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Abstract. Disorders associated with the peritoneal cavity include peritoneal adhesions and intra-
peritoneal (IP) malignancies. To prevent peritoneal adhesions, physical barrier devices are used to
prevent organs from contacting other structures in the abdomen and forming adhesions, or
pharmacological agents that interfere with adhesion formation are administered intraperitoneally. IP
malignancies are other disorders confined to the peritoneal cavity, which are treated by combination of
surgical removal and chemotherapy of the residual tumor. IP drug delivery helps in the regional therapy
of these disorders by providing relatively high concentration and longer half-life of a drug in the
peritoneal cavity. Various studies suggest that IP delivery of anti-neoplastic agents is a promising
approach for malignancies in the peritoneal cavity compared to the systemic administration. However, IP
drug delivery faces several challenges, such as premature clearance of a small molecular weight drug
from the peritoneal cavity, lack of target specificity, and poor drug penetration into the target tissues.
Previous studies have proposed the use of micro/nanoparticles and/or hydrogel-based systems for
prolonging the drug residence time in the peritoneal cavity. This commentary discusses the currently used
IP drug delivery systems either clinically or experimentally and the remaining challenges in IP drug
delivery for future development.

KEY WORDS: hydrogels; intraperitoneal drug delivery; intraperitoneal malignancies; micro/

nanoparticles; peritoneal adhesion.

OVERVIEW OF DISORDERS IN THE PERITONEAL
CAVITY

Disorders commonly associated with the peritoneal cavity
include peritoneal adhesions, peritonitis, and malignancies in
the peritoneal cavity. Peritoneal adhesions are abnormal tissue
bands formed between intra-abdominal structures that are
common consequences of peritoneal surgery, trauma, or
infections. These adhesions can lead to chronic pelvic and
abdominal pain, infertility, and bowel obstruction, which is
potentially lethal (1,2). Due to the human suffering, mortality,
and associated healthcare costs, pharmacotherapy and preven-
tion of peritoneal adhesions have gained increasing interest
among physicians, scientists, and the healthcare industry.
Common cancers in the peritoneal cavity include malignant
epithelial tumors (e.g., ovarian cancer), and peritoneal carci-
nomatosis, which results from dissemination of the primary
cancers of intra-abdominal and gynecological origin (3-5). In
the case of ovarian cancer, median survival rates for patients
with stage-IV ovarian cancer range from 16 to 21 months (6,7).
Peritoneal carcinomatosis is also associated with poor prog-
nosis with median survival rates ranging from 3 to 4 months
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(4). One of the most significant challenges in the management
of malignancies in the peritoneal cavity is the risk of recurrence
and metastasis due to the limited treatment options, which calls
for more effective therapy.

PERITONEAL ADHESIONS

The pathophysiology of peritoneal adhesion formation is
extensively reviewed elsewhere (8). Efforts to prevent
adhesion formation include the IP application of pharmaco-
logic agents that influence various stages in adhesion
formation cascade and the placement of barrier devices to
reduce contact between the injured peritoneal surfaces during
healing. Pharmacological agents used to this effect are anti-
inflammatory drugs, anti-coagulants, proteolytic agents, and
anti-proliferative agents. Barrier devices have been tested or
commercialized in various forms, such as polymer solutions,
membranes, and pre-formed or in-situ crosslinkable hydrogels
(9). The combination of pharmacological agents and barrier
devices has also been employed in experimental studies,
significantly improving the anti-adhesion efficacy compared
to each method alone (10,11).

MALIGNANCIES IN THE PERITONEAL CAVITY
AND CURRENT THERAPY

Tumors in the peritoneal cavity are difficult to detect,
and cancer often persists despite surgical and other treat-
ments. The current treatment for malignancies in the
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peritoneal cavity is to remove macroscopic tumors by
cytoreductive surgery (surgical debulking) and to remove
the residual microscopic tumors by chemotherapy. For
example, the standard treatment of ovarian cancer is cytor-
eductive surgery followed by intravenous (IV) administration
of a combination of platinum or taxane analogues (12-14).
Recently, a growing number of preclinical and clinical studies
advocate IP chemotherapy as an alternative post-operative
therapy for ovarian cancer (12,15-19). In the case of
peritoneal carcinomatosis, hyperthermic peri- (concurrent)
and post-operative IP chemotherapy are currently used as a
preferred/optional strategy (20-22). The rationale behind IP
chemotherapy is the pharmacokinetic advantage, such as high
concentration and longer half-life of a drug in the peritoneal
cavity, which can facilitate regional treatment of the IP
malignancies (23-25). IP chemotherapy has shown positive
outcomes compared to IV chemotherapy. In a clinical study
performed by the Gynecologic Oncology Group, median
survival of the group receiving IP cisplatin for the treatment
of ovarian cancer was significantly longer than the group
receiving IV cisplatin (12). A recent clinical trial by Arm-
strong et al. reported that IV paclitaxel followed by IP
cisplatin resulted in longer survival in patients with advanced
ovarian cancer compared to IV paclitaxel followed by IV
cisplatin (15). Based on results from recent clinical trials, the
National Cancer Institute issued an announcement in 2006
encouraging the IP chemotherapy for patients with optimally
debulked ovarian cancer (26). Nevertheless, IP chemotherapy
has not yet been adopted widely in practice for the ovarian
cancer treatment, and there are several challenges in IP drug
delivery.

DRUG DELIVERY SYSTEMS FOR IP THERAPY

One of the challenges in IP therapy is to provide high
local concentration of a drug for longer duration. The
residence time of a small molecular weight drug (<20 kDa)
in the peritoneal cavity may not be sufficiently long. This
leads to frequent or continuous dosing and, further, to
catheter-related problems, such as catheter obstruction,
increased risk of infection, and bowel complications (27).
Small molecular weight drugs are absorbed through the
peritoneal capillaries to enter the systemic circulation
(28,29). Pharmacokinetic studies in animal models show that
IP-applied docetaxel or paclitaxel was cleared from the
peritoneal cavity in less than 24 h (30-32).

Given that small molecular weight drugs are readily
absorbed into the systemic circulation (28,29), particulate
formulations and/or hydrogel-based systems have been used
to control the release of a drug and to prevent rapid clearance
of drugs from the peritoneal cavity in experimental
approaches (9,32-34). In one of the clinical trials, Taxol®
(cremophor formulation of paclitaxel) was used in the IP
treatment of ovarian cancer, maintaining a relatively high IP
paclitaxel concentration compared to that in plasma for 24—
48 h after single injection (25,35). In contrast, paclitaxel alone
was rapidly absorbed into the systemic circulation, with
bioavailability approaching unity (35). The prolonged high
IP concentration of paclitaxel was due to its entrapment of
paclitaxel in micelles of cremophor, a polyethoxylated castor
oil (32,35), which indicates that encapsulation is an effective
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way of extending the residence time of a drug in the
peritoneal cavity. On the other hand, Taxol® was not well
tolerated in patients due to the lack of tumor specificity,
accompanied by side effects, such as hypersensitivity reac-
tions and neurotoxicity (36,37).

Particles in the peritoneal cavity are known to be
absorbed to the lymphatic circulation (28,32). Hirano et al.
showed that liposomes (50-720 nm) are trafficked to the
lymphatic system, in which small ones (50 nm) easily pass
through the lymph nodes to reach the thoracic lymph duct,
whereas larger ones (720 nm) are mostly entrapped in the
lymph nodes (28). Liposomes passing the lymph nodes were
not destroyed by the resident lymphocytes (28). The ultimate
fate of smaller liposomes surviving the lymphatic circulation
was not discussed in this study (28), but the evidence suggests
that TP-administered nanoparticles (NPs) enter the systemic
circulation. Kohane et al. have administered poly(lactic-co-
glycolic acid) (PLGA) NPs (265 nm) IP and found that the
majority of NPs were cleared from the peritoneal cavity in
2 days, resulting in enlarged spleen with pale color (38).
Extensive histiocytosis (foamy macrophages) was seen in the
spleen (and some in the liver), indicating the presence of NPs
(38). This study suggests that NPs cleared from the peritoneal
cavity end up in the systemic circulation after passing lymph
nodes and ducts.

Partly due to this reason, recent studies comparing drug
concentrations in the peritoneal cavity, plasma, and major
organs after IP administration of different particle formula-
tions concluded that microparticles, whose sizes range from 4
to 6 um (32,33) to 47 pm (39), were an optimal formulation
for IP administration. Microparticles were cleared from the
peritoneal cavity relatively slowly and had a better ability to
retain the drug (32,33). On the other hand, a large particle
size can cause peritoneal adhesions (15,38); thus, the benefit-
to-risk ratio should be carefully considered. Another effort to
prevent the premature clearance of a drug or NPs includes
the use of a hydrogel or a viscous polymer solution as a
carrier medium (30,31,34). When used with an in-situ cross-
linkable hydrogel as a delivery medium, NPs remained in the
peritoneal cavity for the duration of the experiment (1 week)
(34), in contrast to the free NPs, which rapidly disappeared in
2 days (38).

NPs are gaining particular interest for IP delivery, as they
are not only useful for delivery of chemotherapeutic drugs
but also for immunotherapy and gene delivery. A recent
study describes that IP delivery of a gene-polymer complex,
consisting of DNA-encoding diphtheria toxin suicide protein
and cationic biodegradable poly(beta-amino ester) polymer,
achieved significant decrease in the tumor burden in different
animal models of ovarian cancer (40).

PERSPECTIVES ON FUTURE IP DRUG DELIVERY

While some of the challenges in IP drug delivery have
been addressed by the use of particulate drug delivery
systems and hydrogels, at least experimentally, several issues
remain to be overcome, especially for IP chemotherapy. First,
poor drug penetration into the tumor tissues remains a
significant challenge. This penetration issue is attributed to
the high interstitial fluid pressure caused by vascular hyper-
permeability and the lack of functional lymphatics (41,42).
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The high interstitial fluid pressure could be a significant
physiological barrier for drug delivery into the tumor,
especially for a drug or a drug carrier residing in the
peritoneal cavity, which approaches the tumor from the
periphery. Second, while it is desirable that IP treatment
maintain a long local residence time, the specificity to the
target tumor should also be improved, because a drug
concentrated in the peritoneal cavity can be associated with
pan-peritoneal toxicity. Multidrug resistance is another
important problem in chemotherapy in general. Even if
anti-cancer drugs are able to locate in the tumor cells,
overexpression of multi-drug transporters can efflux drugs
out of the cells. In this regard, it is worthwhile to revisit the
previous studies that demonstrate the advantages of colloidal
carriers in overcoming the multidrug resistance (43-47).
These studies show that colloidal carriers like liposomes and
NPs can bypass the drug efflux pumps, achieving significantly
higher drug accumulation in the cells than the free drug
(43,44,47). These findings further justify the consideration of
colloidal carriers for the IP chemotherapy.

In summary, future efforts for ideal drug delivery systems
for IP chemotherapy should take into consideration the need
for tumor specificity, efficient tissue penetration, cellular
uptake and intracellular residence of a drug. In addition,
when a new drug delivery system is developed for IP therapy,
the biocompatibility of the carrier materials should be
warranted so that complications due to the tissue responses
to the materials can be avoided.
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