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Intraperitoneal chemotherapy against peritoneal carcinomatosis
Current status and future perspective
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ARTICLE INFO ABSTRACT

Article history: Peritoneal carcinomatosis (PC), caused by advanced abdominal malignancies, such as those of the ovarian

Accepted 18 March 2014 and gastrointestinal tracts, has an extremely poor prognosis. Intraperitoneal (IP) chemotherapy has been
clinically applied for several decades, but its clinical efficacy has not been fully determined. An accu-

Keywords: mulating body of evidence suggests that cytoreductive surgery (CRS) plus hyperthermic intraperitoneal

Gastric cancer chemotherapy (HIPEC) is the optimal treatment for selected patients with ovarian and colorectal cancers

Colorectal cancer
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Pharmacokinetics

with PC. Recent studies suggest that IP administration of taxane with systemic chemotherapy in a
neoadjuvant setting improves patient survival in gastric cancer with PC. The pharmacokinetics of IP-
administered drugs should be primarily considered in order to optimize IP chemotherapy. Therefore,
the development of specific IP drugs using newly emerging molecular targeted reagents or new drug
delivery systems, such as nanomedicine or controlled absorption/release methods, is essential to
improve the efficacy of IP chemotherapy.
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Table 1
Clinical outcomes of intraperitoneal chemotherapy for ovarian cancer.
Author, year N Method  Intraperitoneally administered agents MST (months) 2 yr-OS (%) 3 yr-OS (%)  5yr-0S (%)
Zanon 2004 [21] 30  HIPEC CDDP 100—150 mg/m? 28.1(37.8) 60
Ryu, 2004 [22] 35  HIPEC CBDCA 350 mg/m? + IFN-o 5,000,000 IU/m?>  40.6 (60.9) 53.8 (65.6)
Armstrong, 2006 {18] 205  EPIC CDDP 100 mg/m? + PTX 60 mg/m? (65.6)
Raspagliesi 2006 [23] 40  HIPEC CDDP 25 mg/m?/l + MMC 3.3 mg/m?/1 31.5(41.4) (15)
CDDP 43 mg/l + DOX 15.25 mgjl
Rufian, 2006 [30] 33 HIPEC PTX 60 mg/m? 38 46 37 (60)
Cotte, 2007 [24] 81  HIPEC CDDP 20 mg/m] 28.4 (54.9)
Bae, 2007 [31] 44  HIPEC CBDCA 350 mg/m? (n = 30) 63 (CBDCA) 84.6 (PTX)
PTX 175 mg/m? (n = 14)
Di Giorgio, 2008 [25] 47  HIPEC CDDP 75 mg/m? 24 (26) 16.7 (25.9)
Pavlov, 2009 [27] 56  HIPEC DOX 0.1 mg/kg, CDDP 15 mg/m? 38.1 67
Tentes, 2012 [28] 39 HIPEC CDDP 50 mg/m? + DOX 15 mg/m? 37 54 (62.5)
GEM 1000 mg/m?
Bakrin, 2012 [29] 246  HIPEC CDDP, CDDP -+ DOX, CDDP + MMC 489 60 35

Abbreviations: MST: median survival time, OS: overall survival, HIPEC: heated intraperitoneal chemotherapy, EPIC: early post-operative intraperitoneal chemotherapy, CDDP:
cisplatin, MMC: mitomycin C, GEM: gemcitabine, DOX: doxorubicin, CBDCA: carboplatin, L-OHP: oxaliplatin, PTX: paclitaxel.
Quoted values are those in patients who received complete cytoreductive surgery for PC.

Studies written in bold letters are prospective controlled studies.

Introduction

Peritoneal metastasis frequently occurs in recurrent abdominal
malignancy, such as gastrointestinal [ 1] and ovarian cancer [2]. The
most serious condition that can develop in peritoneal metastasis is
peritoneal carcinomatosis (PC), which has an extremely poor
prognosis [3—5]. PC has long been considered a consequence of the
systemic spread of cancer; therefore, systemic chemotherapy has
usually been given as standard therapy. In spite of the consistent
improvement in systemic chemotherapy regimens, the effect of
systemic chemotherapy on PC is still limited, possibly because of
the peritoneum-plasma barrier, which prevents effective drug de-
livery from the systemic circulation into the peritoneal cavity [G].

In contrast, intraperitoneal (IP) chemotherapy combined with
cytoreductive surgery (CRS) has demonstrated notable efficacy for
the treatment of PC in various malignancies, such as ovarian cancer
{7], colorectal cancer [8], pseudomyxoma peritonei [9] and meso-
thelioma |{10]. The theoretical rationale of IP chemotherapy was
first described in 1978 by Dedrick et al, who showed that IP
administration of drugs would result in a higher drug concentration
and longer half-life in the peritoneal cavity, as compared with
intravenous (IV) administration [ 11]. Since then, many basic studies
on the pharmacokinetic and antitumor effects of [P chemotherapy
have been performed, which have shown variable results. The
peritoneum is not a simple membrane, but rather a complicated
organ. The route of peritoneal absorption and pharmacokinetics
following IP administration vary a great deal according to the bio-
physical characteristics of each drug. In addition, the formulation,
solvent, concentration, administration rate, and other factors crit-
ically affect the pharmacokinetics. Ideally, an anti-cancer agent
used for IP chemotherapy would slowly exit the peritoneal cavity,
which would allow optimal penetration of the tumor surface [12].
For some drugs, use under hyperthermic conditions may increase
cytotoxicity in the peritoneal cavity, without an increase in sys-
temic toxicity [13].

This review attempts to highlight the current status and future
prospects of IP chemotherapy for patients with PC, especially
focusing on the pharmacokinetics of IP-administered drugs. We
first summarize the current status of IP chemotherapy for PC in
ovarian, colorectal and gastric cancer based on the literature pub-
lished over the last ten years, and then investigate drug delivery
systems (DDS) that are suitable for I[P chemotherapy, which may
achieve better clinical results against PC.

Clinical results of IP chemotherapy
Ovarian cancer

Ovarian cancer is the most lethal malignancy in the field of
gynecology. Peritoneal seeding is the most frequent type of
metastasis of advanced ovarian cancer, which results in a poor
prognosis, with 5-year survival of around <25% [14]. IP chemo-
therapy has been performed for PC of ovarian cancer since the
1980s, and has suggested promising clinical effects [15]. Multi-
center randomized phase IIl trials of IP chemotherapy have been
performed and clearly demonstrated that regimens containing IP
chemotherapy are superior to standard IV protocols in primary
chemotherapy management for PC of advanced ovarian cancer
with no residual mass greater than 1.0 cm [16—18]. Based on these
results, the National Comprehensive Cancer Network guidelines
now recommend IP chemotherapy for patients with stage III
epithelial ovarian cancer after optimal cytoreductive surgery (CRS)
[19].

On the other hand, numerous studies of the treatment of PC of
ovarian cancer by CRS intraoperative hyperthermic intraperitoneal
chemotherapy (HIPEC) have been published, although most of
them were non-randomized and had a small sample size (Table 1).
These results have been summarized in previous reviews [4,20]. In
short, platinum drugs, such as cisplatin, carboplatin or oxaliplatin,
were mainly used and median survival (MST) for all of the patients
was 24—48.9 months with 5-year survival (5 y-OS) of 12—67% [21—
29]. Paclitaxel was also used at 60 mg/m? [30] or 175 mg/m? [31],
which produced excellent survival.

However, the variable outcome is thought to be related to the
different stages of peritoneal carcinomatosis (peritoneal carci-
nomatosis index; PCI) as well as the completeness of CRS, and
these retrospective results should be interpreted with care.
Moreover, the morbidity of HIPEC and CRS was still high (0—40%)
and mortality was not negligible (0—10%), as reported in previ-
ous reviews [4]. Therefore, the real efficacy of these drugs in
HIPEC after invasive surgical procedures must be investigated in
prospective randomized trials in selected centers. In this sense,
three randomized control trials are currently on-going [20].
Results from those studies will bring an adequate answer to the
question of whether the addition of HIPEC actually brings clin-
ical benefit in patients with PC of primary and recurrent ovarian
cancer.
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Colorectal cancer (CRC)

Although evidence of the efficacy of IP chemotherapy has been
well established for ovarian cancer, there is still controversy con-
cerning the use of IP chemotherapy, including CRS plus HIPEC, for
PC of colorectal cancer (CRC) [32]. The clinical outcomes of IP
chemotherapy for PC in CRC are summarized in Table 2.

In contrast to ovarian cancer, MMC and 5-Fu have been often
used as IP treatment in HIPEC, presumably because these two drugs
are the first agents to be clinically introduced for systemic
chemotherapy for CRC. Verwaal et al. performed a comparative
study between HIPEC using MMC and conventional chemotherapy,
and reported MST of around 22 months in the HIPEC group, which
was better than that in the conventional chemotherapy group (12
months), although the number of cases was not sufficient {33--35].
On the other hand, Glehen et al. summarized multi-institutional
registry data and reported MST of 19.2 months in total patients
and 32.4 months in patients who received complete cytoreduction
[36]. More recently, they reported better survival, with MST of more
than 30 months in other series [37—39]. Similar results have been
reported by other groups |40--44]. Kianmanesh et al. have pro-
posed that the presence of resectable hepatic metastasis associated
with PC is not a contraindication for HIPEC |43 ].

Recently, Elias et al. have reported significant efficacy of HIPEC
using oxaliplatin, another key drug for metastatic CRC [45]. Ac-
cording to their analysis, median OS of patients who were treated
with complete CRS and HIPEC was 63 months, which surpassed
that of the systemic chemotherapy group (24 months). Although
PCI score and the extent of CRS in these patients were not clearly
described in this series, the excellent outcome suggests that HIPEC
with oxaliplatin may be a promising strategy for PC of CRS.

As described in ovarian cancer, HIPEC was associated with a high
complication rate [5,36]. Moreover, 5-Fu has little heat synergy and
thus it is currently used in early postoperative intraperitoneal
chemotherapy (EPIC) or non-hyperthermic sequential post-
operative intraperitoneal chemotherapy (SPIC) for CRC. Cashin et al.
performed a retrospective cohort study {46} and a comparative

Table 2
Clinical outcomes of intraperitoneal chemotherapy for colorectal cancer.

study [47], in which SPIC treatment consisted of IP 5-FU 500—
600 mg/m? and IV leucovorin 60 mg/m? once a day for 6 days.
According to their results, however, the outcome of patients with
SPIC did not exceed that of patients with HIPEC. However, in these
studies, the drug combinations were different between HIPEC and
EPIC/SPIC, and a further controlled study is necessary to evaluate
the real benefit of HIPEC.

In summary, MST of patients who received IP chemotherapy was
mostly 19.2—-38.4 months with 5-year survival of 19—-51%, which
were almost the same as those of patients with ovarian cancer.
Again, cautious interpretation is necessary for these retrospective
data. However, taking into account that survival of CRC patients with
peritoneal metastasis was relatively shorter than that of patients
with metastasis at other sites [48], this trend suggests the clinical
usefulness of HIPEC for, at least, selected patients with PC of CRC.

Gastric cancer (GC)

The clinical results of IP chemotherapy for PC of gastric cancer
(GC) are summarized in Table 3. As in ovarian and colorectal cancer,
CRS and HIPEC using MMC, 5-Fu, CDDP or L-OHP were performed
for PC of GC {49~54], but MST was 9-12 months and 5-year sur-
vival was 6.7-16%, and MST of patients who received optimal
cytoreduction was 15-—23.3 months, which were significantly
worse than those of patients with ovarian cancer or CRC. This is
presumably due to the higher malignant potential of seeded GC
cells, as compared with ovarian or colorectal cancer cells.

Recently, IP chemotherapy has been used in a neoadjuvant
setting combined with systemic chemotherapy (NIPS) for PC of GC
in Japan [55--59]. In particular, IP administration of paclitaxel (PTX)
or docetaxel (DOC) without heating during the perioperative period
has been used and produced MST of more than 20 months and 1-
year survival of more than 70% [56—-58].

PTX is water insoluble and, for clinical use, is conventionally
solubilized in polyoxyethylated castor oil named Cremophor EL and
ethanol (i.e., Taxol®) [60,61]. Taxol® is considered suitable for IP
chemotherapy, due to its large particle size (10—12 nm diameter),

Author, year N Method Intraperitoneally administered agents MST (months) 1yr-0S (%) 2 yr-0S (%) 3 yr-OS (%) 5 yr-0S (%)
Glehen, 2004{36] 377 HIPEC and/or EPIC HIPEC: MMC (+CDDP) or L-OHP EPIC: 5- 19.2 (32.4) 72(87) 39 (47) 18 (31)
FU (+MMC)
Verwaal, 2005{33] 117 HIPEC MMC (35 mg/m?) 21.8 (42.9) 75(94) 28 (56) 19 (43)
Da Silva[41] 156 HIPEC and/or EPIC Mg\AC (10—12.5 mg/m?), 5-FU (650 mg/  (33) (88) (44) (32)
m*)
Kianmanesh, 2007(43] 43 HIPEC MMC (120 mg/m?) + CDDP (200 mg/m?) 38.4 72
Verwaal, 2008]35] 54 HIPEC MMC (35 mg/m?) 222
Shen, 2008[40] 55 HIPEC Variable 34 91 48 26
Elias, 2009[45] 48 HIPEC L-OHP (460 mg/m?) 62.7 81 51
Franko, 2010{42] 67 HIPEC MMC (30 mg/m?) 347
Elias, 2010[39] 341 colon  HIPEC and/or EPIC HIPEC: MMC (30—50 mg/m?) (+CDDP 50 32.4 46 30
—100 mg/m?)
EPIC: MMC (30 mg/m?) + 5-FU (600 mg/
m?)
27 recturn HIPEC and/or EPIC HIPEC: MMC (+CDDP) or 34 45 38
L-OHP (+CPT-11) EPIC: MMC + 5-FU
Cashin, 2012][46] 69 HIPEC HIPEC: MMC (30 mg/m?) + L-OHP 34 40
(460 mg/m?)
57 SPIC SPIC:5-FU (500—600 mg/m?) 25 18
Cashin, 2012[47] 16 HIPEC SPIC HIPEC: MMC (30 mg/m2) + L-OHP 36.5
16 (460 mg/m?) 239
SPIC:5-FU (500—600 mg/m?)
Yonemura, 2013{44] 142 HIPEC MMC (20 mg/m?) + CDDP (100 mg/m?) 244 234

Abbreviations: MST: median survival time, OS: overall survival, HIPEC: heated intraperitoneal chemotherapy, EPIC: early post-operative intraperitoneal chemotherapy, SPIC:
sequential perioperative intraperitoneal chemotherapy, MMC: mitomycin C, 5-FU: 5-fluorouracil, L-OHP: oxaliplatin, EPIC: early postoperative intraperitoneal chemotherapy,

CDDP: cisplatin, CPT-11: irinotecan.

Quoted values are those in patients who received complete cytoreductive surgery for PC.

Studies written in bold letters are prospective controlled studies.
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Table 3
Clinical outcomes of intraperitoneal chemotherapy for gastric cancer.
Author, year N Method Intraperitoneally administered agents MST (months) 1 yr-0S (%) 2 yr-0S (%) 3yr-0S (%) 5 yr-0S (%)
Hall, 2004 |49} 34 HIPEC MMC (30 mg + 10 mg) 112 (23.3) 45 16
Glehen, 2004 [50] 49 HIPEC MMC (40—60 mg) 103 (21.3) 48.1(74.8) 199 (36.8) 16 (29.4)
Yonemura, 2005 [51] 47 HIPEC MMC (30 mg) + CDDP (300 mg) + VP-16  11.5 (15.5) 6.7 (13)
(150 mg)
Yonemura, 2006 [55] 61 NIPS DOC (40 mg/m?) + CBDCA (150 mg/m?) 14.4 (20.4) 67
Cheong, 2007 [52] 154 EPIC 5-FU (500 mg/m?) + CDDP (40 mg/m?) 11.4 (25.5) 122 (31.7)
Yang, 2010 [53] 28 HIPEC MMC (30 mg) + HCPT (20 mg) or CDDP 12 50 43
(120 mg)
Glehen, 2010 [54] 85 HIPEC andjor EPIC  HIPEC: MMC (30—50 mg/m?2) + CDDP (50 9.2 (15) 48 (61) 18 (31) 13 (23)
-—100 mg/m?) or L-OHP (360—460 mg/m?)+
CPT-11 (100—200 mg/m?) EPIC: MMC
(10 mg/m?)+ 5-FU (600 mg/m?)
Ishigami, 2010 [56] 40 NIPS PTX (20 mg/m?) 226 78
Fujiwara, 2012 [57] 18 NIPS DOC (40—60 mg/m?) 246 76 54
Fushida, 2013 [58] 27*  NIPS DOC (60 mg/m?) 16.2 704 334

Abbreviations: MST: median survival time, OS: overall survival, HIPEC: heated intraperitoneal chemotherapy, NIPS; Neoadjuvant intraperitoneal and systemic chemotherapy,
MMC: mitomycin C, CDDP: cisplatin, VP-16: etoposide, DOC: docetaxel, CBDCA: carboplatin, 5-FU: 5-fluorouracil, HCPT: hydroxycamptothecin, L-OHP: oxaliplatin, CPT-11:

irinotecan, SPIC: sequential perioperative intraperitoneal chemotherapy, PTX: paclitaxel.

Quoted values are those in patients who received complete cytoreductive surgery for PC.

which results in prolonged retention of the drug in the peritoneal
cavity [12,62], suggesting a pharmacokinetic advantage for IP
chemotherapy. In fact, bidirectional administration of IV and IP PTX
maintained an effective concentration of PTX in the peritoneal
cavity for over 72 h |63]. Another advantage of this regimen is that
PTX can be repeatedly administered many times, both before and
after CRS, whereas in previous studies, IP therapy was limited to a
short postoperative period. In fact, salvage gastrectomy after a good
response to this combination chemotherapy prolonged the survival
of patients with severe PC with malignant ascites [64].

More importantly, the toxicity of the NIPS regimen and com-
plications of subsequent CRS are relatively mild [5758,64].
Although the real efficacy should be evaluated in a comparative
study, these results strongly suggest the advantage of NIPS using
taxanes. A randomized, multicenter, phase IIl trial (PHOENIX-GC
trial, UMIN Trial ID: UMINOQG005930) comparing S-1 in combi-
nation with IV and IP PTX versus S-1 with IV CDDP, as a standard
regimen for Japanese patients with advanced or recurrent GC {65},
began in November 2011

Present issues of IP chemotherapy

The aim of IP chemotherapy is to increase the dose and exposure
time of intra-abdominal cancer cells to anticancer drugs, with
minimal systemic toxic effects. Prolonged retention in the perito-
neal cavity and clearance from the systemic circulation are believed
to be key attributes for ideal drug candidates designed for IP
chemotherapy [11,12]. Pharmacokinetics after IP administration are
affected by a variety of biophysical parameters, including molecular
weight and electric charge of drugs, as well as temperature, pH, and
other conditions of the solution. Thus, the time—concentration
curves of drugs in the peritoneumn and plasma vary widely ac-
cording to drug type. After IP administration, hydrophilic low-
weight molecular materials, such as cisplatin, 5-FU, and MMC, are
rapidly absorbed into the subperitoneal capillary vessels through
the peritoneal mesothelial layer. In contrast, hydrophobic high-
weight molecular materials, such as taxanes, gradually drain,
mainly from stomata or milky spots that are the direct openings of
lymphatic vessels [66,67]. The area under the curve (AUC) ratio of
the peritoneal cavity to the plasma (AUC peritoneum/plasma) is
approximately 1000 for paclitaxel (PTX) and approximately 10—21
for CDDP [12,68,69]. In IP chemotherapy, therefore, the

pharmacokinetic profile of each drug is considered to critically
affect the clinical efficacy against PC.

In fact, IP administration of PTX showed excellent clinical results
for PC of ovarian cancer [30,70], as well as GC [56,64]. Docetaxel
was reported to be effective against PC of GC [58,71]. Taxanes are
not commmonly used for systemic chemotherapy for patients with
CRC, since phase Il trials yielded negative results [ 72—74]. However,
clinical evaluation of IP PTX should also be considered for patients
with PC from CRC, since preclinical investigations of IP PTX for CRC
showed efficacy [75,76].

Another important issue in IP chemotherapy is whether or not a
hyperthermic condition is necessary. Historically, IP chemotherapy
was often performed with hyperthermia, designated as HIPEC. The
aim of HIPEC is to achieve a high local concentration of chemo-
therapeutic agents in the peritoneal cavity and to promote good
absorption of agents from the surface of peritoneal tumors, with
minimal systemic toxic effects. In fact, heat has been shown to elicit
a synergistic antitumor effect with MMC, CDDP, and oxaliplatin
[77,78]. In general, however, HIPEC is considered to be associated
with high morbidity and mortality, which has hampered the
widespread use of this treatment strategy.

Few studies have compared HIPEC with early postoperative
intraperitoneal chemotherapy (EPIC) or non-hyperthermic
sequential postoperative intraperitoneal chemotherapy (SPIC).
Elias et al. reported that HIPEC with oxaliplatin was better tolerated
than was EPIC with MMC and 5-FU, and was twice as efficient at
curing residual PC from CRC with minimal residual disease after
surgery [79]. Cashin et al. reported that HIPEC was associated with
improved outcome compared with SPIC, with similar morbidity
and mortality in patients with PC from CRC [46]. They concluded
that CRS with HIPEC might be the optimal treatment of choice for
patients with PC from CRC with minimal residual disease. However,
in these studies, drug combinations were different between HIPEC
and EPIC/SPIC, and thus further studies are required for a more
valid comparison.

New approach in IP chemotherapy
Catumaxomab

Catumaxomab is a trifunctional monoclonal antibody with two
different antigen-binding sites and a functional Fc domain [80]. It



1. Kitayama / Surgical Oncology 23 (2014) 99106 103

binds to human EpCAM-positive cancer cells and redirects CD3-
positive T lymphocytes and Fcy-receptor-positive accessory cells
to the cancer cells, thereby activating a complex antitumor immune
reaction through various effector functions, such as antibody-
dependent cellular cytotoxicity, phagocytosis, and T cell-mediated
cytotoxicity [81-84]. Heiss et al. reported the results of a ran-
domized phase II/11l trial of catumaxomab in patients with malig-
nant ascites due to epithelial cancer, including ovarian, gastric,
breast, pancreatic, colorectal, and endometrial cancers. In this
study, 258 patients with malignant ascites were randomized to
receive paracentesis plus catumaxomab or paracentesis alone, and
improved puncture-free survival and a better survival trend were
reported. Moreover, treatment with catumaxomab significantly
delayed deterioration in patient quality of life [35].

Bevacizumab

Vascular endothelial growth factor A (VEGF-A) is a key mediator
of angiogenesis, and bevacizumab, a humanized variant of an anti-
VEGF antibody, has shown significant efficacy in combination with
chemotherapy and is now widely used for metastatic CRC [8G]. VEGF
is markedly elevated in malignant ascites, where it worsens the
condition by increasing endothelial cell permeability [87]. There-
fore, VEGF inhibition in the peritoneal cavity is considered benefi-
cial, not only as an inhibitor of tumorigenesis but also as an inhibitor
of malignant ascites formation [88], although no clinical trials
addressing the use of bevacizumab with IP chemotherapy have been
reported. However, bevacizumab might be administered systemi-
cally, because it is rapidly absorbed from the peritoneum and enters
the systemic circulation when administered by IP injection [89,90].

Nanodrugs

Nanodrugs are a new type of drug formulation, 20—100 nm in
molecular diameter, significantly smaller than conventional drugs.
Nanodrugs effectively accumulate in tumor tissue due to enhanced
permeability and retention (EPR) [91], which results in enhanced
antitumor effects and less toxicity in normal tissues. The EPR effect is
based on the particular characteristics of solid tumor tissues, such as
incomplete vascular architecture, hyperpermeability of tumor
vessel walls, and immature lymphatic drainage. Based on this
concept, various kinds of nanodrugs have been-developed for cancer
treatment [92-95]. For example, Abraxane®, an albumin-bound
PTX, is currently in clinical use for breast, lung, and gastric cancer
[96,97]. NK105 is a PTX-incorporating “core-shell-type” polymeric
micellar nanoparticle formulation [98,99]. PMB-30W is a water-
soluble, amphiphilic polymer composed of 2-methacryloxyethyl
phosphorylcholine and n-butyl methacrylate enables the con-
struction of PTX-containing nanoparticles of approximately 50 nm
diameter [ 100]. IP administration of PTX formulated with PMB-30W
resulted in deeper penetration into peritoneal nodules and exhibi-
ted enhanced anti-tumor effects against peritoneal xenografts of
human GC as compared to conventional cremophor-conjugated PTX
in a murine model [ 101,102 ]. In the same model, IP administration of
NK105 was also shown to enhance antitumor effects, compared with
IP Taxol® [103]. These results suggest that IP chemotherapy with
nanoparticulate drugs might be a promising strategy for the treat-
ment of PC. Although these drugs have all been examined with
systemic administration, IP administration of these drugs for PC
should be evaluated in a clinical study.

Controlled absorption and drug release

Water-soluble, low molecular-weight agents are rapidly absor-
bed from the peritoneum after IP administration, and the ratio of

AUC for the peritoneum to that for plasma is low [12,104,105].
Although IP administration of such agents is still widely performed
without any special artifice in DDS in clinical practice, development
of new techniques to prolong the retention of drugs in the perito-
neal cavity is necessary. Several studies have suggested that the
addition of high molecular weight agents such as 4% icodextrin
| 106], 6% hydroxyethyl starch (hetastarch) [107], or non-animal
stabilized hyaluronic acid [108] can prolong the retention time in
the abdominal cavity. Since hyaluronic acid (HA) exists in the
peritoneal cavity to make the peritoneal membrane a non-adhesive
surface and prevent abrasion, it might be quite useful for IP
chemotherapy. Hydrogels are formed by cross-linking hydrophilic
macromolecules, which is another useful material for [P chemo-
therapy. HA-based hydrogel is a biocompatible material that pre-
vents peritoneal adhesion after surgical procedures | 109,110}, Since
hydrogels are sensitive to stimuli such as temperature [111,112] or
pH [113], they have considerable potential in biomedical and
pharmaceutical applications, especially in site-specific and
controlled DDS [114]. In fact, the addition of hydrogels has been
reported to prolong drug retention in the peritoneal cavity and to
enhance the antitumor effects against PC [ 115-119]. In particular, a
combination of controlled release and target-specific delivery by
HA-based hydrogel through interactions between CD44 and HA
also seems promising [120,121].

Conclusion

For many years, PC has been considered to be a terminal disease,
and treatment has typically been palliative. In some institutes,
aggressive treatment such as peritonectomy and HIPEC has some-
how prolonged the survival of these patients. However, because of
high morbidity and mortality, such treatment strategies have not
been performed worldwide. IP chemotherapy enables direct
exposure of each tumor cell to a high concentration of drugs, and
thus seems to be a reasonable drug delivery method. However, the
effectiveness of IP chemotherapy critically depends on how long
the anticancer agents are retained in the abdominal cavity, and thus
taxanes are considered to be the most suitable drug for IP
chemotherapy, thus far. Another important concern is how deeply
the drug can directly infiltrate into peritoneal tumors. However,
many factors are related to the distance of drug penetration in solid
tumors, and the mechanisms are still largely unknown {122]. Drug
modification, to prolong drug retention in the peritoneal cavity and
to enhance permeability in solid tumors, should improve the sur-
vival of patients with this dismal disease.
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Abstract

Background: Intraperitoneal administration of paclitaxel (PTX) can elicit a marked clinical
response in peritoneal metastases of gastric cancer. Methods: In this study, we retrospective-
ly analyzed the clinical outcome of 17 patients who underwent RO resection with D2
dissection for advanced gastric cancer with macroscopic serosal exposure and received
intraperitoneal PTX as adjuvant therapy. Results: A pathological study revealed that the
depth of invasion of the primary tumor was pT4a or pT4b in 10 cases, and that the pN stage
was more than pN2 in 8 cases. Genetic analysis of peritoneal lavage fluid was performed in
14 cases, all of which were positive for carcinoembryonic antigen mRNA. In these patients,
PTX was intraperitoneally administered at 20-60 mg/m” with oral S-1 for 3-36 months after
surgery. In a median follow-up period of 66 months, recurrence occurred in the liver and
peritoneum in 2 (11.7%) and 1 (5.9%) patients, respectively, and no nodal recurrence was
observed. Five-year overall survival and disease-free survival were 88.2 and 82.3%, respec-
tively. Conclusion: Since these patients are considered to be a high-risk group for peritoneal
recurrence, this result strongly suggests that adjuvant chemotherapy including intraperitone-
al PTX is a promising protocol to improve the outcome of patients with advanced gastric
cancer with serosal exposure. © 2014 5. Karger AG, Basel
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Introduction

Gastric cancer is the fourth leading cause of cancer-related deaths worldwide, and peri-
toneal dissemination is the most life-threatening form of metastasis and recurrence in
patients with advanced gastric cancer [1]. In spite of the recent improvement in chemother-
apeutic treatment for solid cancers, the effect of systemic chemotherapy on peritoneal
metastases is still limited, possibly because of the peritoneum-plasma barrier which
prevents effective drug delivery from the systemic circulation into the peritoneal cavity [2].

In contrast, intraperitoneal administration of paclitaxel (PTX) was developed to enhance
antitumor activity against peritoneal metastases by maintaining a high concentration of the
drug in the peritoneal cavity over a long period, and its clinical effects have been verified by
a number of convincing clinical trials on ovarian cancer with peritoneal metastases [3, 4].
These results inspired us to use intraperitoneal PTX for peritoneal metastases of gastric
cancer, and we therefore designed a study involving intraperitoneal and intravenous PTX
combined with oral S-1 chemotherapy. A phase I study determined the optimum dose of
intraperitoneal PTX to be 20 mg/m? [5]. We then conducted a phase II study in 40 patients
with gastric cancer who had peritoneal metastases, showing a 1-year overall survival rate of
78% and a median survival time of 23.6 months [6]. In fact, we found that many metastatic
nodules had macroscopically disappeared after several courses of the regimen even in cases
with malignant ascites [7].

These results suggest that intraperitoneal PTX can be used as an adjuvant therapy to
suppress peritoneal recurrence in advanced gastric cancer. According to the results of the
Adjuvant Chemotherapy Trial of S-1 for Gastric Cancer (ACTS-GC) [8], postoperative
administration of S-1 for 1 year is now considered to be the standard adjuvant treatment for
curatively resected stage II/IIl gastric cancer in Japan. However, 5-year survival data
indicate that the benefit of S-1 is less significant in stage III cancer, especially in patients with
T4 tumor (serosal exposure) [9]. More recently, the Capecitabine and Oxaliplatin Adjuvant
Study in Stomach Cancer (CLASSIC) trial has been performed in Korea, which demonstrates
significant benefit in 3-year disease-free survival in stage III gastric cancer [10]. However,
even in this study, the effect on peritoneal recurrence was not as marked as that on
recurrence at other sites. Therefore, the development of a highly effective adjuvant method
to suppress peritoneal recurrence is considered to be the key factor to improve the survival
of patients with stage III gastric cancer. In this study, we, therefore, retrospectively
examined the clinical course of patients who received intraperitoneal PTX after curative
gastrectomy with D2 dissection in our Department, and discussed the possibility of usage of
intraperitoneal PTX in an adjuvant setting.

Patients and Methods

This retrospective study included 17 patients with advanced gastric cancer who re-
ceived curative gastrectomy with D2 nodal dissection and subsequent adjuvant therapy
including intraperitoneal administration of PTX using a subcutaneously placed peritoneal
access port from December 2005 to November 2011 in the Department of Surgical Oncology,
University of Tokyo, Japan. In all cases, the primary tumor was macroscopically exposed to
the serosal surface, and no tumor cells were detected on peritoneal cytological examination
(CYO0). Surgical specimens were pathologically examined, and all cases were confirmed to be
RO resection. The pathological stage was determined according to the 14th edition of the
general rules for gastric cancer published by the Japanese Gastric Cancer Association [11]. In
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14 cases, carcinoembryonic antigen (CEA) mRNA in peritoneal lavage fluid was additionally
examined by RT-PCR as described previously [17Z].

In the initial 11 patients, 20-60 mg/m? PTX was administered only through the intra-
peritoneal route for 6-36 months after surgery. Ten of these patients received oral S-1 (40—
80 mg/day) for 2-14 months. In the other 6 cases, patients received a fixed protocol of
intraperitoneal (20 mg/m?) and intravenous (50 mg/m?) PTX and S-1 (80 mg/day), as used
for the phase II study for patients with peritoneal metastases |6], for 4-24 months. All the
patients were basically treated in the outpatient clinic and followed up for more than 5
years, except the last patient with a 2-year follow-up. Tumor marker levels of CEA, CA19-9,
CA125 and CA72-4 were periodically examined every 3-6 months. The patients also
received CT examination every 6 months for 2 years after surgery, and every year thereafter
until 5 years after surgery, and the images were checked for the presence of recurrence by
both radiologists and surgeons.

Disease-free survival was defined as the period between surgery and first recurrence,
regardless of where it appeared. Data for patients without events were censored as the date
of the final observation, and overall survival and disease-free survival curves were
calculated using the Kaplan-Meier method (fig. 1).

Results

The characteristics of the 17 patients are summarized in table 1. The primary tumor was
restricted to the lower and upper stomach in 7 and 1 cases, respectively, while it was located
in more than 2 regions in the other 9 cases, and was macroscopically defined as type 2, 3 and
4 in 1, 9 and 7 cases, respectively. Histologically, undifferentiated carcinoma was predomi-
nant in 13 cases, and was partially observed at the invasive front in other 2 cases. The depth
of invasion was pathologically defined as pT2 and pT3 in 1 and 6 cases and as pT4a or pT4b
in the other 10 cases. Nodal metastases were observed in 14 cases and determined as pN1,
pN2, pN3a, and pN3b in 4, 2, 3 and 5 cases, respectively. Thus, 7 and 10 cases were classified
as p stage Il and III, respectively. It is notable that CEA mRNA was positive in all 14 cases
examined, suggesting that the patients were in the high-risk group for peritoneal recurrence.

The detailed treatment methods and outcome are summarized in table 2. Most of the
patients received S-1 as standard adjuvant treatment, except 1 patient because of gastroin-
testinal toxicity. In addition, PTX was given through a peritoneal access port at a dose of 20—
60 mg/m? for 3-36 months after surgery. PTX was administered only by the intraperitoneal
route in 11 patients, and together with the intravenous route in the other 6 patients.
Recurrence was observed in the liver in 2 patients (11.7%) at 11 and 24 months, and they
died 14 and 34 months after surgery, respectively. Both patients were classified as p stage
111, and histological examination of the primary tumor showed predominantly differentiated
carcinoma. Peritoneal recurrence was observed only in 1 patient (5.9%), just before the 5-
year examination after surgery, who is currently under treatment with a second-line
regimen. More impressively, nodal recurrence was observed in none of the patients. In the
median follow-up period of 66 months, 5-year overall survival and disease-free survival
were calculated as 88.2 and 82.3%, respectively.
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Discussion

PTX is water insoluble and, for clinical use, conventionally solubilized in a polyoxyethyl-
ated castor oil named Cremophor EL and ethanol (i.e., Taxol®). Due to its large particle size
(10-12 nm diameter) and hydrophobicity, intraperitoneally administered PTX is slowly
absorbed from the peritoneal cavity, which results in prolonged retention in the peritoneal
cavity and allows direct penetration of PTX into peritoneal tumors [13]. From its pharmaco-
kinetic characteristics, PTX is considered to be an ideal drug for intraperitoneal chemother-
apy. In fact, we have established combination chemotherapy using intraperitoneal PTX
together with intravenous PTX and oral S-1, and reported marked clinical effects in gastric
cancer with macroscopic peritoneal metastases [6, 7]. Moreover, Imano et al. [14] have
demonstrated that cancer cells were totally eradicated from intra-abdominal fluid at 24 h
after intraperitoneal PTX.

From these clinical results, it is expected that regimens including intraperitoneal PTX
could be a powerful method to suppress peritoneal recurrence in selected patients with
advanced gastric cancer who have undergone surgical resection of the primary tumor. With
this concept, we used intraperitoneal PTX in an adjuvant setting for 17 patients with gastric
cancer with macroscopic serosal exposure, and found that peritoneal recurrence was
observed in only 1 case (5.8%) during the median follow-up period of more than 5 years.
According to the 5-year ACTS-GC results, peritoneal recurrence was reported to occur in
18.9 and 14.6% in the surgery alone and S-1 group, respectively [9]. In the 3-year results of
the CLASSIC trial, peritoneal recurrence was observed in 56 of 515 patients (10.8%) with
surgery alone and 47 of 520 patients (9.0%) who received XELOX therapy [10]. Since the
patients in our series had a primary tumor with macroscopic serosal exposure and were
thus associated with much higher risk for peritoneal recurrence as compared with patients
in these two adjuvant studies, this result, although the number of the cases is not sufficient,
suggests great potential for intraperitoneal PTX to suppress recurrence in the peritoneum.

Two patients with a p stage III tumor, however, developed recurrence in the liver. Both
patients had a primary tumor consisting mainly of a differentiated type carcinoma with a
relatively high potential to metastasize to the liver. Since PTX in the abdominal cavity is not
easily transferred to the systemic circulation, it may be reasonable that intraperitoneal PTX
is less effective in distant organs and thus stronger regimens may be necessary to reduce
hematogenous recurrence in those cases.

However, another interesting finding is that nodal recurrence was never detected in
these 17 patients, although most of the patients showed a highly advanced pN stage. Since
none of the patients received extended nodal lymphadenectomy, this result is totally
dependent on the pharmacological effects. Previous studies have shown that PTX retained in
the abdominal cavity is mostly absorbed through the lymphatic system [13]. In fact, we
confirmed in an animal study that the concentration of PTX in mesenteric lymph nodes was
maintained at a higher level after intraperitoneal than after intravenous administration [15].
Thus, in our patients, it is speculated that a large amount of PTX was delivered to regional
lymph nodes after intraperitoneal administration, where PTX might effectively suppress the
growth of micrometastases or isolated tumor cells.

In recent clinical trials, the efficacy of intravenous PTX as an adjuvant drug has been
evaluated for advanced gastric cancer. However, our data suggest that intraperitoneal PTX
can produce more marked effects to suppress peritoneal as well as nodal recurrence in
advanced gastric cancer with a high risk of recurrence in those sites. The result appears to be
reasonable from the pharmacokinetic point of view. In adjuvant treatment, it is critically
important to deliver the drugs preferentially to sites that are most liable to develop
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recurrence. Although the retrospective result with a small sample size has its limitation and
a clinical study is essential to see the real feasibility, it raises the possibility that adjuvant
chemotherapy including intraperitoneal PTX could be a promising strategy to improve the
outcome of patients with advanced gastric cancer, especially those with serosal exposure.
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Table 1. Clinicopathological findings of the 17 patients who received intraperitoneal PTX in an adjuvant
setting

Patient Age, Surgery  Locus Macroscopic  Histology pT pN mLN pstage CEA
No. gender appearance mRNA

1 77, F DG L 3 muc>tub T4a N2 5/49 1IIB +

2 63,F TG+ S MU 3 muc>pap T4a N3b 38/56 1IIC +

3 47,F DG L 4 sig T2 N1 1/49 1A ND

4 60, M DG L 3 tub T3 N1 1/70 1B ND

5 28, F TG+ S UM 4 por2>sig T3 N3b 16/81 1B +

6 76, M DG LM 3 por2>tub T3 NO 0/41 1IA +

7 57, M TG +S MUL 4 tub>porl T4a N3b 26/32 1IIC +

8 69, M TG+TC UE 3 por T4b N3b 18/62 TIC +

9 69, M DG LM 3 muc>>sig T3 N1 1/45 1IB +
10 70, M DG L 3 tub>por1 T4a NO 0/25 1B +
11 73, M DG L 2 por T4a N2 4/36 1B +
12 57, M DG LD 3 pap/tub T3 N3a 8/67 1B +
13 57, M DG L 3 por T3 N1 2/19 1B +
14 48, M DG L 4 muc>sig T4a NO 0/61 1B +
15 63, M TG +S MUL 4 por T4a  N3a 8/67 lIIC- +
16 55,M TG LUM 4 por T4a  N3a 7/26 1IIC +
17 43, M TG+ S LUM 4 por T4a N3b 8/35 1IIC ND

DG = Distal gastrectomy; TG = total gastrectomy; S = splenectomy; TC = total colectomy; U = upper; M =
middle; L = lower; UE = upper extremity; mLN = number of metastatic lymph nodes of total lymph nodes
resected; ND = not determined. pT, pN, and p stage was determined in 17 patients. CEA mRNA in peritoneal
lavages was determined by RT-PCR.
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Table 2. Treatment method and outcome of the 17 patients who received intraperitoneal PTX in an
adjuvant setting

Patient PTXIP, PTXIV, CycleofPTX, Period of PTX, S-1, Period of S-1, Qutcome Recurrence
No. mg/mz  mg/m? n/weeks months mg/day months site
1 20 - 1/2 6 40 6 7-year survival -
2 20 - 2/3 10 50 2 7-year survival -
3 20 - 1/2 5 50 6 7-year survival -
4 60 - 1/2 6 - 6 7-year survival -
5 60 - 1/2 36 40 36 7-year survival -
6 20 - 2/3 4 80 12 7-year survival -
7 60 - 2/3 14 80 14 34 months dead liver
8 50 - 1/2 3 40 12 7-year survival -
9 60 - 1/2 6 40 2 6-year survival -
10 20 - 2/3 6 80 6 6-year survival -
11 20 - 1/2 9 40 12 6-year survival -
12 20 50 2/3 4 80 6 14 months dead liver
13 20 50 2/3 6 80 12 5-year survival -
14 20 50 2/3 4 80 12 5-year survival  peritoneum
15 20 50 2/3 24 80 24 5-year survival -
16 20 50 2/3 4 80 12 5-year survival -
17 20 50 2/3 4 80 6 2-year survival -

IP = Intraperitoneal; IV = intravenous.
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Fig. 1. Overall survival (left) and disease-free survival (right) in 17 patients.
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Abstract

Objectives Here, we reported an interim analysis of feasibility
and safety in the first 10 cases of 30 cases in a phase II trial of
intravenous and intraperitoneal paclitaxel combined with S-1
for gemcitabine-refractory pancreatic cancer with malignant
ascites.

Methods Paclitaxel was administered intravenously at
50 mg/m? and intraperitoneally at 20 mg/m® on days 1 and
8 every 3 weeks, and S-1 was administered at 80 mg/m?/day
for 14 consecutive days, followed by 7-day rest.

Results Between April 2011 and February 2012, ten patients
were enrolled. A partial response was achieved in two patients
(20 %) and a disease control rate of 50 %. The median time to
progression and overall survival were 2.1 and 3.4 months,
respectively. Malignant ascites was completely resolved in
two patients (20 %). Major grade 3/4 adverse events were
myelosuppression including neutropenia (50 %) and catheter-
related infection (10 %).
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Conclusions This novel combination chemotherapy was fea-
sible and showed promising results in pancreatic cancer pa-
tients with malignant ascites (clinical trial registration number:
UMIN000005306).

Keywords Pancreatic cancer - Malignant ascites - S-1 -
Paclitaxel - Intraperitoneal chemotherapy

Introduction

The prognosis of pancreatic cancer patients with peritoneal
metastasis remains dismal [1]. Peritoneal metastasis is one of
the most life-threatening factors in patients with pancreatic
cancer [2]. Moreover, peritoneal metastasis causes several
complications such as massive ascites, intestinal obstruction,
and hydronephrosis, which seriously impair patients' quality
of life.

Recently, a new multiagent chemotherapy, FOLFIRINOX,
is shown to be superior to gemcitabine monotherapy in met-
astatic pancreatic cancer [3]. However, gemcitabine is still
recognized as a standard chemotherapy, especially in patients
with a poor performance status (PS) such as those with peri-
toneal metastasis [4]. Treatment for gemcitabine-refractory
pancreatic cancer has been extensively investigated, and the
CONKO-003 study has proven survival benefit over best
supportive care alone in the second-line setting [S]. However,
optimal second-line chemotherapy remains to be defined.

Intraperitoneal (i.p) chemotherapy has been developed to
enhance antitumor activity against peritoneal metastasis by
maintaining a high concentration of a drug in the peritoneal
cavity over a long period while sparing the systemic host
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tissues from drug toxicity. Paclitaxel (PTX) has a high transi-
tion rate into the peritoneal cavity and low clearance rate from
the peritoneal cavity which is favorable for the treatment of
peritoneal metastasis [6]. The clinical effects of i.p chemother-
apy with PTX have been verified by convincing clinical trials
in ovarian cancer [7, 8]. We previously reported efficacy of
combination of intravenous and i.p PTX and oral S-1 in
gastric cancer patients with peritoneal metastasis [9]. Intrave-
nous, not i.p, PTX was shown to be active in patients with
gemcitabine-refractory pancreatic cancer, with median overall
survival (OS) of 4.0-7.6 months [10, 11]. On the other hand,
S-1, which is widely used as one of the key drugs for pancre-
atic cancer in Japan, has been reported to be effective in
patients with chemotherapy-naive or chemotherapy-
refractory pancreatic cancer [12, 13].

Therefore, we conducted a prospective phase II trial of this
novel regimen of intravenous and i.p PTX in addition to oral
S-1 in pancreatic cancer with peritoneal metastasis. Given the
lack of clinical data of this regimen in pancreatic cancer
patients, an interim analysis was planned, and here, we report-
ed promising results in this study population who are refrac-
tory to chemotherapy, which may potentially lead to a para-
digm shift in the treatment of pancreatic cancer with malignant
ascites.

Patients and Methods

This prospective, single-arm phase II study was conducted at
the University of Tokyo Hospital, Japan. The protocol was
approved by the institutional review board, and informed
consent was obtained from each participant. Though phase I
and 1II trials of this regimen have been reported in gastric
cancer patients, no clinical data was available in pancreatic
cancer patients [9, 14]. Therefore, an interim analysis was
planned to assess the feasibility and safety of this study after
the first ten patients' enrollment.

Patients

The eligibility criteria were as follows: (1) histologically or
cytologically proven pancreatic adenocarcinoma, (2) malig-
nant ascites with cytological diagnosis, (3) refractory to
gemcitabine defined by Response Evaluation Criteria in Solid
Tumors (RECIST) version 1.1 [15], (4) age >20 years, (5)
Eastern Cooperative Oncology Group (ECOG) PS of 0 to 2,
and (6) adequate bone marrow function (white blood count
>3,000/mm>, hemoglobin >9.0 g/dl, and platelet count
>100,000/mm?), liver function (total bilirubin less than or
equal to three times the upper limit of normal (ULN) and
aspartate/alanine transaminases less than or equal to five times
ULN), and renal function (serum creatinine <1.5 times ULN).
The exclusion criteria were as follows: (1) active concomitant
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malignancies, (2) a history of drug hypersensitivity to PTX or
S-1, (3) pregnant or lactating, and (4) concurrent severe med-
ical conditions, such as active infection and cardiac or renal
disease.

Treatment

Patients received PTX intravenously at 50 mg/m? and i.p at
20 mg/m? on days 1 and 8, and S-1 orally at 80 mg/m*/day for
14 days followed by 7-day rest between each 21-day cycle.
PTX was administered i.p through a peritoneal access port
which was implanted in the subcutaneous space of the lower
abdomen, with a catheter placed in the pelvic cavity through
laparoscopy. PTX was diluted in 500 ml of normal saline and
administered i.p over 1 h concurrently with intravenous infu-
sion after standard premedication. The treatment was given
until disease progression, unacceptable toxicity, or withdrawal
of consent.

Dose Modification

Treatment was temporarily suspended in the case of
grade 3/4 hematological toxicity or grade 2 or higher
non-hematological toxicity. After recovery to grade 1
toxicity or lower, treatment was restarted at the follow-
ing reduced doses. As this combination chemotherapy
consisted of two drugs administered via three routes,
doses were modified for each, if a distinction in toxicity
could be made. That is, in case of severe digestive
toxicity, S-1 was discontinued and then resumed at a
dose reduced by 20 mg/m”. In case of grade 3/4 hema-
tological toxicity, intravenous PTX administration was
suspended and then reduced by 5 mg/m* Lp PTX was
reduced by 5 mg/m?® if abdominal pain was observed
after i.p infusion. If both drugs were suspected of caus-
ing the toxicities, the doses of both drugs were reduced
as described above. No dose escalation was allowed
following dose reduction.

Evaluation of Efficacy and Safety

Pretreatment evaluations included medical history and physi-
cal examination, laboratory studies (complete blood cell
count, serum biochemical tests, electrolytes, and urinalysis),
electrocardiogram, chest X-ray, and computed tomography
(CT). The ECOG PS and laboratory tests, including complete
blood counts and serum biochemical tests, were checked on
days 1, 8, and 15. Serum and ascitic carcinoembryonic antigen
(CEA) and cytology of ascites were evaluated at the beginning
of each course.

The primary end point was OS. Secondary end points were
clinical outcomes, including time to progression (TTP), effi-
cacy against malignant ascites, and safety. OS was defined as
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the time from initiation of therapy to final follow-up or until
death from any cause. TTP was calculated from the start of the
treatment to the first day of documented disease progression.
Objective tumor responses were evaluated every two courses
using RECIST (ver. 1.1) [15]. To evaluate the antitumor
effects of the treatment on peritoneal metastasis, the amount
and cytology of ascites and CEA level in ascites (aCEA) were
also taken into account. According to the Japanese Classifi-
cation of Gastric Carcinoma [16], the amount of ascites was
assessed by radiologists using CT. Toxicity was monitored
weekly and graded according to the National Cancer Institute
Common Toxicity Criteria (ver. 3.0).

Statistical Methods

The required number of patients was calculated according
to the Southwest Oncology Group One Arm Survival
program. Assuming a null hypothesis of 3.0 months and
an alternative hypothesis of 5.0 months with two-sided
type I error of 0.05 and power of 0.8, with an accrual time
of 27 months and follow-up of 9 months after closure of
recruitment, it was necessary to enroll 30 fully assessable
patients.

TTP and OS were calculated using the Kaplan—Meier
method. This analysis was based on follow-up information,
which was received until March 2013. JMP 9.0 (SAS Institute
Inc., Cary, NC, USA) was used for statistical analysis.

Table 1 Baseline patient characteristics (n=10)

Number (range/percentage)

Age 67 (54-76)
Sex, male/female 8 (80)/2 (20)
ECOG performance status, 0/1/2 0 (0y/7 (703 30)

Location of primary disease, head/body/tail 3 (30)/5 (50)/2 (20)
Sites of metastasis .
5(50)

Liver

Lung 5(50)

Lymph node 8 (80)
Line of treatment

Second line 5(50)

Third line 5(50)
Prior first-line chemotherapy

Gemcitabine 7 (70)

Gemcitabine + S-1 3 (30)
Prior second-line chemotherapy

S-1 5(50)

All values are expressed as # (%) or median (range)

ECOG Eastern Cooperative Oncology Group, RECIST Response Evalu-
ation Criteria in Solid Tumors

Results

From April 2011 to February 2012, ten patients were enrolled
in this study. All patients had measurable target lesions and
were fully evaluated for tumor response and toxicity. Eight
patients were previously treated with S-1-containing regimen.
Patient characteristics are shown in Table 1.

Safety

Seven patients completed the first 2 cycles of this chemother-
apy. Treatment was early terminated within 2 cycles due to the
deterioration of PS (n=2) or hemobilia caused by portobiliary
fistula (n=1). None of the patients discontinued this regimen
due to toxicity.

Hematological and non-hematological toxicities were
listed in Table 2. Major grade 3/4 adverse events included
neutropenia (50 %), anemia (40 %), and thrombocytopenia
(30 %). Infection related to the peritoneal access device was
observed in two patients (20 %), and removal and replacement
of a peritoneal port device was required in one patient. There
were no treatment-related deaths.

Efficacy

The median TTP and OS were 2.1 months (95 % confidence
interval (CI), 0.7-3.2) and 3.4 months (95 % CI, 0.9-5.9),
respectively (Fig. 1). A median of three courses were admin-
istered with a range from 1 to 14. Complete response was not
observed. Partial response and stable disease were observed in
two and three patients, respectively, with a response rate (RR)

Table 2 Toxicities

Grades 1-4 Grades 3—4
Hematological
Leukopenia 9 (90) -5(50)
Neutropenia 8 (80) 5(50)
Anemia 8 (80) 4 (40)
Thrombocytopenia 4 (40) 3 (30)
Non-hematological
Anorexia 9 (90) 1(10)
Nausea 4 (40) 2 (20)
Vomiting 2 (20) 00
Diarrhea 1(10) 2 (20)
Constipation 1(10) 0 (0)
Fatigue 7 (70) 0(0)
Alopecia 6 (60) -()
Catheter-related infection 2 (20) 1 (10)

All values are expressed as » (%)
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Fig. 1 Kaplan-Meier curves for overall survival and time to progression.
TTP time to progression, OS overall survival

of 20 % and a disease control rate (DCR) of 50 %. Malignant
ascites completely disappeared in two patients (20 %) and was
stable in five patients (50 %). Cancer cells ceased to be
detected by peritoneal cytology in six patients (60 %). aCEA
was measured before and after 2 cycles of the treatment in
seven cases, and aCEA decreased in all seven cases.
The median aCEA was 94.5 mg/dl before treatment and
26.7 mg/dl after 2 cycles of treatment.

In one patient who underwent peritoneal port replacement,
a second-look laparoscopy demonstrated a remarkable re-
sponse of peritoneal metastases (Fig. 2).

Discussion
This is the first report that investigated intravenous and i.p

PTX combined with S-1 for gemcitabine-refractory pancreatic
cancer with malignant ascites. This interim analysis

demonstrated the feasibility of this regimen in pancreatic
cancer and promising results with complete disappearance of
ascites in 20 %, DCR of 50 %, and median OS of 3.4 months.

The prognosis of newly diagnosed pancreatic cancer patients
with malignant ascites was extremely poor with a reported
median survival of 64 days [1]. In a retrospective study in 23
patients with malignant ascites who were refractory to
gemcitabine, systemic PTX achieved the median OS of 101 days
and ascites decrease rate of 30 % [17]. Our preliminary results of
i.p in addition to systemic PTX demonstrated 20 % ascites
disappearance rate, suggesting the efficacy of additional i.p PTX.

I.p chemotherapy has been established in patients with
ovarian and gastric cancer, but there were few studies in
pancreatic cancer [7-9]. The rationale of i.p chemotherapy is
to achieve high concentrations of antitumor agents in the
peritoneal cavity with low systemic exposure. Previously,
the pharmacokinetics of i.p gemcitabine in patients with pan-
creatic cancer showed that peritoneal gemcitabine concentra-
tions declined rapidly after administration, and therefore, it
was well tolerated [18]. However, this finding of gemcitabine
may be disadvantageous, given the abovementioned rationale
of i.p therapy. PTX was expected as a better candidate agent
because of'its low clearance rate from the peritoneal cavity [6].

Of note, catheter-related infection was observed in two
patients (20 %). Though the rate was comparable to the
previous study with 1.p chemotherapy for ovarian cancer [7],
this complication is specific to i.p chemotherapy and should
be addressed in the future.

In conclusion, combination chemotherapy of intravenous
and i.p PTX with S-1 was feasible and showed promising
results. The final results of this phase II study is awaited, but
the preliminary results of i.p chemotherapy will open up a
novel therapeutic option for pancreatic cancer patients with
malignant ascites.

Fig. 2 Laparoscopy prior to (a) and after 12 courses of (b) treatment. Second-look laparoscopy demonstrated remarkable improvement of peritoneal

dissemination
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