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Rationale for IP therapy and recent Gynecologic 
Oncology Group (GOG) trials

Advanced epithelial ovarian cancer spreads predominantly 
within the peritoneal cavity, and this has prompted 
investigations into the del ivery of  chemotherapy 
directly into the space lined by visceral and parietal 
peritoneum. Intraperitoneal (IP) radionuclides, other 
radioimmunoconjugates, and bolus cytotoxic drugs 
administered in the presence of ascites were tested since the 
1950s but seldom subject to rigorous clinical study. In 1978, 
Dedrick et al. developed the pharmacologic rationale for IP 
drug delivery: peripheral surfaces of small tumors within 
the peritoneal cavity could be exposed to higher cytotoxic 
drug concentrations for longer durations of time than could 
be safely attained with systemic drug administration (1). 
Further, the central portions of the tumor continue to be 
exposed to drug via systemic absorption from the peritoneal 
cavity—thus, the subsequent designation in the literature of 
two-way chemotherapy. 

The magnitude of the pharmacologic advantage 
achieved with IP therapy is defined by the ratio of drug 
concentrations over time in the peritoneal and plasma 
compartments: the area under the concentration times 
curves, or the AUC ratio. For cisplatin and carboplatin, 
the AUC ratios for IP over IV delivery are in the range of 
15-20, while for drugs such as paclitaxel, the AUC ratio 
approaches 1,000. The ideal drugs for IP delivery are 
those that maintain a long residence time in the peritoneal 
cavity and then are cleared rapidly once they are absorbed 
into systemic circulation across the visceral peritoneum. 
This limits the exposure to normal tissues and subsequent 
toxicities. The ideal dosing for IP drugs achieves a 
high AUC ratio without compromising plasma drug 
concentrations that can be achieved with IV delivery.

The clinical evidence to support the efficacy of the IP 
approach in ovarian cancer is now well established (Table 
1). The GOG 104 trial looked at IV cyclophosphamide 
(600 mg/m2) with either IV or IP cisplatin (100 mg/m2) 
administered every 3 weeks for six cycles in women with 

Review Article

Modulation of intraperitoneal (IP) chemotherapy in ovarian cancer

Maryann Kwa1*, Danielle Jandial2*

1New York University School of Medicine, New York, NY 10016, USA; 2UCLA Cancer Center, Los Angeles, CA 90095, USA

*These authors contributed equally to this work.

Correspondence to: Maryann Kwa, MD. New York University School of Medicine, 462 First Avenue, C&D Building, Room 556, New York, NY 10016, 

USA. Email: maryann.kwa@nyumc.org.

Abstract: The standard platinum-based treatment of previously untreated advanced ovarian cancer 
continues to evolve because despite high response rates to first-line treatment, a majority of patients 
relapse. Several randomized multicenter phase III clinical trials demonstrated that intraperitoneal (IP) 
chemotherapy is superior to standard intravenous (IV) chemotherapy following primary optimal debulking 
surgery. However, the challenge of further improving efficacy and reducing toxicity remains. The underlying 
rationale for use of IP therapy is based on the pharmacologic principle that peritoneal tumors can be exposed 
to higher doses of drug for longer periods of time than can be accomplished with systemic delivery. IP 
drug delivery to tumors is hampered by poor drug penetration which is multifactorial. Research addressing 
mechanisms by which improved drug penetration or direct delivery to tumors can be achieved are key areas 
of interest. This review will discuss the potential role of consolidation with platinum based IP chemotherapy 
during interval debulking surgery following neoadjuvant chemotherapy for patients with advanced disease.

Keywords: Intraperitoneal (IP) chemotherapy; ovarian cancer

Submitted Nov 27, 2014. Accepted for publication Dec 29, 2014.
doi: 10.3978/j.issn.2218-676X.2014.12.01

View this article at: http://dx.doi.org/10.3978/j.issn.2218-676X.2014.12.01



61Translational Cancer Research, Vol 4, No 1 February 2015

© Translational Cancer Research. All rights reserved. Transl Cancer Res 2015;4(1):60-69www.thetcr.org

small-volume disease after surgical cytoreduction (4). The 
largest residual tumor nodules of <2 cm in diameter (which 
defined optimal cytoreduction in GOG 104) account 
in large part for the worse outcome observed relative to 
subsequent trials that selected patients for study with <1 cm 
of residual disease following surgical cytoreduction. The 
IP group had a median overall survival (OS) of 49 months 
compared with 41 months in the IV group (P=0.02). 
Despite the favorable results of the IP arm of this trial, it 
was theorized that such advantage might not apply if one 
substituted IV paclitaxel for cyclophosphamide. This led to 
the GOG 114 trial in which patients with residual ovarian 
cancer (<1 cm in diameter of remaining tumor) were 
randomized to either IV paclitaxel (135 mg/m2) and IV 
cisplatin (75 mg/m2) every three weeks for six cycles, or the 
experimental arm consisting of ‘chemical debulking’ of IV 
carboplatin (AUC =9) every 28 days for two cycles, followed 
by IV 24-hour infusion of paclitaxel (135 mg/m2) and IP 
cisplatin (100 mg/m2) every 3 weeks for six cycles (3). The 
IP arm demonstrated improvement in both progression-
free survival (PFS) (median of 28 vs. 22 months; HR, 
0.78; P=0.01) and OS (median of 63 vs. 52 months; HR, 
0.81; P=0.051). However, the large doses of carboplatin 
administered resulted in bone marrow suppression and 
thrombocytopenia, and subsequently 19% of patients in 
this arm of the study received two or fewer courses of the 
planned IP regimen. 

The most quoted survival data for IP therapy comes from 
the GOG 172 trial (2). In this study, the control arm was IV 
paclitaxel (135 mg/m2) followed by IV cisplatin (75 mg/m2) 
every 3 weeks for six cycles, and the experimental arm was 

IV paclitaxel (135 mg/m2) on day 1 followed by IP cisplatin 
(100 mg/m2) on day 2 plus IP paclitaxel (60 mg/m2) on day 8. 
The women in this study were also optimally cytoreduced 
to <1 cm, including more than 10% having bowel 
resections. Although the IP therapy arm was associated with 
considerably more toxicity (myelosuppression, abdominal 
pain, neuropathy), treatment with this regimen still resulted 
in a statistically significant improvement in both PFS 
(median of 24 vs. 18 months; P=0.027) and OS (median 
of 65.6 vs. 49.7 months; P=0.017). Only 42% of patients 
received all six cycles of treatment in the IP arm and many 
of these were shifted to receive some IV carboplatin; an 
analysis of quality-of-life found no differences between the 
two treatment groups at 12 months follow-up. 

The results of these three randomized trials have 
demonstrated that IP administration of up to six cycles of a 
cisplatin-based chemotherapy regimen influences survival in 
women with advanced ovarian cancer and minimal residual 
disease. A Cochrane review of IP chemotherapy in women 
undergoing treatment for initial management of advanced 
ovarian cancer reported a 21% decrease in the risk of death 
(HR, 0.79; 95% CI: 0.70-0.90) in patients undergoing 
combined IP and IV therapy vs. those undergoing IV 
therapy alone (5). In 2006, based on the GOG 172 trial 
as well as a meta-analysis of IP vs. IV randomized trials in 
ovarian cancer, the U.S. National Cancer Institute (NCI) 
issued an announcement: “On the basis of the results of these 
randomized phase III clinical trials, a combination of IV and IP 
administration of chemotherapy conveys a significant survival 
benefit among women with optimally debulked ovarian cancer, 
compared to IV administration alone” (6).

Table 1 Outcome of postoperative adjuvant IP chemotherapy in three key GOG studies

Study
No. of 

patients

IP vs. 

Control
Chemotherapy

Median PFS 

(months)

Median OS 

(months)

GOG 172 (2) 205 IP IV paclitaxel 135 mg/m2 over 24 h (day 1) + IP cisplatin  

100 mg/m2 (day 2) + IP paclitaxel 60 mg/m2 (day 8)

24 65.6

210 Control IV paclitaxel 135 mg/m2 over 24 h (day 1) + IV cisplatin  

75 mg/m2 (day 2)

18 49.7

GOG 114 (3) 235 IP IV carboplatin every 28 days for two cycles, followed 4 weeks 

later by IV paclitaxel 135 mg/m2 over 24 h (day 1) + IP cisplatin 

100 mg/m2 (day 2)

28 63

227 Control IV paclitaxel 135 mg/m2 over 24 hours (day 1) + IV cisplatin  

75 mg/m2 (day 2)

22 52

GOG 104 (4) 267 IP IV cyclophosphamide 600 mg/m2 + IP cisplatin 100 mg/m2 NR 49

279 Control IV cyclophosphamide 600 mg/m2 + IV cisplatin 100 mg/m2 NR 41

IP, intraperitoneal; GOG, Gynecologic Oncology Group; PFS, progression free survival; OS, overall survival; NR, not reported. 
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However, despite the NCI endorsement and improved 
survival demonstrated with the IP approach, it remains 
the subject of scientific debate and has not been widely 
adopted into routine clinical practice. Concerns about 
toxicity, dosing, patient tolerability, and catheter-related 
complications (such as port infection or occlusion) 
have continued to impede its acceptance in the medical 
community. The weight of the evidence supports a favorable 
effect on outcome with administration of IP cisplatin; 
however, modifications of the dose and schedules of the two 
agents to improve tolerance need to be explored. Currently, 
IP cisplatin at 75 mg/m2 is being used in non-study patients 
who are optimally debulked and in whom an IP catheter 
has been inserted, and most have switched from 24-hour 
paclitaxel IV to shorter infusions and omission of the day 8 
IP treatment with this agent (7).

Rationale for IP carboplatin 

A major drawback of IP therapy involves the use of IP 
cisplatin, which is more toxic compared to carboplatin, the 
current standard IV chemotherapy agent. When given IV, 
carboplatin has demonstrated therapeutic equivalence to 
cisplatin and has now largely replaced cisplatin as primary 
systemic therapy for patients with ovarian cancer. It is 
important to explore whether carboplatin may replace 
cisplatin in IP chemotherapy. There is strong evidence that 
the antitumor activity of platinum drugs is related to the 
amount of drug reaching the tumor. A preclinical study by 
Jandial et al. compared the ability of cisplatin vs. carboplatin 
to penetrate from the peritoneum into tumor nodules in an 
IP human ovarian cancer xenograft model (8). Following 
injection of equimolar doses of the two platinum drugs, 
cisplatin produced a 3.4-fold higher level of concentration 
in tumor nodules when compared with carboplatin (P=0.02). 
However, when cisplatin and carboplatin were injected 
at doses that were equitoxic to the mice, platinum tumor 
concentrations were equivalent (P=0.63). Equitoxic dosing 
in this animal model more closely reflected dosing in 
patients, where usual doses are determined by maximum 
tolerated dose. Interestingly, platinum tumor concentrations 
decreased with increasing tumor size following IP cisplatin, 
whereas the concentration level remained nearly constant 
with increasing tumor size following IP carboplatin 
(P<0.001), suggesting that for larger tumor nodules, 
carboplatin may be better retained in tumors than cisplatin, 
and thus more efficacious. 

The safety and efficacy of IP carboplatin has been 
established in several clinical trials, however, no trials to 
date have directly compared IP cisplatin vs. IP carboplatin. 

Fujiwara et al. retrospectively analyzed the recurrence and 
survival of a cohort of 174 patients with ovarian cancer 
who were treated with first line IP carboplatin therapy (9). 
The chemotherapy regimen was either carboplatin alone 
(n=22) or in combination with cyclophosphamide (n=116) 
or paclitaxel (n=27). The median number of chemotherapy 
cycles was six and the median number of IP cycles was five, 
suggesting that IP therapy was well tolerated. The response 
in 54 patients with measurable disease was 66.4%. The 
5-year survival was 94.4% for stage I and 87.9% for stage 
II disease. The median survival for optimal and suboptimal 
stage III/IV patients was 51 months and 34 months, 
respectively. Of note, the median survival of patients with 
stage III/IV disease was 51 months with carboplatin doses 
of 400 mg/m2 or more, but it was only 25 months with 
carboplatin doses lower than 400 mg/m2.

Ongoing trials involving IP carboplatin

Currently, there are three ongoing large-scale prospective 
randomized trials that are examining the efficacy of 
carboplatin-based IP therapy. The GOG 252 trial aims to 
improve tolerability of IP therapy and compare PFS and 
OS to an IV arm (Table 2). The trial has recently completed 
accrual in 2011 and has three study arms: (I) IV carboplatin 
(AUC =6) and IV dose-dense paclitaxel (80 mg/m2 on 
days 1, 15); (II) IP carboplatin (AUC =6) and IV dose-
dense paclitaxel (80 mg/m2 on days 1, 15); and (III) IV 
paclitaxel (135 mg/m2 on day 1), IP cisplatin (75 mg/m2 
on day 2), and IP paclitaxel (60 mg/m2 on day 8) (regimen 
modified from GOG 172). All three arms also receive 
bevacizumab 15 mg/kg followed by an additional 18 months 
of maintenance. The rationale for the IV arm is based 
on the results of the Japanese GOG (JGOG) 3016 trial, 
which randomized women with stage II-IV ovarian cancer 
to receive paclitaxel every 3 weeks or paclitaxel weekly 
(with IV carboplatin administered every 3 weeks in both 
regimens) (10). JGOG 3016 results showed that the dose-
dense arm had a significant improvement in PFS (28.0 vs. 
17.2 months; HR, 0.71; 95% CI: 0.58-0.88; P=0.0015) and 
OS (72% vs. 65%; HR, 0.75; 95% CI: 0.57-0.98; P=0.03) 
compared to conventional every 3 weeks dosing at 3 years. 
Study results are pending for GOG 252; the primary and 
secondary outcome measures are PFS and OS, respectively, 
and will allow the first trial comparison of IP carboplatin 
with IP cisplatin. Second, the JGOG 3019 phase III trial 
is evaluating IV carboplatin (AUC =6) vs. IP carboplatin 
(AUC =6) with both arms receiving dose-dense weekly IV 
paclitaxel (80 mg/m2) (Table 2) (11).

Finally, a unique trial is the OV-21/GCIG study led 
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by the Canadian National Cancer Institute (Table 2). All 
patients with stage III disease will receive neoadjuvant 
chemotherapy. Those patients who respond to neoadjuvant 
therapy will undergo interval debulking surgery. If the 
residual disease after surgery is <1 cm, then the patient will 
be randomized to one of three treatment arms: (I) control 
arm with combination of IV paclitaxel (135 mg/m2) followed 
by IV carboplatin (AUC =5) on day 1 and then IV paclitaxel 
(60 mg/m2) on day 8; (II) Arm 2 is the same as the control, 
however carboplatin will be given by the IP route; and (III) 
Arm 3 is the modified GOG 172 arm (same as GOG 252 
trial but bevacizumab will not be given). There will be a 
phase II run-in in this trial to narrow the selection of either 
IP platinum for a phase III study of IV vs. IP administration 
of the platinum.

Other IP doublet drug combinations 

IP etoposide + carboplatin

One of the first IP doublet studies was conducted by 
Muggia et al. in cisplatin or carboplatin pretreated 
ovarian cancer patients with low-volume intra-abdominal 
recurrences (12). It enrolled 18 patients in a phase I study 
of IP carboplatin and IP etoposide. Patients received a 
fixed dose of carboplatin (200 mg/m2) whereas the dose of 
etoposide was escalated in cohorts of from patients from 
50 to 75 and eventually to 100 mg/m2. As hematologic 
toxicities predominated, IP cisplatin at 40 mg/m2 was 

substituted for IP carboplatin in five patients during their 
last two cycles. At a median follow-up of 4 years, eight 
patients (out of the original 18) are alive, and four had no 
evidence of disease 1 to 4 years after treatment onset. 

IP FUDR + platinum

A subsequent doublet study by Muggia et al. enrolled 16 
patients with similar peritoneal small-volume recurrence of 
ovarian cancer and was a phase I/II study of IP platinums 
(cisplatin and/or carboplatin) and floxuridine (FUDR), 
a metabolite of 5-fluorouracil (5-FU) (13). In this study, 
patients received IP FUDR (3 mg on days 1-3) and cisplatin 
(60 mg/m2 on day 3), with dose adjustments or full or partial 
substitution of cisplatin by carboplatin for neuropathy or 
other major intolerance. Leucovorin was used together with 
FUDR at a dose of 320 mg, as previously described. Six 
cycles were planned. Six of 11 patients had minimal residual 
disease and completed six cycles of the combined treatment, 
and one completed five cycles. Overall, the combination 
of FUDR and both platinums were particularly well 
tolerated. The median time to progression was 15 months, 
with the survival being in excess of 26 months with 8 of 11 
patients alive at minimum follow-up of 32 (range, 32-43) 
months. Another study of this doublet by Muggia extended 
observations of above doses of IP cisplatin and FUDR: 
14 patients with stage III ovarian cancer were enrolled 
to receive this regimen as consolidation after induction 
with carboplatin and paclitaxel and a negative second-

Table 2 Trial design for currently ongoing JGOG3019, GOG 252, and OV21

Trials Methods

JGOG3019: stage II to IV 

including suboptimal cases
v IV paclitaxel 80 mg/m2 on days 1, 8, 15, and IV carboplatin AUC 6 on day 1, cycles 1-6

v IV paclitaxel 80 mg/m2 on days 1, 8, 15 and IP carboplatin AUC 6 on day 1, cycles 1-6

GOG 252: stage II or III with 

optimal (≤1 cm residual disease) 

or suboptimal disease

v IV paclitaxel 80 mg/m2 on days 1, 8, 15 and IV carboplatin AUC =6 on day 1, cycles 1-6

v IV paclitaxel 80 mg/m2 on days 1, 8, 15 and IP carboplatin AUC =6 on day 1, cycles 1-6

v IV paclitaxel 135 mg/m2 on day 1 and IP cisplatin 75 mg/m2 on day 2 and IP paclitaxel 

60 mg/m2 on day 8, cycles 1-6 

v All patients receive bevacizumab 15 mg/kg IV on day 1 beginning with cycle 2 and 

continue for 21 days, cycles 2-22 

OV21: neoadjuvant chemotherapy 

for stage III followed by interval 

debulking surgery with ≤1 cm 

residual disease

v IV paclitaxel 135 mg/m2 on day 1 and IV carboplatin AUC =6 on day 1 followed by IV 

paclitaxel 60 mg/m2 on day 8 (control), 6-8 cycles 

v IV paclitaxel 135 mg/m2 on day 1 and IP carboplatin AUC =6 on day 1 followed by IP 

paclitaxel 60 mg/m2 on day 8, 6-8 cycles

v IV paclitaxel 135 mg/m2 on day 1 and IP cisplatin 75 mg/m2 on day 2 and IP paclitaxel  

60 mg/m2 on day 8, 6-8 cycles 

GOG, Gynecologic Oncology Group; JGOG, Japanese GOG; IP, intraperitoneal.



64 Kwa and Jandial. Intraperitoneal chemotherapy in ovarian cancer

© Translational Cancer Research. All rights reserved. Transl Cancer Res 2015;4(1):60-69www.thetcr.org

look surgical assessment (14). The mean number of cycles 
administered was 3.2, and the median time to recurrence 
was 19.4 months. 

A larger study to explore the hypothesis that IP FUDR 
may be eradicating small foci of residual epithelial ovarian 
cancer beyond what may be achievable with platinum 
compounds would be desirable. FUDR causes DNA 
damage that is repaired by base excision, therefore, poly 
ADP ribose polymerase (PARP) inhibitors which disrupt 
base excision repair may sensitize ovarian cancer cells 
to FUDR—suggesting that this combination may have 
synergistic activity in this disease (15). Interestingly, PARP 
inhibition synergizes with FUDR but not 5-FU in ovarian 
cancer cells (16). Currently, there is a promising phase I 
trial (NCT01749397) at the Mayo Clinic looking at the 
combination of the PARP inhibitor ABT-888 (veliparib) 
with IP FUDR in ovarian, fallopian tube, and primary 
peritoneal cancers.

IP cyclosporine + carboplatin

Chambers  e t  a l .  inves t igated  the  feas ib i l i ty  and 
pharmacokinetics of IP cyclosporine followed by a phase II 
dose-escalation of the combination of IP cyclosporine and 
carboplatin in refractory ovarian cancer patients (17). The 
rationale for the use of cyclosporine includes its ability 
to overcome classic multidrug resistance in tumors 
associated with resistance due to overexpression of the 
p-glycoprotein gene, and it may also modulate both 
platinum sensitivity and resistance (18,19). In this study, 
three patients initially received 1, 10, and 20 mg/kg 
of IP cyclosporine alone. A phase I trial of 35 patients 
was then performed in which the highest dose of IP 
cyclosporine delivered was 34.6 mg/kg in combination with 
IP carboplatin (250 or 300 mg/m2), which was not dose-
escalated. This regimen was given after 1 to 9 lines of prior 
therapy (median, 2) and these patients had received between 
1 and 4 (median, 2) prior platinum-based therapies. In this 
study, three objective responses (two complete and one 
partial) were observed for 3-11 months. At the highest 
dose of cyclosporine delivered (34.6 mg/kg), the mean 
IP cyclosporine levels of 1,110 μg/mL were overall well 
tolerated, and the IP fluid ratio of 1,000:1 was maintained. 
In addition, pharmacokinetic analysis demonstrated 
a significant higher exposure of the peritoneal cavity 
compared with the systemic circulation. Common toxicities 
at this dose were anemia, leukopenia, thrombocytopenia, 
and hypertension.  The pharmacologic advantage 
demonstrated in this study is interesting in the support of 
future studies using IP cyclosporine for the modulation of 

platinum resistance.

Modification of IP drug uptake 

There is strong evidence, both clinically and in model 
systems, that the efficacy of IP as well as IV chemotherapy 
is primarily limited by poor drug penetration into solid 
tumors (20,21). Blood flow to the tumor, capillary 
permeability, tumor interstitial fluid pressure, binding and 
inactivation of drug in the extracellular matrix, and drug 
diffusion coefficients all play important roles in determining 
the depth of drug penetration (22). With regard to IP 
delivery to peritoneal tumors, a preclinical xenograft model 
demonstrated that after IP administration of doxorubicin 
into tumors, the measureable drug concentrations were 
present only in the outermost 4-6 layers of the tumor (23). 
Similarly, another study found that tumor concentrations of 
platinum were limited to the outermost 1.5 mm following 
IP administration of cisplatin in a rat colon carcinoma 
model (20). 

Strategies to improve drug delivery with anti-
angiogenic therapy

Anti-angiogenic therapy has been shown to decrease 
tumor vessel density, diameter, and permeability (24). 
Based on these observations and the known determinants 
of capillary washout of drug after IP chemotherapy, it has 
been hypothesized that the addition of anti-angiogenic 
therapy to IP chemotherapy may increase drug penetration 
into tumors. Using computer simulations and animal 
models of ovarian cancer, Shah et al. demonstrated that 
anti-angiogenic therapy leads to a significant and selective 
increase in drug exposure to peritoneal tumors following 
IP chemotherapy (25). Therapeutic studies also conducted 
with cisplatin and topotecan showed that animals receiving 
a combination of IP chemotherapy and anti-angiogenic 
treatment had greater survival compared with animals 
treated with IP chemotherapy alone, IV chemotherapy with 
anti-angiogenic therapy, and anti-angiogenic therapy alone. 
Pharmacokinetic studies demonstrated that combining anti-
angiogenic therapy with IP topotecan increased topotecan 
concentration in the peritoneal tumors by about 6.5-fold 
relative to the concentration observed in animals receiving 
IP topotecan alone (25). 

The above results led to a study by the same authors, 
which evaluated the pharmacokinetics of bevacizumab 
following IP and IV administration and investigated 
combined bevacizumab therapy (IP or IV) with IP paclitaxel 
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or carboplatin in a mouse model (26). Following IP 
administration, bevacizumab was rapidly absorbed and 
bioavailability was 92.8%. With the addition of IP paclitaxel, 
the median survival time was increased by 24% compared 
with 33 days for the control mice. The combination of 
bevacizumab and IP paclitaxel was superior to paclitaxel 
alone (P=0.04 for IP and P=0.01 for IV bevacizumab), and 
combined bevacizumab and IP carboplatin was superior 
to carboplatin alone (P=0.02 for IP and P=0.002 for IV 
bevacizumab). There was no significant difference in 
survival between the groups receiving bevacizumab IV or 
IP, either alone (P=0.586), in combination with IP paclitaxel 
(P=0.467) or in combination with IP carboplatin (P=0.149). 
Overall, following IP administration in mice, bevacizumab 
demonstrated rapid and near complete absorption, and 
there was a significant increase in animal survival following 
combined therapy with bevacizumab and IP paclitaxel or IP 
carboplatin, of which the results were not dependent on the 
route of bevacizumab administration (IP vs. IV). 

The above study results may be viewed as strong support 
for the clinical evaluation of combined anti-angiogenic 
therapy and IP therapy in ovarian cancer. Currently, clinical 
trial NCT00652119 (estimated primary completion date in 
2016) is a pilot study investigating the safety and tolerability 
of paclitaxel and carboplatin when given in combination 
with bevacizumab in patients with ovarian, fallopian tube, 
or primary peritoneal cancer. Patients are scheduled for six 
3-week cycles of therapy. Cycle 1 consists of IV paclitaxel 
(60 mg/m2) weekly for 3 weeks and carboplatin (AUC =6) 
IV on day 1, and cycle 2 involves IP paclitaxel (60 mg/m2) 
weekly for 3 weeks, IP carboplatin (AUC =6) on day 1, and 
IV bevacizumab (15 mg/kg) on day 8. For cycles 3-6, the 
dosing regimen for paclitaxel and carboplatin is the same as 
in cycle 2, however, bevacizumab is administered on day 1 of 
the cycle instead of on day 8. As described above, the GOG 
252 trial is also randomizing patients with either optimal 
or suboptimal disease to three arms of treatment: standard 
IV regimen of paclitaxel/carboplatin vs. IV paclitaxel/IP 
carboplatin vs. IV paclitaxel/IP paclitaxel/IP cisplatin. All 
arms have bevacizumab concurrent with chemotherapy and 
as maintenance treatment after chemotherapy completion. 

Strategies to improve platinum drug delivery by 
targeting its receptor 

The copper transporter 1 (CTR1) is a major influx 
transporter for platinum-based drugs such as cisplatin 
and carboplatin (27). Several studies have shown that the 
accumulation of platinum in ovarian cancer cells is limited 

by the rapid down-regulation of CTR1 that is triggered 
upon exposure to platinum agents, thereby limiting any 
additional platinum uptake. Once inside the cell, CTR1 
is degraded in the proteasome (28). This degradation 
of CTR1 can be attenuated by proteasome inhibition 
with bortezomib in a dose-dependent fashion (29). With 
maintenance of CTR1 expression following bortezomib 
pretreatment, platinum concentrations in both ovarian 
cancer cells in vitro and peritoneal tumors in an ovarian 
cancer IP model were significantly increased [up to 2.4-
fold in cells, and 33% in tumors (P=0.006)]. This study 
provided a novel basis on which to develop a clinical 
strategy that addresses the challenge of improving the 
efficacy of IP platinum therapy and overcoming platinum 
resistance by pretreating patients with IP bortezomib. It 
further provided preclinical animal data supporting the 
delivery of bortezomib via the IP route, demonstrating a 
pharmacologic advantage with a peritoneal:plasma AUC 
ratio of 252. The phase I clinical trial NCT01074411 
combines IP bortezomib with IP carboplatin in patients 
with persistent or recurrent ovarian cancer, fallopian tube 
cancer, or primary peritoneal cancer, and published results 
are expected shortly. 

Proteasome inhibition affects a myriad of cellular 
functions in addition to modulation of CTR1 expression. 
The effects of bortezomib on drug penetration in 
multicellular cell culture as well as animal models have been 
investigated. Interestingly, in a hepatocellular carcinoma 
model, pretreatment with bortezomib was found to 
enhance chemotherapeutic penetration and cytotoxicity 
of doxorubicin, gemcitabine and 5-FU by 1.7- to 3-fold 
through its effects on cellular adhesion and packing density. 
Bortezomib pretreatment also allowed for improved 
tumor distribution of doxorubicin (P=0.024 and P=0.053), 
however, the trend toward slowing overall tumor growth 
did not reach statistical significance (30). This provides 
further rationale that bortezomib by the IP route may work 
well in combination with other IP chemotherapeutic agents 
in order to pharmacologically enhance the delivery and 
efficacy of these agents.

Finally, since copper and platinum transport are both 
controlled by CTR1, another pharmacologic strategy uses 
copper chelators to modulate CTR1 expression and therefore, 
platinum influx into tumors. Copper chelation results in up-
regulation of CTR1 and subsequently enhances platinum 
accumulation (31-33). A recent pilot study combining the IV 
use of copper chelator trientine in addition to IV carboplatin 
(AUC =6) in platinum-resistant patients with advanced tumors 
showed that this regimen was well tolerated. Of 55 patients, 
one patient had a partial response (1.8%) and an additional 
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eight patients (14.5%) had stable disease lasting >6 months. 
While the number of patients achieving a response was low 
and duration was short, these results remain encouraging, 
considering that the study population was heavily pretreated 
(median of 4 prior regimens) and that platinum-resistant 
or refractory patients in general have such poor prognosis 
(34). Further investigation of this combination, perhaps 
incorporating IP carboplatin, is warranted. 

Strategies to improve drug delivery with 
targeted delivery to tumors

Delivery of therapeutic agents selectively to tumor tissue, 
which is referred as “targeted delivery”, is one of the most 
ardently pursued goals of cancer therapy. Recent advances 
in nanotechnology enable numerous types of nanoparticles 
(NPs) whose properties can be designed for targeted 
delivery to tumors. In spite of promising early results, the 
delivery and therapeutic efficacy of the majority of NPs 
are still quite limited, and research is primarily limited 
to preclinical stages at this time. Challenges are mainly 
attributed to the limitation of currently available tumor 
models to test these NPs to systematically study the effects 
of complex transport and pathophysiological barriers 
around the tumors. This area of study, including how most 
effectively to target NPs to the tumors with targeting 
ligands, remains a fascinating new area of study with great 
potential to be able to modulate IP therapy.

In a similar approach, a recent preclinical study using a 
lipidoid IP delivery system to deliver small interfering RNA 
(siRNA) to PARP1 in a BRCA1 deficient murine ovarian 
cancer model showed that PARP inhibition inhibited cell 
growth in vitro and extended survival of mice bearing 
BRCA1 deficient tumors (35). Another preclinical study 
used a multifunctional receptor targeted DNA nanocassettes 
to deliver siRNA in a breast xenograft model (36). The further 
development of such delivery systems and introduction 
into clinical trials is a highly promising method to deliver 
siRNAs which can target a host of anticancer targets, and 
potentially modulate IP therapy.

Strategies to improve drug delivery with 
hyperthermia using HIPEC

In an effort to avoid the toxicities encountered with IP 
chemotherapy, an innovative locoregional treatment 
approach that has emerged in the management of 
peritoneal surface malignancies is optimal cytoreductive 
surgery combined with hyperthermic intraperitoneal 

chemotherapy (HIPEC). HIPEC, initially developed by 
Paul Sugarbaker for the more chemoresistant mucinous 
adenocarcinomas, allowed for timed perioperative perfusion 
of IP chemotherapy at temperatures of 42 ℃ immediately 
following extensive surgical cytoreduction. The rationale 
for HIPEC includes the preferred timing of such regional 
treatment immediately after debulking, the individual 
antitumor contributions by both chemotherapy and 
hyperthermia, the synergistic effects of the two modalities, 
reversal of platinum resistance by hyperthermia, and 
enhanced penetration of drugs into tumors (37). Heat is 
known to be cytotoxic in vitro at 42-45 ℃. Hyperthermia at 
42 ℃ has been shown to enhance the antitumor effects of 
drugs including platinum agents by augmenting cytotoxicity 
and increasing the penetration of drugs into tissue (38). 
HIPEC has increasingly been used during initial resection 
of cancers presenting with peritoneal carcinomatosis 
including gastric, pancreatic, colorectal or appendiceal, and 
pseudomyxoma peritonei. This list now includes a growing 
experience in carcinomatosis of ovarian origin. Although 
encouraging data have been published for HIPEC primarily 
in recurrent ovarian cancer, approaches have been variable 
(in terms of drugs, length of hyperthermia, and clinical 
setting including the key platinum sensitivity of patients) 
and at present have not yet been evaluated in randomized 
studies, or compared with repeated IP or IV chemotherapy. 

Role for IP consolidation therapy after 
neoadjuvant therapy? 

Currently, the standard treatment for advanced ovarian 
cancer is primary cytoreductive surgery followed by 
adjuvant chemotherapy. Recently, there has been emerging 
interest in whether neoadjuvant chemotherapy followed 
by interval debulking surgery and additional adjuvant 
chemotherapy is beneficial for a select group of patients. 
The feasibility of intraoperative IP chemotherapy with 
cisplatin in ovarian cancer was assessed in a retrospective 
study that looked at ten patients who were diagnosed with 
primary epithelial ovarian cancer and underwent an optimal 
staging procedure (39). IP chemotherapy was administered 
through open or laparoscopic procedures according to the 
surgical approach, and a cisplatin dose of 70 mg/m2 in 1 L 
normal saline was administered into the abdominal cavity 
for 24 hours postoperatively. Adjuvant chemotherapy was 
started 2-4 weeks after surgery. Perioperative toxicity was 
found to be acceptable and majority of adverse events 
included grade 1 and 2 toxicity (nausea, vomiting, ileus, 
elevated liver enzymes and creatinine), which were self-
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limiting or resolved with medical treatment. One patient 
experienced disease recurrence in the liver 16 months 
after surgery. The remaining nine patients have been well 
controlled by chemotherapy and/or observation during the 
follow-up period of 4 to 39 months after surgery. 

Vergote et al. performed a prospective randomized 
trial which compared treatment efficacy and quality of 
life after primary debulking surgery (PDS) plus adjuvant 
chemotherapy vs. neoadjuvant chemotherapy followed by 
interval debulking surgery (IDS) and additional adjuvant 
chemotherapy in 632 patients with stage IIIC or IV disease 
(40). The largest residual tumor was ≤1 cm in diameter in 
41.6% of patients after PDS and 80.6% of patients after 
IDS. Postoperative adverse events and mortality were 
higher after primary debulking than after interval debulking. 
The HR for death in the group assigned to neoadjuvant 
chemotherapy followed by IDS when compared with the 
group that received PDS and adjuvant chemotherapy 
was 0.98 (90% CI: 0.84-1.13; P=0.01 for noninferiority). 
The strongest independent variable in predicting OS was 
complete resection of all macroscopic disease at either 
primary or interval surgery. The study authors found 
that neoadjuvant chemotherapy followed by IDS was not 
inferior to PDS followed by chemotherapy for patients with 
bulky stage IIIC or IV disease

A phase I study led by Muggia evaluated the pharmacology, 
tolerability, and therapeutic potential of IP topotecan alone 
and with IP cisplatin as potential for consolidation in ovarian 
cancer in 16 patients (41). IP topotecan (1.25 mg on days 1-3) 
with IP cisplatin (50 mg/m2) was tolerable, with occasional 
dose limiting myelosuppression. Patients with minimal [6] or 
no residual disease [3] after platinum-based induction had a 
median PFS of 13 months. A phase II study looked at the role 
of IP topotecan as consolidation chemotherapy in patients 
with stage II/IV ovarian cancer or primary peritoneal cancer 
with clinical complete response after surgical cytoreduction 
and IV carboplatin/paclitaxel chemotherapy and had minimal 
residual disease (≤1 cm diameter) at second look surgery 
(42). Twenty patients were enrolled, of which 18 (90%) has 
ovarian cancer. IP topotecan (20 mg/m2) was infused once 
every 21 days for 4 to 6 cycles. The mean delivered dose was 
18 mg/m2. Totally 16 patients received four cycles, three 
patients received six cycles, and one patient withdrew after 
one cycle. Grade 3 and 4 toxicities included neutropenia 
and thrombocytopenia (45% for both). Median PFS was 
24 months from second-look surgery. OS estimated at 3 
years from initial diagnosis was 84% (95% CI: 68-100%). 
Consolidation IP topotecan may therefore be a feasible 
option for women with advanced ovarian cancer.

Incorporating the above treatment modalities, it is 

worthwhile to consider the potential role of consolidation 
with platinum based IP chemotherapy during IDS following 
neoadjuvant chemotherapy for patients with bulky stage 
III or IV disease. This approach offers the potential of 
IP chemotherapy in a regimen that is otherwise purely 
systemic and may lead to a decrease in disease recurrence, 
as approximately 70% of patients with ovarian cancer will 
experience recurrence. After IP consolidation therapy, 
monitoring with cytology (from the IP port) would be 
a simple and inexpensive test to predict and diagnose 
recurrence. A group at the University of Southern Alabama 
had recently reported results using peritoneal cytology 
to determine IP treatment results (43). They described  
42 patients with ovarian cancer over a three year period with 
IP ports removed at completion of treatment, and 6 of the 
42 (14.3%) had a positive or suspicious cytology. Although 
the two groups were similar in age, BMI, grade, stage, 
percent of optimal debulking and performance status, 5/6 
(83.3%) in the positive cytology group vs. 13/36 (36.1%) 
in the negative group were alive at time of analysis. Median 
time to recurrence was 19 months in the positive group vs.  
41.8 months in the negative group (P=0.0038). Median 
survival in the positive cytology group was 31 months vs. 
a median survival of 44.9 months in the negative group 
(P=0.0295). While this experience pertains to patients 
receiving first-line treatment, knowing that peritoneal 
cytology is positive at the time of completion of IP treatment 
and in the ensuing months may yield not only prognostic 
information, but may also guide subsequent treatment. 

Summary

IP chemotherapy with platinum-based regimens can 
improve survival in women with small volume ovarian 
cancer. The challenge remains about how to improve the 
efficacy of this treatment modality while reducing toxicity. 
The efficacy of IP drug therapy can be hindered by poor 
penetration of drug from the surface of tumors. Currently, 
there is ongoing interest and active investigation into 
strategies which can improve drug penetration or delivery 
to tumors in the peritoneum.
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