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Abstract: Peritoneal spread of tumors is a major problem in cancer management. Patients develop a
marked deterioration in quality of life and shortened survival. This is in part due to bowel obstructions,
marked ascites, and overall increase debilitation. Standard medical management has shown to be inadequate
for the treatment of these problems. Surgery can palliate symptoms, however, it is unable to be complete at
the microscopic level by a significant spillage of tumor cells throughout the abdomen. Chemotherapy can
have some improvement in symptoms however it is short lived due to poor penetration into the peritoneal
cavity. The role of intraperitoneal chemotherapy is to maximize tumor penetration and optimize cell death
while minimizing systemic toxicity. Hyperthermic intraperitoneal chemotherapy (HIPEC) and early post-
operative intraperitoneal chemotherapy (EPIC) are two treatment methods that serve this role and have
been shown to improve survival. This review will discuss different chemotherapies used for both of these

treatment options.
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Introduction

Historically, cancers that spread within the peritoneal cavity
were deemed fatal. Systemic chemotherapy has little, if any,
effect on improving survival when malignancies spread to
the peritoneum. This is due to the poor blood supply to the
peritoneal surface with low penetration into tumor nodules
thereby preventing eradication or substantial hindrance to
tumor growth. Surgical debulking can palliate symptoms;
however, there is inevitable gross or microscopic disease
left behind, and little survival benefit. Surgery also disrupts
the tumor mass and disseminates cancer cells throughout
the peritoneal cavity. Moreover, post-operative adhesion
formation is an ideal place for cancer cells to hide and
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proliferate in a rich protein environment.

The rational for administration of intraperitoneal
chemotherapy is to have direct contact of cytotoxic drugs
to the tumors themselves, without reliance on blood supply
to the area. The use of maximal removal of the gross
disease leaving only microscopic cancer cells followed by
immediate intraperitoneal chemotherapy with or without
hyperthermia, has been shown by multiple phase II trials
over the past two decades to prolong survival compared to
historical data (1-14).

In 1955, Weissberger first introduced the concept of
intraperitoneal chemotherapy to treat peritoneal tumors as
a local disease. In 1978, Dedrick studied the depth of tissue
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Table 1 Intraperitoneal chemotherapy agents (15,21)

Goodman et al. Chemotherapy agents used for HIPEC and EPIC

Agents Depth of penetration AUC ratio Synergistic with heat Cell-cycle specific

HIPEC
Mitomycin C (antitumor antibiotic) 2 mm 23.5 Yes No
Oxaliplatin (alkylating agent) 1-2 mm 16 Yes No
Cisplatin (alkylating agent) 1-3 mm 7.8 Yes No
Doxorubicin (antitumor antibiotic) 4-6 cell layers 230 Yes No
Carboplatin (alkylating agent) 1mm 18 Yes No

EPIC
5-FU (antimetabolite) 0.2 mm 250 Minimal Yes
Taxanes (plant alkaloid) >80 cell layers 1,000 None Yes

Abbreviations: AUC, area under the curve; mm, millimeters; HIPEC, hyperthermic intraperitoneal chemotherapy; 5-FU, 5-fluorouracil.

penetration by different drugs and identified a group of
cytotoxic drugs that can penetrate 1-3 mm into tissue. This
gave rise to the notion that tumor deposits need to be 2.5 mm
or less for intraperitoneal chemotherapy to have some effect
(15,16). For this reason, any intraperitoneal chemotherapy
requires a good cytoreduction prior to its use. Sugarbaker, in
the 1990s, mirrored these concepts to develop a treatment
option of surgical peritonectomy and organ removal followed
by intraperitoneal chemotherapy (17).

Malignancies most likely to spread to the peritoneum
include appendix [including pseudomyxoma peritonei
(PMP)], colon, gastric, ovarian, and peritoneal mesothelioma.

"This review details chemotherapeutic agent selection and
modality of treatment for peritoneal-based malignancies.

Chemotherapy and surface properties for
intraperitoneal administration

Intraperitoneal administration of chemotherapy is designed
to maximize the chemotherapeutic dose delivered to
peritoneal tumor nodules while minimizing systemic toxicity.
To accomplish this, the cytotoxic drugs physical properties
should include large, high molecule weight, hydrophilic, and
ionized compounds. These properties take advantage of the
plasma-peritoneal barrier to allow for higher concentrations
of cytotoxic agents to be administered intraperitoneally
when compared to systemic administration (18,19). These
drugs then enter the tumor nodules by passive diffusion. For
the small amount of cytotoxic drug that does get into the
systemic circulation, its bioavailability is short lived due to
first-pass hepatic metabolism or renal excretion.

Drug concentrations in the peritoneal cavity and
systemically can be measured by the area under the curve
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(AUC). AUC is a measure of drug exposure, calculated by
taking the integral of plasma concentration versus time,
[([drug, plasma] x Dt). An AUC ratio of intraperitoneal
concentration to plasma concentration time reflects how
much of the drug is preserved in the peritoneal cavity and
how much was absorbed into the systemic circulation (20). A
large peritoneal to plasma ratio is important to maintain high
concentrations in the abdomen with few systemic toxicities.

The characteristics of commonly used intraperitoneal
agents are highlighted in Table 1 (15,21).

The timing of the intraperitoneal chemotherapy is
important. Administration immediately after cytoreduction
allows the entire abdominal cavity to be bathed with
the perfusate. This prevents compartmentalization (and
inadequate exposure of the entire peritoneal cavity) due to
post-operative adhesion formation. The two timeframes for
administration of intraperitoneal chemotherapy are intra-
operative via hyperthermic intraperitoneal chemotherapy
(HIPEC) and early post-operative intraperitoneal
chemotherapy (EPIC).

HIPEC and EPIC

Spratt e al. in 1980, using a canine model, described the
use of HIPEC to eradicate peritoneal-based cancers (22).
HIPEC is the administration of chemotherapy at optimal
temperatures between 42-43 °C. Synergy between heat
and drug cytotoxicity starts at 39 °C and falls off at 43 °C.
Temperatures above 44 °C cause apoptosis in normal cells.
Table 2 shows the effects of hyperthermia on cells (23).
For HIPEC to be useful, the cytotoxic drugs need to
act synergistically with hyperthermia. The majority of
chemotherapy drugs used for HIPEC is cell cycle non-specific
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Table 2 The range of hyperthermia’s cellular effects (23)

Destabilizes the cell membrane

Changes in cell shape

Impaired transmembrane transport

Changes in membrane potential

Modulation of transmembrane efflux pumps
Induction of apoptosis

Impairment of protein synthesis

Protein denaturation

Aggregation of proteins at the nuclear matrix
Induction of heat sensitive protein synthesis
Impairment of DNA and RNA synthesis

Inhibition of enzyme repair

Altered DNA conformation

Alteration of intracellular metabolism of other substrates
Alteration of gene expression and signal transduction
Adapted from (23).

and act synergistically with hyperthermia.

In the early 1990s, Sugarbaker introduced the model of
cytoreductive surgery with systematic peritonectomies with
or without organ removal followed by HIPEC (24). This
revolutionary approach to remove all gross disease and kill
the remaining microscopic disease was the beginning of
regional therapies for peritoneal based tumors.

While HIPEC is performed immediately after the
cytoreduction in the operating room for 60-120 minutes,
EPIC is administered post-operative day #1 with continued
daily therapy for 5-7 days. During EPIC, the chemotherapy
solution dwells for 23 hours and then is drained for 1 hour
prior to re-administration. The cytotoxic drugs selected are
usually cell cycle specific which requires for longer periods
of cell contact with the chemotherapy to get cell death (25).

Tumors treated with intraperitoneal
chemotherapy

Appendix tumors and pseudomyxoma peritonei (PMP)

PMP is a clinical syndrome of gelatinous mucinous ascites
with a characteristic pattern of peritoneal spread. The
mucin produced by these tumors is a glycoprotein encoded
for by the MUC family of genes. Histologically these
tumors were originally classified by Ronnett and Misdraji
with the nomenclature changing over the years (26,27).
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The most recent classifications for these tumors include
low-grade mucinous appendiceal neoplasms for acellular
mucin production or low-grade mucinous adenocarcinoma.
The spectrum of PMP in the literature has also changed
over the past years to include high-grade mucinous
adenocarcinomas as well as adenocarcinoid tumors. All of
these tumors act similarly in regards to distribution within
the peritoneal cavity with varying incidences of invasion and
hematological spread for the more aggressive histologies.

Mitomycin C (MMC)

The current standard for patients with PMP is
cytoreductive surgery with HIPEC. MMC is the most
widely used and studied drug for HIPEC. This is due
to several characteristics of MMC that make it ideal
for HIPEC application: a satisfactory AUC ratio of
intraperitoneal concentrations and plasma concentration
times time; large-sized molecule that is not rapidly absorbed
systemically; stability at high temperatures and synergistic
effect with heat; and compatibility with other drugs to
allow combination therapy. It is the drug of choice for
appendiceal, colorectal, and gastric (in combination with
other drugs) malignancies (25,28,29).

MMC is an antitumor antibiotic isolated from the broth
of a Streptomyces species. It is commonly used intravesical
for bladder tumors as well as to prevent scaring during
glaucoma surgery. It has a favorable toxicity profile with
very little systemic absorption and is rapidly cleared by the
kidneys. Toxicity effects are usually additive so multiple
administrations does increase the risk of renal injury and
pulmonary fibrosis. Hemolytic uremic syndrome has been
seen with systemic use, however, it has not been reported
in the HIPEC literature (30). HIPEC with MMC causes
neutropenia in 40% of patients but the majority are minor (31).
More worrisome is the effect on wound healing which can
cause bowel perforation and anastomotic dehiscence (32,33).
For patients that undergo a low anterior resection during
cytoreduction, the leak rate is 25-30%. It is recommended
that a diverting loop ileostomy be performed.

The typical dosing of MMC varies within the literature
from 15 mg/m’ in 1.5 L/m’ of perfusate to a single dose of
35 mg/m’ (10,29,34). The most common regimen consists
of 40 mg MMC at 42 °C for 90-120 minutes (13). It is
usually administered in two separate doses: 30 mg given
for the first hour once temperatures of the perfusate reach
42 °C with a second dose of 10 mg added at 60 minutes.

www.thejgo.org 7 Gastrointest Oncol 2016;7(1):45-57



48

When EPIC is planned, it has been suggested to decrease the
dose (however, there is no data to suggest an optimal dose
reduction).

S-fluorouracil (5-FU)

5-FU alone or in combination is used systemically for
the majority of gastrointestinal tumors. It is the most
commonly used agent for EPIC in appendiceal and other
gastrointestinal tumors. 5-FU is an antimetabolite type of
chemotherapy. This class of cytotoxic drugs is cell cycle
specific and appears very similar to normal substances
within the cell. It is a purine antagonist and interferes with
cellular metabolism to prevent cell division.

5-FU is administered one day after cytoreductive surgery
with HIPEC through operatively-placed drains in the
abdominal cavity. A dose of 650 mg/m’ of 5-FU is infused in
a hypertonic, high molecular weight solution to decrease the
clearance from the abdominal cavity (35). The dwell time
is 23 hours and then 1 hour for drainage. This is repeated
every day for 5 days (36). Systemic toxicity is low even with
much higher doses than typical systemic infusion because of
single-pass metabolism through the liver. Patients with liver
dysfunction need to have dose adjustments.

Other drugs that can be used intraperitoneally for
appendiceal tumors include doxorubicin, cisplatin (CIS),
oxaliplatin, and carboplatin. Tzble 3 shows treatment
regimen and survival for HIPEC with and without EPIC
(2-9,37,38).

Colorectal tumors

The American Cancer Society estimates there will be
93,000 new cases of colon cancer and 39,610 new cases of
rectal cancers in 2015. It will be the third most common
cancer diagnosed in the United States. It is expected to
cause about 49,700 deaths during 2015 making it the second
most common cause of cancer deaths. Approximately 10%
of patients have peritoneal spread at the time diagnosis
despite advances in early detection and is the second leading
cause of death in patients with colorectal cancer (39).

The mainstay of treatment has been systemic
chemotherapy for patients with metastatic colorectal
cancer. Great progress has been made with the addition
of different regimens including FOLFOX, FOLFIRI and
biological targeted therapies such as bevacizumab and
cetuximab. With these advances, the median overall survival
(OS) for patients with colorectal cancer with peritoneal

© Journal of Gastrointestinal Oncology. All rights reserved.

Goodman et al. Chemotherapy agents used for HIPEC and EPIC

dissemination increased from 6 to 24 months (40-45).
When HIPEC is employed, MMC is the most common
intraperitoneal chemotherapy given for colorectal cancer;
however, oxaliplatin use has been advocated in large part
from the European literature.

Oxaliplatin

Oxaliplatin is an alkylating agent, specifically a metal salt
that is cell-cycle non-specific. It binds to DNA crosslinking
which prevents DNA replication. It is most commonly used
systemically in combination with 5-FU and leucovorin
(FOLFOX regimen) for gastrointestinal malignancies. It has
a low AUC ratio so has a higher chance of being absorbed
systemically in a short period of time.

Elias et al. were the first to report on its use during
HIPEC, using a dose of 460 mg/m’ of oxaliplatin with
a dwell time of 30 minutes (46). This is a very high does
which if given systemically would be extremely toxic. They
also administered 400 mg/m’ 5-FU intravenously just
prior to starting the HIPEC. This bidirectional manner
gave a higher cytotoxic effect to the cancer cells by passive
diffusion of the oxaliplatin and the vast capillary network
allowing the systemic 5-FU to enter the tumor nodules.
The group at Wake Forest reported on a phase I trial using
200 mg/m’ of oxaliplatin as the maximum tolerated dose for
a 2-hour perfusion (47).

EPIC has also be used with 5-FU in a similar fashion
described previously.

Outcomes with HIPEC for colorectal cancer are very
promising, although there is only one phase III study in
the current literature, and it is therefore not yet a mainstay
of treatment for carcinomatosis from colorectal cancers

(Tuble 4) (48).

Malignant peritoneal mesothelioma (NPM)

MPM is a rare disease usually caused from asbestos
exposure. It is an aggressive loco-regional disease with the
coalescence of small tumor nodules forming large plaques
that constrict abdominal organs. Patients develop severe
abdominal pain and bowel obstructions. In the past, MPM
was treated with a combination of systemic chemotherapy,
palliative surgery, and in some cases total abdominal
radiation. Rarely patients responded to these treatments and
median survival was 12 months (17,57-59).

Cytoreductive surgery with HIPEC +/- EPIC has been

used extensively for MPM. The median survival has been
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Table 3 Select investigations of CRS-HIPEC in the treatment of pseudomyxoma peritonei and appendiceal cancers (37)

Pathologi h th t
Study athologic  \ 14 cco-1] Chemotherapy type, Survival
origin dose (temp, duration)
Cioppa, PMP 53 [53] CIS 100 mg/m® + MMC 16 mg/m® 5-year OS, 94%; 10-year OS, 84.6%;
2008 (2) (41.5 °C, 60 min), two patients with MMC  5-year DFS, 80%; 10-year DFS, 70%
only due to preoperative platinum toxicity
Deraco, PMP 31 [31] CIS 25 mg/m?/L + MMC 3.3 mg/m*/L 5-year OS, 97%; 5-year PFS, 43%;
2004 (3) (42.5 °C, 60 min) 5-year LR-PFS, 59%
Elias, PMP 301 [206], HIPEC MMC (41-42 °C, 60-120 min) + 1-year OS, 89.4%; 5-year OS, 72.6%);
2010 (4) HIPEC =255 oxaliplatin (43 °C, 30 min) (N=255); 10-year OS, 54.8%; 5-year DFS, 56%.
EPIC MMC, day 1 + 5-FU, In CC-0 group: 5-year OS, 84%;
day 2-5 (N=46) 10-year OS, 61%
Loungnarath, PMP 27 [11] CIS 0.7 mg/kg + MMC 0.5 mg/kg Median OS not reached (median follow-up,
2005 (5) (42-42.5 °C, 90 min) 23 months; range, 3-82). Actuarial 1-year
survival, 100%; actuarial 5-year survival, 52%
Marcotte, Appendiceal 38 [28], Oxaliplatin 460 mg/m? (30 °C, 30 min) 3-year OS (HIPEC), 86%;
2008 (6) HIPEC =23 3-year DFS (HIPEC), 49%
Sugarbaker, Appendiceal 385 [250] HIPEC MMC 12.5 mg/m? (males), MMC 5-year OS (adenomucinosis), 86%;
1999 (7) 10 mg/m? (females) (N=205); EPIC 5-FU/  5-year OS (hybrid pathology), 50%;
MMC + IP 5-FU + IV MMC x3 cycles 5-year OS (CC-2), 20%
(N=156); EPIC + IP 5-FU/MMC x3 cycles
(N=21); EPIC 5-FU x12 cycles (N=3)
Stewart, Appendiceal 110[R0 =31] MMC 30 mg, 10 mg added after 1-year OS, 79.9%; 5-year OS, 53.4%
2006 (8) 60 minutes (38.5-42 °C, 60-120 min)
Smeenk, PMP 103 [NR] MMC 35 mg/m? (40-41 °C, 90 min). Median DFS, 25.6 months; 3-year DFSP,
2007 (9) Adjuvant IV 5-FU/leucovorin x6 months 43.6%; 5-year DFSP, 37.4%
(N=30)
Witkamp, PMP 46 [40] MMC 15-40 mg/m?® (40-41 °C, 90 min). 2-year actuarial OS, 91%;
2001 (38) Adjuvant 5-FU/leucovorin (N=22) 3-year actuarial OS, 81%

Adapted from (37). HIPEC, hyperthermic intraperitoneal chemotherapy; PMP, pseudomyxoma peritonei; CIS, cisplatin; MMC, mitomycin C;
OS, overall survival; DFS, disease-free survival; LR-PFS, locoregional progression-free survival; EPIC, early post-operative intraperitoneal
chemotherapy; 5-FU, 5-fluorouracil; CC-0, complete cytoreduction; CC-2, incomplete cytoreduction; DFSP, disease-free survival

probability.

34-92 months which is greatly improved over previous
treatments (1able 5) (17).

The most common drugs used for MPM during HIPEC
are MMC, doxorubicin, and CIS. For EPIC, paclitaxel is

most commonly used.

Doxorubicin

Doxorubicin is an antitumor antibiotic which has a good
profile for intraperitoneal use. It is a large molecule with
high AUC ratio of intraperitoneal to plasma. Doxorubicin
is stable and synergist with hyperthermia. It is metabolized
as a single pass through liver to decrease systemic effects.

© Journal of Gastrointestinal Oncology. All rights reserved.

Doxorubicin is compatible with multiple different drugs
including CIS and MMC. The mechanism of antineoplastic
activity includes DNA intercalation, inhibition of
topoisomerase II, and formation of oxygen free radicals. Use
of a pegylated liposomal modification of doxorubicin for
IP treatment has also been studied. Compared to unaltered
doxorubicin, pegylated liposomal doxorubicin has a longer
half-life and reduced cardiotoxicity. The drug is released
at a lower rate and is able to achieve higher concentrations
within the tumor. Additionally, the process of pegylation of
liposomes decreases immune identification and the ultimate
destruction of the agent by the mononuclear phagocyte
system (68,69).
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Table 4 Characteristics of the major studies reporting outcomes of complete cytoreductive surgery and hyperthermic intraperitoneal

chemotherapy for carcinomatosis from colorectal cancer (48)

Study Number of Overall survival 1-year 2-year 3-year 5-year
patients (months) survival (%) survival (%) survival (%) survival (%)

Elias, 2010 (49) 439 32 85 60 45 30
Chua, 2009 (50) 54 33 87 70 44 NR
Elias, 2009 (51) 48 63 NR 81 NR 51
Shen, 2008 (52) 30 41 NR NR NR NR
Franko, 2008 (53) 36 20 85 NR 45 NR
Bijelic, 2008 (54) 49 33 NR NR 50 20
Kianmanesh, 2007 (55) 30 38 NR 72 NR 44
Verwaal, 2005 (56) 59 43 94 NR 56 43
Glehan, 2004 (11) 377 32 90 NR 55 40
Verwaal, 2003 (10) 39 22 70 45 NR NR
Total 1,084

Median 33 86 70 48 42
Range 20-63 70-94 45-81 44-56 20-51

Adapted from (48). NR, not recorded.

Table 5 Literature review of cytoreductive surgery and perioperative intraperitoneal chemotherapy for malignant peritoneal mesothelioma (16)

Residual HIPEC ) Median Grade lIl/IV
Treatment Number of . HIPEC . HIPEC  Mortality 5-year . o
) disease . PIC agents duration survival  morbidity

center patients technique ) Temp (°C) (%) 0OS (%)

status (min) (months) (%)
Multicenter, 294 47% <2.5mm Variable Variable Variable  Variable - 52 67 -
2011 (60)
Milan, Italy, 83 80% <2.5mm Closed Cisplatin, 90 42.5 2.4 50 44 28
2010 (61) MMC
Multicenter, 401 46% <2.5mm \Variable Variable Variable  Variable 2 47 53 31
2009 (62)
New York, 27 1% surgery: Open  Cisplatin, 60 41 0 67 70 30
NY, 2008 (63) 44% <5 mm; doxorubicin, (3-year)

2" surgery: yINF, MMC
48% <5 mm
Washington, 62 37% <2.5mm Open Cisplatin, 90 41.5 3 50 79 41
DC, 2007 (64) doxorubicin. EPIC:
paclitaxel

Lyon, France, 15 73% <2.5mm Closed Cisplatin, MMC 90 42 0 29 36 40
2006 (65)
Milan, Italy, 49 82% <2.5mm Closed Cisplatin, 90 42.5 0 57 Not 27
2006 (66) doxorubicin, MMC reached
NCI, Bethesda, 49 88% <1cm; Open  Cisplatin. 90 41 0 59 92 25
MD, 2003 (67) 33% <5 mm EPIC: paclitaxel
Wake Forest, 12 60% <2.5cm Closed MMC 120 42.5 8 33 34 -
NC, 2001 (1)

Adapted from (16). HIPEC, hyperthermic intraperitoneal chemotherapy; MMC, mitomycin C; EPIC, early post-operative intraperitoneal chemotherapy.
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When used intraperitoneal at high doses, doxorubicin
causes a severe inflammatory reaction to the peritoneum.
Patients develop severe pain and eventually peritoneal
fibrosis with bowel obstructions. A dose escalation study
with pharmacokinetic monitoring of intraperitoneal
doxorubicin demonstrated that a total dose of 15 mg/m?
resulted in a thin layering of fibrosis which was not
extensive enough to cause abdominal pain or intestinal
obstruction (70). Another indication to use doxorubicin
with HIPEC is for its sclerosing effect in malignant ascites.
It can be very effective when used for this indication.

Most commonly doxorubicin is combined with CIS for

the additive effect of both drugs.

Cisplatin (CIS)

CIS, like oxaliplatin is an alkylating agent specifically a
metal salt. It is used intraperitoneally for ovarian cancer,
gastric cancer, and MPM. It has a molecular weight of
300 but a low AUC ratio intraperitoneal to plasma. It
works synergistically with hyperthermia as well as other
multiple drugs including MMC and doxorubicin. At high
doses (systemic or intraperitoneal) renal and ototoxicity can
occur due to the low intraperitoneal to plasma AUC ratio.
Care must be given when administering CIS to protect the
kidneys of the heavy metal binding in the renal tubules by
using a metal binding agent specifically sodium thiosulfate
and amifostine.

Most common regimen to treat MPM with HIPEC is
doxorubicin 15 mg/m? and CIS 50 mg/m? at a temperature
above 41.5 °C for 90 minutes (67).

Paclitaxel

Paclitaxel is a plant alkaloid specifically a taxane. Taxanes
come from the bark of the Pacific yew tree. It is cell-cycle
specific by preventing mitoses. It stabilizes microtubules
so they are unable to depolymerize for free tubulin. It is
a large molecule through with a very high AUC ratio of
intraperitoneal to plasma.

Paclitaxel’s most frequent uses are during EPIC for
gastric cancer, diffuse peritoneal mesothelioma or ovarian
cancer or in treatment of malignant ascites. Typical doses
range from 60 mg/m’ to as high as 175 mg/m’. It has also
been given during HIPEC in combination with CIS for
ovarian cancer at similar doses. A 6% hetastarch carrier
solution can be used to diminish the clearance from the

© Journal of Gastrointestinal Oncology. All rights reserved.
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peritoneal cavity (71,72).

Gastric cancer

Gastric cancer is the 4™ most common cancer worldwide and
the second leading cause of cancer death (73). At the time of
potential curative resection, up to 20% may have peritoneal
carcinomatosis present (74). In fact, peritoneal dissemination
is more frequent than hematogenous spread with 40% of
gastric cancer deaths have liver metastasis while 53-60% have
peritoneal carcinomatosis (75). Patients with hematologic
spread of disease treated with systemic chemotherapy have a
median survival of 7 months however with peritoneal spread
the median survival is 1-3 months (76-78).

Due to the high rate of peritoneal disease in gastric
cancer, many programs have attempted to treat the local
regional spread with intraperitoneal chemotherapy. MMC
and CIS are the most commonly used cytotoxic drugs used
in HIPEC while 5-FU for EPIC (79). There are multiple
different intraperitoneal treatment protocols being studied
to help improve survival.

The GYMSSA study was a prospective randomized
trial to compare a promising new systemic chemotherapy
regimen to cytoreductive surgery with HIPEC followed by
systemic chemotherapy for patients with carcinomatosis for
gastric cancer (80). The systemic chemotherapy used in both
arms was FOLFOXIRI (irinotecan, leucovorin, oxaliplatin,
and 5-FU). One treatment arm (SA) was administered
systemic chemotherapy every 14 days for 12 cycles. Day
1 irinotecan 165 mg/m’ given over 90 min followed by
leucovorin 200 mg/m’ and oxaliplatin 85 mg/m’ over
2 hours. 5-FU 3,200 mg/m’ was then given over 48 hours as
a continuous infusion. Patients in the second treatment arm
(GYMS) underwent gastrectomy, metastasectomy of liver or
lung if needed, cytoreductive surgery and HIPEC. HIPEC
was administered with oxaliplatin 460 mg/m’ at 41 °C for
30 minutes, Bidirectional treatment using 5-FU 400 mg/m’
and leucovorin 20 mg/m’ given just prior to perfusion to
enhance the intraperitoneal oxaliplatin. Patients were then
started on FOLFOXIRI 8 weeks after surgery. Median survival
in the SA arm was 4.3 months and the GYMS arm 11.3
months with 4 of 9 patients living longer than 12 months.

Catumaxomab is a new drug being evaluated in phase II/ITI
randomized trials. It is a rat-mouse hybrid monoclonal
antibody that is being used in patients with malignant
ascites for gastric cancer (81). Two studies have shown that
catumaxomab improves progression free survival in patients
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Table 6 Literature review of chemotherapy used for HIPEC and EPIC in ovarian cancer

Study Number of patients
Cottee, 2007 (92) 81
Deraco, 2011 (93) 26
Ceelen, 2009 (94) 42
Tentes, 2012 (95) 43
Di Giorgio, 2008 (96) 47
Lim, 2009 (97) 30
Pomel, 2010 (98) 31
Roviello, 2010 (99) 53
Fagotti, 2011 (100) 41
Helm, 2007 (101) 18
Lentz, 2007 (102) 8
Bae, 2007 (103) 67
Argetna, 2013 (104) 10

Chemotherapy Dose (mg/m?)
Cisplatin 20 mg/m?/L
Cisplatin + docorubicin 40+15 mg/L

Cisplatin or oxaliplatin

Cisplatin + doxorubicin or gemcitabine

100-250 or 460
50+15 or 1,000

Cisplatin 75
Cisplatin 75
Oxaliplatin 350 or 460
Cisplatin + mitomycin C 100+25
Oxaliplatin 460
Cisplatin or mitomycin C 100 or 40
Carboplatin 400-1,200
Paclitaxel or carboplatin 175 or 350
Carboplatin 1,000

HIPEC, hyperthermic intraperitoneal chemotherapy; EPIC, early post-operative intraperitoneal chemotherapy.

with gastric carcinomatosis with median of 71 vs. 44 days
and might improve survival in gastrointestinal antiepithelial
cell adhesion molecule positive tumors (82,83).

Another interesting approach is a multimodal
strategy with neoadjuvant intraperitoneal and systemic
chemotherapy (NIPS), CRS + HIPEC and EPIC (84,85).
The thought is to reduce tumor burden before surgery with
NIPS in patients with positive peritoneal cytology washings.
"This is a bidirectional chemotherapy that attacks peritoneal
disease from both the peritoneum and from subperitoneal
blood vessels. This is then followed by cytoreductive
surgery with HIPEC and then EPIC.

The NIPS technique uses 60mg/m” of oral S-1 for 21 days,
followed by one week of rest. On days 1, 8, and 15, 30 mg/m’
of taxotere and 30mg/m’ of CIS in 500 cc normal saline
are administered into the abdomen. S-1 is an oral agent
that is converted to 5-FU in the body. It contains gimeracil,
which helps to inhibit the degradation of 5-FU in the body,
and oteracil, which helps to reduce gastrointestinal side
effects. It is not approved in the United States. Authors
recommend two cycles of NIPS to achieve a negative
cytology. Complications of NIPS are low with some bone
marrow suppression, renal toxicity, and intraabdominal port
infection. This study shows a negative washing cytology
after a positive washing in 41 out of 79 patients (63 %) (86).

Ovarian cancer

Ovarian cancer is the fifth leading cause of cancer death in

© Journal of Gastrointestinal Oncology. All rights reserved.

females, with an estimated 22,000 women in the United
States being diagnosed, accounting for 15,500 deaths (87).
The most common route of spread is by exfoliation of
malignant cells into peritoneum. While ovarian cancer
is often responsive to optimal cytoreductive surgery
(no residual disease or tumor nodules <1 cm) and platinum-
based chemotherapy, there remains a high rate of recurrence
and poor long-term survival.

Gynecological Oncology Group (GOG) #172 was the first
study showing a better overall survival with a combination
of systemic and intraperitoneal chemotherapy (88).
Subsequent studies confirmed these results (89-91). The most
common IP chemotherapy agent used is CIS (100 mg/m’)
delivered every three weeks over six cycles.

When HIPEC is used for ovarian cancer it can either be
at the initial surgery as front line treatment, consolidative
therapy, or for recurrent disease. However there is no
standard chemotherapy protocol for HIPEC including the
cytotoxic drugs used or the dosages. CIS is the most common
cytotoxic drug with MMC, mitoxantrone, carboplatin,
doxorubicin, and gemcitabine also being used (7able 6).

When EPIC is used after HIPEC, paclitaxel is the most

common drug administered each day for 5 days.

The future

As regional therapies become more accepted for the
treatment of peritoneal based malignancies, new treatment
regimens emerge. Bidirectional therapy as well as and NIPS
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are approaches that have yet to be fully explored. The use
of immunotherapy and molecular targeted therapy are two
other avenues that are still in their infancy for systemic use
and might have the possibilities of being used in the future
for intraperitoneal protocols.
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