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Abstract: Peritoneal carcinomatosis (PC) has historically been considered a terminal condition with
merely palliative treatment achieving a survival rate measured in months. Cytoreductive surgery (CyRS)
and intraperitoneal chemotherapy (IPC) have emerged as potentially effective regional treatments with the
potential for long-term survival in well-selected patients. The fundamentals of CyRS and IPC are patient
selection and complete cytoreduction. Since there is now sufficient evidence for the superiority of CyRS and
IPC to systemic chemotherapy alone in a highly select group of patients, surgeons and oncologists should
be aware of this modality as a potential benefit for patients with PC. The aim of this report is to highlight

cancer-specific evidence in the context of ongoing studies regarding the outcome of this treatment.
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Introduction

Peritoneal carcinomatosis (PC) is defined as tumor
dissemination inside the peritoneal cavity arising from
primary peritoneal malignant disorders (such as peritoneal
mesothelioma) and digestive-tract and gynecological
advanced cancers [such as appendiceal tumor, ovarian
cancer (OC), colorectal cancer (CRC), or gastric cancer] (1).
PC has historically been considered a terminal condition
treated with palliative means that included supportive care,
palliative surgery and systemic chemotherapy achieving
survival rates measured only in months (2). Fortunately,
in the 1980s, renewed interest in malignant diseases with
peritoneal extension and the introduction of the concept
of a ‘locoregional disease’ resulted in the birth of a new
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approach. Cytoreductive surgery (CyRS) and intraperitoneal
chemotherapy (IPC) emerged as possibly more effective
treatments with a potential for long term survival. Although
preliminary data were viewed with great skepticism, to date,
this strategy is the only one that has been associated with
prolonged survival with median overall survival (OS) as long
as 46 months (3).

PC is presumed to develop via shedding of malignant
cells from the primary tumor after breaching the peritoneal
lining of the organ of origin. It has been postulated that
peritoneal metastases may represent regional disease,
and that cancer cells may not have spread any further
throughout the body (4). This concept known as ‘regional
metastases’ to the peritoneum has been gradually embraced
by multiple groups over the past two decades; and as
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a result, aggressive management of peritoneal surface
malignancy with CyRS and IPC is now widely practiced.
However, data from randomized controlled trials (RCTs)
evaluating the efficacy of this aggressive therapy in different
tumor pathology are scarce (5).

CyRS, in combination with perioperative IPC, was first
described by Sugarbaker in the 1990s as an aggressive form
of ‘locoregional’ therapy (6,7). The fundamentals of this
technique as well as a variety of other aspects are described
in separate chapters of this review. Briefly, the goal of CyRS
is to eradicate the peritoneal cavity of any gross disease.
This can be followed by infusion of a chemotherapeutic
agent either during the operation or in the early post-
operative period. This process allows higher concentrations
of the drug within the peritoneum where the cancer tends
to recur. Based on this strategy, CyRS in conjunction with
IPC is believed to obtain macroscopic and microscopic
clearance and therefore may improve survival (8). The aim
of this review is to highlight cancer-specific evidence in the
context of current and future studies regarding the outcome
of this treatment.

The state of the current literature as a basis for
modern trials

Over the last two decades, a growing body of evidence
has accumulated in support of CyRS and IPC as a
treatment modality for PC. Consequently, centers across
the world have adopted this modality contributing to the
exponential rise in the popularity of this procedure and
thus the supporting literature. This expanding literature
has helped identify the types of cancers for which CyRS
and hyperthermic intraperitoneal chemotherapy (HIPEC)
may be associated with survival benefit. Best results with
CyRS and IPC have been seen with appendiceal, colorectal,
ovarian, and primary peritoneal cancer.

However, peritoneal metastasis can be seen with
histologic subtypes that do not usually metastasize to
the abdominal cavity such as breast cancer, melanoma,
neuroendocrine tumors (NETs), and sarcoma. Therefore,
there have been attempts to use this modality to treat
abdominal metastasis associated with those cancers. No
clear guidelines are available regarding the role of CyRS with
or without IPC in PC from pancreatic, primary hepatic,
breast cancer and melanoma, nor does the literature provide
reliable information on these patients’ prognosis, as most
papers consist of case reports and small case series (9-12).
In contrast, there are some data in the literature regarding
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the efficacy of CyRS and IPC in NETs and sarcoma. Elias
et al., have recently reported their experience using CyRS
and HIPEC in treating 41 patients with NET peritoneal
metastases. They concluded that CyRS of peritoneal
metastases from a NET is feasible and may be associated
with better survival. However, they were unable to unable
to determine whether adding HIPEC had any impact (13).
Similarly, IPC has not been shown to improve survival
in patients with peritoneal metastases from sarcomas
including gastrointestinal stromal tumor (GIST) (14,15) or
desmoplastic small round-cell tumors (16). Therefore, based
on the current literature, IPC is currently recommended
for appendiceal, colorectal, ovarian, and primary peritoneal
cancer, and, to a lesser extent, gastric cancer. The quality of
the evidence supporting the use of CyRS and IPC in each
of these cancers varies from one tumor entity to another
and evidence from randomized trials is often lacking. The
literature regarding the outcomes of CyRS and IPC will be,
therefore, discussed separately for each of these tumor types.

Appendiceal mucinous neoplasms

Appendix neoplasms are rare intraperitoneal tumors
arising primarily from an appendiceal epithelial neoplasm.
Appendiceal mucinous neoplasms are a heterogenous group
of tumors that are typically classified into low- and high-
grade histologic subtypes. The pathology of the peritoneal
lesions associated with appendix cancers can be split into
three groups: disseminated peritoneal adenomucinosis
(DPAM), peritoneal mucinous carcinomatosis (PMCA), and
PMCA with intermediate (well differentiated) features (17).
Treatment of patients with disseminated mucinous
neoplasms of the appendix has evolved over the last few
decades. In 1987, Sugarbaker ez al. reported the first use
of IPC after CyRS in 14 patients with pseudomyxoma
peritonei (18). In the ensuing three decades, there have
been numerous studies showing promise in the use of IPC
after CyRS for this type of tumor. A 2008 consensus article
on the locoregional treatment of appendiceal mucinous
neoplasms with peritoneal dissemination supported its basic
role in managing this otherwise eventually fatal disease.
The authors hoped that the rise of centers specialized in
this method would help produce multi-center studies with
less heterogenous populations, high-quality evidence and
better post-surgical outcomes (19). However, there have
been no RCTs completed to date evaluating the impact
of cytoreduction and IPC for the treatment of appendix
cancer. There are, however, multiple retrospective series
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reporting outcomes of therapy that we will include to
cover the current landscape in the treatment of appendiceal
cancer.

A 2012 observational study by Chua et a/. reported
superior progression free survival (PFS) associated with
HIPEC after CyRS (HR, 0.65, P=0.03) for metastatic
appendiceal mucinous neoplasm, but there was no OS
difference in their multivariate analysis (20). The study
included 2,298 patients who underwent HIPEC (60%),
early postoperative intraperitoneal chemotherapy (EPIC)
(2%) or a combination of the two (29%), with some
patients undergoing neither treatment (9%). Postoperative
complications occurred in 24% and post-surgical mortality
was 2%. Median OS was 16.3 years, and median PFS was
8.2 years. The OS was strongly related to the completeness
of cytoreduction (CCR). Patients who achieved a CCRO
(no macroscopic residual tumor disease) or CCR1 (residual
tumor disease <2.5 mm) resection had significantly better
OS (P<0.001) compared to those who underwent CCR2
(residual tumor disease 2.5 mm to 2.5 cm) or CCR3 (residual
tumor disease >2.5 cm) resection, with the former group
having 10-year OS rates in the 69-75% range as opposed
to a dismal 10-year OS rate of 7% for the latter. The
authors concluded that complete cytoreduction, rather
than HIPEC, was the most important variable associated
with improved survival. In contrast, an earlier retrospective
Dutch study by Smeenk er a/. in 2007 found pathologic
subtype to be the most significant prognostic factor for
disease-specific survival and disease-free survival (DFS) (21);
however, CCR status became a significant factor once
residual nodular disease was greater than 2.5 mm.

Another series of 64 patients with colon or appendiceal
peritoneal metastases treated with CyRS followed by IPC
at Memorial Sloan Kettering Cancer Center (MSK) from
1987 to 1999 also emphasized the importance of complete
resection. The authors demonstrated that complete tumor
resection was the only significant factor on multivariate
analysis and was associated with a 54% S5-year survival
versus a 16% S5-year survival for incomplete resection (22).
A more recent report from MSK included 50 patients
who underwent CyRS followed by EPIC for appendiceal
mucinous neoplasm. The study demonstrated a 5-year
recurrence free survival (REFS) of 43%. Seventeen patients
experienced post-surgical complications and there were no
perioperative mortalities. The 5-year DFS was 43% and
median OS was 9.8 years (23). Another retrospective study
in Norway of 93 patients compared EPIC and HIPEC
following complete cytoreduction and showed no difference
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in 10-year OS and DFS (24).

Lymph node metastasis has been reported in as many as
40% of patients and is associated with decreased survival.
Additionally, routine lymphadenectomy is not advocated
in the setting of CyRS as it is unclear that it provides any
benefit. However, some authors have demonstrated that
long-term survival is still possible in this subset of patients
after optimal CyRS/IPC is performed. Halabi ez 4/, in a
2012 retrospective analysis of patients with appendiceal
carcinomatosis, demonstrated an increase in 5-year OS rates
of 21% in those with lymph nodes metastasis after optimal
CyRS and HIPEC (25). This improvement in survival,
however, has not been reproduced in the more recently
published studies. Randle ez 4/. reported the outcome of
31 patients with PC due to goblet cell appendiceal tumor
pathology. A 36% complete cytoreduction rate was achieved
and there was no significant difference in median OS in all
patients, although patients with negative lymph nodes fared
significantly better (median OS, 29.2 versus 10.2 months,
P=0.002) than those with lymph nodes metastasis (26).
Another study by Milovanov et 4/. divided 105 patients with
PC of appendiceal origin according to whether they had
undergone prior limited (LSG) or extensive surgery (ESG).
All patients underwent CyRS/HIPEC after LSG or ESG.
They found significantly worse OS among patients who
had undergone ESG compared to those who underwent
LSG (54% versus 26%, P=0.029), and this difference at
S years was most significant in patients who had negative
lymph nodes (17% versus 75%, P=0.026). There was no
significant difference in outcome among those with positive
lymph nodes who had prior ESG versus LSG, with both
groups having a dismal 14% and 17% OS respectively
at 5 years (P=0.61) (27). This study also underscored the
importance of early referral to an experienced center rather
than undergoing extensive surgical intervention prior to
consideration for CyRS and HIPEC.

PFS and OS greater than 10 years have been frequently
achieved for carcinomatosis of appendiceal origin, which is
a significant improvement from historical controls treated
with debulking and systemic therapy (28,29). This could
be partially explained by the tendency of this type of tumor
to stay within the peritoneal cavity. Decreased survival
observed in patients who received systemic therapy is likely
related to selection bias as those patients likely had more
advanced or aggressive disease. Additionally, systemic
metastasis is uncommon, occurring in 10% of cases (30,31).
It is generally agreed upon now that the perioperative
morbidity of CyRS/IPC can be justified by the potential
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long-term survival achieved for selected patients with
peritoneal disease of appendiceal origin. As a result, many
authors have frequently advocated CyRS with IPC to be
the standard of care for this disease (19). Of note, there is
an ongoing trial at MSK encompassing appendiceal cancers
and the details of this trial will be discussed further below.

Colorectal cancer (CRC)

PC from CRC has been considered a terminal condition
with dismal prognosis. As low as 10% 2-year OS with
systemic chemotherapy and palliative surgery has been
reported (32). Multiple phase II studies were completed
in the 1990s to evaluate the role of CyRS and IPC for
CRC with PC (33-35). The promising results from these
studies encouraged other authors to evaluate the role of
CyRS/IPC in randomized controlled settings. In 2003, the
findings from a RCT comparing CyRS and IPC followed
by systemic chemotherapy to systemic chemotherapy alone
were reported. The study, which included 105 patients,
demonstrated a median OS survival of 22.3 vs. 12.6 months
in the systemic chemotherapy alone group. The perioperative
mortality was significant (8%) after a median follow up of
21.6 months. OS was significantly associated with the CCR
status (P<0.0001) and the initial peritoneal carcinomatosis
index (PCI) score (36). Recently, the authors published
longer term follow up (median 8-year) and showed
that the 5-year DFS was 45% for patients with optimal
cytoreduction and IPC compared to less than 10% for those
with incomplete cytoreduction or systemic therapy arm
alone. At the 6-year time point after treatment, only five
and ten percent of patients in the standard and experimental
arms, respectively, were alive. Although this study showed
promising results, the findings were tempered by low
participation rate, high mortality and a now outdated
5-FU/leucovorin regimen (37). Two other colorectal RCTs
were opened in order to compare CyRS followed by EPIC
(Europe) or HIPEC (USA) versus cytoreduction with
systemic therapy. Unfortunately, however, both trials were
closed due to failure to accrue patients (32,38).

In the void of additional trials, retrospective studies have
shown superior outcome after CyRS, IPC, and systemic
chemotherapy compared to standard chemotherapy with
palliative surgery. Elias et 4l. compared 48 patients in both
arms, and Franko er 4/. compared 67 patients with CyRS
and HIPEC and 38 patients with standard therapy (39,40).
Both studies demonstrated longer median OS (Elias ez al.
62.7 vs. 23.9 months (P<0.05) and Franko et 4/. 34.7 vs.
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16.8 months (P<0.001) in the treatment arms. The patients
in both studies were highly selected with asymptomatic
peritoneal disease and no extraperitoneal metastases.
Modern systemic chemotherapy was used in both studies
and showed improved survival rates compared with historic
figures obtained from older chemotherapy regimens.

Comparing the two most common protocols for IPC
delivery, Glehen et /. and Elias et al. reported their
experience with both HIPEC and EPIC among patients
with PC of CRC origin. The Glehen study analyzed the
outcomes of 506 patients from 28 institutions worldwide
who underwent HIPEC (54%), EPIC (24%) or both
treatments (22%) with a median follow-up of 53 months.
For CCR-0 patients, the associated 1-year, 3-year and
S-year survival rates were 87%, 47% and 31% in addition
to a median survival time of 32.4 months. The OS rates
were 72%, 39%, and 19% at 1, 3 and 5-year intervals
respectively. The DFS trend was 40% at one year, 16% at
three years, and 10% at the 5-year mark. Median OS was
19.2 months. There were 20 deaths post-operatively (4%)
and 116 patients suffered major complications (22.9%)
with a fistula being the most common complication (41).
Six years later, Elias ez al. analyzed 523 patients from
23 centers in France with a median follow-up of 45 months.
Of the patients studied, the majority underwent HIPEC,
16% underwent EPIC and a fraction underwent both
(1.7%) but no survival differences could be detected
between HIPEC versus EPIC. Median OS was 30 months
at five 5 years and there were 17 (3.3%) treatment-related
deaths related to septic shock, respiratory embarrassment,
hematologic toxicity, pulmonary embolism or acute renal
insufficiency (42). Overall 1-, 3- and 5-year survival rates
were 81%, 41% and 27% and the DFS rates were quite
similar to the Glehen paper. Grade 3 and 4 complications
occurred in 31% with reoperation, fistula, hemorrhage,
abscess and lung infection as the most common. In the
416 patients who underwent complete CyRS, multivariate
analysis identified extent of carcinomatosis, presence of
liver metastases, center experience, lymph node status and
adjuvant chemotherapy as associated with clinical outcome.
These studies showed that mortality was low (3-4%) and
morbidity rates were acceptable (20-30%) which supported
this approach as a viable treatment option especially when
complete CyRS can be performed.

Finally, Prodige 7, a highly anticipated, French multi-
centric trial, has completed inclusion of 280 patients
as planned. This study seeks to quantify the impact of
HIPEC, as it compares patients randomized to HIPEC
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Stratification:
1. Appendiceal adenocarcinoma versus Colorectal adenocarcinoma
2. Chemotherapy in prior 6 months versus no chemotherapy in the
prior 6 months

Intervention:
1. Optimal surgical debulking to nodules <2.5 mm
1. HIPEC versus EPIC (randomized in the OR by envelope)
Group A: HIPEC with mitomycin C OR
Group B: EPIC with FUDR and leucovorin

Figure 1 ICARuS (Intraperitoneal Chemotherapy After
CytoReductive Surgery) trial.

or not after CyRS. Patients in this trial had a PCI below
25. There are no definitive results of this trial available
yet (https://www.clinicaltrialsregister.eu/ctr-search/
search?query=PRODIGE+7), but early work from the same
group of authors indicates that that the median survival is
higher than expected in both groups (43).

Advances in systemic chemotherapy over the last
two decades have resulted in improving survival rates in
metastatic CRC. However, those patients with PC still have
a poorer outcome compared to those with other sites of
metastasis. CyRS followed by IPC for isolated peritoneal
metastasis is routinely combined with systemic therapy.
Additionally, some studies have demonstrated that patients
with extensive peritoneal disease burden do poorly with
cytoreduction and IPC and, therefore, should be selectively
treated with this aggressive approach (42,44). Laparoscopy
or magnetic resonance imaging prior to laparotomy can be
valuable in patients with equivocal evidence of extensive
peritoneal disease. CyRS and IPC is associated with better
than expected survival in selected patients with peritoneal
metastasis from CRC. However, the optimal protocol for
IPC administration and the role for CyRS and IPC in
patients with resectable liver metastases is not yet known.

Ongoing trials worldwide for colon, rectal and
appendiceal cancers

A randomized, non-blinded, phase II clinical trial
is currently ongoing at MSK. This trial is entitled
(Intraperitoneal Chemotherapy After cytoReductive
Surgery). It compares post-operative Intraperitoneal
Chemotherapy (EPIC) and Hyperthermic Intraperitoneal
Chemotherapy (HIPEC) After Optimal Cytoreductive
Surgery (CyRS) for Neoplasms of the Appendix, Colon
or Rectum With Isolated Peritoneal Metastasis’ (https://
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clinicaltrials.gov/ct2/show/NCT01815359). This is the
first randomized trial comparing early EPIC or HIPEC
for appendiceal and CRC. The purpose of this study
is to measure the efficacy and toxicity of EPIC and
HIPEC after CyRS among patients with appendiceal,
rectal or colon cancer and isolated PC. The primary
outcome measure is 3-year DFS. Documentation of
tumor recurrence will be made based on surveillance
CT scans with clinical correlation from the treating
physician. The secondary outcome measures are grades
3 to 5 morbidity at 60 days. The accrual target is
212 patients. As of May 2015, 63 patients have been
randomized and the trial is on track to be completed
by 2019. Patients will be stratified by previous systemic
chemotherapy and by the organ of origin. Patients are
randomized to either HIPEC (group A) or EPIC (group B)
after the operating surgeon determines that the patient
can undergo an optimal cytoreduction. The ICARuS trial
stratification and interventions are outlined in Figure 1.
Additional important trials are ongoing worldwide and are
listed in Table 1 in order of estimated year of completion as
reviewed on www.clinicaltrials.gov.

Gastric cancer

PC of gastric origin has traditionally been considered
incurable, with a dire prognosis. A recent prospectively
collected study of 1,108 patients with gastric adenocarcinoma
who then subsequently developed a metachronous
PC revealed a median survival of 3 months despite an
initial RO D2 resection in those with metachronous
peritoneal recurrence (45). Prior studies have demonstrated
similar median survival of up to 6 months and as short as
3 months (46). Conventionally, the standard treatment for
gastric cancer with PC has been systemic chemotherapy,
which has improved median survival to 7-10 months (47).
However, in patients with peritoneal metastases from
gastric cancer, even systemic chemotherapy has low
response rates (48). In 1988, Fujimoto et al., reported the
first series of IPC in 15 patients with PC from gastric
cancer with a mean survival rate of 7.2+4.6 months (49).
Additionally, the addition of intraoperative saline lavage
(extensive intraoperative peritoneal lavage) followed by
IPC with cisplatin by a Japanese group showed significant
improvement in five-year survival in 88 patients with gastric
cancer (50).

A subsequent study of 159 patients who received CyRS
followed by IPC (HIPEC in 150 and EPIC in the rest)
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Trial phase Cancer type Treatment arm Control arm Sponsor/country Primary outcome ECD
Il Appendiceal CyRS + NIPEC CyrS + University of Ghent, Morbidity and 2015
and colorectal HIPEC Belgium mortality
Il Colorectal FOLFOX + cetuximab + N/A University of Regensburg, PFS 2015
CyRS + HIPEC + FOLFOX Germany
Il Appendiceal CyRS + HIPEC With N/A Wake Forest Treatment-related 2016
oxaliplatin or mitomycin-C University, USA toxicities
1/ Colorectal CyRS + HIPEC + MOC31PE N/A Oslo University Hospital, Adverse events and 2016
immunotoxin Norway tolerability
Il Colorectal* Surgery + AC + HIPEC Surgery + AC Gustave Roussy, France DFS 2016
/1l Colorectal CyRS+ HIPEC + N/A EGEN, Inc., USA PFS, OS, and tumor 2017
intraperitoneal EGEN-001** growth assessment
Il Colorectal* Surgery + HIPEC Surgery Zhejiang University, China  DFS 2017
Il Colorectal* Surgery + HIPEC Surgery + AC Academisch Medisch RFS' 2019
Centrum-Universiteit van
Amsterdam, Netherland
Il Appendiceal CyRS + HIPEC + AC N/A University of California in PFS 2020

San Diego, USA

*, high risk for peritoneal carcinomatosis. HIPEC is given to prophylactically;

*%

, novel immunotherapy agent (EGEN-001—

interleukin-12 gene in a biocompatible delivery polymer/http://archive.hudsonalpha.org/egen). ECD, estimated completion
date; CyRS, cytoreductive surgery; NIPEC, normothermic intraperitoneal chemotherapy; HIPEC, Hyperthermic intraperitoneal
chemotherapy; AC, adjuvant chemotherapy; DFS, disease free survival; PFS, progression free survival; OS, overall survival; RFS,

recurrence free survival.

demonstrated a median survival of 9.2 months and 5-year
survival rates of up to 13% (51). Older reports of Japanese
studies reported no improvement in survival with IPC in
21 patients; in fact, the authors reported increased respiratory
and renal failures (52), which had led to conflicting
information and hesitation regarding the use of IPC in
gastric cancer with peritoneal tumor burden (53). In 2011,
Yang et al. reported results of a RCT comparing CyRS and
IPC against CyRS alone among 68 patients with isolated
peritoneal metastasis from gastric cancer. Median OS was
11.0 months in the CyRS/IPC group and 6.5 months in the
CyRS alone group (P<0.05) (54).

Thus, the gastrectomy with CyRS (metastasectomy)
plus systemic chemotherapy (GYMS) versus systemic
chemotherapy alone (SA) study was an attempt to reconcile
these conflicting studies (also known as GYMSSA). This
study compared gastrectomy with CyRS and HIPEC plus
systemic therapy with systemic therapy alone. The study
was designed to compare the two therapeutic approaches,
unfortunately, it was far too small to be definitive;
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seven patients received CyRS, HIPEC, and systemic
FOLFOXIRI chemotherapy as opposed to nine patients
who received only FOLFOXIRI. Of the patients who
received chemotherapy alone, none survived longer than
11 months; by contrast, the patient in the cytoreductive
group with HIPEC and FOLFOXIRI survived as long
as two years. Median OS was 4.3 months (chemotherapy
alone) versus 11.3 months (CyRS, HIPEC and systemic
chemotherapy) (55). These results lent more optimism to
the use of HIPEC, and led to further trials solidifying the
efficacy of HIPEC as an adjunctive treatment for gastric
cancer.

One of the interesting questions raised recently by
Wau et al., is regarding the timing of CyRS and IPC. They
found that staged CyRS and IPC yielded better OS and less
morbidity than patients who had simultaneous CyRS (56).
Since the Yang trial demonstrated CyRS plus IPC was
associated with increased OS, and the GYMSSA trial
sought to clarify this difference even in the face of systemic
chemotherapy, additional randomized trials are now
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Table 2 Ongoing trials for gastric cancer

149

Trial phase  Cancer type Treatment arm Control arm Sponsor/country Primary outcome ECD

Il Gastric NIPS + HIPEC + AC N/A Hospital General Universitario  DFS 2017
Gregorio Marafion, Spain

Il Gastric Laparoscopic HIPEC N/A M.D. Anderson Cancer (O] 2019
Center, USA

1l Gastric* D2 resection + HIPEC N/A Hospices Civils de Lyon, France OS 2021

*, locally advanced gastric cancer. No peritoneal carcinomatosis. ECD, estimated completion date; NIPS, neoadjuvant systemic
plus simultaneous intraperitoneal and intravenous chemotherapy; HIPEC, hyperthermic intraperitoneal chemotherapy; AC,
adjuvant chemotherapy; DFS, disease free survival; OS, overall survival.

ongoing and their results are eagerly awaited. There are
three currently active gastric cancer trials in France, Spain,
and Texas (Table 2, listed in order of estimated completion)
as reviewed on www.clinicaltrials.gov.

Diffuse malignant peritoneal mesothelioma

Peritoneal mesothelioma is a rare malignancy; in the US,
its annual incidence approximates 100-400 cases (57,58).
The origin of this tumor is believed to be the mesothelium
of the abdominal cavity, which progress to a nodule and
then to plaque formation with aggressive locoregional
invasion and mass effect. There are several variants of
malignant mesothelioma, but diffuse malignant peritoneal
mesothelioma comprises only 10% of mesothelioma at
large (59). Diffuse malignant peritoneal mesothelioma
itself can be described histologically as either epithelioid,
sarcomatoid, or biphasic; with the epithelioid type associated
with the best prognosis (60). Peritoneal mesothelioma
is commonly treated with systemic chemotherapy
(pemetrexed, cisplatin and gemcitabine), and occasionally
palliative surgery and total abdominal radiation (61). Of
note, systemic chemotherapy with cisplatin and pemetrexed
is the only FDA-approved systemic regimen for this
entity (62). Median survival with pemetrexed and gemcitabine
or cisplatin ranges from 12 to 26.8 months (63,64).

A number of trials in development for peritoneal
mesothelioma are in process, but no current trials are
available to report. CyRS is thought to be efficacious in this
disease by reducing recurrence in peritoneal mesothelioma;
86% of recurrences take place in the peritoneal cavity, with
incomplete cytoreduction being an independent predictor
of intraperitoneal recurrence (65,66). Brigand er al.
reviewed fifteen patients with peritoneal mesothelioma who
had received CyRS and HIPEC between 1989 and 2004;
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median survival was 35.6 months overall and the authors
concluded that the only significant factors affected median
survival were CCR and extent of carcinomatosis (67).
Additionally, Baratti et a/. demonstrated, retrospectively,
that patients receiving a complete parietal peritonectomy
had increased 5-year survival compared to their cohorts
who had only received a selective parietal peritonectomy
without any difference in morbidity (68).

A prospective study of twelve patients treated with
HIPEC combined with CyRS reported median survival of
34.2 months and complete resolution of malignant ascites in
86% of patients (69). A similar report of forty-nine patients
reported a median OS of 92 months, while another series
of twenty-six patients with a different HIPEC regimen at a
different institution reported median survival of 100 months
with a S-year survival rate of 63%, but at the cost of 54%
perioperative morbidity (70,71). One of the largest series
to date has studied 401 patients (complete follow-up)
who received CyRS and HIPEC; mean survival was
53 months (72); a smaller series of seventeen patients
reported a median survival of 3.7 years (73). Epithelial
subtype, absence of lymph node metastases, complete
cytoreduction (CC-0 or CC-1) and HIPEC were
all associated with improved survival in the series of
401 patients (P<0.05). Although a variety of chemotherapy
regimens have been used between the studies mentioned
above, Blackham ez 4/l. studied thirty-four patients with
peritoneal mesothelioma receiving either mitomycin or
cisplatin and concluded that median OS and PFS were
both higher in the cisplatin group; therefore the authors
concluded by recommending the use of cisplatin for
HIPEC (74).

Moreover, the timing of systemic chemotherapy in the
setting of CyRS and IPC is not clear. One retrospective
study did not show any associated differences in median
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survival or morbidity between groups who received systemic
chemotherapy (pre- or post-operatively) and those who did
not (75). The choice of IPC approach varies; Shetty et 4i.
reported better outcomes and fewer complications
in patients who underwent CyRS and HIPEC with
carboplatin when compared to those receiving HIPEC with
mitomycin (76). Recently, a meta-analysis of 20 retrospective
studies reporting on 1,047 patients with malignant
peritoneal mesothelioma was published. Pooled estimates
of survival yielded a 1-, 3- and 5-year survival of 84%,
59%, and 42%, respectively. Patients received EPIC and
those who received cisplatin-based IPC had an associated
improved 5-year survival. The median PCI score was 19.
Complete cytoreduction (CCR 0&1) was performed in 67 %
(range: 46-93%) of patients (77).

Newer studies currently underway are studying the
safety and efficacy of IPC in patients with phase II trials for
peritoneal mesothelioma. Interestingly, since recurrence
occurs frequently in this malignancy, and is the usual
culprit of eventual mortality, the latest research suggests
that iterative CyRS and IPC may improve outcomes
regarding morbidity and symptomatology, though they have
demonstrated better outcomes at median time points (78).
Clearly the state of modern treatment in Diffuse Malignant
Peritoneal Mesothelioma is in evolution and more studies
regarding reiterative CyRS and IPC are needed to confirm
this association.

Ovarian cancer (OC)

OC is the sixth most common malignancy in women
worldwide and the most deadly gynecological malignancy
(79,80). About 70% of patients with OC are diagnosed
with advanced disease at either stage 3 or 4 (81). Classically,
OC has been treated with debulking surgery and adjuvant
chemotherapy. The median 5-year survival is less than 50%
and up to 70% of all OC patients with relapse eventually die
of this disease (82,83). OC also has the tendency to spread
throughout the peritoneal cavity. Alberts et 4/. reported the
first landmark study comparing systemic chemotherapy and
IPC, in the delayed post-operative setting, following the
resection of all peritoneal masses greater than 2 cm (84).
Patients who received post-operative IPC had a median
survival of 49 months compared to 41 months for the
systemic chemotherapy group.

Consistent with the previously discussed malignancies,
outcomes are strongly related to the CCR. With optimal
debulking, defined as residual disease less than 1 cm
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diameter, median OS ranging from 49 to 66 months has
been reported (85,86). The Gynecologic Oncology Group
compared systemic cisplatin and paclitaxel to systemic
carboplatin and paclitaxel combined with post-operative
IP cisplatin after an optimal cytoreduction to less than
1 cm in both groups. Patients who received IPC had an
associated improvement of PFS (28 versus 22 months) and
OS (63 versus 52 months) (85). Similarly, Armstrong er al.
reported an associated improvement in PFS (23.8 versus
18.3 months) and OS (65.6 vs. 49.7 months) in the systemic
and IPC group compared to the systemic chemotherapy
group after complete cytoreduction in both groups (86).
Recent work from Chi ez a/. at MSK supports the notion
that advanced stage OC with bulky stage IIIC-IV disease
should be treated with primary debulking surgery in most
cases and the use of neoadjuvant chemotherapy should be
reserved for patients where complete cytoreduction cannot
be done or in patients unable to tolerate CyRS (87).

A multi-institutional phase II study was recently
completed evaluating PFS and OS in 26 women with stage
3 and 4 OC treated with CyRS and HIPEC. All patients
underwent CyRS, followed by HIPEC with cisplatin and
doxorubicin. Subsequently, patients received adjuvant
systemic carboplatin and paclitaxel. Optimal cytoreduction
was achieved in 57% of patients and 43% had minimal
residual disease (less than 2.5 mm). OS was 60.7% and PFS
was 15.2% at 5 years (median, 30 months) (88). One of the
largest and most recent studies is a retrospective, multi-
centric (13 centers) French cohort that analyzed the data of
566 patients with advanced or recurrent OC [446]. They
achieved a CCRO rate of 74.9% and perioperative morbidity
and mortality was at 31.3% and 0.8% respectively. Median
OS was at 35.4 and 45.7 months for advanced and recurrent
OC. This analysis determined PCI, not CCR, as associated
with the best prediction of survival (89).

A Greek phase III randomized prospective trial has
also been recently published. The authors randomized
120 patients with stage Illc or IV OC that had recurred after
debulking and systemic chemotherapy to CyRS with HIPEC
vs. CyRS without HIPEC. Both arms received systemic
chemotherapy. They found a significant increase in mean
survival in the HIPEC group (26.7 versus 13.4 months,
P<0.006) with 3-year survival at 75% vs. 18% (P<0.01).
Even more interesting, the differences in survival between
those with and without platinum resistance was not
significant in the HIPEC group (26.6 versus 26.8 months,
P<0.3) as it was for the systemic chemotherapy group
(15.2 versus 10.2 months, P<0.002). The HIPEC group had
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Scheme of the study

First platinum

sensitive e Randomize

recurrence

151

5 cycles of
CyRS and standard IV
HIPEC
chemotherapy
6 cycles of
CyRS standard IV

chemotherapy

Figure 2 A phase IT randomized study for outcomes after secondary cytoreductive surgery with or without carboplatin HIPEC followed

by systemic combination chemotherapy for recurrent platinum-sensitive ovarian, fallopian tube or primary peritoneal cancer. Shown is

the schema for the study. After Ist platinum sensitive recurrence is identified the patients will be randomized intra-operatively after all

eligibility criteria are met. Each arm includes 49 patients and post-operatively the patients will receive 5 cycles of standard IV chemotherapy
in the HIPEC arm or 6 cycles in the non-HIPEC arm. Courtesy of Dennis Chi, MD (with permission) (https://clinicaltrials.gov/ct2/show/
NCT01767675). CyRS, cytoreductive surgery; HIPEC, hyperthermic intraperitoneal chemotherapy.

an approximately 10% increased proportion of stage Illc
patients (68%) in comparison to the non-HIPEC group
(58%) (90). Nonetheless, it further emphasizes the promise
of HIPEC and the need for further studies.

Studies concerning IPC in OC are difficult to interpret
due to the lack of a universal definition of optimal
cytoreduction (less than 2 cm, less than 1 cm or less
than 2.5 mm), the variety of agents used for IPC and the
optimal timing of IPC in the disease process (frontline, for
recurrence or for consolidation). According to the National
Comprehensive Cancer Network (NCCN) guidelines, post-
operative IPC remains the standard of care for patients
with PC due to OC; HIPEC remains a promising but yet

unproven therapy in this setting.

Ongoing trials worldwide for ovarian, fallopian
and peritoneal Cancers

A phase II randomized trial for patients with ovarian,
fallopian or peritoneal cancers is led by Dr. Dennis Chi
at Memorial Sloan Kettering in collaboration with Holy
Cross Hospital in Maryland, Hartford Healthcare and
the Mayo Clinic. It is referred to as a ‘Phase II Study of
Secondary Cytoreduction with and without HIPEC plus
Postoperative Chemotherapy for Women with Recurrent
Opvarian, Fallopian Tube, or Primary Peritoneal Cancer’
(https://clinicaltrials.gov/ct2/show/NCT01767675).

The purpose of this study is to examine if CyRS and
HIPEC, followed by standard postoperative chemotherapy,
is more effective than standard postoperative chemotherapy
without HIPEC for women with recurrent ovarian,
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fallopian tube, or primary peritoneal cancer who are
undergoing a second surgery to remove peritoneal disease.
Patients will be randomized intraoperatively to undergo
CyRS with HIPEC (arm A) or CyRS only (arm B) in a
1:1 manner (see Figure 2 for the schema). Patients in both
arms will receive a standard platinum-based systemic
chemotherapy postoperatively (5 cycles in arm A and
6 cycles in arm B). In some patients randomized to HIPEC
at MSK only, peritoneal fluid and blood samples will be
drawn before, during and after the HIPEC procedure. The
primary outcome measure is to determine the proportion
of patients who are without evidence of disease progression
at 24 months. A proportion of patients of >40%, who are
without evidence of disease progression at 24 months, is
considered acceptable, whereas a proportion of <25% is
considered unacceptable in this patient population.

The secondary outcome measures are the following:
(I) to determine the toxicity and postoperative complication
rates at 4 weeks post-operatively. The safety endpoint
of this trial is to determine toxicity and postoperative
complication rates in both arms using NCI Common
Terminology Criteria for Adverse Events version 4.0; (II)
to determine the completion rate of four cycles at 5 years;
(III) to complete a secondary analysis estimating the
completion rate. The completion rate and a 95% confidence
interval will be calculated for each arm separately.
Completion is defined as patients being able to complete >4
out of 5 or 6 cycles of a standard systemic chemotherapy;
(IV) to characterize the pharmacokinetics within 5 years
in a subset of patients randomized to receive HIPEC in
the OR; (V) to evaluate peritoneal fluid and blood samples
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Table 3 Ongoing trials for ovarian, fallopian and peritoneal cancers

Trial phase Cancer type Treatment arm Control arm Sponsor/country Primary outcome  ECD

1l Ovarian CyRS + HIPEC CyRS The Netherlands Cancer RFS 2015
Institute, Netherland

Il Ovarian, fallopian, CyRS + HIPEC + AC CyRS + AC  Mercy Medical Center, USA Post-operative 2016

and peritoneal complication rates

i Ovarian* Surgery + HIPEC Surgery UNICANCER, France (O] 2018

I Ovarian* Surgery + HIPEC Surgery Catholic University of the PFS 2018
Sacred Heart, Italy

M Ovarian CyRS + HIPEC CyRS A.O. Ospedale Papa DFS 2018

Giovanni XXIII, Italy

*, recurrent ovarian cancer. No peritoneal carcinomatosis. ECD, estimated completion date; CyRS, cytoreductive surgery; HIPEC,
hyperthermic intraperitoneal chemotherapy; RFS, recurrence free survival; AC, adjuvant chemotherapy; OS, overall survival; PFS,
progression free survival; DFS, disease free survival.

Table 4 Ongoing trials worldwide for mixed types of peritoneal cancer

Trial phase Cancer type Treatment arm Control arm  Sponsor/country Primary outcome ECD

1l Gynecologic and gastrointestinal CyRS + HIPEC N/A Bay Area Gynecology Treatment response 2016

cancers

Il Pseudomyxoma peritonei, colorectal, CyRS + HIPEC

ovarian, and mesothelioma

Il Colorectal, appendiceal, peritoneal CyRS + HIPEC

mesothelioma, pseudomyxoma
peritonei, and gastric

Oncology, USA and quality of life
N/A Oslo University (O] 2017
Hospital, Norway

N/A Montefiore Medical Evaluation of 2024
Center, USA the technical
parameters

ECD, estimated completion date; CyRS, cytoreductive surgery; HIPEC, hyperthermic intraperitoneal chemotherapy; OS, overall

survival.

in patients randomized to HIPEC from MSK patients for
potential biomarkers. The estimated accrual is 98 patients
and 21 patients (10 HIPEC, 11 non-HIPEC) are currently
on study. The estimated primary date of completion is June
2018. Ongoing trials worldwide evaluating CyRS and IPC
in ovarian, fallopian and peritoneal cancers can be found
in Table 3 in order of estimated completion as reviewed on
www.clinicaltrials.gov.

Trials for mixed types of peritoneal cancer

A number of trials worldwide are open to a broad array
of peritoneal cancer types to augment numbers and to
expeditiously answer the fundamental issues of efficacy and
safety of IPC and cytoreduction. Given the anticipated
difficulty in achieving adequate power with low accrual in
rare disease types, these trials seek to reduce the time it
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takes to complete a trial by incorporating patient groups
representing multiple tumor types. The limitation of this
particular trial design could be dilution of any particular
effect that could pertain to an individual tumor type and
resultant inability to support the use of IPC. Ongoing
trials for mixed types of cancer are listed in Tzble 4 in
order of estimated completion date as reviewed on www.

clinicaltrials.gov.

Conclusions

CyRS and IPC are now being used as viable treatment
options in highly selected patients with metastatic spread
to the peritoneal cavity. Outcomes of therapy vary with
primary disease histology. The survival advantage varies
from a few years in the case of PC of appendiceal origin
compared to historical controls, in contrast to only a
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few months for patients with gastric cancer associated
peritoneal carcinomatoses. The data clearly show that
CyRS is associated with better outcomes when a complete
cytoreduction is achieved whereas incomplete cytoreduction
is associated with poor survival. Considering the significant
cost and morbidity of CyRS and IPC, proper patient
selection cannot be overemphasized. CyRS and IPC can
result in long-term survival and possibly cure for PC from
colorectal, appendiceal, primary peritoneal, and OCs.
However, no data exist supporting the notion that CyRS
and IPC can achieve long-term survival for other tumor
histologies such as pancreatic and primary hepatic as well
breast, sarcoma and melanoma. Currently there is no
standard protocol for IPC and the efficacy of EPIC and
HIPEC are being evaluated in multiple ongoing RCTs,
and we eagerly look forward to the results of these studies.
The two trials currently ongoing at MSK are examples of
modern, randomized phase II trials that will provide much
needed prospective data to temper the available literature
and better guide appropriate treatment regimens. These
trials along with many others will provide the basis for a
more standardized and evidence-based approach to the
treatment of patients with colorectal, appendiceal or ovarian
PC, which will be important to optimize outcomes for
patients with these challenging disease processes.
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