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Introduction: Ovarian cancer is associated with the highest mortality rate of
all gynecological malignancies, due in part to inadequate treatment strate-
gies and the asymptomatic nature of the disease. Current standard of care
includes surgery and systemic chemotherapy. However, this approach can
result in toxicities and eventual disease relapse, due to the emergence of
multidrug resistance. Drug delivery systems (DDS) have shown promise in
overcoming many of the limitations facing conventional treatment regimens.
Areas covered: This review provides an overview of recent advances in DDS
strategies for the treatment ovarian cancers. Nano-sized systems, including
nanoparticles, micelles, liposomes and drug conjugates; microspheres;
implants and injectable depots are discussed. The advantages, limitations
and clinical potential of these strategies are also outlined.

Expert opinion: Nano-sized DDS enable passive targeting to tumors due to
their size, and further improvements in tumor localization can be made using
targeting moieties. Microspheres, implants and injectable depots have been
investigated for peritoneal localized and sustained therapy. Overall, the
benefits of using DDS for ovarian cancer therapy include higher drug levels
at the diseased site, circumvention of drug resistance mechanisms, minimiza-
tion of non-specific toxicities, improvements in solubility of poorly soluble
drugs and elimination of toxicities associated with conventionally used
pharmaceutical excipients.

Keywords: conjugates, drug delivery, implants, injectable depots, liposomes, micelles,

microspheres, nanoparticles, nanosystems, ovarian cancer
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1. Introduction

Opvarian cancer is the fifth leading cause of cancer death in women and is associated
with high morbidity and mortality rates as most patients are diagnosed with
advanced stage disease [1]. In the 1970s, platinum-based chemotherapy was intro-
duced, addition of taxanes followed in the late 80s and more recently the potential
benefits of using intraperitoneal (i.p.) chemotherapy has been highlighted in several
Phase III clinical trials [21. Currently, first-line therapy includes cytoreductive sur-
gery followed by intravenous (i.v.) chemotherapy with carboplatin and paclitaxel.
Although most patients achieve complete clinical response following this standard
treatment regimen, over 85% eventually relapse due to the emergence of multidrug
resistance (MDR) [3].

As the peritoneal cavity is the site of disease both at diagnosis and relapse, i.p.
chemotherapy has been explored. Although promising clinical results have been
observed [4], the use of i.p. chemotherapy has remained limited due to local toxic-
ities and complications associated with indwelling catheters. Improvements in the
5-year survival rates for women with ovarian cancer have been seen over the past
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Article highlights.

o Ovarian cancer has the highest mortality of all
gynecological malignancies due to poor screening
techniques and inadequate treatment strategies.

o The major driving force for the development of drug

delivery systems (DDS) for ovarian cancer treatment has

been to achieve greater drug concentrations at tumor
sites, to overcome drug resistance and to minimize
toxicities to healthy tissues.

Nano-sized systems including nanoparticles, micelles,

liposomes and drug conjugates have been investigated.

e Due to their size, nano-sized DDS (NDDS) can passively

accumulate in solid tumors (i.e., enhanced permeation

and retention (EPR) effect). To further improve
accumulation at tumor sites, targeting moieties have
been conjugated to the surface of NDDS (i.e., active
targeting). Use of NDDS may not be appropriate for
residual disease following cytoreductive surgery.

Microspheres, implants and injectable depots DSS have

been used as localized chemotherapy strategies. These

systems have the potential to provide sustained drug
release over extended periods in the peritoneal cavity,
the site of ovarian cancer. Prolonged drug exposure has
been shown to increase tumor responsiveness to
chemotherapeutics in various ovarian cancer models.

The clinical translation of DDS has been limited for use

in the treatment of ovarian cancer. Nano-sized systems

suffer from rapid clearance and require frequent dosing,
material component issues have been documented for
microspheres and implants can be invasive and require
surgical expertise for implantation.

e DDS can potentially bypass transport barriers, leading to
higher therapeutic drug concentrations at diseased sites.
NDDS are ideal for intravenous (i.v.) administration due
to their size, while intraperitoneal (i.p.) administration is
more appropriate for microspheres, implants and
injectable depots.

o The use of depot DDS for i.p. administration of
chemotherapy seems promising and integration of
imaging may facilitate patient-specific placement of the
delivery system.

This box summarizes key points contained in the article.

few decades [5]. However, these gains have been rather mod-
est, prompting the need to develop new treatment strategies.

Drug delivery systems (DDS) have been investigated to
improve therapeutic outcomes in ovarian cancer. The primary
goals have been to attain greater drug concentrations at dis-
eased sites, to bypass drug resistance and to minimize toxic-
ities to healthy tissues. DDS can also address issues
associated with anticancer agents such as poor aqueous solu-
bility, low target-site specificity and rapid clearance [6]; as
well as, circumvent problems linked to pharmaceutical exci-
pients that are commonly used as formulation vehicles (7.8].
A number of drugs relying on advanced DDS have entered
clinical development for use in the treatment of ovarian can-
cer, and one has reached the market as a second-line therapy
(Table 1). The following review outlines recent research and
advances in DDS for the treatment of ovarian cancer,

specifically focusing on DDS that have yielded significant
therapeutic effects in animal models. Nano-sized systems,
microspheres, implants and injectable depots will be discussed
(Figure 1), and the advantages, limitations and clinical poten-
tial of these systems will be highlighted (Table 2). This review
only focuses on delivery of small molecules and not biological
therapeutics such as proteins, monoclonal antibodies and

small interfering RNA (siRNA).

2. Ovarian cancer

2.1 Classification, pathogenesis and risk factors
Ovarian cancer is cancerous growth arising from different
parts of the ovary. Patients typically present with non-
specific symptoms at early stages, and due to the lack of effec-
tive screening methods, most are diagnosed with disseminated
disease. It is predicted that in 2011 there will be approxi-
mately 25,000 new cases of ovarian cancer in North America,
resulting in about 15,000 deaths [9,10]. Over 90% of ovarian
cancers are believed to develop on the ovarian epithelium,
while the remainder arise from germ or stromal cells [11].
This review is focused on epithelial-derived ovarian cancers,
which represent the major and most lethal forms of the dis-
ease. Epithelial ovarian cancers exhibit a variety of tumor
morphologies and clinical manifestations. The most common
histological subtypes are serous, endometrioid, mucinous and
clear cell [12]. The majority of epithelial ovarian cancers have
been classified as serous, which can be further divided into
high- and low-grade tumors [13]. The high-grade tumors are
chemosensitive while low-grade tumors are slow growing
and chemoresistant [14]. There are key differences in inci-
dence, tumor behavior and clinical outcome between each
subtype. High-grade serous carcinomas tend to be aggressive
disease that spread rapidly throughout the peritoneal cavity,
while endometrioid and mucinous carcinomas are typically
low-grade disease, confined to the ovary [14,15). Tumor sub-
types can also strongly impact clinical response. For example,
late-stage serous tumors are initially highly responsive while
clear cell tumors are resistant [12].

Although family history poses a significant risk towards
ovarian cancer development, only 5% of ovarian cancer
patients are genetically predisposed to the disease [16]. Ovula-
tion requires rupture and subsequent repair of the ovarian epi-
thelium, and a repeated pattern of disruption and repair is
thought to encourage abnormalities in the cells composing
this epithelial lining (17]. Thus, phenomena that increase the
frequency of ovulation, such as nulliparity, menopause and
increasing age are associated with increased risk, whereas fac-
tors such as oral contraceptive use and pregnancy, which
decrease the overall frequency of ovulation, are associated
with reduced risk [1s].

Based on the various known risk factors, several theories
have been proposed to explain the pathogenesis of ovarian
cancer. One hypothesis suggests that repeated damage and
repair of the ovarian epithelium resulting from ovulation
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Table 1. DDS that have entered clinical trials for ovarian cancer therapy.

Name Delivery system Compound Clinical stage Ref.
DOXIL® Liposome Doxorubicin Approved [159]
OPAXIO™ Drug conjugate Paclitaxel Phase Il [160]
CT-2106 Drug conjugate Camptothecin Phase Il [160]
Genexol-PM Block copolymer micelle Paclitaxel Phase Il (recruiting) -

Paclimer® Microsphere Paclitaxel Failed in Phase | [163]
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DDS: Drug delivery systems.

may encourage malignant transformation of epithelial
cells (19]. Inflammation resulting from this and other processes
occurring in the vicinity of the ovaries has also been impli-
cated in disease development [17]. Various hormones are sug-
gested to play a role in carcinogenesis, such as steroids
produced post-ovulation, and androgens that rise in levels in
postmenopausal women [20.22]. Further, estrogen hormones
are hypothesized to stimulate gonadotropin hormones, pro-
moting the entrapment of epithelial cells in ovarian inclusion
cysts, where malignancy can develop [21]. None of these theo-
ries, however, explain all of the associated risk factors, and
therefore it is likely that a combination of various factors leads
to this disease. Recent evidence suggests that a number of
ovarian cancers arise from the fallopian tube and metastasize
to the ovary [23]. For example, the distal fallopian tube has
been identified as a source of high-grade serous ovarian
cancers [24,25].

2.2 Clinical presentation and diagnosis

Clinical symptoms of epithelial ovarian cancer are non-
specific and include bloating, constipation, fatigue, nausea,
pelvic or abdominal pain, urinary urgency or frequency, diffi-
culty eating and early satiety [26]. Current screening methods
include pelvic examinations, measurement of serum
CA-125 levels and transvaginal pelvic ultrasonography [27].
Although serum CA-125 levels are elevated in more than
80% of patients with advanced epithelial ovarian cancer, this
measurement alone is neither sufficiently sensitive nor specific
enough to be diagnostic [28]. Elevated serum CA-125 levels
may be associated with various conditions, such as, preg-
nancy, pelvic inflammatory disease and other diseases [2s].
Furthermore, CA-125 levels are elevated in less than 50% of
the cases in early stage ovarian cancers, underscoring the
lack of sensitivity to diagnose at a curable stage 29]. CA-125
is, therefore, not a useful diagnostic serum biomarker. At
present, surgery is needed to accurately diagnose and stage
the disease.

The disease is staged during debulking surgery, from
stage I, where growth is limited to the ovaries, through to
stage IV characterized by distant metastases to the liver or
outside the peritoneal cavity [30]. Ovarian cancer can metas-
tasize from the ovaries in different manners. Firstly, by
directly invading adjacent organs like the peritoneum,
uterus, and rectum after bypassing the ovarian capsule [31].

Another way is for individual cancer cells to enter nearby
lymph nodes, thereby spreading via the lymphatic system.
This is a common process in advanced disease, but only
occurs at a frequency of 20% in early stage disease [31]. Alter-
natively, cancer cells can seed from the primary tumor, cir-
culate throughout the peritoneal cavity with the assistance
of movement-promoting events such as peristalsis and respi-
ration, and re-implant in various tissues in the peritoneal
cavity [31]. At the time of diagnosis, almost 70% of cases
present with distant metastasis [31]. When ovarian cancer is
diagnosed at stages I or II, long-term (> 10 years) survival
rates range from 80 - 95%; however, for over 75% of
patients for whom diagnosis occurs at stages III or IV,
long-term survival drops to below 30% [5]. The presence of
distant metastases at the time of diagnosis largely accounts
for the high death rate of patients with this disease.

2.3 Surgery and chemotherapy

The standard first-line management of advanced stage (Il or IV)
ovarian cancer consists of surgical staging, operative tumor
debulking, followed by six cycles of i.v. chemotherapy with
platinum (i.e., carboplatin) and taxane (i.e., paclitaxel) drugs
administered every 3 weeks [5]. The median survival of these
patients is about 2 years, with less than 30% surviving 5 years
after diagnosis (32. Cytoreductive surgery leads to increased
patient survival due to several beneficial effects including that
i) the removal of resistant cancer cell populations can promote
sensitivity to anticancer agents; ii) the removal of large tumor
masses can result in a reduction in devascularized tumor beds,
allowing greater drug delivery to the remaining cancer cells
and iii) the lower-volume disease that remains may require lower
drug doses with increased chance of response [33]. The concept of
cytoreductive surgery for ovarian cancer was first proposed in
1934 by Meigs [34]. In 1975, Griffiths demonstrated that patient
survival depends on the extent of residual disease after primary
surgery [35]. Studies by Hoskins ez /. have demonstrated that
the smaller the residual disease, the better the survival outcome,
with patients left with no gross residual disease having the most
favorable prognosis (36].

The first evidence supporting the role of chemotherapy in
the management of ovarian cancer was reported for the
alkylating agents cyclophosphamide and melphalan 2]. In
the 1970s, the observation of improved patient progression
following treatment with alkylating agents (i.e., cisplatin) led
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Figure 1. Drug delivery systems (DDS) that have been investigated for ovarian cancer therapy. Nanoparticles, micelles,
liposomes, drug conjugates, microspheres, implants and injectable depots have been investigated as DDS for ovarian cancer
therapy. The main advantages associated with using DDS over conventional chemotherapy include achieving higher
therapeutic drug concentrations in tumors and ascites, decreased non-specific toxicities, increased drug exposure to cancer
cells, circumvention of drug resistance and improvements in drug solubility.

to the incorporation of this agent as a component of first-line
therapy. In order to improve tolerability, other platinum
agents were evaluated and carboplatin was found to be associ-
ated with fewer side effects than cisplatin, in particular emesis,
nephrotoxicity and neurotoxicity, and showed equal efficacy
in several randomized trials [37-40]. Following the introduction
of platinum-based agents into standard chemotherapy, pacli-
taxel incorporation became another landmark in the manage-
ment of ovarian cancer. Paclitaxel combined with cisplatin
resulted in an improved outcome compared with one of the
standard chemotherapy strategies used at that time (cisplatin
plus cyclophosphamide) in a randomized Phase III trial [41].
Studies have shown that toxicity can be lessened and modified
by replacing carboplatin for cisplatin and docetaxel for pacli-
taxel, respectively [42-44]. However, studies to-date have yet to
demonstrate a better i.v. chemotherapy approach to the

platinum and taxane combination in terms of improving
overall survival.

Over the past several years, a number of strategies have
been explored in Phase III trials and smaller randomized trials
to improve the clinical outcome beyond what is achievable
with the current standard of care. One approach has been to
double the duration of platinum treatment periods from
5 - 6 cycles to 10 - 12 cycles [45-47). Another strategy has
been to increase the platinum dose intensity [48-50. Other
studies have looked at high-dose chemotherapy regimens
(51-53]. Finally, the effects of adding a third anticancer agent
to the platinum and taxane regimen have been explored [54-56].
These approaches have failed to reveal any significant impact
on ecither progression-free or overall survival compared
with standard of care. Furthermore, greater toxicity was
observed when the number of dosing cycles was increased,
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Table 2. Advantages and limitations of DDS investigated for ovarian cancer therapy.

System Advantages

Limitations

Nano-sized systems Passive targeting due to size
Active targeting

Ease of administration

Microspheres Prolonged release profile

Several formulations have reached

the market for other cancers

Implants and
injectable depots

Localized delivery
Sustained drug release
Lower systemic toxicity

Facilitates delivery of drugs with

short half-life

Small size may lead to rapid

clearance and limited half-life
Frequent dosing required

May not be applicable for residual
disease following cytoreductive surgery

Peritoneal adhesions
Limited tumor penetration

Invasive

Surgical expertise needed for
implantation and removal
Limited tumor penetration
Viscosity issues if injectable

Increased bioavailability by decreasing

first-pass hepatic metabolism

Enhanced effect for cell cycle-specific drugs

Reduced dose dumping

DDS: Drug delivery systems.

the dosing concentrations were intensified or when a third
agent was used.

2.4 Intraperitoneal chemotherapy

i.p. chemotherapy has been explored due to promising clinical
results in patients with optimally debulked advanced ovarian
cancer [57-59]. The rationale for i.p. chemotherapy is to elimi-
nate residual disease by achieving higher drug concentrations
for longer periods directly in the peritoneal cavity while
reducing systemic toxicities [60]. The peritoneal cavity is the
site of ovarian cancer presentation or recurrence, and tumors
remain confined to the peritoneal cavity for most of their nat-
ural history [26]. Consequently, the delivery of anticancer
agents directly into the peritoneal cavity is a logical approach.
Drugs administered via the i.p. route can reach tumors
through direct penetration from the peritoneal cavity and
via systemic recirculation [61]. In fact, anticancer agents
including carboplatin and paclitaxel present several advan-
tages when administered via the i.p. route, including a higher
local concentration, prolonged tumor exposure and reduced
systemic toxicities [61]. The pharmacokinetic advantage,
defined as the ratio of peritoneal AUC (area under the curve)
to plasma AUC, has been reported to be 12, 18, 181 and
1000 following i.p. administration of cisplatin (621, carbopla-
tin [63), docetaxel [64] and paclitaxel [65], respectively,
and this has also been observed with other anticancer
agents [60].

To date, there have been three randomized controlled
Phase III trials of first-line i.p. chemotherapy in conjunction
with surgical cytoreduction [57-59]. These studies have
become the basis for recommending i.p. chemotherapy as
a standard treatment for selected patients with ovarian can-
cer. In the first trial conducted by Alberts ez al. 57, patients

with stage III ovarian cancer and residual disease < 2 cm
received i.v. cisplatin and i.v. cyclophosphamide (i.v. group)
or i.p. cisplatin and i.v. cyclophosphamide (i.p. group) on
day 1 of every 3 weeks for six cycles. Overall survival
was 41 months for the iv. group and 49 months for
the i.p. group. Grade three and four toxicities were lower
in the i.p. group. The second study by Markman ez a/. [59)
randomized patients with stage III ovarian cancer and resid-
ual disease < 1 cm to receive i.v. chemotherapy with pacli-
taxel followed by cisplatin, administered every 3 weeks for
six cycles. The i.p. group consisted of i.v. carboplatin every
4 weeks for two cycles followed by i.v. paclitaxel and i.p. cis-
platin every 3 weeks for six cycles. The i.p. group showed
improvement in both progression-free survival (27.9 vs
22.2 months) and overall survival (63.2 vs 52.2 months).
Grade three and four toxicities including leukopenia were
higher in the i.p. group and were thought to be caused by
the high doses of carboplatin and increased number of treat-
ment cycles. The third trial, by Armstrong ez al. 58] rando-
mized patients with stage III ovarian cancer and residual
disease < 1 cm to receive i.v. paclitaxel followed by i.v. cis-
platin every 3 weeks for six cycles. For the i.p. arm, patients
received i.v. paclitaxel followed by i.p. cisplatin then i.p.
paclitaxel every 3 weeks for six cycles. The i.p. group
showed favorable outcomes in progression-free survival
(23.8 vs 18.3 months) and overall survival (66.9 vs
49.5 months), although the i.p. arm had more toxicities,
including leukopenia, neurotoxicity and gastrointestinal dis-
turbances. Only 42% of patients were able to complete the
full six cycles of i.p. chemotherapy.

A follow-up study observed that the initially lower quality
of life in patients receiving i.p. chemotherapy was improved
to baseline after 1 year [66]. Overall, these studies have
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Figure 2. Factors leading to multidrug resistance (MDR) in ovarian cancer and strategies investigated to overcome them
using drug delivery systems (DDS). One of the leading causes of treatment failure in ovarian cancer is the onset of resistant
disease. Factors leading to MDR can be divided into three broad categories: cancer cell genetics and phenotype; tumor
microenvironment and inadequate drug exposure. (A) Cancer cell genetics and phenotype changes leading to MDR can arise
from mutation or amplification of genes encoding ATP-dependent drug efflux transporters modifications in drug
metabolism, alterations in cell cycle, increase in DNA damage repair mechanisms and changes in the apoptotic signaling
pathway. (B) Tumor microenvironment properties such as hypoxic regions, low extracellular pH, heterogeneous vascular
density and blood flow and increased interstitial fluid pressure can cause MDR. (C) Inadequate drug distribution due to dose,
pharmacokinetics, drug properties and drug-cell interactions can also lead to MDR. The DDS that can be utilized to overcome
MDR include (D) nano-sized DDS or (E) implants, injectable depots and microspheres. (D) Due to their size, NDDS can passively
accumulate in tumors (i.e., EPR effect), which can be enhanced by attachment of targeting moieties onto the surface of NDDS
(i.e., active targeting). (E) Implants, injectable depots and microspheres used locally can by-pass MDR mechanisms via
sustained prolonged drug delivery.

Panels (A) [77] (B) and (C) [180] are adapted with permission from Nature Publishing Group.

demonstrated that i.p. chemotherapy can lead to improved
overall survival of 12 — 16 months in patients with optimally
debulked advanced ovarian cancer. Based on the last Phase II1
trial by Armstrong and collaborators in 2006, the US
National Cancer Institute issued a ‘Clinical Announcement’
informing patients, oncologists and the public, on the impact
and benefits of i.p. chemotherapy for advanced ovarian cancer
therapy [67]. The most commonly used i.p. regimen is derived
from the Armstrong report previously mentioned: i.v. pacli-
taxel on day 1, i.p. cisplatin on day 2 and i.p. paclitaxel on
day 8, based on a 28-day cycle [68].

Despite the survival benefit, the use of i.p. chemotherapy
has been limited by various complications including local
toxicities (e.g., intestinal toxicity, abdominal pain) and

infection, bowel perforation and mechanical malfunctions
due to prolonged use of an indwelling i.p. catheter [69,70].
These problems have led to the inability of a majority of
patients (up to 70%) to complete all treatment cycles [71]
and the reluctance of oncologists to adopt i.p. chemo-
therapy (721. DDS administered via the i.p. route may circum-
vent issues currently associated with i.p. chemotherapy
administered via catheters, resulting in improvements in
patient survival.

2.5 Multidrug resistance

One of the leading causes of chemotherapy failure in ovarian
cancer is the development of MDR. MDR is a phenomenon
by which cancer cells develop the ability to survive in the
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Figure 3. Paclimer® drug delivery system. (A) Paclimer is a microsphere formulation composed of a polyphosphoester polymer
loaded with paclitaxel. (B) In vitro, the release rate of paclitaxel from Paclimer is reported to be about 1 - 2% drug per day,
with over 80% released by 90 days. (C) In a Phase | clinical trial, it was reported that sustained paclitaxel plasma levels were
achieved over an 8-week period at all doses tested except 60 mg/m? which showed no detectable plasma drug levels.

Panel (B) is adapted with permission from the American Association for Cancer Research [162].

Panel (C) is adapted with permission from Elsevier [163].

presence of structurally and functionally different anticancer
agents [73]. The current chemotherapy dosing regimen of
intermittent i.v. infusions results in onset of chemoresistant
disease 2 years following initiation of treatment (74]. Possible
reasons for the onset of MDR include (Figure 2): i) cancer
cell genetics and phenotype; ii) tumor microenvironment
and iii) inadequate drug exposure. The mutation and/or
amplification of genes encoding ATP-dependent drug efflux
transporters have been widely documented as key contributors
to MDR [75]. Drug efflux transporters, when overexpressed,
have been shown to cause the development of cellular resis-
tance to a broad spectrum of hydrophobic anticancer
agents [76]. Another cellular mechanism involved in MDR is
the decreased uptake of water-soluble drugs such as platinum
agents which require transporters to enter cells [75]. Further-
more, modifications in drug metabolism, alterations in cell
cycle, enhanced DNA damage repair mechanisms and
changes in apoptotic signaling pathways have also been

identified as sources of cancer cell-specific mechanisms of
MDR (77,781

Drug resistance can also develop as a result of the tumor
microenvironment including hypoxic regions, low extracellu-
lar pH, heterogeneous vascular density and blood flow and
increased interstitial fluid pressure [79-84]. These physiological
properties have been shown to result in limited drug penetra-
tion, heterogeneous distribution of drug and regions with
slowly proliferating cells that are less chemosensitive. As well,
inadequate drug exposure at tumor sites can lead to MDR.
This may result from an insufficient therapeutic dose reaching
the tumor, short drug residence time and/or drug metabolism
and excretion [32]. Different approaches to overcome MDR
have been pursued including the use of drug efflux transporter
inhibitors, synthesis of more active drug analogs and develop-
ment of prodrugs (85]. Some investigators have explored using
DDS such as nanoparticles to improve the effectiveness of che-
motherapy in resistant disease (86-90], while others have shown
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Figure 4. An injectable depot drug delivery system for localized and sustained chemotherapy of ovarian cancer (continued).
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that extending drug exposure time using localized DDS can
increase tumor responsiveness (Figure 2) [91-95].

3. Advanced drug delivery strategies for
treatment of ovarian cancer

To date, a number of DDS have been designed to improve
the therapeutic index of cancer drugs for treatment of ovar-
ian cancer. The majority of these DDS have either been put
forward to address solubility issues or overcome transport
barriers. As an example, the taxanes paclitaxel and docetaxel
are highly lipophilic with poor aqueous solubility [96]. For
this reason, the non-ionic surfactants Cremophor EL and
Polysorbate 80 are currently used as formulation vehicles
for Paclitaxel (Taxol®, Bristol-Myers Squibb, Montreal,
QC, Canada) and Docetaxel (Taxotere®, Sanofi-Aventis,
Laval, QC, Canada), respectively. These surfactants have
been associated with hypersensitivity and neurotoxicity and
can influence drug distribution at the whole-body and
cellular levels (9798, DDS have been put forward to
improve solubility and circumvent issues associated with
these excipients.

Furthermore, DDS have also been developed to bypass
systemic and peritoneal transport barriers in order to achieve
higher therapeutic drug concentrations at diseased sites.
Nano-sized DDS (NDDS) are ideal for i.v. administration
as they can take advantage of the enhanced permeation
and retention (EPR) effect [99]. The EPR effect occurs as a
result of leaky wvasculature and impaired lymphatic
clearance within tumors, which leads to preferential
NDDS extravasation and retention at tumor sites [100].
Once administered i.v., NDDS can reduce systemic drug
exposure, increase tumor accumulation and bypass MDR
mechanisms [101]. On the other hand, i.p. administration is
more suitable for microspheres, implants and injectable
depots. These DDS have the potential to provide sustained
drug release over extended periods in the peritoneal cavity.
Prolonged drug exposure has been shown to increase tumor
responsiveness to chemotherapeutics in various ovarian
cancer models [91-95]. Sustained and localized delivery may
also improve intratumoral drug distribution and penetra-
tion [102] and allow for circumvention of MDR [95,103,104].
The following sections highlight DDS developed for ovarian
cancer therapy and discuss the advantages and limitations
associated with each.

3.1 NDDS: nanoparticles, block copolymer micelles,
liposomes and drug conjugates
NDDS such as nanoparticles [105-113], block copolymer
micelles [114-121], liposomes [122-125) and drugs conjugated to
peptides [126,127], small molecules [128] or polymers [129-137]
have been investigated for ovarian cancer therapy. These sys-
tems can be defined as drug carriers that are in the
‘1 = 100 nm range in at least one dimension’, a scale at which
unique physical, chemical and biological properties emerge
that can be used to develop novel technologies and pro-
ducts [138]. Anticancer agents can be loaded in the NDDS
by encapsulation or conjugation [139]. In terms of biocompa-
tibility, material components such as block copolymers used
to prepare NDDS are less toxic alternatives to solubilize free
drug compared with excipients such as non-ionic surfac-
tants [140]. After systemic administration, NDDS have been
shown to increase drug accumulation at solid tumor sites via
passive targeting which relies on the EPR effect. The NDDS
have an extended circulation lifetime following i.v. adminis-
tration in comparison with free drugs [141-143]. This can result
in an increase in tumor accumulation via the EPR effect, and
in turn, increase efficacy [144]. NDDS and their material com-
ponents have been shown to overcome MDR mechanisms by
directing endocytosis-mediated cellular internalization of
drug [101,145] and/or interacting directly with efflux
pumps [146-148]. In an attempt to further increase the therapeu-
tic index of drug-loaded NDDS for ovarian cancer, scientists
have pursued active targeting by functionalizing the NDDS
surface with moieties that recognize targets expressed on or
near cancer cells [149-152]. Active targeting may also aid in
bypassing MDR mechanisms, resulting in an increase in cellu-
lar accumulation of drug [153]. Another approach used to over-
come MDR using NDDS has been combination drug
delivery, whereby drugs with different mechanisms of action
are co-delivered [111,113]. However, NDDS do not provide a
means to increase the peritoneal residence time of the drug
significantly. Following i.p. administration, NDDS are typi-
cally cleared rapidly from the peritoneal cavity through
absorption into the lymphatic drainage [154-156]. As the goal
of i.p. administration is to increase the residence time of
drug in the peritoneal cavity, NDDS may not be suitable
for this route of delivery.

Of the limited number of DDS evaluated in clinical trials
for the treatment of ovarian cancer, most have been nano-
sized systems. Genexol-PM is a formulation developed by

Figure 4. An injectable depot drug delivery system for localized and sustained chemotherapy of ovarian cancer. (A)
The injectable depot is composed of polymer and phospholipids and loaded with docetaxel. A sustained drug release profile
is achieved and release rate can be tuned by changing drug to material ratio [94]. (B) Favorable drug distribution is seen at the
whole-body, peritoneal and intratumoral levels following i.p. administration of the formulation [102]. (i) Sustained
concentrations of drug are attained in plasma, tissue and tumors over a 3-week period. (ii) Homogeneous drug distribution is
achieved in the peritoneal cavity as seen by similar drug levels in tumors proximal and distal to the formulation site of
injection. (iii) At the intratumoral level, drug is distributed more to the core of i.p. tumors when compared with s.c. tumors

following i.p. administration of the formulation.

Graphs in panels (A) and (B) are reproduced with permission from Elsevier: [94] and [102], respectively.
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Samyang Corporation in Korea, that consists of poly(ethyl-
ene glycol)-b-poly(L-lactide) block copolymer micelles
loaded with paclitaxel. Genexol-PM has been shown to
increase the tumor accumulation of drug and result in
significant improvements in efficacy in comparison with
Taxol in a murine model of ovarian cancer [157]. A sub-
sequent Phase I study of Genexol-PM in patients with
advanced, refractory malignancies including lung, breast
and ovarian showed that Genexol-PM permits the adminis-
tration of a higher dose of paclitaxel compared with Taxol
without additional toxicity [158]. Currently, ovarian cancer
patients are being recruited for a Phase II clinical trial to
evaluate Genexol-PM in combination with carboplatin for
first-line treatment. DOXIL®, a liposome formulation of
doxorubicin has been approved for treatment of refractory
Kaposi’s sarcoma, ovarian cancer and recurrent breast
cancer [159]. OPAXIO™ (Cell Therapeutics Inc., Seattle,
WA, USA) is a polymer-drug conjugate system that includes
paclitaxel linked to polyglutamate. This polymer-drug con-
jugate is currently being evaluated as monthly maintenance
therapy in a Phase III clinical trial in ovarian cancer patients
who have achieved a complete response following standard
first-line chemotherapy [160]. A similar formulation from
Cell Therapeutics Inc. (camptothecin conjugated to polyglu-
tamate) was investigated in a Phase II open-label study as
a single agent in patients with advanced metastatic ovarian
cancer who had failed one prior platinum- and taxane-based
regimen [160].

3.2 Microspheres

Microsphere DDS, typically between 1 and 1000 pm in size,
have been explored for delivery of a range of cancer thera-
pies. Indeed, a number of microsphere formulations
composed of the biodegradable copolymer poly(p,L-lactide-
co-glycolide) have been approved for prostate cancer therapy
and have been reviewed elsewhere [161). Paclimer®, a poly
(phosphoester) microsphere formulation of paclitaxel, with
a sustained in vitro release profile (1 - 2% per day) over a
90-day period [162], was investigated by Armstrong e al. in
a Phase [ clinical trial (Figure 3) [163]. Patients with recurrent
ovarian cancer were treated with Paclimer every 8 weeks for
two cycles via the i.p. route. It was reported that sustained
plasma levels of paclitaxel were achieved throughout the
8-week period. However, biocompatibility issues associated
with the microspheres were observed, including visible resid-
ual polymer filaments 7 months post-treatment. Beyond
providing sustained plasma levels, microspheres may be
used to increase the peritoneal residence time for drugs.
Compared with NDDS, microspheres have been shown to
have longer peritoneal retention following i.p. administra-
tion [156]. Consequently, microspheres have the potential to
be utilized as a means to provide sustained plasma and peri-
toneal drug levels combined with localized drug exposure
when delivered via the i.p. route. To date, only a limited
number of preclinical studies have investigated microsphere

formulations for i.p. chemotherapy in ovarian cancer
models [156,164,165].

3.3 Implants and injectable depots

Implantable and injectable depot DDS have been investi-
gated for localized and sustained delivery of anticancer
agents [166]. Examples of such systems investigated in clinical
trials include the injectable depot OncoGel™ for esophageal
and brain cancers (167) and implantable Gliadel® wafers for
brain cancer [168,169]. The i.p. implantable and injectable
depot systems may be the most promising approach for
treatment of ovarian cancers, given that the disease is located
primarily within the peritoneal cavity during its natural his-
tory. Advantages associated with these DDS for ovarian can-
cer are higher drug concentrations at the disease site,
extended drug exposure which may be particularly beneficial
for cell cycle-specific anticancer agents, and lower systemic
toxicity. Yet, implantable and injectable depot DDS face a
number of drawbacks that have limited their implementation
in the clinical setting. One challenge is achieving homoge-
neous distribution of drug in the peritoneal cavity following
release from the delivery system. In addition, metastatic
regions outside of the peritoneal cavity may not be reached
with a localized approach. However, the sustained plasma
levels provided by some implantable and injectable depot
DDS may be effective at treating metastatic disease. The
extent of tumor drug penetration may be low compared
with i.v. chemotherapy as local drug exposure from the
periphery of tumors may not provide sufficient intratumoral
drug distribution. Yet once again if the DDS results in sus-
tained plasma levels the systemic circulation may provide
an additional route for drug entry into tumor nodules. Dif-
ficulties in precise implantation in the peritoneal cavity
may arise, requiring a high level of surgical expertise. Finally,
the viscosity of injectable depots may lead to issues. It has
been reported that low viscosity injectable systems may fail
to provide a delayed drug release profile while high viscosity
injectables may be difficult to administer [170].

Yang et al. have incorporated docetaxel into an injectable
thermosensitive mixed micelle gel (171. The impact of site
of administration (i.e., intratumoral, peritumoral and subcu-
taneous) of the gel on efficacy in a subcutaneous SKOV-3
murine model of ovarian cancer was investigated. Intratu-
moral administration resulted in the lowest tumor growth
rate and was 4.2-, 2.6- and 1.7-fold lower than that in the
non-treated control, subcutaneous and peritumoral groups,
respectively. Grant er al. designed an implantable chitosan-
phospholipid film that provided sustained i.p. delivery of
paclitaxel for the treatment of ovarian cancer [172]. Implanta-
tion of the films in the peritoneal cavities of healthy mice
revealed no signs of toxicities over a 4-week period [173].
Treatment with the chitosan-phospholipid film containing
paclitaxel resulted in complete tumor inhibition in a murine
xenograft model of human ovarian cancer, whereas only
47% inhibition was observed in animals given equivalent
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bolus i.p. doses of paclitaxel [92]. Intermittent doses of pacli-
taxel also resulted in a pronounced induction of the mdrl
gene, which plays a significant role in MDR, while sustained
delivery of paclitaxel via the films did not result in mdrl
induction [104].

To avoid the need for surgical implantation, Grant ez al.
(174] and more recently Zahedi ¢t al. [94] (Figure 4) developed
injectable chitosan-phospholipid depots (PoLigel) for pacli-
taxel and docetaxel delivery, respectively. No signs of toxicity
or inflammation were detected on administration of drug-
free or drug-loaded formulations [94,175]. The PoLigel has
been shown to result in a homogeneous distribution of doce-
taxel within the peritoneal cavity of healthy CD-1 mice with-
out the need for fluid co-administration [94,176]. As well,
compared with i.p. administration of Taxotere in healthy
CD-1 mice, the PoLigel provides sustained peritoneal drug
levels [176]. Sustained concentrations of docetaxel were
observed in plasma, tissue, tumor and ascites in murine mod-
els of ovarian cancer over a 3-week period [102]. Recent work
by De Souza ez al. has shown that sustained docetaxel therapy
via the PoLigel is considerably more efficacious than intermit-
tent therapy, resulting in a greater decrease in tumor burden
and ascites fluid accumulation [91]. Immunostaining revealed
that sustained dosing increases tumor cell death while reduc-
ing angiogenesis and cell proliferation in ovarian tumors to
a greater extent than intermittent dosing. In a recent study,
sustained administration of docetaxel in combination with
cepharanthine, a potent drug efflux transporter inhibitor,
was examined using the injectable chitosan-phospholipid
formulation [95]. Sustained combination treatment was more
than twice as efficacious as intermittent docetaxel therapy
administered as Taxotere in the murine HEYA8-MDR
ovarian cancer orthotopic model. Moreover, sustained
monotherapy with docetaxel resulted in a 76% reduction in
tumor burden compared to control, while intermittent
treatment with Taxotere only resulted in a 36% decrease in
tumor burden.

4. Conclusion

At this time, the survival rates for ovarian cancer patients with
advanced stage disease are low due to non-specific early symp-
toms and inadequate treatment strategies. The standard i.v.
chemotherapy approach has proven to be ineffective as a result
of low therapeutic drug levels reaching the diseased sites and
high toxicities affecting normal tissues. Furthermore, this
course of therapy eventually leads to the onset of untreatable
drug-resistant disease. DDS have emerged as potential viable
treatment strategies for this disease. Overall, the benefits of
using DDS for ovarian cancer therapy include higher drug
levels at the diseased site, circumvention of drug resistance
mechanisms, minimization of non-specific toxicities,
improvements in solubility of poorly soluble drugs and elim-
ination of toxicities associated with conventionally used
pharmaceutical excipients.

5. Expert opinion

The effective administration of stand-alone small molecule
anticancer agents currently faces problems such as undesir-
able biodistribution, low target-site specificity and rapid
clearance. DDS can be used to overcome these obstacles
and a handful have reached clinical trials or have been
approved for ovarian cancer therapy. Unexpected toxicity
is an important consideration when developing DDS. Mate-
rial components used to prepare DDS must be rigorously
tested for safety and biocompatibility to prevent toxicity
issues when these reach the clinic. For instance, i.p. admin-
istered DDS may result in gastrointestinal toxicity both
from high local concentrations of drug and material compo-
nents [163,170]. Physicochemical properties of NDDS such as
size, shape and surface properties can influence their toxic-
ity, and can therefore be optimized to reduce the possibility
of adverse reactions [101]. These factors should be taken into
careful consideration when developing DDS for ovarian
cancer therapy. The administration route, specifically drug
administration via the i.p. route, may add an enhanced ther-
apeutic effect for ovarian cancer therapy owing to higher
local drug concentrations at tumor sites, prolonged drug
exposure to the tumors and lower systemic toxicities. Three
pivotal Phase III studies have shown the potential benefits
associated with i.p. chemotherapy. Furthermore, it has
been shown that altering the chemotherapy dosing schedule
can greatly influence and improve efficacy outcomes. For
example, by increasing the frequency of treatments, it is
possible to reduce tumor repopulation rates, decrease
MDR and improve efficacy [177]. Consequently, lengthening
the time that chemotherapeutics are retained within the
peritoneal cavity may be advantageous for the treatment of
ovarian cancer. Hydrophilic drugs such as platinum agents
are cleared more rapidly than bulky hydrophobic drugs
such as taxanes from the peritoneal cavity following i.p.
administration [60]. As well, drugs in free form are eventu-
ally absorbed through peritoneal capillaries into the systemic
circulation, followed by quick elimination [178]. NDDS can
have prolonged peritoneal residence time compared with
free drug; but, are typically cleared within 2 days through
absorption into the lymphatic circulation [155]. The presence
of active targeting moieties at the surface of NDDS may
result in an increase in their retention within the peritoneal
cavity and further enhance the uptake of NDDS into cancer
cells. However, to date studies comparing the peritoneal
retention of targeted and non-targeted NDDS following i.
p. administration have not been conducted. Microspheres
have been shown to lead to further improvements in perito-
neal retention of drugs in comparison with NDDS [156].
Incorporation of free drugs or NDDS into implants and
injectable depots can increase their peritoneal retention
times to several weeks [94,101,170]. Significant improvements
in efficacy outcomes in multiple models of ovarian cancer
using localized chemotherapy via i.p. implants and
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injectable depots have been observed. However, there are
significant hurdles associated with adoption of such technol-
ogies into the clinic. Despite the fact that studies in murine
models have confirmed homogeneous distribution of drug
within the peritoneal cavity and good tumor penetration,
this may not be indicative of results in humans. Physiolog-
ical differences exist between mice and humans that must be
taken into account for successful clinical translation.
Another key issue facing widespread adoption of administra-
tion of DDS via the i.p. route is the surgical skill and exper-
tise required for accurate placement of these systems.
Imaging modalities have recently proven to be valuable in
non-invasively ~guiding intratumoral and  peritumoral
implantation of delivery systems [171,172]. Recently, a folate
receptor-Oi-targeted optical fluorescent agent was used for

Bibliography
Papers of special note have been highlighted as
either of interest (®) or of considerable interest Toronto: 2010

(@) to readers. 11.

1. Sankaranarayanan R, Ferlay J.
Worldwide burden of gynaecological
cancer: the size of the problem.
Best Pract Res Clin Obstet Gynaecol 12.
2006;20(2):207-25
2. Markman M. Pharmaceutical
management of ovarian cancer - Current 13.

status. Drugs 2008;68(6):771-89

3. Wenham RM. Ovarian cancer: a bright
future. Cancer Contr 2011;18:4-5 14.

4. Markman M. An update on the use of
intraperitoneal chemotherapy in the
management of ovarian cancer. Cancer ]
2009;15(2):105-9 15.

5. Hennessy BT, Coleman RL,
Markman M. Ovarian cancer. Lancet

2009;374(9698):1371-82
6. Kim CK, Lim S]J. Recent progress in

drug delivery systems for anticancer
agents. Arch Pharm Res
2002;25(3):229-39 °

7. Engels FK, Mathot RAA, Verweij J. 17.
Alternative drug formulations of
docetaxel: a review. Anticancer Drugs

2007;18(2):95-103

8. Panchagnula R. Pharmaceutical aspects of
paclitaxel. Int ] Pharm
1998;172(1-2):1-15

9. American Cancer Society.

Cancer Facts & Figures 2010.
American Cancer Society;
Adanta: 2010 20.

10.  Canadian Cancer Society’s Steering

Committee. Canadian Cancer Statistics

2010. Canadian Cancer Society;

Auersperg N, Wong AST, Choi KC, 21.
et al. Ovarian surface epithelium:

biology, endocrinology, and pathology.

Endocr Rev 2001;22(2):255-88

Karst AM, Drapkin R. Ovarian Cancer
Pathogenesis: a Model in Evolution. 22.
J Oncol 2010;2010:932371

Chen VW, Ruiz B, Killeen JL, et al.
Pathology and classification of ovarian
tumors. Cancer 2003;97(10):2631-42

Landen CN, Birrer MJ, Sood AK. Early
events in the pathogenesis of epithelial
ovarian cancer. J Clin Oncol

2008;26(6):995-1005
Shih IM, Kurman RJ. Ovarian

tumorigenesis — a proposed model based
on morphological and molecular genetic
analysis. Am ] Pathol
2004;164(5):1511-18

ovarian cancer. ] Natl Cancer Inst

1999;91(17):1459-67 26.
18.  Colombo N, Van Gorp T, Parma G,

et al. Ovarian cancer. Crit Rev

Oncol Hematol 2006;60(2):159-79 27.
19.  Purdie DM, Bain CJ, Siskind V, et al.
Ovulation and risk of epithelial ovarian
cancer. Int J Cancer 2003;104(2):228-32
Cramer DW, Barbieri RL, Fraer AR,
et al. Determinants of early follicular

phase gonadotrophin and estradiol

intraoperative image-guided staging and cytoreductive sur-
gery in ovarian cancer patients [179]. Image-guided surgery
and drug delivery have gained widespread interest in recent
years. The integration of imaging in drug delivery for ovar-
ian cancer will move us toward the implementation of per-
sonalized medicine and better management of this
deadly disease.

Declaration of interest

The authors declare no conflict of interest and have received
no payment in preparation of this manuscript. P Zahedi is
grateful to the Ontario Graduate Scholarship for a post-
graduate scholarship. R Yoganathan is grateful to MITACS
for the Elevate post-doctoral fellowship.

reproductive age. Hum Reprod
2002;17(1):221-7

Helzlsouer KJ, Alberg AJ,

Gordon GB, et al. Serum
gonadotropins and steroid-hormones
and the development of ovarian-cancer.

JAMA 1995;274(24):1926-30
Risch HA. Hormonal etiology of

epithelial ovarian cancer, with a
hypothesis concerning the role of
androgens and progesterone - Response.
J Natl Cancer Inst 1999;
91(7):650-1

23.  Kurman R], Shih IM. The origin and
pathogenesis of epithelial ovarian cancer:
a proposed unifying theory. Am J
Surg Pathol 2010;34(3):433-43

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

Levanon K, Ng V, Piao HY, et al.

Primary ex vivo cultures of human

16.  Cannistra SA. Cancer of the ovary.

N Engl ] Med 2004;351(24):2519-29 25.
In-depth review of ovarian cancer.

Ness RB, Cottreau C. Possible role of

ovarian epithelial inflammation in

fallopian tube epithelium as a model
for serous ovarian carcinogenesis.
Oncogene 2010;29(8):1103-13

Roett MA, Evans P. Ovarian cancer:
an overview. Am Fam Physician

2009;80(6):609-16

Clarke-Pearson DL. Screening for
ovarian cancer. N Engl ] Med
2009;361(2):170-7

28.  Karam AK, Karlan BY.
Ovarian cancer: the duplicity of
CA125 measurement. Nat Rev
Clin Oncol 2010;
7(6):335-9

concentrations in women of late

578 Expert Opin. Drug Deliv. (2012) 9(5)

RIGHTS LI N Ky



29.
30.
31.

g 32.

S

S

—

c

° 33.

=

[

o)

[}

¥

&

& 35.

s

(]

8>

=65

B3

g5

= C

23

=]

E o

S5

w— LL

B

3

S

c

g

a 37.

=

D

[a)]

(o))

)

[a)]

<

S

o)

5

o

&
38.
39.
40.

Gubbels JA, Claussen N,

Kapur AK, et al. The detection,
treatment, and biology of epithelial
ovarian cancer. ] Ovarian Res
20103(1):1-11

Benedet JL, Bender H, Jones H, et al.
FIGO staging classifications and clinical
practice guidelines in the management of
gynecologic cancers. FIGO committee on

gynecologic oncology. Int J
Gynecol Obstet 2000;70(2):209-62

Bhoola S, Hoskins WJ. Diagnosis and
management of epithelial ovarian cancer.

Obstet Gynecol 2006;107(6):1399-410
Baird RD, Kaye SB. Drug resistance

reversal - are we getting closer?

Eur ] Cancer 2003;39(17):2450-61
Harter P, Hilpert F, Mahner S, et al.

Role of cytoreductive surgery in recurrent
ovarian cancer. Expert Rev
Anticancer Ther 2009;9(7):917-22

Meigs JV. Tumors of the Female Pelvic
Organs. MacMillan; New York: 1934

Griffiths CT. Surgical resection of tumor
bulk in primary treatment of ovarian
carcinoma. Natl Cancer Inst Monogr

1975;42:101-4

Hoskins WJ, Mcguire WP, Brady MF,
et al. The effect of diameter of largest
residual disease on survival after primary
cytoreductive surgery in patients with
suboptimal residual epithelial ovarian
carcinoma. Am ] Obstet Gynecol
1994;170(4):974-80

Alberts DS, Green S, Hannigan EV,

et al. Improved therapeutic index of
carboplatin plus cyclophosphamide versus
cisplatin plus cyclophosphamide: final
report by the Southwest Oncology
Group of a phase III randomized trial in
stages III and IV ovarian cancer.

J Clin Oncol 1992;10(5):706-17

Conte PF, Bruzzone M, Carnino F, et al.
Carboplatin, doxorubicin, and
cyclophosphamide versus cisplatin,
doxorubicin, and cyclophosphamide:

a randomized trial in stage III-IV
epithelial ovarian carcinoma.

J Clin Oncol 1991;9(4):658-63
Gurney H, Crowther D, Anderson H,

et al. Five year follow-up and dose
delivery analysis of cisplatin, iproplatin or
carboplatin in combination with
cyclophosphamide in advanced ovarian

carcinoma. Ann Oncol 1990;1(6):427-33

Swenerton K, Jeffrey J, Stuart G, et al.
Cisplatin-cyclophosphamide versus

41.

42.

43.

44.

45.

46.

47.

48.

49.

Recent advances in drug delivery strategies for treatment of ovarian cancer

carboplatin-cyclophosphamide in 50.

advanced ovarian cancer: a randomized
phase III study of the National Cancer
Institute of Canada Clinical Trials

Group. J Clin Oncol 1992;10(5):718-26

McGuire WP, Hoskins WJ, Brady MF, 51.

et al. Cyclophosphamide and cisplatin
compared with paclitaxel and cisplatin in
patients with stage III and stage IV
ovarian cancer. N Engl ] Med
1996;334(1):1-6

du Bois A, Luck HJ, Meier W, et al.

A randomized clinical trial of cisplatin/ 52.

paclitaxel versus carboplatin/paclitaxel as
first-line treatment of ovarian cancer.

J Natl Cancer Inst 2003;95(17):1320-30

Ozols RF, Bundy BN, Greer BE, 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. 53.

J Clin Oncol 2003;21(17):3194-200

Vasey PA, Jayson GC, Gordon A, et al.
Phase III randomized trial of
docetaxel-carboplatin versus
paclitaxel-carboplatin as first-line

chemotherapy for ovarian carcinoma.

J Natl Cancer Inst 2004;96(22):1682-91

Bertelsen K, Jakobsen A, Stroyer 1, et al.
A prospective randomized comparison of
6 and 12 cycles of cyclophosphamide,
adriamycin, and cisplatin in advanced
epithelial ovarian cancer: a Danish
Ovarian Study Group trial (DACOVA).
Gynecol Oncol 1993;49(1):30-6

Hakes TB, Chalas E, Hoskins W7J, et al.
Randomized prospective trial of 5 versus
10 cycles of cyclophosphamide,
doxorubicin, and cisplatin in advanced

ovarian carcinoma. Gynecol Oncol

1992;45(3):284-9
Lambert HE, Rustin GJS, Gregory WM,

et al. A randomized trial of five versus
eight courses of cisplatin or carboplatin
in advanced epithelial ovarian carcinoma
- A North Thames Ovary Group Study.
Ann Oncol 1997;8(4):327-33

Gore M, Mainwaring P, A’Hern R, et al.
Randomized trial of dose-intensity with
single-agent carboplatin in patients with

epithelial ovarian cancer. ] Clin Oncol

1998;16(7):2426-34
Jakobsen A, Bertelsen K, Andersen JE,

et al. Dose-effect study of carboplatin in

ovarian cancer: a Danish Ovarian Cancer

57.

Group study. J Clin Oncol
1997;15(1):193-8

54.

55.

56.

McGuire WP, Hoskins WJ, Brady MF,
et al. Assessment of dose-intensive
therapy in suboptimally debulked ovarian
cancer: a Gynecologic Oncology Group

study. J Clin Oncol 1995;13(7):1589-99

Grenman S, Wiklund T, Jalkanen J,

et al. A randomised phase III study
comparing high-dose chemotherapy to
conventionally dosed chemotherapy for
stage III ovarian cancer: the Finnish
Ovarian Cancer (FINOVA) study.
Eur J Cancer 2006;42(14):2196-9

Mobus V, Wandt H, Frickhofen N,

et al. Phase III trial of high-dose
sequential chemotherapy with peripheral
blood stem cell support compared with
standard dose chemotherapy for first-line
treatment of advanced ovarian cancer:
intergroup trial of the AGO-Ovar/AIO
and EBMT. ] Clin Oncol
2007;25(27):4187-93

Schilder R], Brady MF, Spriggs D, et al.
Pilot evaluation of high-dose carboplatin
and paclitaxel followed by high-dose
melphalan supported by peripheral blood
stem cells in previously untreated
advanced ovarian cancer: a gynecologic
oncology group study. Gynecol Oncol
2003;88(1):3-8

De Placido S, Scambia G, Di Vagno G,
et al. Topotecan compared with no
therapy after response to surgery and
carboplatin/paclitaxel in patients with
ovarian cancer: multicenter Italian trials
in ovarian cancer (MITO-1) randomized
study. J Clin Oncol
2004;22(13):2635-42

du Bois A, Weber B, Rochon J, et al.
Addition of epirubicin as a third drug to
carboplatin-paclitaxel in first-line
treatment of advanced ovarian cancer:

a prospectively randomized gynecologic
cancer intergroup trial by the
Arbeitsgemeinschaft Gynaekologische
Onkologie Ovarian Cancer Study Group
and the Groupe d’Investigateurs
Nationaux pour I'’Etude des Cancers
Ovariens. ] Clin Oncol
20065;24(7):1127-35

Pfisterer ], Weber B, Reuss A, et al.
Randomized phase III trial of topotecan
following carboplatin and paclitaxel in
first-line treatment of advanced ovarian
cancer: a gynecologic cancer intergroup
trial of the AGO-OVAR and GINECO.
J Natl Cancer Inst 2006;98(15):1036-45

Alberts DS, Liu PY, Hannigan EV, et al.

Intraperitoneal cisplatin plus intravenous

Expert Opin. Drug Deliv. (2012) 9(5)

579

RIGHTS LI N Ky



Expert Opin. Drug Deliv. Downloaded from informahealthcare.com by Hacettepe Univ. on 12/04/12
For personal use only.

P. Zahedi et al.

cyclophosphamide versus intravenous in a phase III trial of intravenous versus 78.  Longley DB, Johnston PG. Molecular
cisplatin plus intravenous Intraperitoneal chemotherapy in optimal mechanisms of drug resistance. ] Pathol
cyclophosphamide for stage III ovarian stage III ovarian and primary peritoneal 2005;205(2):275-92
cancer. N Engl ] Med cancer: a Gynecologic Oncology Group 79.  Brown JM, William WR. Exploiting
1996;335(26):1950-5 study. Gynecol Oncol 2006;100(1):27-32 tumour hypoxia in cancer treatment.
58.  Armstrong DK, Bundy B, Wenzel L, 67.  Trimble EL, Alvarez RD. Intraperitoneal Nat Rev Cancer 2004;4(6):437-47
et al. Intraperitoneal cisplatin and chemotherapy and the NCI clinical 80. Jang SH, Wientjes MG, Lu D, et al.
paclitaxel in ovarian cancer. N Engl announcement. Gynecol Oncol Drug delivery and transport to solid
J Med 2006;354(1):34-43 2006;103(2):S18-19 tumors. Pharm Res 2003;
oo Pivotal Phase III clinical trial for i.p. 68.  Robinson WR, Perry EK, Beyer JS, et al. 20(9):1337-50
chemotherapy in ovarian cancer. Intraperitoneal chemotherapy for ovarian 81.  Tannock IF. Tumor physiology and
59.  Markman M, Bundy BN, Alberts DS, cancer. Community Oncol drug resistance. Cancer Metastasis Rev
et al. Phase IIT trial of standard-dose 2010;7(2):67-72 2001520(1-2):123-32
intravenous cisplatin plus paclitaxel 69.  Gray HJ, Shah CA, Swensen RE, et al. 82, Tannock IF, Lee CM, Tunggal JK, et al.
versus moderately high-dose carboplatin Alternative intraperitoneal chemotherapy Limited penctration of anticancer drugs
followed by intravenous paclitaxel and regimens for optimally debulked ovarian throuch Sumor tissue: a potential causi
intraperitoneefl cisplat.in in small-volume cancer. Gynecol Oncol . resitance of solid ’tunfl)ors o
stage III ovarian carcinoma: . 2010;116(3):340-4 chemotherapy. Clin Cancer Res
an intergroup study of the Gynecologic . . o
Oncology Group, Southwestern 70. Makhl].at Si Leitao M, Sabb:jmnl P, et al. 2002;8(3):878-84
Oncology Group, and Eastern Compll.catlons associated with 83.  Vaupel P, Kallinowski F, Okunieff P.
Cooperative Oncology Group. intraperitoneal chemotherapy catheters. Blood flow, oxygen and nutrient supply,
J Clin Oncol 2001;19(4):1001-7 Gynecol Oncol 2001;81(1):77-81 and metabolic microenvironment of
60.  Ceclen WP, Flessner MF. Intraperitoncal 71.  Lesnock JL, Rlc'hard SI?, Zorn KK, et al. human tumors: a review. Cancer Res
therapy for peritoneal tumors: biophysics Completion of‘mtraperltoneal ) 1989;49(23):6449-65
and dlinical evidence. Nat Rev chemotherapy in advancedA ovﬁlrlan cancer 84.  Harris AL. Hypoxia - a key
Clin Oncol 2010:7(2):108-15 and catheter-related complications. regulatory factor in tumour growth.
D Review of i.p. chemotherapy concepts. Gynecol Oncol 2010;116(3):345-50 Nart Rev Cancer 2002;
61.  Guarneri V, Piacentini F, Barbieri E, 72.  Naumann R¥, Su?{umvamch P, 2(1):38-47
et al. Achievements and unmet needs in Edwards RP. Practice patterns of 85.  Zunino F, Cassinelli G, Polizzi D, et al.
the management of advanced ovarian invtrap erit(.)neal chemotherapy in women Molecular mechanisms of resistance to
cancer. Gynecol Oncol with ovarian cancer. Gynecol Oncol taxanes and therapeutic implications.
20105117(2):152-8 2009;114(1):37-41 Drug Resist Update 1999;2(6):351-7
62.  Howell SB, Pfeifle CL, Wung WE, et al. 73. Lage H. An 0\'/€I'Vi€W of cancer multidrug 86.  Ganta S, Amiji M. Coadministration of
Intraperitoneal cisplatin with systemic rCeSiit?\ZCT:;:tlél .unsolv-egi P rob.len;. p paclitaxel and curcumin in nanoemulsion
thiosulfate protection. Ann Intern Med ell Mol Life Sci 200865(20):3145-67 formulations to overcome multidrug
1982;97(6):845-51 74.  Batch C, Huang THM, Brown R, et al. resistance in tumor cells. Mol Pharm
63. DeGregorio MW, Lum BL, Th.c epigenetics of 0?’3..1‘131.’1 cancer drug 2009;6(3):928-39
Holleran WM, et al. Preliminary gistance and resensitization. Am J 87.  Liu Z, Ballinger JR, Rauth AM, et al.
observations of intraperitoneal stet Gynecol 2004;191(5):1552-72 Delivery of an anticancer drug and a
carboplatin pharmacokinetics during a 75.  Szakacs G, Paterson JK, Ludwig JA, chemosensitizer to murine breast sarcoma
phase I study of the Northern California et al. Targeting multidrug resistance in by intratumoral injection of sulfopropyl
Oncology Group. cancer. Nat Rev Drug Discov dextran microspheres.
Cancer Chemother Pharmacol 20006;5(3):219-34 J Pharm Pharmacol 2003;
1986;18(3):235-8 76.  Krishna R, Mayer LD. 55(8):1063-73
64.  Morgan RJ, Doroshow JH, Synold T, Multidrug resistance (MDR) in 88.  Patil Y, Sadhukha T, Ma LN, et al.
et al. Phase I trial of intraperitoneal cancer - mechanisms, reversal using Nanoparticle-mediated simultaneous and
docetaxel in the treatment of advanced modulators of MDR and the role of targeted delivery of paclitaxel and
malignancies primarily confined to the MDR modulators in influencing the tariquidar overcomes tumor drug
peritoneal cavity: dose-limiting toxicity pharmacokinetics of anticancer drugs. resistance. ] Control Release
and pharmacokinetics. Clin Cancer Res Eur J Pharm Sci 2000;11(4):265-83 2009;136(1):21-9
2003;9(16):5896-901 77.  Gottesman MM, Fojo T, Bates SE. 89.  Song XR, Cai Z, Zheng Y, et al.
65.  Markman M, Rowinsky E, Hakes T, Multidrug resistance in cancer: role of Reversion of multidrug resistance by
et al. Phase I trial of intraperitoneal ATP-dependent transporters. co-encapsulation of vincristine and
Taxol: a Gynecologic Oncology Group Nat Rev Cancer 2002;2(1):48-58 verapamil in PLGA nanoparticles. Eur |
study. J Clin Oncol 1992;10(9):1485-91 oo Review of cellular mechanisms Pharm Sci 2009;37(3-4):300-5
66.  Walker JL, Armstrong DK, Huang HQ, involved in MDR. 90.  Wong HL, Bendayan R, Rauth AM,
et al. Intraperitoneal catheter outcomes et al. Simultaneous delivery of
580 Expert Opin. Drug Deliv. (2012) 9(5)

RIGHTS LI N Ky



Expert Opin. Drug Deliv. Downloaded from informahealthcare.com by Hacettepe Univ. on 12/04/12
For personal use only.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

doxorubicin and GG918 (Elacridar) by
new polymer-lipid hybrid nanoparticles
(PLN) for enhanced treatment of
multidrug-resistant breast cancer.

J Control Release 2006;

116(3):275-84

De Souza R, Zahedi P, Moriyama EH,
et al. Continuous docetaxel
chemotherapy improves therapeutic
efficacy in murine models of ovarian

cancer. Mol Cancer Ther
2010;9(6):1820-30

Vassileva V, Grant ], De Souza R, et al.
Novel biocompatible intraperitoneal drug
delivery system increases tolerability and
therapeutic efficacy of paclitaxel in a
human ovarian cancer xenograft model.
Cancer Chemother Pharmacol

2007;60(6):907-14
Vassileva V, Moriyama EH, De Souza R,

et al. Efficacy assessment of sustained
intraperitoneal paclitaxel therapy in a
murine model of ovarian cancer using

bioluminescent imaging. Br ] Cancer

2008;99(12):2037-43

Zahedi P, De Souza R,
Piquette-Miller M, et al.
Chitosan-phospholipid blend for
sustained and localized delivery of
docetaxel to the peritoneal cavity.

Int J Pharm 2009;377(1-2):76-84

Zahedi P, De Souza R, Huynh L, et al.
Combination drug delivery strategy for
the treatment of multidrug resistant
ovarian cancer. Mol Pharm

2011;8(1):260-9
Ali SM, Hoemann MZ, Aube J, et al.

Butitaxel analogues: synthesis and
structure-activity relationships.

J Med Chem 1997;40(2):236-41
Hennenfent KL, Govindan R. Novel

formulations of taxanes: a review. Old
wine in a new bottle? Ann Oncol

2006;17(5):735-49
van Zuylen L, Verweij J, Sparreboom A.

Role of formulation vehicles in taxane
pharmacology. Invest New Drugs
2001;19(2):125-41

Fang J, Nakamura H, Maeda H. The
EPR effect: unique features of tumor

blood vessels for drug delivery, factors
involved, and limitations and

augmentation of the effect. Adv Drug
Deliv Rev 2011;63(3):136-51

Matsumura Y, Maeda H. A new concept
for macromolecular therapeutics in

cancer chemotherapy: mechanism of

101.

102.

103.

104.

105.

106.

107.

108.

109.

Recent advances in drug delivery strategies for treatment of ovarian cancer

tumoritropic accumulation of proteins
and the antitumor agent smancs.

Cancer Res 1986;46(12):6387-92
Farrell D, Ptak K, Panaro NJ, et al.

Nanotechnology-based cancer
therapeutics-promise and
challenge-lessons learned through the
NCI alliance for nanotechnology in
cancer. Pharm Res 2011;28(2):273-8
Good perspective on nano-based

cancer therapeutics.

Zahedi P, Stewart ], De Souza R, et al.
An injectable depot system for sustained
intraperitoneal chemotherapy of ovarian
cancer results in favorable drug
distribution at the whole body, peritoneal
and intratumoral levels.

J Control Release 2011;submitted

De Souza R, Zahedi P, Badame RM,
et al. Chemotherapy dosing schedule
influences drug resistance development in

ovarian cancer. Mol Cancer Ther
2011;10(7):1289-99

Ho EA, Soo PL, Allen C, et al. Impact
of intraperitoneal, sustained delivery of
paclitaxel on the expression of
P-glycoprotein in ovarian tumors.

J Control Release 2007;117(1):20-7

Lu HX, Li B, Kang Y, et al. Paclitaxel
nanoparticle inhibits growth of ovarian
cancer xenografts and enhances lymphatic
targeting. Cancer Chemother Pharmacol

2007;59(2):175-81
Feng ZL, Zhao G, Yu L, et al.

Preclinical efficacy studies of a novel
nanoparticle-based formulation of
paclitaxel that out-performs abraxane.
Cancer Chemother Pharmacol

2010:65(5):923-30
Paraskar AS, Soni S, Chin KT, et al.

Harnessing structure-activity relationship
to engineer a cisplatin nanoparticle for
enhanced antitumor efficacy. Proc Natl

Acad Sci USA 2010;107(28):12435-40

Dinulescu DM, Ince TA, Quade BJ,

et al. Role of K-ras and Pten in the
development of mouse models of
endometriosis and endometrioid ovarian

cancer. Nat Med 2005;11(1):63-70

Devalapally H, Shenoy D, Litte S, et al.
Poly(ethylene oxide)-modified poly(beta-
amino ester) nanoparticles as a
pH-sensitive system for tumor-targeted
delivery of hydrophobic drugs: part 3.
Therapeutic efficacy and safety studies in
ovarian cancer xenograft model.

Cancer Chemother Pharmacol

2007;59(4):477-84

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

Dong XW, Mattingly CA, Tseng MT,
et al. Doxorubicin and paclitaxel-loaded
lipid-based nanoparticles overcome
multidrug resistance by inhibiting
P-glycoprotein and depleting ATP.
Cancer Res 2009;69(9):3918-26

Devalapally H, Duan ZF, Seiden MV,

et al. Paclitaxel and ceramide
co-administration in biodegradable
polymeric nanoparticulate delivery system
to overcome drug resistance in ovarian
cancer. Int J Cancer 2007;121(8):1830-8

van Vlerken LE, Duan ZF, Little SR,
et al. Augmentation of therapeutic
efficacy in drug-resistant tumor models
using ceramide coadministration in
temporal-controlled polymer-blend
nanoparticle delivery systems. AAPS ]
2010;12(2):171-80

Devalapally H, Duan ZF, Seiden MV,
et al. Modulation of drug resistance in
ovarian adenocarcinoma by enhancing
intracellular ceramide using
tamoxifen-loaded biodegradable
polymeric nanoparticles. Clin Cancer Res
2008;14(10):3193-203

Li D, Zheng DH, Lu XW, et al.
Enhanced antitumor efficiency of
docetaxel-loaded nanoparticles in a
human ovarian xenograft model with

lower systemic toxicities by intratumoral

delivery. Oncol Rep 2010;23(3):717-24

Li Y, Xiao K, Luo J, et al. Well-defined,
reversible disulfide cross-linked micelles
for on-demand paclitaxel delivery.

Biomaterials 2011;32:6633-45
Xiao K, Luo JT, Fowler WL, et al.

A self-assembling nanoparticle for
paclitaxel delivery in ovarian cancer.

Biomaterials 2009;30(30):6006-16
Kim D, Gao ZG, Lee ES, et al. In vivo

evaluation of doxorubicin-loaded
polymeric micelles targeting folate
receptors and early endosomal pH in

drug-resistant ovarian cancer. Mol Pharm

2009;6(5):1353-62
Xu PS, Van Kirk EA, Murdoch W7,

et al. Anticancer efficacies of
cisplatin-releasing pH-responsive
nanoparticles. Biomacromolecules

2006;7(3):829-35
Jin W, Xu PS, Zhan YH, et al.

Degradable cisplatin-releasing core-shell
nanogels from zwitterionic poly(beta-
aminoester)-graft-PEG for cancer
chemotherapy. Drug Deliv
2007;14(5):279-86

Expert Opin. Drug Deliv. (2012) 9(5)

581

RIGHTS LI N Ky



Expert Opin. Drug Deliv. Downloaded from informahealthcare.com by Hacettepe Univ. on 12/04/12
For personal use only.

P. Zahedi et al.

120. Gao ZG, Fain HD, Rapoport N. 130. Li C, Ke S, Wu QP, et al. Potentiation treatment modality for cancer. Nat Rev
Controlled and targeted tumor of ovarian OCa-1 tumor radioresponse Drug Discov 2008;7(9):771-82
chemotherapy by micellar-encapsulated by poly (L-glutamic acid)-paclitaxel 142, Kataoka K, Harada A, Nagasaki Y. Block
drug and ultrasound. ] Control Release conjugate. Int J Radiat Oncol Biol Phys copolymer micelles for drug delivery:
2005;102(1):203-22 2000;48(4):1119-26 design, characterization and biological

121.  Rapoport NY, Kennedy AM, Shea JE, 131. Li C, Price JE, Milas L, et al. Antitumor significance. Adv Drug Deliv Rev
et al. Controlled and targeted tumor activity of poly(L-glutamic acid)- 2001;47(1):113-31
chemotherapy by ultrasound-activated paclitaxel on syngeneic and xenografted 143. Torchilin VP. Recent advances with
nanoemulsions/microbubbles. tumors. Clin Cancer Res liposomes as pharmaceutical carriers.

J Control Release 2009;138(3):268-76 1999;5(4):891-7 Nat Rev Drug Discov 2005;4(2):145-60

122. LiuY, Chen L, He X, et al. 132.  Li C, Yu DF, Newman RA, et al. 144. Brigger I, Dubernet C, Couvreur P.
Enhancement of therapeutic effectiveness Complete regression of well-established Nanoparticles in cancer therapy and
by combining liposomal honokiol with tumors using a novel water-soluble poly diagnosis. Adv Drug Deliv Rev
cisplatin in ovarian carcinoma. Int J (L-glutamic acid) paclitaxel conjugate. 2002;54(5):631-51
Gynecol Cancer 2008;18(4):652-9 Cancer Res 1998;58(11):2404-9

145. Sahay G, Alakhova DY, Kabanov AV.

123.  Zhao H, Wang JC, Sun QS, et al. 133. Milas L, Mason KA, Hunter N, et al. Endocytosis of nanomedicines.
RGD-based strategies for improving Poly(L-glutamic acid)-paclitaxel conjugate J Control Release 2010;145(3):182-95
antitumor activity of paclitaxel-loaded is a potent enhancer of tumor 146, Bansal T, Akhtar N, Jaggi M, et al
liposomes in nude mice xenografted with radiocurability. Int ] Radiat Oncol ’ Novel f ’ lai 1288 N ’ f ’
human ovarian cancer. ] Drug Target Biol Phys 2003;55(3):707-12 OX_IC . .ormu a.tlon approahc e tor
2009:17(1):10-18 optimising delivery of anticancer drugs

134, Peterson CM, Lu JM, Sun YR, et al. based on P-glycoprotein modulation.

124. Pastorino F, Di Paolo D, Piccardi F, Combination chemotherapy and Drug Discov Today
et al. Enhanced antitumor efficacy of photodynamic therapy with N-(2- 2009;14(21-22):1067-74
clinical-grade vasculature-targeted hydroxypropyl)methacrylamide o Review of different formulations and
liposomal doxorubicin. Clin Cancer Res copolymer-bound anticancer drugs their material components bypassing
2008;14(22):7320-9 inhibit human ovarian carcinoma efflux pumps.

125.  Staffhorst RWHM, van der Born K, heterotransplanted in nude mice. 147.  Elamanchili P, Mceachern C, Burt H
Erkelens CAM, et al. Antitumor activity Cancer Res 1996;56(17):3980-5 . Reversal of m;ltidrug resistar;ce by .
and biodistribution of cisplatin 135.  Shiah JG, Sun Y, Kopeckova P, et al. methoxypolyethylene
nanocapsules in nude mice bearing Combination chemotherapy and glycol-block-polycaprolactone diblock
human ovarian carcinoma xenografts. photodynamic therapy of targetable N- copolymers through the inhibition of
Anti Cancer Drugs 2008;19(7):721-7 (2-hydroxypropyl) methacrylamide P-glycoprotein function. ] Pharm Sci

126. Dings RPM, Van Laar ES, Loren M, copolymer-doxorubicin/mesochlorin ¢(6)- 2009;98(3):945-58
et al. Inhibiting tumor growth by OV-TL 16 antibody immunoconjugates. 148, Kabanov AV. Batrakova EV
vargeting tumor vasculature with J Control Release 2001;74(1-3):249-53 ’ Alakhov VY.)Pluronic® bloék
galectin-1 antagonist anginex conjugated 136. Tang HD, Murphy CJ, Zhang B, et al. copolymers for overcoming drug
to the cytotoxic acylfulvene, Curcumin polymers as anticancer resistance in cancer. Adv Drug Deliv Rev
6-hydroxylpropylacylfulvene. conjugates. Biomaterials 2002;54(5):759-79
Bioconjug Chem 2010;21(1):20-7 2010;31(27):7139-49 149, Nukolova NV, Oberoi HS, Cohen SM,

127.  Dubikovskaya EA, Thorne SH, 137.  Zhu S], Hong MH, Zhang LH, et al. et al. Folate-decorated nanogels for
Pillow TH, et al. Overcoming multidrug PEGylated PAMAM targeted therapy of ovarian cancer.
resistance of small-molecule therapeutics dendrimer-doxorubicin conjugates: Biomaterials 2011;32(23):5417-26
through conjugation with releasable in vitro evaluation and in vivo tumor o

.. . 150. Cirstoiu-Hapca A, Buchegger F,
octaarginine transporters. Proc Natl Acad accumulation. Pharm Res L N | Benefit of
Sci USA 2008;105(34):12128-33 2010;,27(1):161-74 ange . et &l Benelit o
anti-HER2-coated paclitaxel-loaded

128.  Somjen D, Katzburg S, Nevo N, et al. 138.  Ferrari M. Cancer nanotechnology: immuno-nanoparticles in the treatment
A daidzein-daunomycin conjugate opportunities and challenges. of disseminated ovarian cancer:
improves the therapeutic response in an Nat Rev Cancer 2005;5(3):161-71 therapeutic efficacy and biodistribution
animal model of ovarian carcinoma. 139. Haley B, Frenkel E. Nanoparticles for in mice. ] Control Release
J Steroid Biochem 2008;110(1-2):144-9 drug delivery in cancer treatment. 2010;144(3):324-31

129. Li C, Ke S, Wu QP, et al. Tumor Urol Oncol Semin Orig 151, Zhang XY, Chen J, Zheng YF, et al.
irradiation enhances the tumor-specific 2008;26(1):57-64 Follicle-stimulating hormone peptide can
distribution of poly(L-glutamic acid)- 140. Duncan R. The dawning era of polymer facilitate paclitaxel nanoparticles to target
conjugated paclitaxel and its antitumor therapeutics. Nat Rev Drug Discov ovarian carcinoma in vivo. Cancer Res
efficacy. Clin Cancer Res 2003;2(5):347-60 2009;69(16):6506-14
2000;6(7):2829-34 . . .

141.  Davis ME, Chen Z, Shin DM. 152.  Winer I, Wang SY, Lee YEK, et al.
Nanoparticle therapeutics: an emerging F3-targeted cisplatin-hydrogel
582 Expert Opin. Drug Deliv. (2012) 9(5)

RIGHTS LI N Ky



Expert Opin. Drug Deliv. Downloaded from informahealthcare.com by Hacettepe Univ. on 12/04/12
For personal use only.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

nanoparticles as an effective therapeutic
that targets both murine and human
ovarian tumor endothelial cells in vivo.

Cancer Res 2010;70(21):8674-83

Jabr-Milane LS, van Vlerken LE,
Yadav S, et al. Multi-functional
nanocarriers to overcome tumor drug
resistance. Cancer Treat Rev
2008;34(7):592-602

Hirano K, Hunt CA. Lymphatic
transport of liposome-encapsulated
agents: effects of liposome size
following intraperitoneal

administration. ] Pharm Sci

1985;74(9):915-21
Kohane DS, Tse JY, Yeo Y, et al.

Biodegradable polymeric microspheres
and nanospheres for drug delivery in the
peritoneum. ] Biomed Mater Res Part A
2006;77A(2):351-61

Tsai M, Lu Z, Wang J, et al. Effects of
carrier on disposition and antitumor
activity of intraperitoneal paclitaxel.
Pharm Res 2007;24(9):1691-701

Kim SC, Kim DW, Shim YH, et al. In
vivo evaluation of polymeric micellar
paclitaxel formulation: toxicity and
efficacy. ] Control Release
2001;72(1-3):191-202

Kim TY, Kim DW, Chung JY, et al.
Phase I and pharmacokinetic study of
Genexol-PM, a cremophor-free,
polymeric micelle-formulated paclitaxel,

in patients with advanced malignancies.

Clin Cancer Res 2004;10(11):3708-16
Gabizon A, Shmeeda H, Barenholz Y.

Pharmacokinetics of pegylated liposomal
doxorubicin - Review of animal and

human studies. Clin Pharmacokinet

2003;42(5):419-36
Li C, Wallace S. Polymer-drug

conjugates: recent development in clinical
oncology. Adv Drug Deliv Rev
2008;60(8):886-98

Mundargi RC, Babu VR,

Rangaswamy V, et al. Nano/micro
technologies for delivering
macromolecular therapeutics using poly
(D,L-lactide-co-glycolide) and its
derivatives. ] Control Release
2008;125(3):193-209

Harper E, Dang WB, Lapidus RG, et al.
Enhanced efficacy of a novel controlled
release paclitaxel formulation
(PACLIMER Delivery System) for

local-regional therapy of lung cancer

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

Recent advances in drug delivery strategies for treatment of ovarian cancer

tumor nodules in mice. Clin Cancer Res

1999;5(12):4242-8

Armstrong DK, Fleming GF,

Markman M, et al. A phase I trial of
intraperitoneal sustained-release paclitaxel
microspheres (Paclimer®) in recurrent
ovarian cancer: a Gynecologic Oncology
Group study. Gynecol Oncol
2006;103(2):391-6

Kang BK, Chon SK, Kim SH, et al.
Controlled release of paclitaxel from
microemulsion containing PLGA and
evaluation of anti-tumor activity in vitro
and in vivo. Int ] Pharm
2004;286(1-2):147-56

Lu Z, Tsai M, Lu D, et al.
Tumor-penetrating microparticles for
intraperitoneal therapy of ovarian cancer.
J Pharmacol Exp Ther
2008;327(3):673-82

De Souza R, Zahedi P, Allen CJ, et al.
Polymeric drug delivery systems for
localized cancer chemotherapy.

Drug Deliv 2010;17(6):365-75
Elstad NL, Fowers KD. OncoGel

(ReGel/paclitaxel) - clinical applications
for a novel paclitaxel delivery system.

Adv Drug Deliv Rev 2009;61(10):785-94

Attenello FJ, Mukherjee D, Datoo G,

et al. Use of gliadel (BCNU) wafer in
the surgical treatment of malignant
glioma: a 10-year institutional experience.

Ann Surg Oncol 2008;15(10):2887-93

Westphal M, Hilt DC, Bortey E, et al.
A phase III trial of local chemotherapy
with biodegradable carmustine (BCNU)
wafers (Gliadel wafers) in patients with
primary malignant glioma. Neuro-oncol
2003;5(2):79-88

Hatefi A, Amsden B. Biodegradable
injectable in situ forming drug delivery
systems. ] Control Release
2002;80(1-3):9-28

Yang Y, Wang JC, Zhang X, et al.

A novel mixed micelle gel with
thermo-sensitive property for the local

delivery of docetaxel. ] Control Release
2009;135(2):175-82

Grant J, Blicker M, Piquette-Miller M,
et al. Hybrid films from blends of
chitosan and egg phosphatidylcholine for
localized delivery of paclitaxel.

J Pharm Sci 2005;94(7):1512-27

Ho EA, Vassileva V, Allen C, et al. In

vitro and in vivo characterization of a

174.

175.

176.

177.

178.

179.

180.

novel biocompatible polymer-lipid
implant system for the sustained delivery
of paclitaxel. ] Control Release
2005;104(1):181-91

Grant ], Lee H, Soo PL, et al. Influence
of molecular organization and
interactions on drug release for an
injectable polymer-lipid blend.

Int J Pharm 2008;360(1-2):83-90

De Souza R, Zahedi P, Allen C, et al.
Biocompatibility of injectable
chitosan-phospholipid implant systems.
Biomaterials 2009;30:3818-24

Zahedi P, De Souza R,
Piquette-Miller M, et al. Docetaxel
distribution following intraperitoneal
administration in mice. ] Pharm

Pharm Sci 2011;14(1):90-9
Kerbel RS, Kamen BA. The

anti-angiogenic basis of metronomic
chemotherapy. Nat Rev Cancer
2004;4(6):423-36

Flessner MF. The transport barrier in
intraperitoneal therapy. Am ] Physiol
Renal Physiol 2005;288(3):F433-42

van Dam GM, Themelis G, Crane LMA,
et al. Intraoperative tumor-specific
fluorescence imaging in ovarian cancer by
folate receptor-alpha targeting: first
in-human results. Nat Med
2011;17(10):1315-19

Paper highlighting role of imaging in
ovarian cancer surgery.

Minchinton Al, Tannock IF. Drug
penetration in solid tumours.

Nat Rev Cancer 2006;6(8):583-92
Review of tumor microenvironment
factors leading to MDR.

Affiliation

Payam Zahedi' MSc, Roshan Yoganathan1 PhD,
Micheline Piquette-Miller' PhD &

Christine Allen™ PhD

TAuthor for correspondence

IUniversiry of Toronto,

Leslie Dan Faculty of Pharmacy,

144 College Street, Toronto,
Ontario M5S-3M2, Canada

2University of Toronto,

Leslie Dan Faculty of Pharmacy,

144 College Street, Toronto,
Ontario M5S-3M2, Canada
Tel: +1 416 946 8594; Fax: +1 416 978 8511;

E-mail: ¢j.allen@utoronto.ca

Expert Opin. Drug Deliv. (2012) 9(5)

583

RIGHTS LI N Ky



