill CNS tumor
cells. Cancer Biol Ther 13(7): 567-574, 2012. 

54 Gahr S, Wissniowski T, Zopf S, Strobel D, Pustowka A and
Ocker M: Combination of the deacetylase inhibitor
panobinostat and the multi-kinase inhibitor sorafenib for the
treatment of metastatic hepatocellular carcinoma – review of
the underlying molecular mechanisms and first case report. J
Cancer 3: 158-165, 2012. 

Smolle et al:  Targeted-agents in Ovarian Cancer (Review)

1527



55 McDonald OG, Wu H, Timp W, Doi A and Feinberg AP:
Genome-scale epigenetic reprogramming during epithelial-to-
mesenchymal transition. Nat Struct Mol Biol 18(8): 867-874,
2011. 

56 Nozato M, Kaneko S, Nakagawara A and Komuro H:
Epithelial-mesenchymal transition-related gene expression as a
new prognostic marker for neuroblastoma. Int J Oncol 42(1):
134-140, 2013. 

57 Kanehisa M, Goto S, Furumichi M, Tanabe M and Hirakawa
M: KEGG for representation and analysis of molecular
networks involving diseases and drugs. Nucleic Acids Res
38(Database issue): D355-360, 2010. 

58 Kokkinos MI, Murthi P, Wafai R, Thompson EW and Newgreen
DF: Cadherins in the human placenta – epithelial-mesenchymal
transition (EMT) and placental development. Placenta 31(9):
747-755, 2010. 

59 Moll R, Divo M and Langbein L: The human keratins: biology
and pathology. Histochem Cell Biol 129(6): 705-733, 2008. 

60 Yang J, Mani SA, Donaher JL, Ramaswamy S, Itzykson RA,
Come C et al: Twist, a master regulator of morphogenesis,
plays an essential role in tumor metastasis. Cell 117(7): 927-
939, 2004. 

61 Karreth F and Tuveson DA: Twist induces an epithelial-
mesenchymal transition to facilitate tumor metastasis. Cancer
Biol Ther 3(11): 1058-1059, 2004. 

62 Perez-Moreno MA, Locascio A, Rodrigo I, Dhondt G, Portillo
F, Nieto MA et al: A new role for E12/E47 in the repression of
E-cadherin expression and epithelial-mesenchymal transitions. J
Biol Chem 276(29): 27424-27431, 2001. 

63 Ho R, Minturn JE, Hishiki T, Zhao H, Wang Q, Cnaan A et al:
Proliferation of human neuroblastomas mediated by the
epidermal growth factor receptor. Cancer Res 65(21): 9868-
9875, 2005. 

64 Tamura S, Hosoi H, Kuwahara Y, Kikuchi K, Otabe O, Izumi
M et al: Induction of apoptosis by an inhibitor of EGFR in
neuroblastoma cells. Biochem Biophys Res Commun 358(1):
226-232, 2007. 

65 Chiu B, Mirkin B and Madonna MB: Mitogenic and apoptotic
actions of epidermal growth factor on neuroblastoma cells are
concentration-dependent. J Surg Res 135(2): 209-212, 2006. 

66 Chiu B, Mirkin B and Madonna MB: Novel action of epidermal
growth factor on caspase 3 and its potential as a
chemotherapeutic adjunct for neuroblastoma. J Pediatr Surg
42(8): 1389-1395, 2007. 

67 Chiu B, Mirkin B and Madonna MB: Epidermal growth factor
can induce apoptosis in neuroblastoma. J Pediatr Surg 42(3):
482-488, 2007. 

68 Kiefel H, Bondong S, Pfeifer M, Schirmer U, Erbe-Hoffmann
N, Schafer H et al: EMT-associated up-regulation of L1CAM
provides insights into L1CAM-mediated integrin signalling and
NF-kappaB activation. Carcinogenesis 33(10): 1919-1929,
2012. 

69 Narayana N, Gist J, Smith T, Tylka D, Trogdon G and Wahl JK:
Desmosomal component expression in normal, dysplastic, and
oral squamous cell carcinoma. Dermatol Res Pract 2010:
649731, 2010. 

70 Chun MG and Hanahan D: Genetic deletion of the desmosomal
component desmoplakin promotes tumor microinvasion in a
mouse model of pancreatic neuroendocrine carcinogenesis.
PLoS Genet 6(9): e1001120, 2010. 

71 Oliveira SS and Morgado-Diaz JA: Claudins: multifunctional
players in epithelial tight junctions and their role in cancer. Cell
Mol Life Sci 64(1): 17-28, 2007. 

72 Swisshelm K, Macek R and Kubbies M: Role of claudins in
tumorigenesis. Adv Drug Deliv Rev 57(6): 919-928, 2005. 

73 Tsukita S, Yamazaki Y, Katsuno T, Tamura A and Tsukita S:
Tight junction-based epithelial microenvironment and cell
proliferation. Oncogene 27(55): 6930-6938, 2008. 

74 Turksen K and Troy TC: Junctions gone bad: claudins and loss
of the barrier in cancer. Biochim Biophys Acta 1816(1): 73-79,
2011. 

75 Lanigan F, McKiernan E, Brennan DJ, Hegarty S, Millikan RC,
McBryan J et al: Increased claudin-4 expression is associated
with poor prognosis and high tumour grade in breast cancer. Int
J Cancer 124(9): 2088-2097, 2009. 

76 Orban E, Szabo E, Lotz G, Kupcsulik P, Paska C, Schaff Z et
al: Different expression of occludin and ZO-1 in primary and
metastatic liver tumors. Pathol Oncol Res 14(3): 299-306, 2008. 

77 Martin TA, Mansel RE and Jiang WG: Loss of occludin leads to
the progression of human breast cancer. Int J Mol Med 26(5):
723-734, 2010. 

78 Tobioka H, Tokunaga Y, Isomura H, Kokai Y, Yamaguchi J and
Sawada N: Expression of occludin, a tight-junction-associated
protein, in human lung carcinomas. Virchows Arch 445(5): 472-
476, 2004. 

79 Tobioka H, Isomura H, Kokai Y, Tokunaga Y, Yamaguchi J and
Sawada N: Occludin expression decreases with the progression
of human endometrial carcinoma. Hum Pathol 35(2): 159-164,
2004. 

80 Rachow S, Zorn-Kruppa M, Ohnemus U, Kirschner N, Vidal-
y-Sy S, von den Driesch P et al: Occludin is involved in
adhesion, apoptosis, differentiation and Ca2+-homeostasis of
human keratinocytes: implications for tumorigenesis. PLoS One
8(2): e55116, 2013. 

81 Hirohashi S: Inactivation of the E-cadherin-mediated cell
adhesion system in human cancers. Am J Pathol 153(2): 333-
339, 1998. 

82 Perl AK, Wilgenbus P, Dahl U, Semb H and Christofori G: A
causal role for E-cadherin in the transition from adenoma to
carcinoma. Nature 392(6672): 190-193, 1998. 

83 Vleminckx K, Vakaet L Jr., Mareel M, Fiers W and van Roy F:
Genetic manipulation of E-cadherin expression by epithelial
tumor cells reveals an invasion suppressor role. Cell 66(1): 107-
119, 1991. 

84 Jin Q, Yu LR, Wang L, Zhang Z, Kasper LH, Lee JE et al:
Distinct roles of GCN5/PCAF-mediated H3K9ac and
CBP/p300-mediated H3K18/27ac in nuclear receptor
transactivation. EMBO J 30(2): 249-262, 2011. 

85 Iwatsuki M, Mimori K, Yokobori T, Ishi H, Beppu T, Nakamori
S et al: Epithelial-mesenchymal transition in cancer
development and its clinical significance. Cancer Sci 101(2):
293-299, 2010. 

86 Dokianakis DN, Varras MN, Papaefthimiou M, Apostolopoulou
J, Simiakaki H, Diakomanolis E et al: Ras gene activation in
malignant cells of human ovarian carcinoma peritoneal fluids.
Clin Exp Metastasis 17(4): 293-297, 1999. 

87 Gemignani ML, Schlaerth AC, Bogomolniy F, Barakat RR, Lin
O, Soslow R et al: Role of KRAS and BRAF gene mutations
in mucinous ovarian carcinoma. Gynecol Oncol 90(2): 378-381,
2003. 

ANTICANCER RESEARCH 34: 1519-1530 (2014)

1528



88 Kurman RJ, Visvanathan K, Roden R, Wu TC and Shih I: Early
detection and treatment of ovarian cancer: shifting from early
stage to minimal volume of disease based on a new model of
carcinogenesis. Am J Obstet Gynecol 198(4): 351-356, 2008. 

89 Kurman RJ and Shih I: Pathogenesis of ovarian cancer: lessons
from morphology and molecular biology and their clinical
implications. Int J Gynecol Pathol 27(2): 151-160, 2008. 

90 Bell DA: Origins and molecular pathology of ovarian cancer.
Mod Pathol 18(Suppl 2): S19-32, 2005. 

91 Strumberg D, Richly H, Hilger RA, Schleucher N, Korfee S,
Tewes M et al: Phase I clinical and pharmacokinetic study of
the Novel Raf kinase and vascular endothelial growth factor
receptor inhibitor BAY 43-9006 in patients with advanced
refractory solid tumors. J Clin Oncol 23(5): 965-972, 2005. 

92 Awada A, Hendlisz A, Gil T, Bartholomeus S, Mano M, de
Valeriola D et al: Phase I safety and pharmacokinetics of BAY
43-9006 administered for 21 days on/7 days off in patients with
advanced, refractory solid tumours. Br J Cancer 92(10): 1855-
1861, 2005. 

93 Clark JW, Eder JP, Ryan D, Lathia C, Lenz HJ. Safety and
pharmacokinetics of the dual action Raf kinase and vascular
endothelial growth factor receptor inhibitor, BAY 43-9006, in
patients with advanced, refractory solid tumors. Clin Cancer
Res 11(15): 5472-5480, 2005. 

94 Moore M, Hirte HW, Siu L, Oza A, Hotte SJ, Petrenciuc O et al:
Phase I study to determine the safety and pharmacokinetics of the
novel Raf kinase and VEGFR inhibitor BAY 43-9006,
administered for 28 days on/7 days off in patients with advanced,
refractory solid tumors. Ann Oncol 16(10): 1688-1694, 2005. 

95 Siu LL, Awada A, Takimoto CH, Piccart M, Schwartz B,
Giannaris T et al: Phase I trial of sorafenib and gemcitabine in
advanced solid tumors with an expanded cohort in advanced
pancreatic cancer. Clin Cancer Res 12(1): 144-151, 2006. 

96 Mross K, Steinbild S, Baas F, Gmehling D, Radtke M, Voliotis
D et al: Results from an in vitro and a clinical/pharmacological
phase I study with the combination irinotecan and sorafenib.
Eur J Cancer 43(1): 55-63, 2007. 

97 Azad NS, Posadas EM, Kwitkowski VE, Steinberg SM, Jain L,
Annunziata CM et al: Combination targeted therapy with
sorafenib and bevacizumab results in enhanced toxicity and
antitumor activity. J Clin Oncol 26(22): 3709-3714, 2008. 

98 Lee JM, Sarosy GA, Annunziata CM, Azad N, Minasian L,
Kotz H et al: Combination therapy: intermittent sorafenib with
bevacizumab yields activity and decreased toxicity. Br J Cancer
102(3): 495-499, 2010. 

99 Ramasubbaiah R, Perkins SM, Schilder J, Whalen C, Johnson
CS, Callahan M et al: Sorafenib in combination with weekly
topotecan in recurrent ovarian cancer, a phase I/II study of the
Hoosier Oncology Group. Gynecol Oncol 123(3): 499-504,
2011. 

100 Polcher M, Eckhardt M, Coch C, Wolfgarten M, Kubler K,
Hartmann G et al: Sorafenib in combination with carboplatin
and paclitaxel as neoadjuvant chemotherapy in patients with
advanced ovarian cancer. Cancer Chemother Pharmacol 66(1):
203-207, 2010. 

101 Welch SA, Hirte HW, Elit L, Schilder RJ, Wang L, Macalpine
K et al: Sorafenib in combination with gemcitabine in recurrent
epithelial ovarian cancer: a study of the Princess Margaret
Hospital Phase II Consortium. Int J Gynecol Cancer 20(5): 787-
793, 2010. 

102 Kohn EC, Lee J, Annuziata CM. A phase II study of
intermittent sorafenib with bevacizumab in bevacizumab-naive
epithelial ovarian cancer (EOC) patients. Journal of Clinical
Oncology 29(Suppl) abstract 5019 ASCO, 2011. 

103 Bodnar L, Gornas M, Szczylik C. Sorafenib as a third line therapy
in patients with epithelial ovarian cancer or primary peritoneal
cancer: a phase II study. Gynecol Oncol 123(1): 33-36, 2011. 

104 Herzog TJ, Scambia G, Kim BG, Lhomme C, Markowska J,
Ray-Coquard I et al: A randomized phase II trial of
maintenance therapy with Sorafenib in front-line ovarian
carcinoma. Gynecol Oncol 130(1): 25-30, 2013. 

105 Koschny R, Gotthardt D, Koehler C, Jaeger D, Stremmel W and
Ganten TM: Diarrhea is a positive outcome predictor for
sorafenib treatment of advanced hepatocellular carcinoma.
Oncology 84(1): 6-13, 2013. 

106 Mir O, Coriat R, Boudou-Rouquette P, Durand JP and
Goldwasser F: Sorafenib-induced diarrhea and hypophospha-
temia: mechanisms and therapeutic implications. Ann Oncol
23(1): 280-281, 2012. 

107 Elser C, Siu LL, Winquist E, Agulnik M, Pond GR, Chin SF et al:
Phase II trial of sorafenib in patients with recurrent or metastatic
squamous cell carcinoma of the head and neck or nasopharyngeal
carcinoma. J Clin Oncol 25(24): 3766-3773, 2007. 

108 Hugo H, Ackland ML, Blick T, Lawrence MG, Clements JA,
Williams ED et al: Epithelial – mesenchymal and
mesenchymal – epithelial transitions in carcinoma progression.
J Cell Physiol 213(2): 374-383, 2007. 

109 Fitzgerald MP, Gourronc F, Teoh ML, Provenzano MJ, Case AJ,
Martin JA et al: Human Chondrosarcoma Cells Acquire an
Epithelial-Like Gene Expression Pattern via an Epigenetic
Switch: Evidence for Mesenchymal-Epithelial Transition during
Sarcomagenesis. Sarcoma 2011: 598218, 2011. 

110 Ding S, Zhang W, Xu Z, Xing C, Xie H, Guo H et al: Induction
of an EMT-like transformation and MET in vitro. J Transl Med
11: 164-5876-11-164, 2013. 

111 Kurman RJ, Shih I. The origin and pathogenesis of epithelial
ovarian cancer: a proposed unifying theory. Am J Surg Pathol
34(3): 433-443, 2010. 

112 Sugiyama T, Kumagai S and Hatayama S: Treatments of
epithelial ovarian cancer by histologic subtype. Gan To Kagaku
Ryoho 36(2): 187-192, 2009. 

113 Wiegand KC, Shah SP, Al-Agha OM, Zhao Y, Tse K, Zeng T
et al: ARID1A mutations in endometriosis-associated ovarian
carcinomas. N Engl J Med 363(16): 1532-1543, 2010. 

114 Lee Y, Miron A, Drapkin R, Nucci MR, Medeiros F, Saleemuddin
A et al: A candidate precursor to serous carcinoma that originates
in the distal fallopian tube. J Pathol 211(1): 26-35, 2007. 

115 Anglesio MS, Carey MS, Kobel M, Mackay H, Huntsman DG,
Vancouver Ovarian Clear Cell Symposium Speakers. Clear cell
carcinoma of the ovary: a report from the first Ovarian Clear
Cell Symposium, June 24th, 2010. Gynecol Oncol 121(2): 407-
415, 2011. 

116 Suehiro Y, Sakamoto M, Umayahara K, Iwabuchi H, Sakamoto
H, Tanaka N et al: Genetic aberrations detected by comparative
genomic hybridization in ovarian clear cell adenocarcinomas.
Oncology 59(1): 50-56, 2000. 

117 Tan DS, Iravani M, McCluggage WG, Lambros MB, Milanezi
F, Mackay A et al: Genomic analysis reveals the molecular
heterogeneity of ovarian clear cell carcinomas. Clin Cancer Res
17(6): 1521-1534, 2011. 

Smolle et al:  Targeted-agents in Ovarian Cancer (Review)

1529



118 Matsumura N, Mandai M, Okamoto T, Yamaguchi K,
Yamamura S, Oura T et al: Sorafenib efficacy in ovarian clear
cell carcinoma revealed by transcriptome profiling. Cancer Sci
101(12): 2658-2663, 2010. 

119 Zhou J, Goh BC, Albert DH and Chen CS: ABT-869, a
promising multi-targeted tyrosine kinase inhibitor: from bench
to bedside. J Hematol Oncol 2: 33-8722-2-33, 2009. 

120 Hasinoff BB, Wu X, Nitiss JL, Kanagasabai R and Yalowich
JC: The anticancer multi-kinase inhibitor dovitinib also targets
topoisomerase I and topoisomerase II. Biochem Pharmacol
84(12): 1617-1626, 2012. 

121 Fletcher GC, Brokx RD, Denny TA, Hembrough TA, Plum SM,
Fogler WE et al: ENMD-2076 is an orally active kinase
inhibitor with antiangiogenic and antiproliferative mechanisms
of action. Mol Cancer Ther 10(1): 126-137, 2011. 

122 Leone Roberti Maggiore U, Bellati F, Ruscito I, Gasparri ML,
Alessandri F, Venturini PL et al: Monoclonal antibodies therapies
for ovarian cancer. Expert Opin Biol Ther 13(5): 739-764, 2013. 

123 Lipson EJ and Drake CG: Ipilimumab: an anti-CTLA-4
antibody for metastatic melanoma. Clin Cancer Res 17(22):
6958-6962, 2011. 

124 Bellati F, Napoletano C, Gasparri ML, Visconti V, Zizzari IG,
Ruscito I et al: Monoclonal antibodies in gynecological cancer:
a critical point of view. Clin Dev Immunol 2011: 890758, 2011. 

125 Hodi FS, Mihm MC, Soiffer RJ, Haluska FG, Butler M, Seiden
MV et al: Biologic activity of cytotoxic T lymphocyte-
associated antigen 4 antibody blockade in previously vaccinated
metastatic melanoma and ovarian carcinoma patients. Proc Natl
Acad Sci USA 100(8): 4712-4717, 2003. 

126 Linke R, Klein A and Seimetz D: Catumaxomab: clinical
development and future directions. MAbs 2(2): 129-136, 2010. 

127 Burges A, Wimberger P, Kumper C, Gorbounova V, Sommer H,
Schmalfeldt B et al: Effective relief of malignant ascites in
patients with advanced ovarian cancer by a trifunctional anti-
EpCAM x anti-CD3 antibody: a phase I/II study. Clin Cancer
Res 13(13): 3899-3905, 2007. 

128) Heiss MM, Murawa P, Koralewski P, Kutarska E, Kolesnik
OO, Ivanchenko VV et al: The trifunctional antibody
catumaxomab for the treatment of malignant ascites due to
epithelial cancer: Results of a prospective randomized phase
II/III trial. Int J Cancer 127(9): 2209-2221, 2010. 

129 Herbst RS, Hong D, Chap L, Kurzrock R, Jackson E, Silverman
JM et al: Safety, pharmacokinetics, and antitumor activity of
AMG 386, a selective angiopoietin inhibitor, in adult patients with
advanced solid tumors. J Clin Oncol 27(21): 3557-3565, 2009. 

Received December 7, 2013
Revised December 22, 2013

Accepted December 27, 2013

ANTICANCER RESEARCH 34: 1519-1530 (2014)

1530


