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Principle and evolving role of
intraperitoneal chemotherapy in
ovarian cancer

Keiichi Fujiwara*, Shoji Nagao, Eriko Aotani & Kosei Hasegawa
"Saitama Medical University International Medical Center, Department of Gynecologic Oncology,
Saitama, Japan

Introduction: Intraperitoneal (i.p.) chemotherapy has been extensively studied
in the ovarian cancer field. Despite the fact that three large randomized trials
that were conducted in the United States showed survival benefit, meta-
analysis also showed survival benefit and the National Cancer Institute (NCI)
released a clinical announcement recommending i otherapy for opti-
mally debulked advanced stage ovarian cancer in

because of its toxicities.
Areas covered: In this review, previousl
published since the NCI clinical annot
will be discussed.

Expert opinion: Three currentl

using carboplatin will b
They are important bec

the intraperitoneal (i.p. ) spread of disease, even in the early
occurrence. Therefore, it has been considered reasonable to administer anticancer
agent directly into the i.p. cavity. This approach has been extensively investigated
both preclinically and clinically.

The i.p. chemotherapy was first adopted for palliative purposes to control ascites
of various intra-abdominal malignancies in the 1950s. Since 1978, i.p. chemother-
apy has been used as a form of therapeutic intervention. After extensive Phase I and
Phase II trials, three large Phase III trials have been conducted in the United
States (1-3], and survival benefit was demonstrated by meta-analysis. However,
1.p. chemotherapy has not been adopted as a standard chemotherapy yet.

In this review article, we will discuss the principles and clinical aspects and future
perspectives of 1.p. chemotherapy for ovarian cancer.

2. Basic concept of i.p. chemotherapy

The primary concept of i.p. chemotherapy is to directly expose the tumor tissue to
an extremely high concentration of anticancer agent by perfusing inside the perito-
neal cavity. However, some proportion of anticancer agent infused into peritoneal

10.1517/14656566.2013.820705 © 2013 Informa UK, Ltd. ISSN 1465-6566, e-ISSN 1744-7666 1797
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Article highlights.

s Basic concept of i.p. chemotherapy is reviewed.

» Clinical Trials that showed superiority of i.p.
chemotherapy are discussed.

= Pharmacological and clinical evidence to support i.p.
carboplatin-based chemotherapy are provided.

» New evidence surrounding i.p. chemotherapy since
2006 are considered.

» Unanswered questions and clinical trial design for the
future are discussed.

This box summarizes key points contained in the article.

cavity will go into the capillary blood vessels adjacent to the
peritoneum and systemic circulation, and then return to the
inner core of tumor tissue through rumor microcirculation 4.
The drug concentration in the inner core of the tumor
depends on the drug pharmacokinetics.

The factors that determine the effect of i.p. chemotherapy
are as follows [4]:

1) direct penetration of anticancer agent into the tumor
tissue from the tumor surface;

2) diffusion of anticancer agent into the inner core of
tumor tissue through systemic blood circulation; and
most importantly

3) antitumor effect of the agent for ovarian cancer.

Based on these determinant factors, an ideal anticancer agent
for i.p. chemotherapy is one that is very systemically effective
against ovarian cancer, that penetrates deep into the wmor,
and that stays in the peritoneal cavity for prolonged periods
as this would result in a low incidence of systemic adverse
effects, while providing satisfactory drug concentrations in
the inner core of tumor tissue. However, things are not that
easy because penetration of anticancer drugs from the tumor
surface is limited to a few millimeters. Also, ensuring that the
agent remains in the peritoneal cavity for a long time while
maintaining a high concentration in the inner core of the
tumor is a pharmacologically contradictory phenomenon.

In brief, because of the structure of mesothelium, larger or
water-insoluble agents stay longer in the peritoneal cavity
but concentration of the inner core of the tumor is low
(Figure 1A), whereas smaller molecules or water-soluble agents
can go into inner core of the tumor easily but stay for a shorter
time in the peritoneal cavity (Figure 1B) [4].

Table 1 shows the list of anticancer agents for i.p. chemo-
therapy and their molecular mass, water solubility and (peri-
toneal cavity:plasma) ratio of drug levels. As shown in
the Table 1, larger molecular mass and water insolubility
correlate well with a larger peritoneal:plasma ratio. As for
those agents showing a larger peritoneal:plasma ratio in
spite of smaller molecular mass and good water solubility,
such as 5-fluorouracil (5-FU), it suggests that those agents
are metabolized in the liver through the portal vein.

Since penetration of anticancer agents from the tumor sur-
face is limited, the indication for i.p. chemotherapy should be
restricted to the small residual disease if the i.p. chemotherapy
is considered to be a regional therapy in the peritoneal cavity.
In this setting, the ideal chemotherapy agents are large mole-
cules such as paclitaxel or mitoxantrone. As shown in Table 1,
platinum agents, which are the most effective against ovarian
cancer, do not stay long in the peritoneal cavity; therefore,
these are not suitable for the ‘genuine’ i.p. chemotherapy.
However, these agents can easily enter the systemic circulation
and ultimately reach the inner core of tumor tissue. There-
fore, Lp. chemotherapy using platinum agents can be
hypothesized to be one route of systemic chemotherapy.

3. Phase lll trials of i.p. for ovarian cancer

There are eight published comparative studies of i.p. versus
intravenous (i.v.) administration for ovarian cancer. Among
them, three randomized trials conducted in the United States
are the most important because the size of the trials was
large enough.

The first randomized trial conducted by South Western
Oncology Group (SWOG) and Gynecologic Oncology
Group (GOG) 104 was published in 1996 (11. In this tial,
patients with small residual disease (< 2 cm) were randomized
to receive six cycles of i.v. cyclophosphamide (600 mg/m?)
plus either i.p. or iv. cisplatin. The dose of cisplatin was
100 mg/m” for both groups, and the treatment was repeated
every 3 weeks for six cycles. In the 546 eligible patients, the
estimated median survival was significantly longer in the i.p.
group (49 months; 95% confidence interval [CI]: 42 - 56)
compared to the i.v. group (41 months; 95% CI: 34 - 47).
The hazard ratio (HR) for the risk of death was 0.76 (95%
CI: 0.61 - 0.96; p = 0.02) in favor of i.p. therapy. Although
moderate~to-severe abdominal pain was more frequent in
the i.p. group, grade 3/4 granulocytopenia and tinnitus, clin-
ical hearing loss and grade 2 - 4 neuromuscular toxic effects
were significantly more frequent in the i.v. group.

At the same time, as this important result was published,
the result of the GOG 111 trial was also published [51. In
this trial, it was shown that replacing cyclophosphamide
with paclitaxel improved the median survival from
24 (95% CI: 21 - 30) to 38 (95% CI: 32 - 44) months (rel-
ative risk = 0.6; 95% CI: 0.5 - 0.8; p = 0.001) in advanced
ovarian cancer. Therefore, the consensus at the time was
that replacing cyclophosphamide with paclitaxel is more
beneficial than applying i.p. administration of cisplatin.

The second i.p. trial was also conducted by GOG and
SWOG, and the results were published in 2001 (2). In this
trial, the patients were randomized to either Lv. paclitaxel
135 mg/m” over 24 h followed by iv. cisplatin 75 mg/m®
every 3 weeks for six cycles, or i.v. carboplatin (area under
the curve [AUC] = 9) every 28 days for two cycles, then
i.v. paclitaxel 135 mg/m* over 24 h followed by i.p. cisplatin
at 100 mg/m® every 3 weeks for six cycles. Improved
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Figure 1. A. Schematic image of the distribution of chemotherapy agents with small molecular mass that was administered in
the i.p. cavity. B. Schematic image of the distribution of chemotherapy agents with large molecular mass that was

administered in the i.p. cavity.

Table 1. Ratio of drug level in peritoneal cavity:plasma by pharmacological characteristics of anticancer drugs.

Drug Molecular mass Water solubility Ratio of drug level Peritoneal cavity:plasma
Peak AUC
Cisplatin 300.05 + 20 12
Carboplatin 371.25 + - 18
Mitomycin 334.33 * 71 -
Melphalan 305.20 - 93 65
Methotrexate 454.44 - 92 100
5-FU 130.08 + 298 367
Doxorubicin 543.53 + 474 -
Paclitaxel 853.92 - - 1000
Mitoxantrone 517.40 - - 1400

progression-free survival (PES) (median: 28 vs 22 months;
relative risk = 0.78; log rank p < 0.01, one tail) and overall
survival (median: 63 vs 52 months; relative risk = 0.81;
p = 0.05, one tail) of 426 assessable patients were observed
in favor of the i.p. group. However, hematologic and non-
hematologic toxicities > grade 3 were significantly more fre-
quent in the i.p. group. As a result, 18% of the patients
received less than two courses of i.p. therapy. In spite of the
significant survival improvement in this study, the gyneco-
logic oncology community did not accept i.p. chemotherapy
to be the standard treatment for ovarian cancer because there
was a possibility that the addition of two cycles of carboplatin
treatment may contribute to the improvement of survival
and that toxicity was excessive in the i.p. arm.

The third trial was conducted by GOG 3]. In this study,
417 patients with optimally debulked stage Il ovarian cancer
were randomized either to Lv. paclitaxel (135 mg/m2/24 h)
followed by iv. cisplatin (75 mg/mz), or to i.v. paclitaxel
(135 mg/m*/24 h) followed by i.p. cisplatin (100 mg/m?),
plus i.p. paclitaxel (60 mg/mz) on day 8. The relative risk of
recurrence was 0.73 in the iLp. group as against i.v. group.
The improvement in median overall survival was 15.9 months,

with a treatment HR of 0.75 (95% CI: 0.58 - 0.97) favoring
the i.p. study arm. The magnitude of improvement in median
overall survival associated with i.p./L.v. administration of che-
motherapy is similar to that observed with the introduction of
either cisplatin or paclitaxel. The median duration of survival
for the i.p. arm of this trial (66 months) was 10 months longer
than that for the current standard treatment schedule (i.v.
paclitaxel plus iv. carboplatin treatment) arm of the GOG
158 trial (57 months). However, this survival advantage could
be due to the addition of day 8 paclitaxel and not due to the
i.p. delivery of cisplatin and paclitaxel. In addition, there were
significantly more patients with grade 3/4 hematologic and
non-hematologic toxicities in the i.p. arm compared to the
L.v. arm. Because of these toxicities and/or catheter problems,
48% of patients in the i.p. arm received three or fewer i.p.
treatments and only 42% patients received the planned six
cycles of i.p. therapy. As discussed by Cannistra (6], ‘it is
remarkable that such a clinically meaningful survival advan-
tage was observed, despite the high attrition rate in the intra-
peritoneal group, suggesting that a substantial benefit from
intraperitoneal chemotherapy may occur within the first
several cycles of treatment’, and this trial raised important

Expert Opin. Pharmacother. (2013) 14(13) 1799

— 315 —

RIGHTES LR HG



Expert Opin. Pharmacother. Downloaded from informahealthcare.com by IBI Circulation - Ashley Publications Ltd on 12/02/13
For personal use only.

K. Fujiwara et al.

Treatment hazard ratios for death
intraperitoneal vs intravenous therapy

Rel haz Var(in(HR))

SWOG\GOG-104 (1996) 0.760 0.013
GOND (2000) 0.670 0.077
GOG-114SWO3 (2001) 0.810 0.012
Talwan (2001) 1.130 0.084
EOATC-55875 (2003) 0.820 0.054
GOG-172 (2005) 0.710 0.020
0.%38

IP regimen better | IV regimen better
—t—
—t—]
]
I e L
—t—

0.5 0.07 1.0 156 20 8
Relative hazard

Figure 2. Result of meta-analysis for i.p. chemotherapy published as a NCI clinical announcement.

questions to be solved in the future because it is hypothesized
that improving catheter complications may enhance the
survival benefit by i.p. chemotherapy further.

Based on the results of these three large randomized trials
and another five small studies, GOG and National Cancer
Institute (NCI) conducted a meta-analysis and concluded
that i.p. chemotherapy is beneficial for optimally debulked
stage III ovarian cancer patients. This important information
has been released as a clinical announcement from the NCI
US in January 2006 (7). As shown in Figure 2, i.p. therapy
was associated with a 21.6% decrease in the risk of death
(HR = 0.79; 95% CI: 0.70 - 0.89). The expected median
duration of survival for women with optimally debulked ovar-
ian cancer receiving standard treatment is ~ 4 years. There-
fore, this size reduction in the overall death rate is expected
to translate into about a 12-month increase in overall
median survival.

Despite these promising results, i.p. chemotherapy has not
been accepted as standard treatment for advanced ovarian
cancer.

The most important drawback is the platinum agent used
in the i.p. trials, which is cisplatin. As is well known, cisplatin
is more toxic than carboplatin, which is the standard platinum
agent when given intravenously. Therefore, it is reasonable to
consider replacing cisplatin with carboplatin for i.p. use, but
there have been two reasons why carboplatin was not used
for i.p. chemotherapy for long time.

4. Reasons why carboplatin was not used for
i.p. chemotherapy

There are two reasons why carboplatin was not used for i.p.
chemotherapy. One of them was an animal experiment which
showed that ~ 6 to 10 times more carboplatin was required to

obtain equivalent tissue platinum concentration compared to
cisplatin [8]. In this study, Los ez @/ measured platinum distri-
bution in rat peritoneal tumors after i.p. treatment with equi-
molar doses of carboplatin and cisplatin and found that no
platinum was detected 0.5 mm from the periphery after
carboplatin treatment, whereas 14 ppm was detected after
cisplatin treatment. They also measured the total platinum
concentration in the tumor model after various doses of car-
boplatin and cisplatin were administered into the i.p. cavity
of mice and found that 10 times more carboplatin than
cisplatin had to be injected to obtain comparable platinum
concentrations in the tumors. However, the tissue concentra-
tion has not been shown to be predictive of efficacy in this
animal model.

Based on this result, Markman ez al. retrospectively ana-
lyzed their clinical data of a small number of patients and
showed that the response rate was better in the cisplatin-
based regimen (9], concluding that carboplatin may be inferior
to cisplatin when used intraperitoneally. However, these stud-
ies assume equivalency of dose between carboplatin and cis-
platin. For example, in the Los er 4l. study, the dose of
cisplatin and carboplatin administered to the mice was calcu-
lated based on weight. The dose of carboplatin that was
required to achieve the equivalent tissue platinum concentra-
tion that was achieved by administering cisplatin at 5 mg/kg
was between 30 and 49.2 mg/kg. By comparison, standard i.
v. doses of platinum agents as designed in contemporary clin-
ical trials with paclitaxel are: cisplatin 75 mg/m” and carbo-
platin AUC of 6 to 7.5 mg/mL min. Since carboplatin is
principally cleared through the kidneys, more reliable toxicity
and efficacy data have been gained through dosing based on
renal function. Based on a Phase I study by Bookman ez 4/,
the dose of carboplatin at AUC of 7.5 was equivalent to
471 mg/m® and AUC of 6 was equivalent to 400 mg/m”
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110]. Therefore, the dose of carboplatin must be at least 5 to
6 times more to achieve the equivalent clinical efficacy even
when the cisplatin or carboplatin is administered intrave-
nously. In the Markman ez a/. study, the dose of carboplatin
was also too small (200 - 300 mg/m®), comparing it to a con-
siderably high dose of cisplatin (100 mg/m®). The study also
has another limitation because it was a retrospective analysis
using a small number of patients. Therefore, an adequate
evaluation of i.p. carboplatin using a reasonable dose and
sample size is necessary.

5. Reasons why we believe carboplatin will
be suitable for i.p. chemotherapy

5.1 Pharmacological analysis of i.p. carboplatin
Miyagi et al. published their pharmacological analysis of
platinum concentrations in the serum and i.p. cavity after
carboplatin was administered intravenously or intraperitone-
ally (113 In this study, they demonstrated that 24 h platinum
AUC in the serum was exactly the same regardless of i.p. or
i.v. administration of carboplatin. However, 24 h platinum
AUC in the peritoneal cavity was ~ 17 times higher when
carboplatin was administered via the i.p. route.

Based on this result, they concluded that i.p. infusion of
carboplatin is feasible, not only as an i.p. regional therapy
but also as more reasonable route for systemic chemotherapy.

5.2 Clinical efficacy of i.p. carboplatin-based
chemotherapy

Fujiwara ez /. published the survival data of 165 patients with
epithelial ovarian cancer who underwent ip. carboplatin-
based chemotherapy as a first-line treatment. They treated
patients with stages I - IV epithelial ovarian cancer with cither
i.p. carboplatin alone (n = 22) or in combination with cyclo-
phosphamide (n = 116) or paclitaxel (n = 27) 112). In this ret-
rospective analysis, the median survival of the patients with
small (< 2 cm) residual disease was 51 months. Although
the median survival of patients in this population treated
with a dose of < 400 rng/m2 carboplatin was 24.5 months,
the median survival was not reached until 84 months when
the carboplatin was dosed > 400 mg/m>.

In the 90 stage 1II/IV patients, including both small and
bulky residual disease, median survival was 25 months with
carboplatin dosed under 400 mg/m”, whereas it was 51 months
with carboplatin > 400 mg/m”® (p = 0.0137). The authors
analyzed the potential reasons for the difference in outcome
with different doses such as performance status, age and
tumor grades between stage III/IV padents who received i.p.
carboplatin > 400 mg/m” and < 400 mg/m* and found that
they were not significantly different. They concluded that the
most significant prognostic factor by both univariate and mul-
tivariate analysis was carboplatin dosed above 400 mg/m>.
Although this study is a retrospective analysis, it is reasonable

to argue that the dara further support the prospective
evaluation of i.p. carboplatin administration.

5.3 Toxicity of i.p. carboplatin plus i.v. paclitaxel
Two Japanese studies demonstrated toxicities with a combina-
tion of carboplatin and paclitaxel.

Fujiwara ez al. performed a preliminary toxicity analysis of
i.p. carboplatin in combination with i.v. paclitaxel (13. In this
study, a fixed dose of paclitaxel (175 mg/m?) was analyzed for
toxicity with escalating doses of carboplatin ranging from
AUC of 5 to 7.5. Dose-limiting toxicity (DLT) was primarily
thrombocytopenia requiring platelet transfusion. Three of the
six patients in the cohort of AUC 7.5 experienced DLT. One
of the six patients in the cohort at AUC 7 showed grade
3 thrombocytopenia. The incidence of grade 4 neutropenia
was 33.3% for both cohorts. Therefore, the recommended
dose of i.p. carboplatin in combination with 3 h i.v. paclitaxel
infusion at 175 mg/m” could be AUC of 6 - 7.

Based on this study, the GOG conducted a Phase I/feasibil-
ity study for i.p. carboplatin to determine the optimal dose
with iv. paclitaxel for future studies (GOG9917) 1141 In
this study, they tried to find an appropriate dose for ip.
carboplatin in combination with fixed dose of paclitaxel at
175 mg/mz. Twenty-one patients were entered on the dose-
escalating phase for first cycle. Maximum tolerated dose
of carboplatin at AUC 8, was tolerated for the firsc cycle,
although thrombocytopenia was the dose-limiting factor
over multiple cycles. An additional 69 patients were treated
in expanded cohorts to assess the toxicities over four cycles.
Four-cycle DLT required de-escalation to a carboplatin
AUC of 6, and even at that dose, there were 14 dose-limiting
toxic effects in 40 patients (35%). Seven DLTs were due to
neutropenia and 6 DLTs were due to grade 3/4 thrombocyto-
penia. Six cycles of therapy were completed in 75% of eligible
patients but dose adjustments were required. Therefore, by
using an i.p. carboplatin dose of AUC 6 in combination
with paclitaxel, the regimen can be administered with a high
completion rate over multiple cycles. Because neutropenia is
a frequent DLT, the addition of hematopoietic growth factors
may permit a high completion rate, while maintaining this
dose. Only 5 of 90 (5.6%) patients discontinued treatment
because of a port problem.

6. New evidence surrounding i.p.
chemotherapy strategies since NCI Clinical
Announcement 2006

6.1 Dose-dense weekly administration of
chemotherapy

Japanese Gynecologic Oncology Group (JGOG) conducted a
randomized Phase III trial to compare the therapeutic effect
and safety of administering carboplatin every 3 weeks in
combination with conventional administration of paclitaxel
at 175 mg/m® every 3 weck versus dose-dense weekly
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