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Peritoneal Carcinomatosis

• Background
• Anatomy
• Pathophysiology
• CRS/HIPEC
• Unresectable
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Natural History

• Pseudomyxoma Peritonei Syndrome1

– Ascites
–Malnutrition
–Malignant obstruction

• Poor prognosis2,3

– OS ~5 months untreated
– ~5-15 months with palliative therapy

1-Eur J Surg Oncol 2006;32(6):644-7
2-World J Gastroenterol 2012;18:5489-94
3-Ann Oncol 2011;22:2250-6

25

Peritoneal Carcinomatosis

• Risk Factors
– Local advanced tumors (T4)
– Histology (mucinous, signet ring)
– Perforated tumors
– Nodal stage
– Incomplete resection

26

Peritoneal Surface Malignancies
• Appendix
– Psuedomyxoma peritonei (Jelly Belly)

• 2-4 cases/million/year

• Colorectal Cancer
– 3rd most common malignancy in the world

• 1.4 million diagnosed 20121

– Peritoneum
• 2nd most common site of recurrence2

• 25% of all recurrences

• Other: Ovary/Mesothelioma/Gastric/DSRCT
1-Int J Cancer, 2014;136:359-86
2-Int J Colorectal Dis 2015;30-205-12

27
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EVOCAPE-1

disease [6]. To fulfill these requirements, patients diagnosed by laparoscopy
need to be excluded as well as the patients treated by new aggressive
approaches such as intraperitoneal chemohyperthermia with or without
peritonectomy procedures. Of these 370 patients, 212 (57%) were identified
at the time the primary tumors were diagnosed (synchronous carcino-
matosis) and 158 found during the follow-up of known malignancies
(metachronous PC). All 370 patients underwent surgery. The Gilly staging
of peritoneal carcinomatosis was as follows: stage 0 (n ¼ 13), stage 1
(n ¼ 47), stage 2 (n ¼ 71), stage 3 (n ¼ 84), and stage 4 (n ¼ 155), as
described in Table 4. The procedures performed (Table 2) were resection of
primary tumors in 144 patients, by-pass to reestablish gastrointestinal
continuity in 125 and only laparotomy with biopsies in 101 patients. The
overall operative mortality and morbidity rates were 21% (77 of 370) and
16% (60 of 370), respectively. Ninety-seven patients underwent postoper-
ative palliative systemic chemotherapy (one to eight courses, 5-fluorouracil
combined with folinate for 64 patients and 5-fluorouracil combined with
oxaliplatin for 33 patients).

Table 3
PTNM and differentiation of primary tumors

Differentiation PTNM

WD MD PD UD Unknown PT1 PT2 PT3 PT4 PN0 PNþ M1 Total

Gastric 22 31 16 9 47 2 6 55 62 8 117 19 125
Colorectal 41 22 14 1 40 0 4 76 38 14 104 27 118
Pancreas 13 15 5 1 24 0 2 30 26 5 53 6 58
Unknown 3 5 10 1 24 43
Small bowel 1 0 1 0 2 4
Liver 0 2 0 0 1 3
Pseudomyxoma 12
Mesothelioma 7

Total 80 75 46 12 138 2 12 161 126 27 274 52 370

Abbreviations: WD, well differentiated; MD, moderately differentiated; PD, poorly
differentiated; UD, undifferentiated.

Table 4
Peritoneal carcinomatosis staging

PC staging Stage 0 Stage 1 Stage 2 Stage 3 Stage 4 Total

Gastric 9 22 22 27 45 125
Colorectal 2 11 27 33 45 118
Pancreas 2 11 13 12 20 58
Unknown 0 1 4 7 31 43
Small bowel 0 1 1 0 2 4
Liver 0 1 2 0 0 3
Pseudomyxoma 0 0 2 3 7 12
Mesothelioma 0 0 0 2 5 7

Total 13 47 71 84 155 370

Abbreviation: PC, peritoneal carcinomatosis.

734 O. Glehen et al / Surg Oncol Clin N Am 12 (2003) 729–739

Natural history of peritoneal
carcinomatosis from nongynecologic

malignancies
Olivier Glehen, MDa, Dimitri Osinsky, MDa,

Annie Claude Beaujard, MDb,
François Noël Gilly, PhD, MDc,*

aCentre Hospitalo-Universitaire Lyon Sud, Surgical Department,
69495 Pierre Bénite Cedex, France

bCentre Hospitalo-Universitaire Lyon Sud, Intensive Care Department,
69495 Pierre Bénite Cedex, France

cLyon University of Sciences, Surgical Department, Centre Hopitalo-Universitaire
Lyon Sud, 69495, Pierre Bénite Cedex, France

The primary peritoneal malignancies such as malignant mesothelioma
and papillary serous carcinoma are rare. In contrast, peritoneal dissemina-
tion from digestive cancers is common. In the past, carcinomatosis has been
regarded as a terminal disease, and most oncologists would regard it as
a condition only to be palliated. However, recent reports suggest curative
treatment options for selected patients with carcinomatosis from non-
gynecologic cancer.

Since the early 1980s, there has been a renewed interest in carcinomatosis
and an attempt to formulate new multimodal therapeutic approaches.
Descriptions of previously unexplored treatment options such as perito-
nectomy procedures [1], intraperitoneal chemohyperthermia [2,3], and
early postoperative intraperitoneal chemotherapy [4], have appeared.
However, prospective studies to document the etiology, clinical features,
and natural history of carcinomatosis from nongynecologic malignancies
remains limited. The clinical features and natural history of surgically
treated disseminated intraperitoneal cancer comes from two prominent
studies in the literature: the first study by Chu et al. (1989) [5], included
100 patients; the second effort was the French multicentric prospective

* Corresponding author.
E-mail address: francogi@lyon-sud.univ-lyon1.fr (F.N. Gilly).

1055-3207/03/$ - see front matter ! 2003 Elsevier Inc. All rights reserved.
doi:10.1016/S1055-3207(03)00044-9

Surg Oncol Clin N Am
12 (2003) 729–739

Cancer 2000; 88:358-63

28

EVOCAPE 1 - CRC (N=118)

• Mean age 62.3 years
• Synchronous carcinomatosis (58%)
• Ascites (~30%)
• Bowel Obstruction (19.5%)
• Surgery
– 75 Rxn of Primary
– 26 Bypass
– 24 Biopsy only

• Adjuvant Chemo (39%)
• Median OS 5.2 months

29

Treatment Concerns

• Often present late/symptomatic
– Ascites
– Malnutrition
– Malignant obstruction

• Difficult to identify imaging
• Treatment options
– Declining performance status
– Palliative systemic chemotherapy ineffective

• Dz progression/2nd or 3rd line
– Large volume disease precludes surgery

30
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Ascites & Omental Caking

31

RUQ & LUQ

32

Pelvis & SB Mesentery
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Areas of Involvement

34

Areas of Stasis
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Lymphatic Flow
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Milky Spots

• Accumulations of lymphocytes and macrophages
• Clear particles from abd cavity
• Cancer cells

37

Mesothelial Cell
• Structural cell
• Mesoderm
• Serosal hemostasis

– Intact barrier
– Initiate inflammation

• Target of cancer cells
– ECM
– Hijack mesothelial cells

• Tumor spread
– Transversal growth
– Exfoliation/Intraperitoneal spread

38

Development of Carcinomatosis

• Detachment
• Attachment
• Mesothelial Cell

Invasion
• Proliferation
• Inflam/Evasion
• Angiogenesis

39
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Cytoreduction/HIPEC

• Cytoreduction
– Aggressive surgical debulking of all visible dz

• HIPEC
– Chemical destruction of microscopic dz
– Regional therapy

• Higher dose than plasma
• Limited systemic absorption

• PCI/CCR Score1

– Improved survival
Surgery 2012;152:617-24

40

Cytoreductive Surgery

• Laparotomy (xiphoid-pubis)
• Areas at highest risk of incomplete resection addressed first
• Resection of involved disease sites
• Peritonectomy
• HIPEC after Cytoreduction
• Anastamoses/Diversion

41

Technical Details

• Open 
• Evacuate Ascites/Adhesiolysis
• Calculate PCI Score & CCR score
• Pelvis & pelvic peritoneum (Rectum +/- uterus)
• Diaphragm(s)
• Omentectomy
• Colectomy
• Small bowel & mesentery

42
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Peritoneal Cancer Index
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Completeness of Cytoreduction
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Mucinous Ascites
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Omental Caking
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Serosal & Mesenteric Nodules
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Pelvic Peritoneum & Rectum
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En bloc Specimen
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Diaphragm Peritonectomy

opening the abdomen. Generous abdominal exposure using
a self-retaining retractor system is essential. Pre-operative
assessment using imaging or laparoscopy usually gives a
roadmap to the steps involved in the surgery. If diaphrag-
matic stripping needs to be done, a xiphoidectomy will
help in better exposure and placements of retractor blades
[53]. When disease is extensive, a through exploration is
performed to look for contraindication for CRS and no
bowel should be resected till the surgical plan is finalized.

Anterolateral Parietal Peritonectomy (Fig. 2)

If an anterolateral parietal peritonectomy is contemplated
based on either the pre-operative imaging or laparoscopy, an
extra-peritoneal approach may facilitate dissection and save
time. This extra-peritoneal dissection can be carried into the
upper abdomen to continue into the sub-diaphragmatic plane
to perform the diaphragmatic peritonectomy [37] Once a part
of the peritoneum along the costal margin is dissected off the
diaphragmatic muscles, the costal retractor blades can be
placed to elevate the parities and this greatly facilitates the
dissection. At this stage, it is wise to make a small window
in the peritoneum to palpate the peritoneal surface. If there are
extensive deposits over the anterior parietal peritoneum, a bi-
lateral anterolateral parietal peritonectomy can be performed
by the extra-peritoneal approach. During this procedure, con-
stant traction on the abdominal wall and the specimen is im-
portant to expose the planes, where high voltage electrocau-
tery current is applied to dissect off the peritoneum of the
parities. When the dissection reaches the paracolic region,
the dissection turns medially, facilitated by the medial traction
on the colon, and the dissection can proceed in the plane of the
fascia of Toldt. Superiorly, this dissection can blend into the
right and left subphrenic peritonectomy and inferiorly it can
continue into the complete pelvic peritonectomy [54].

Right Subphrenic Peritonectomy (Figs. 3 and 4)
and Stripping of the Glisson’s Capsule

A firm traction on the peritoneal specimen helps to get the
diaphragmatic muscle into view of the abdominal incision
and the plane exposed is then dissected to proceed with the
subphrenic peritonectomy. There are several small vessels
from the diaphragmatic muscles to the peritoneum and these
need to be coagulated to minimize blood loss. The diaphrag-
matic vessels will be encountered just before the tendinous
portion of the diaphragm, and if possible, they should be pre-
served. In invasive diseases, the tumor deposits may be infil-
trative and involve the diaphragmatic muscle, especially in the
region of the tendinous portion. This may require resection of
a part of the diaphragm which can be sutured with continuous
or interrupted non-absorbable monofilament suture. This su-
turing may be done immediately or can be deferred to after the
HIPEC to let the chemotherapy circulate in the chest as well.
Caution must be exercised to avoid injury to the right hepatic
vein and the IVC. Posterolaterally, the dissection proceeds
over the upper part of the Gerota’s fascia and the adrenal,
which constitute the base of the dissection (Fig. 5a,b).

Once the bare area of the liver is encountered superiorly, the
diaphragmatic peritoneum turns onto and becomes continuous
with the Glisson’s capsule. In diseases like pseudomyxoma
peritonei, it is not uncommon to encounter heavy disease over
the liver, which can form a thick layer over the Glisson’s
capsule. Glehen et al. have described a very effective method
of removing this disease [55]. Using either sharp or elec-
trocautery, the sub-Glissonian space is entered and then by
bluntly moving the fingers in this plane, the Glisson’s
capsule along with the disease can be effectively and swiftly
lifted off the liver surface (Figs. 6 and 7). This dissection is
greatly facilitated if the tumor specimen is maintained intact.

Fig. 2 Anterolateral parietal peritonectomy
Fig. 3 Subphrenic peritonectomy – peritoneumdissected off the diaphragm
on either sides

Indian J Surg Oncol (June 2016) 7(2):139–151 143

Indian J Surg Oncol 2016; 7(2):139-151
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Diaphragm Specimen
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R Diaphragm Peritonectomy

Isolated deposits of tumour can be electrovaporated or dissect-
ed off. Homeostasis can be achieved by placing a surgical pad
over the liver surface while the dissection proceeds to some
other area of the abdomen. Planning this part of the dissection
in the earlier part of the cytoreduction ensures that adequate
time is given for the hemostasis [55]. The dissection continues
laterally on the right to encounter the perirenal fat and the

adrenal. As the peritoneal reflection at the posterior aspect
of the liver is divided, there is a risk of traumatising the
vena cava or the caudate lobe veins that pass between the
vena cava and the segment 1 of the liver. Care should be
exercised to avoid injury to these structures, which can
cause significant bleeding.

Left Subphrenic Peritonectomy (Fig. 8)

The epigastric fat and peritoneum at the edge of the abdominal
incision is placed in firm traction and dissected of the posterior

Fig. 5 Base of the right subphrenic peritonectomy and subhepatic space;
5a – before; 5b - after

Fig. 4 Completed right subphrenic peritonectomy

Fig. 6 Finger dissection to strip off the Glisson’s capsule

Fig. 7 Completed Glisson’s capsule stripping

144 Indian J Surg Oncol (June 2016) 7(2):139–151

Indian J Surg Oncol 2016; 7(2):139-151
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Operative Cadence

Background
Over the last two decades, cytoreductive surgery combined
with hyperthermic intraoperative chemotherapy (CRS/
HIPEC) has become a therapeutic option for selected pa-
tients with peritoneal carcinomatosis [1]. Traditionally,
peritoneal carcinomatosis was considered a palliative incur-
able condition [2]. Sugarbaker [3], however, first described
that some of these patients may benefit from the surgi-
cal removal of all macroscopic tumor, combined with
locoregional chemotherapy [3]. Since then, CRS/HIPEC
has increasingly been used to treat patients with peri-
toneal carcinomatosis of different origin [4-11].
Strict patient selection is crucial and meticulous surgical

tumor removal is mandatory for the best clinical outcome
[9,12-14]. Thereby, longterm survival with good quality of
life is feasible [15]. As there is a learning curve when per-
forming CRS/HIPEC, centralization of the procedure to
specialized institutions is recommended [16]. Regarding an-
aesthesia management and perioperative care, experience is
limited and a consensus has yet to be found [17]. Several
authors have shown major changes in body temperature
and hemodynamics, alterations in the composition of the
blood as well as need for massive transfusion [18-21].
The aim of our study was to retrospectively analyze

anaesthesia management and postoperative course of pa-
tients undergoing CRS/HIPEC over a 3-year period since
introduction of this combined technique at the University
Hospital Zurich.

Methods
After ethic committee approval (Kantonale Ethik Kom-
mission, 8090 Zurich, Switzerland; KEK# 2012–0174), all
patients operated on in a three-year period between 2009
and 2011 were included from a prospective database.
Charts were retrospectively reviewed. There were no ex-
clusion criteria. A total of 54 patients underwent 57 pro-
cedures in the time frame specified. Data analysis was
based on the number of procedures (57 = 100%).

Data collection and study variables
Anaesthesia and perioperative data were collected from
electronic patient records (KISIM™, CISTEC AG, Zurich,
Switzerland). Surgery was divided into three phases: CRS,
HIPEC, and reconstruction. Furthermore, we defined six
particular time points in order to describe the course of the
intervention (Figure 1). Data were collected on patient
characteristics, anaesthesia, intraoperative fluid, transfusion
and coagulation management, microcirculation, and body
temperature. Laboratory values and blood gas analysis were
recorded until the second postoperative day. Additionally,
the postoperative course including complications according
to the Clavien-Dindo classification were recorded. Major
complications included re-interventions under general an-
aesthesia (grade 3b), life-threatening complications requir-
ing ICU management (grade 4), and death (grade 5) [22].

Cytoreductive surgery and HIPEC
All patients underwent extensive CRS followed by HIPEC.
A peritonectomy was performed as described by Sugarbaker
[3]. For HIPEC, the open abdomen technique (also
referred to as the ‘coliseum technique’) was used, allowing
the surgeons to manipulate abdominal content [23]. Inflow
and outflow tubes were connected to the hyperthermia
pump (Belmont™ Hyperthermia Pump, Belmont Instru-
ment Corporation, Billerica, United States) and 750 to
1000 ml min−1 of preheated 1.5% glucose peritoneal dialysis
solution was circulated through the abdominal cavity.
When the target temperature of between 41 and 42°C was
reached, chemotherapeutic agents were added to the solu-
tion. Three different chemotherapeutic regimens were used:
doxorubicin combined with mitomycin, doxorubicin com-
bined with cisplatin, and cisplatin combined with mitomy-
cin. HIPEC was scheduled for 60 or 90 minutes; afterwards,
the perfusate was drained and the abdominal cavity washed
out with 4000 ml of normal saline (37°C). To prevent sys-
temic hyperthermia, active cooling with forced air, cold
packs, and an infusion of cold fluids (4°C) was used.

Figure 1 Time course of procedure. baseline = after induction of anaesthesia but 5 minutes before start of the operation, H0 = 30 minutes
before HIPEC, H1 and H2 = 30 and 60 minutes after start of HIPEC, H3 = end of HIPEC, End = 5 minutes before end of the operation. CRS,
cytoreductive surgery; HIPEC, hyperthermic intraperitoneal chemotherapy.

Kajdi et al. World Journal of Surgical Oncology 2014, 12:136 Page 2 of 9
http://www.wjso.com/content/12/1/136

World J Surg Onc 2014, 12:136
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Hyperthermic IntraPeritoneal Chemotherapy
• IP Chemotherapy
– High regional concentration/Low systemic
• 10-20 fold increase

– “plasma-peritoneal” barrier
• Tissue Penetration
–Maximum penetration 3-5 mm1

• Hyperthermia (40-42C)
– Synergistic with intraperitoneal chemotherapy

Cancer Chemo Pharm 1991;28:159-65

54
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HIPEC Setup

55

Delivery SystemsFigure1. Commercially available pumps for hyperthermia in the United States 
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Techniques
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HIPEC Agents

• Mitomycin C
• Oxaliplatin
• Cisplatin
• Carboplatin
• Doxorubicin
• Irinotecan

• Paclitaxel
• Docetaxel
• 5-Fluorouracil
• Gemcitabine
• Pemetrexed
• Melphalan

58

Mitomycin C

• Alkylating Antitumor Antibiotics
– Extracted from Strep spp.

• Binds with DNA (cross linking)
– Inhib DNA synthesis
• Supresses cellular RNA
• Supresses protein synthesis

• Metabolized predominantly in the liver
• Dose dependent

59

Surg Oncol Clin N Am 2003;12:771-780
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Advantages of Mitomycin C

• Noncell cycle specific
– Directly cytotoxic

• Large molecular weight
– High plasma/perit AUC

• Rapidly cleared
• Water soluble
• Cytotoxicity enhanced by hyperthermia
• *Bone marrow toxicity

61

Oxaliplatin

• Platinum based antineoplastic
• Inhibits DNA synthesis
– Forms inter- and intra-strand cross links
– Prevents DNA replication/transcription

• IP Oxali ~5x > IV dose
• T1/2 29 minutes
• Carrier Dependent
• Volume Dependent

62

Advantages of Oxaliplatin

• Large molecular weight 397 daltons
• Administered with 5-FU/Leucovorin
• Less volume of perfusate
• Short perfusion (30 min)
• Cytotoxicity enhanced by hyperthermia
• *Thrombocytopenia/neutropenia
• *Hemorrhage

63



UNC Lineberger Cancer Network Presented on January 17, 2024

For Educational Use Only 22

ASPSM Consensus Guidelines

REVIEW ARTICLE – GASTROINTESTINAL ONCOLOGY

Consensus Guidelines from The American Society of Peritoneal
Surface Malignancies on Standardizing the Delivery
of Hyperthermic Intraperitoneal Chemotherapy (HIPEC)
in Colorectal Cancer Patients in the United States

K. Turaga1, E. Levine2, R. Barone3, R. Sticca4, N. Petrelli5, L. Lambert6, G. Nash7, M. Morse8, R. Adbel-Misih5,
H. R. Alexander9, F. Attiyeh10, D. Bartlett11, A. Bastidas12, T. Blazer8, Q. Chu13, K. Chung7, L. Dominguez-Parra14,
N. J. Espat15, J. Foster16, K. Fournier17, R. Garcia18, M. Goodman19, N. Hanna9, L. Harrison20, R. Hoefer21,
M. Holtzman11, J. Kane22, D. Labow23, B. Li13, A. Lowy24, P. Mansfield17, E. Ong25, C. Pameijer26, J. Pingpank27,
M. Quinones28, R. Royal17, G. Salti29, A. Sardi30, P. Shen2, J. Skitzki22, J. Spellman31, J. Stewart2, and J. Esquivel32

1Medical College of Wisconsin, Milwaukee, WI; 2Wake Forest University Baptist Medical Center, Winston-Salem, NC;
3Sharp Health Care, San Diego, CA; 4University of North Dakota, Grand Forks, ND; 5Christiana Care Health System,

Wilmington, DE; 6UMass Memorial Medical Center, Worcester, MA; 7Memorial Sloan-Kettering Cancer Center, New

York, NY; 8Duke University, Durham, NC; 9University of Maryland Medical Center, Baltimore, MD; 10St. Luke’s-
Roosevelt Hospital Center, New York, NY; 11University of Pittsburgh, Pittsburgh, PA; 12National Surgical Associates, Los

Gatos, CA; 13Louisiana State University Health Sciences Center, New Orleans, LA; 14Hospital Regional De Alta

Especialidad De La Yucatan, Merida, YUC, Mexico; 15Roger Williams Medical Center, Providence, RI; 16University of
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ABSTRACT
Background. The American Society of Peritoneal Surface

Malignancies (ASPSM) is a consortium of cancer centers
performing cytoreductive surgery with hyperthermic

intraperitoneal chemotherapy (HIPEC). This is a position

paper from the ASPSM on the standardization of the
delivery of HIPEC.

Methods. A survey was conducted of all cancer centers

performing HIPEC in the United States. We attempted to
obtain consensus by the modified method of Delphi on

seven key HIPEC parameters: (1) method, (2) inflow

temperature, (3) perfusate volume, (4) drug, (5) dosage, (6)

timing of drug delivery, and (7) total perfusion time. Sta-
tistical analysis was performed using nonparametric tests.

Results. Response rates for ASPSM members (n = 45)

and non-ASPSM members (n = 24) were 89 and 33 %,
respectively. Of the responders from ASPSM members,

95 % agreed with implementing the proposal. Majority of

the surgical oncologists favored the closed method of
delivery with a standardized dual dose of mitomycin for a

90-min chemoperfusion for patients undergoing cytore-

ductive surgery for peritoneal carcinomatosis of colorectal
origin.

Conclusions. This recommendation on a standardized

delivery of HIPEC in patients with colorectal cancer rep-
resents an important first step in enhancing research in this

field. Studies directed at maximizing the efficacy of each of

the seven key elements will need to follow.

! Society of Surgical Oncology 2013

First Received: 14 December 2012;
Published Online: 21 June 2013

J. Esquivel
e-mail: jesusesquivel@yahoo.com

Ann Surg Oncol (2014) 21:1501–1505
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ASPSM Consensus Guidelines

other countries. The purpose of this study is to report the

ASPSM recommendation on standardizing the delivery of
HIPEC in colorectal cancer patients with peritoneal dis-

semination in the United States.

METHODS

A questionnaire including seven key HIPEC parameters:

(1) open or closed method, (2) inflow temperature, (3)
volume of perfusate, (4) drug used, (5) dosage, (6) timing

of drug delivery, and (7) total time of perfusion was dis-

tributed to all members of the ASPSM and nonmembers on
a comprehensive mailing list for all providers interested in

peritoneal surface malignancies. The patient population for

HIPEC was patients with colorectal cancer with peritoneal
dissemination, and the questionnaire was sent to a selected

group of cytoreductive surgeons around the United States.

Using a modified method of Delphi, to achieve consensus
discordant responses were reassessed by the group and

expert responses provided as a feedback to the responders.

This led to development of consensus. There was no pre-
defined set point for stopping the process, and the ASPSM

committee supported the guidelines once there was stabil-

ity of results. Based on their responses, the ASPSM HIPEC
in colorectal cancer committee developed a proposal that

included the most common answers to the aforementioned

key elements (Table 2). This proposal on how to deliver
the HIPEC component in patients with colorectal cancer

with peritoneal dissemination undergoing cytoreductive
surgery and HIPEC in the United States was sent to two

different groups. Group 1 included 45 U.S. ASPSM

members. These are surgeons with significant experience
and established peritoneal surface malignancy programs at

their institutions. Group 2 included 24 non-ASPSM mem-

bers. Most of the people in this group are also
cytoreductive surgeons with well-established programs, but

they have not joined the ASPSM.

The expert opinion was circulated among the 69 par-
ticipants, and they were encouraged to respond to the ideal

way of delivery of hyperthermic intraperitoneal chemo-

therapy. Based on feedback from the responders, the expert

consensus was modified and recirculated until stability was

seen.

RESULTS

Of the 69 questionnaires, 48 were answered for a 69 %
overall response rate from the two groups. The overall

responses for groups 1 and 2 were 89 and 33 %, respec-

tively. Of the 40 responses from group 1, ASPSM
members, 38 (95 %) agreed with the proposal and were

willing to standardize their delivery of HIPEC in patients
with colorectal cancer with peritoneal dissemination. Two

members (4 %), while they had comments, neither agreed

nor disagreed with the proposal. There were only eight
responses in group 2, non-ASPSM members. Of these, 5

(62 %) agreed with the proposal and were willing to

standardize their delivery of HIPEC and 3 (37 %) did not
agree with the proposal (Table 3).

There were a total of five responders between the two

groups who did not state that they agreed with the proposal.
The most common reason for not agreeing was the drug

selection; carboplatin oxaliplatin and bidirectional che-

motherapy (IV and IP chemotherapy) were the alternatives
proposed.

DISCUSSION

Peritoneal dissemination in colorectal cancer patients

represents stage IV disease, and therefore it is usually

treated with a combination of cytotoxic chemotherapy and
biological agents. Currently there is growing evidence to

show that just as there is a subset of patients with stage IV

disease with liver metastases who have a long-term benefit
from the surgical eradication of their metastatic disease,

there is a subset of patients with peritoneal dissemination

from colon cancer that may benefit from a complete
cytoreduction and HIPEC.4 In addition, the relatively poor

response to systemic chemotherapy for peritoneal-based

TABLE 2 American Society of Peritoneal Surface Malignancies
standardized HIPEC delivery in patients with colorectal cancer with
peritoneal dissemination

1 HIPEC method Closed

2 Drug Mitomycin C

3 Dosage 40 mg

4 Timing of drug delivery 30 mg at time 0; 10 mg at 60 min

5 Volume of perfusate 3 L

6 Inflow temperature 42 !C

7 Duration of perfusion 90 min

TABLE 3 Summary of responses from the survey for standardiza-
tion of recommendations for HIPEC in patients with peritoneal
surface malignancies of colorectal origin

Response group
characteristics

Agree with
standardization

Disagree

ASPSM members
(n = 40)

95 % (n = 38) 5 % (n = 2)

Preferred carboplatin/
oxaliplatin

Preferred bidirectional
chemotherapy

Non-ASPSM
members (n = 8)

62 % (n = 5) 38 % (n = 3)

ASPSM Guidelines for HIPEC Standardization 1503
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ABSTRACT
Background. Cytoreductive surgery (CRS) with hyper-
thermic intraperitoneal chemoperfusion (HIPEC) is

routinely used to treat certain peritoneal carcinomatoses
(PC), but it can be associated with relatively high com-

plication rates, prolonged hospital length of stay, and

potential mortality. Our objective was to determine the
learning curve (LC) of CRS/HIPEC in our high-volume

institution.

Methods. A total of 370 patients with PC from mucinous
appendiceal neoplasms (MAN = 282), malignant perito-

neal mesothelioma (MPM = 60), and gastric cancer

(GC = 24) were studied. Outcomes analyzed included
incomplete cytoreduction (IC), severe morbidity (SM), 60-

day mortality, progression-free survival (PFS), and overall

survival (OS). Risk-adjusted sequential probability ratio
test (RA-SPRT) was employed to assess the LC of CRS/

HIPEC for IC and SM using prespecified odds ratio (OR)

boundaries derived from previously published data. Risk

adjusted-cumulative average probability (RA-CAP) was
used to analyze 1-year PFS and 2-year OS.

Results. Complete cytoreduction, severe morbidity, and
60-day mortality were 84.2, 30, and 1.9 % respectively.

Higher simplified peritoneal cancer index was the major

independent risk factor for IC, whereas high-grade histol-
ogy, IC, and diagnosis of MPM and GC (compared with

MAN) were predictors of SM after CRS/HIPEC

(p \ 0.05). RA-SPRT showed that approximately 180
cases are needed to achieve the lowest risk of IC and SM.

Ninety cases were needed to achieve a steady 1-year PFS

and 2-year OS in RA-CAP plots.
Conclusions. The completeness of cytoreduction, mor-

bidity, and mortality rates for CRS/HIPEC at our institution

are comparable to previously reported data. Approximately
180 and 90 procedures are required to improve operative

and oncologic outcomes respectively.

Cytoreductive surgery (CRS) with hyperthermic intra-

peritoneal chemoperfusion (CRS/HIPEC) has gained

acceptance for the locoregional management of a variety of
peritoneal surface malignancies.1–6 However, CRS/HIPEC

is a complex procedure associated with relatively high

complication rates (up to 60 %), prolonged hospital length
of stay (LOS), and potential mortality (1–10 %).7,8 As

CRS/HIPEC gains more acceptance nationally and inter-

nationally, there is increasing interest in defining a learning
curve (LC) for optimal proficiency and outcomes.9 Prior

studies of LCs for CRS/HIPEC to optimize perioperative

outcomes have suggested improvement in complete cyto-
reduction, morbidity, and mortality with increasing number

of cases over time.9–13 However, the impact of such a LC
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Incomplete CRS and Morbidity

morbidity, and they demonstrated that approximately 140
cases were needed to achieve proficiency in CRS/HIPEC.

Subsequently, they mentored surgeons at another institu-

tion to develop a CRS/HIPEC program and validated RA-
SPRT by comparing their LC to that achieved at the second

institution.23 They also demonstrated that mentoring by
experienced surgeons could reduce the number of cases

needed to achieve proficiency and optimize outcomes and

that RA-SPRT derived LC was a useful tool to monitor
proficiency.
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represents the sequential number of cases ordered by surgery dates.
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involving risk-adjusted likelihood ratios. h0 denotes the lower
boundary and h1 the upper boundary of the control limit
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morbidity, and they demonstrated that approximately 140
cases were needed to achieve proficiency in CRS/HIPEC.

Subsequently, they mentored surgeons at another institu-

tion to develop a CRS/HIPEC program and validated RA-
SPRT by comparing their LC to that achieved at the second

institution.23 They also demonstrated that mentoring by
experienced surgeons could reduce the number of cases

needed to achieve proficiency and optimize outcomes and

that RA-SPRT derived LC was a useful tool to monitor
proficiency.
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involving risk-adjusted likelihood ratios. h0 denotes the lower
boundary and h1 the upper boundary of the control limit

50

0
1

2
3

4
5

6

100 150 200

Cases (ordered by surgery date)

Moving average of ICU-LOS
BA

Moving average of Hospital-LOS

M
ov

in
g 

av
er

ag
e 

(d
ay

s)

M
ov

in
g 

av
er

ag
e 

(d
ay

s)

250 300 350 50

0
5

10
15

20

100 150 200

Cases (ordered by surgery date)
250 300 350

FIG. 2 Moving average plot for (a) ICU-LOS and (b) hospital-LOS. The x axis represents the sequential number of cases ordered by surgery
date and the y axis represents the moving average of length of stay in days

50

0.
50

0.
3

0.
4

0.
5

0.
6

0.
7

0.
55

0.
60

0.
65

0.
70

0.
75

0.
80

100 150 200

Cases (ordered by surgery date)

RA-CAP for Disease Progression
BA

RA-CAP for Overall Survival

C
A

 1
yr

 P
ro

gr
es

si
on

 F
re

e 
P

ro
ba

bi
lit

y

C
A

 2
yr

 O
ve

ra
ll 

Su
rv

iv
al

 P
ro

ba
bi

lit
y

20015010050350300250

Cases (ordered by surgery date)
250 300 350

FIG. 3 Risk adjusted-cumulative average plot (RA-CAP) for (a) 1-
year progression-free survival (PFS) and (b) 2-year overall survival
(OS). The x axis represents the sequential number of cases ordered by

surgery date. The y axis represents the cumulative average probability
of 1-year PFS and 2-year OS

Learning Curve of Cytoreductive Surgery and HIPEC 1677

~90 cases needed to improve oncologic outcomes

68

Chicago PSM Consensus: Standards/Chicago Consensus Working Group

2521Cancer  June 1, 2020

Technical Components of the Surgery
• Expertise in visceral resections, including splenectomy, 

colon and rectal resections, and gastric, small bowel, 
pancreas, and liver resections, is required.

• Expertise in peritonectomy procedures is required.
• Expertise in ablative techniques such as electroevapora-

tive surgery, argon laser ablation, and ultrasonic aspira-
tion is required.

• Expertise in hysterectomy and bilateral salpingo- 
oophorectomy and bladder resections is preferred.

Educational Activities
• Continuing education:

◦ Participation in national educational conferences 
(eg, Society of Surgical Oncology Advanced Cancer 
Therapies meeting)

◦ Participation in multicenter clinical discussions (eg, 
University of Pittsburgh Medical Center regional 
perfusion videoconference)

Procedure Requirements
• Surgeon’s role: To achieve independent expertise in 

CRS, it is recommended that the surgeon be the pri-
mary surgeon for at least 70% of the cases (Table 1).

STANDARDS FOR THE PREPARATION OF 
INTRAOPERATIVE CHEMOTHERAPY
Best-practice chemotherapy standards exist for the safe pre-
scribing, preparation, and administration of chemotherapy. 
Published standards by the American Society of Clinical 
Oncology (ASCO) and the Oncology Nursing Society ad-
dress parenteral and oral routes of chemotherapy, whether 
administered in an ambulatory or inpatient setting.1 The 
OR poses a unique environment, with relative unfamiliarity 
of the delivery of cytotoxic agents among most nursing and 
pharmacy OR staff members. These guidelines are meant to 
reduce the risk of errors from the administration of chemo-
therapy and can be  applied to HIPEC.

Institutions performing HIPEC should have a 
written policy that outlines who can order, prepare, 
and administer HIPEC. This policy should describe the 
credentials of these individuals and how competency is 
demonstrated on a periodic basis. The policy should be 
written, reviewed, and approved by surgeons, oncologists, 
nurses, and pharmacists involved with HIPEC. It is im-
portant to recognize that existing chemotherapy policies 
may need to be amended if current policy restricts the 
ordering of chemotherapy to a specialty.

We recommend HIPEC be ordered through com-
puterized provider order entry by using a standard 

electronic chemotherapy order set. Order set(s) should 
be literature based and validated by surgeons performing 
HIPEC. Prescribing chemotherapy outside established 
order sets should be discouraged. Commonly prescribed 
chemotherapy agents used in HIPEC and relevant clinical 
pearls are presented in Table 2.

Communication between the team delivering 
 intraoperative chemotherapy and the chemotherapy phar-
macy team is critical. Issues with drug procurement or na-
tional shortages should be reported to the operative team 
per usual pharmacy procedures. It is essential to adequately 
communicate the timing, concentration, and volume of 
the intraoperative chemotherapy. This information is re-
quired to establish a sufficient quantity of chemotherapy to 
keep in stock to support the HIPEC program.

The HIPEC program should indicate to pharmacy 
staff the hours when chemotherapy may be ordered and 
the expected turnaround time for drug delivery. Ideally, 
chemotherapy should be ordered in advance to allow 
pharmacy staff adequate time to properly check dosing 
calculations, laboratory parameters, and supportive care 
and to allow for dedicated time to ensure safe and accu-
rate drug preparation and verification.

Prior to chemotherapy administration, documenta-
tion confirming the name and dose of chemotherapy that 
will be used in HIPEC must be available in the electronic 
health record. Patient consent should be obtained, and a 
signed copy should be accessible to both pharmacy and 
nursing staff. Best-practice consent should include the 
names of the chemotherapy agents to be administered 
and a list of expected adverse effects at a minimum.

The order set should include the generic name 
of the chemotherapy, the dose per square meter or flat 
dose, the base bag volume, the base fluid, and the date of  
administration. The order should indicate the dosing fre-
quency. Furthermore, the order should indicate the route 
of administration of chemotherapy, especially when it is 
being used as bidirectional chemotherapy (intravenous and 
intraperitoneal).

The pharmacy label should include at minimum 
the patient name, medical record number, generic name 
of chemotherapy, dose in appropriate units, volume and 

TABLE 1. Recommended Case Numbers for 
Individuals Undergoing Cytoreductive Surgery 
Training

Type of Procedure Recommended Case No.

Overall cytoreductive surgery cases 20
Diaphragmatic peritonectomy 5
Pelvic peritonectomy 5
Intraperitoneal chemotherapy 5
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Communication

The Chicago Consensus on Peritoneal Surface Malignancies: 
Standards

Chicago Consensus Working Group

The Chicago Consensus Working Group provides the following multidisciplinary recommendations for the care of patients with peri-

toneal surface malignancies. This article focuses on the standards of a peritoneal surface malignancy center, standards of billing and 

coding, standards of operative reports for cytoreductive surgery and hyperthermic intraperitoneal chemotherapy, standards of cytore-

ductive surgery training, and standards of intraoperative chemotherapy preparation. These guidelines are developed with input from 

leading experts, including surgical oncologists, medical oncologists, pathologists, radiologists, palliative care physicians, and pharma-

cists. These guidelines recognize and address the emerging need for increased awareness in the appropriate management of peritoneal 

surface disease. They are not intended to replace the quest for higher levels of evidence. Cancer 2020;126:2516-2524. © 2020 by the 
American Cancer Society and Society of Surgical Oncology. 

KEYWORDS: consensus, neoplasm metastasis, peritoneal neoplasms, standard of care.

INTRODUCTION
This article provides multidisciplinary recommendations pertaining to the care of patients with peritoneal surface malignan-
cies and constitutes 1 article in a series composed by the Chicago Consensus Working Group for the Management of Peritoneal 
Surface Malignancies.1-10 Information regarding the formation of the Chicago Consensus Group and an explanation of the 
working group’s consensus methodology is discussed.1,2

STANDARDS OF A PERITONEAL SURFACE MALIGNANCY CENTER
A peritoneal surface malignancy center provides specialized care for patients with peritoneal surface diseases. To provide 
safe and effective care for patients with this complex set of diseases, it is essential for aspiring centers to create an environ-
ment that is conducive to providing patient-centered care.

A peritoneal surface malignancy center must have the expertise of dedicated physicians, nurses, and staff members 
and adequate facilities for delivering care while maintaining safety standards.11

Structure Standards
• The institution must have a defined surgical leader. The leader must have board eligibility or certification in gen-

eral surgery, colorectal surgery, surgical oncology, or gynecologic oncology. The leader must also have demonstrated 
significant experience in cytoreductive surgical procedures (including visceral resections and peritonectomy proce-
dures), chemotherapy delivery and safety in the operating room (OR), and management of hyperthermic fluid delivery. 
Experience will be demonstrated through the following:
◦ Documented fellowship experience with cytoreductive surgery (CRS) and hyperthermic intraperitoneal chemother-

apy (HIPEC) (see the Standards of CRS Training section)
◦ Documentation of the requisite number of proctored/mentored cases in CRS/HIPEC
◦ Documentation of the number of CRS/HIPEC cases performed per year

• A second board-eligible/certified surgeon must be available for operative and postoperative assistance/coverage.
• A multidisciplinary team must have a minimum of 1 named member from each of the following specialties: surgery, 

pathology, radiology, medical oncology (required), patient tracker/navigator, oncology-certified nurses, and psychoso-
cial support staff (preferred).

• The institution must be a member of the American College of Surgeons Commission on Cancer or a National Cancer 
Institute–designated cancer center.

Corresponding Author: Kiran K. Turaga, MD, MPH, Department of Surgery, The University of Chicago Medicine, 5841 S Maryland Ave, MC 5094, Chicago, IL 60637  
(kturaga@surgery.bsd.uchicago.edu).

Chicago Consensus Working Group, Chicago, Illinois

See companion articles on pages 2571-6, 2513-5, 2566-70, 2561-5, 2553-60, 2541-6, 2547-52, 2534-40, 2525-33, 2510-2 this issue.

DOI: 10.1002/cncr.32825, Received: June 29, 2019; Accepted: August 14, 2019, Published online April 13, 2020 in Wiley Online Library  (wileyonlinelibrary.com)
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management of this disease.4,17 The early results indicate that long-
term disease control and cure may potentially be achieved in a greater
proportion of patients compared with debulking surgery.18 Our ret-
rospective, multi-institutional registry is the largest study of pseu-
domyxoma peritonei from appendiceal neoplasms and reports a
median overall survival rate of 16.3 years with a 15-year survival rate of
59%. Importantly, the long median progression-free survival rate of
8.2 years demonstrates the efficacy of achieving disease control using
this combined modality approach. A proportion of patients in this
registry were previously reported in single institutional studies.13,19-24

From the analysis of the impact of clinical and treatment-related
variables on outcomes, we demonstrate that for patients with an
incomplete cytoreduction analogous to a debulking surgery (CCR2 or
CCR3) in whom there is gross residual disease, the outcome is signif-
icantly poorer with a 5-year survival rate of 24% (in patients with

CCR2 or CCR3) compared with 85% (CCR0 patients) and 80%
(CCR1 patients). This difference remained significant when stratified
by histopathologic subtype on multivariate analysis. The poor out-
come of debulking surgery in both groups of patients provides com-
pelling data to emphasize that a maximal cytoreduction may achieve
long-term survival. Although in the article by Miner et al,17 patients
with incomplete cytoreduction achieved a median survival rate of 4.2
years, it is likely that this reflects a different patient mix, given that
patients who are often referred to a cytoreductive surgical unit have
failed previous surgical or medical therapy thus explaining the poorer
outcome observed in patients who underwent incomplete cytoreduc-
tion in our study. Further, Miner et al17 reported a median survival
rate of 4 years and a 10-year survival rate of 10% for patients with
appendiceal adenocarcinoma, of whom not all had a complete or
optimal cytoreduction. This is in contrast with a 10-year survival rate
of 49% reported in our registry study, in which the majority of patients
had a complete (CCR0) or optimal (CCR1) cytoreduction. Compar-
ing our results to those reported by Miner et al,17 we show that
combining cytoreduction and HIPEC may prove to be a treatment
that delivers longer survival versus surgery alone. In particular, the
multivariate analysis of progression-free survival demonstrates
that HIPEC is associated with an improved rate of progression-free
survival. However, when analyzed for overall survival, HIPEC was
not shown to be a statistically significant independent factor. There-
fore, the data suggest that HIPEC may improve disease control, how-
ever, optimal cytoreduction seems to be the strongest factor associated
with long-term survival.

To achieve maximal cytoreduction requires technical expertise
but may also be affected by patient factors. The results indicate that
nondefinitive treatment with debulking operations is detrimental
to outcome and also increases the rates of major postoperative
complications. Prior debulking surgery results in the formation of
intra-abdominal adhesions that makes subsequent cytoreduction
technically challenging. Adhesion and scar tissues result in tumor
entrapment that may result in a sanctuary site for disease progression.
Chua et al25 previously examined 83 consecutive patients with appen-
diceal pseudomyxoma who underwent cytoreductive surgery and in-
traperitoneal chemotherapy stratified by patients who were treated
upfront primarily and those who were treated after prior debulking
operations. They demonstrated that upfront treatment conferred a
superior 5-year recurrence-free survival rate (77% v 37%; P ! .011)
and 10-year overall survival benefit (67% v 35%; P ! .054).

In our study, the influence of the PCI remained a significant
prognostic variable for both patients with low-grade appendiceal
pseudomyxoma and appendiceal adenocarcinoma. For patients with
appendiceal pseudomxyoma, though a high PCI is associated with
poorer survival, it must be viewed in perspective, because even in
patients with PCI ranging from 31 to 39, 5- and 10-year survival rates
of 73% and 68%, respectively, may still be achieved. Likewise for
patients with appendiceal adenocarcinoma, 5- and 10-year survival
rates of 56% and 46%, respectively, may still be achieved despite high
volume peritoneal disease. Therefore, patients with high volume dis-
ease from mucinous appendiceal neoplasms should still be referred to
a specialized center for evaluation considering the potential survival
benefit that may be achieved after cytoreduction. Further, the similar
5-year survival rate of 50% in the subset of patients with low-grade
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Fig 2. Prognostic impact of completeness of cytoreduction (CCR) in surgery on
overall survival (P " .001).
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P ! .006), major postoperative complications (HR, 1.82; P " .001),
debulking surgery (CCR2/3; HR, 2.09; P " .001), prior chemotherapy
treatment (HR, 1.7; P ! .001), and PMCA histopathologic subtype
(HR, 1.69; P " .001) were independent predictors of poorer overall
survival (Figs 2 and 3).

Subgroup Analysis of Overall Survival by
Histopathologic Subtype

For this analysis, 1,559 patients with DPAM and hybrid tumors
were classified as having low-grade appendiceal pseudomyxoma and
700 patients with PMCA were classified as having high-grade disease
or appendiceal adenocarcinoma.

Univariate analysis of each tumor histopathologic subtype (low-
grade appendiceal pseudomyxoma and appendiceal adenocarci-
noma) is presented in Table 4. On multivariate analysis, older age (age
! 53 years; HR, 1.73; 95% CI, 1.1 to 2.8; P ! .024), time from
diagnosis to cytoreduction (HR, 1.42; 95% CI, 1.0 to 2.0; P ! .037),
major postoperative complications (HR, 2.67; 95% CI, 1.6 to 4.4;
P " .001), and debulking surgery (HR, 2.87; 95% CI, 1.5 to 5.4;
P ! .001) were independently associated with poorer overall sur-
vival for patients with low-grade appendiceal pseudomyxoma. For
patients with appendiceal adenocarcinoma, prior chemotherapy
(HR, 1.75; 95% CI, 1.2 to 2.6; P ! .006), higher PCI (HR, 1.38; 95%
CI, 1.1 to 1.7; P ! .005), and debulking surgery (HR, 3.20; 95% CI,
1.9 to 5.5; P " .001) were identified as independent predictors of
poorer overall survival on multivariate analysis.

DISCUSSION

The combined modality strategy combining surgical cytoreduction
and intraperitoneal chemotherapy was first introduced by Spratt et
al16 in the 1980s to treat peritoneal dissemination of cancer. It adopts
a logical and rational approach to address the mechanism of perito-
neal metastasis in a disease process such as pseudomyxoma peritonei.
This treatment has superseded traditional debulking surgery in the

Table 2. Univariate Analysis of Overall Survival After Cytoreductive Surgery
Plus Hyperthermic Intraperitoneal Chemotherapy in Patients With

Appendiceal Pseudomyxoma

Variable
No. of

Patients

Survival Data
(%)

Log-Rank P5-Year 10-Year

Age, years .016
" 53 931 73 56
! 53 957 68 55

Sex ".001
Male 1,305 70 55
Female 993 77 68

Time from diagnosis to
cytoreduction, months

".001

0 to 6 857 72 59
7 to 23 412 66 50
! 24 306 60 41

Prior surgical score .002
0 to 2 1,170 77 66
3 319 67 57

No. of prior operations ".001
0 to 1 997 71 59
! 2 165 59 20

Prior chemotherapy ".001
No 963 77 62
Yes 377 52 34

Histopathologic subtype ".001
DPAM 1,419 81 70
Hybrid 140 78 63
PMCA 700 59 49

Lymph node metastasis ".001
No 2,050 76 64
Yes 138 44 32

Peritoneal cancer index ".001
0 to 10 354 88 81
11 to 20 442 83 75
21 to 30 401 72 55
31 to 39 303 64 56

CCR ".001
CCR 0 1,165 85 75
CCR 1 739 80 69
CCR 2 or 3 387 24 7

HIPEC ".001
No 242 40 27
Yes 2,054 78 68

Type of HIPEC .218
MMC 1,784 78 66
Oxaliplatin 258 82 78

EPIC ".001
No 1,580 69 57
Yes 712 84 73

Major postoperative complications ".001
No (grade 0 to 2) 1,751 78 67
Yes (grade 3 to 5) 547 63 48

Specialized units’ expertise .091
Emerging 181 65 40
Established 2,117 75 64

Abbreviations: CCR, completeness of cytoreduction; DPAM, diffuse perito-
neal adenomucinosis tumors; EPIC, early postoperative intraperitoneal chem-
otherapy; HIPEC, hyperthermic intraperitoneal chemotherapy; MMC,
mitomycin C; PMCA, peritoneal mucinous carcinomatosis tumors.
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Fig 1. Overall survival and progression-free survival rates of 2,298 patients with
appendiceal pseudomyxoma treated with cytoreductive surgery and hyperther-
mic intraperitoneal chemotherapy.
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Pedro Barrios, Alberto Gómez Portilla, Ignace H.J.T. de Hingh, Wim P. Ceelen, Joerg O. Pelz, Pompiliu Piso,
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Purpose
Pseudomyxoma peritonei (PMP) originating from an appendiceal mucinous neoplasm remains a
biologically heterogeneous disease. The purpose of our study was to evaluate outcome and
long-term survival after cytoreductive surgery (CRS) and hyperthermic intraperitoneal chemother-
apy (HIPEC) consolidated through an international registry study.

Patients and Methods
A retrospective multi-institutional registry was established through collaborative efforts of partic-
ipating units affiliated with the Peritoneal Surface Oncology Group International.

Results
Two thousand two hundred ninety-eight patients from 16 specialized units underwent CRS for
PMP. Treatment-related mortality was 2% and major operative complications occurred in 24% of
patients. The median survival rate was 196 months (16.3 years) and the median progression-free
survival rate was 98 months (8.2 years), with 10- and 15-year survival rates of 63% and 59%,
respectively. Multivariate analysis identified prior chemotherapy treatment (P ! .001), peritoneal
mucinous carcinomatosis (PMCA) histopathologic subtype (P ! .001), major postoperative
complications (P " .008), high peritoneal cancer index (P " .013), debulking surgery (complete-
ness of cytoreduction [CCR], 2 or 3; P ! .001), and not using HIPEC (P " .030) as independent
predictors for a poorer progression-free survival. Older age (P " .006), major postoperative
complications (P ! .001), debulking surgery (CCR 2 or 3; P ! .001), prior chemotherapy treatment
(P " .001), and PMCA histopathologic subtype (P ! .001) were independent predictors of a poorer
overall survival.

Conclusion
The combined modality strategy for PMP may be performed safely with acceptable morbidity and
mortality in a specialized unit setting with 63% of patients surviving beyond 10 years. Minimizing
nondefinitive operative and systemic chemotherapy treatments before definitive cytoreduction
may facilitate the feasibility and improve the outcome of this therapy to achieve long-term survival.
Optimal cytoreduction achieves the best outcomes.

J Clin Oncol 30:2449-2456. © 2012 by American Society of Clinical Oncology

INTRODUCTION

Epithelial appendiceal neoplasms account for 1% of
colorectal cancer.1,2 In its early stages, the diagnosis
may be made incidentally at the time of appendec-
tomy, occurring in less than 1% of appendecto-
mies.3 Advanced disease is often a result of tumor
perforation and seeding of tumor cells within the
peritoneal cavity leading to the clinical syndrome of

pseudomyxoma peritonei (PMP). In the past, man-
agement of this disease involved repeated drainage
of mucinous ascites or surgical debulking through
removal of the primary tumor and omental mass. In
an article from the Mayo clinic, Gough et al4 re-
ported that 34% of patients with limited low-grade
appendiceal pseudomyxoma could become free of
disease via debulking surgery, with an estimated 10-
year survival rate of 32%. In another article from the
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Discussion

This randomized clinical trial in patients with stage III or IV
epithelial ovarian, fallopian tubal, and primary peritoneal can-
cer who underwent primary or interval cytoreductive sur-
gery did not find a significant improvement of progression-
free survival or overall survival between the HIPEC and control
groups. This is the first trial, to our knowledge, to identify the
clinical benefit of HIPEC after primary or interval cytoreduc-
tive surgery in primary advanced ovarian cancer (eFigure 1 in
Supplement 2). In this study, a survival benefit from HIPEC was
identified in women with primary stage III and IV epithelial
ovarian cancer who underwent interval cytoreductive sur-
gery after neoadjuvant chemotherapy. The current findings are
consistent with the survival benefit reported in the OVHIPEC-01
trial despite the different setting of HIPEC with regard to the
HIPEC technique (closed vs open), temperature (41.5 °C vs

40.0 °C), dose of the chemotherapeutic agent (75 mg/m2 with
100% of the dose perfused initially vs 100 mg/m2 with 50%
of the dose perfused initially [25% at 30 minutes and 25% at
60 minutes]), and time of bowel anastomoses (before vs after
HIPEC).9 The median duration of surgery was longer in this trial
(507 minutes) compared with OVHIPEC-01 (338 minutes) be-
cause of the extensiveness of cytoreductive surgery. How-
ever, the adjuvant chemotherapy was initiated earlier in the
current trial than in OVHIPEC-01 (22 vs 33 days). However, this
trial did not identify a survival benefit of HIPEC in women with
primary stage III and IV epithelial ovarian cancer who under-
went primary cytoreductive surgery.

Hyperthermic intraperitoneal chemotherapy is consid-
ered a regional treatment for intraperitoneal disease. A previ-
ous randomized study16 of HIPEC focused on stage III ovar-
ian cancer. From the merged analysis17 of 3 Gynecologic
Oncology Group studies, residual tumor in the peritoneal cav-
ity is the most important prognostic factor for progression-

Figure 3. Kaplan-Meier Estimates of Progression-Free Survival and Overall Survival According to the Primary Treatment
as Preplanned Intention to Treat
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Among the patients undergoing primary cytoreductive surgery prespecified
subgroup analysis, the Kaplan-Meier estimate of patients who were free of
progression and death at 24 months was 57.1% in the control group and 50% in
the hyperthermic intraperitoneal chemotherapy (HIPEC) group (A), and the
Kaplan-Meier estimate of patients who were alive at 60 months was 68.7% in
the control group and 61% in the HIPEC group (B). Among the patients

undergoing interval cytoreductive surgery after neoadjuvant chemotherapy
prespecified subgroup analysis, the Kaplan-Meier estimate of patients who
were free of progression and death at 24 months was 11.9% in the control group
and 26.5% in the HIPEC group (C), and the Kaplan-Meier estimate of patients
who were alive at 60 months was 32.2% in the control group and 52% in the
HIPEC group (D).
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Survival After Hyperthermic Intraperitoneal Chemotherapy
and Primary or Interval Cytoreductive Surgery in Ovarian Cancer
A Randomized Clinical Trial
Myong Cheol Lim, MD, PhD; Suk-Joon Chang, MD, PhD; Boram Park, PhD; Heon Jong Yoo, MD, PhD; Chong Woo Yoo, MD, PhD;
Byung Ho Nam, PhD; Sang-Yoon Park, MD, PhD; for the HIPEC for Ovarian Cancer Collaborators

IMPORTANCE Ovarian cancer has the highest mortality rate among gynecologic malignant
tumors. Data are lacking on the survival benefit of hyperthermic intraperitoneal
chemotherapy (HIPEC) in women with ovarian cancer who underwent primary or interval
cytoreductive surgery.

OBJECTIVE To assess the clinical benefit of HIPEC after primary or interval maximal
cytoreductive surgery in women with stage III or IV primary advanced ovarian cancer.

DESIGN, SETTING, AND PARTICIPANTS In this single-blind randomized clinical trial performed at
2 institutions in South Korea from March 2, 2010, to January 22, 2016, a total of 184 patients
with stage III or IV ovarian cancer with residual tumor size less than 1 cm were randomized
(1:1) to a HIPEC (41.5 °C, 75 mg/m2 of cisplatin, 90 minutes) or control group. The primary end
point was progression-free survival. Overall survival and adverse events were key secondary
end points. The date of the last follow-up was January 10, 2020, and the data were locked on
February 17, 2020.

EXPOSURES Hyperthermic intraperitoneal chemotherapy after cytoreductive surgery.

MAIN OUTCOMES AND MEASURES Progression-free and overall survival.

RESULTS Of the 184 Korean women who underwent randomization, 92 were randomized to
the HIPEC group (median age, 52.0 years; IQR, 46.0-59.5 years) and 92 to the control group
(median age, 53.5 years; IQR, 47.5-61.0 years). After a median follow-up of 69.4 months (IQR,
54.4-86.3 months), median progression-free survival was 18.8 months (IQR, 13.0-43.2
months) in the control group and 19.8 months (IQR, 13.7-55.4 months) in the HIPEC group
(P = .43), and median overall survival was 61.3 months (IQR, 34.3 months to not reported) in
the control group and 69.5 months (IQR, 45.6 months to not reported) in the HIPEC group
(P = .52). In the subgroup of interval cytoreductive surgery after neoadjuvant chemotherapy,
the median progression-free survival was 15.4 months (IQR, 10.6-21.1 months) in the control
group and 17.4 months (IQR, 13.8-31.5 months) in the HIPEC group (hazard ratio for disease
progression or death, 0.60; 95% CI, 0.37-0.99; P = .04), and the median overall survival was
48.2 months (IQR, 33.8-61.3 months) in the control group and 61.8 months (IQR, 46.7
months to not reported) in the HIPEC group (hazard ratio, 0.53; 95% CI, 0.29-0.96; P = .04).
In the subgroup of primary cytoreductive surgery, median progression-free survival was 29.7
(IQR, 17.2-90.1 months) in the control group and 23.9 months (IQR, 12.3-71.5 months) in the
HIPEC group, and the median overall survival was not reached in the control group and 71.3
months (IQR, 45.6 months to not reported) in the HIPEC group.

CONCLUSIONS AND RELEVANCE The addition of HIPEC to cytoreductive surgery did not
improve progression-free and overall survival in patients with advanced epithelial ovarian
cancer. Although the results are from a subgroup analysis, the addition of HIPEC to interval
cytoreductive surgery provided an improvement of progression-free and overall survival.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT01091636
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FIG. 2. 
Overall survival of mesothelioma after single versus repeat CRS-HIPEC
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FIG. 3. 
Overall survival of mesothelioma after CRS-HIPEC by perfusate type
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Long-Term Survival in Patients Treated with Cytoreduction 
and Heated Intraperitoneal Chemotherapy for Peritoneal 
Mesothelioma at a Single High-Volume Center

Cristian D. Valenzuela, MD1, Ian B. Solsky, MD1, Richard A. Erali, MD1, Steven D. Forsythe, 
BS, MS1, Christopher W. Mangieri, MD1, Bigyan B. Mainali, MD1, Gregory Russell, BS, MS2, 
Kathleen C. Perry, BS1, Konstantinos I. Votanopoulos, MD, PhD1, Perry Shen, MD1, Edward 
A. Levine, MD1

1Surgical Oncology, Atrium Health Wake Forest Baptist Comprehensive Cancer Center, Winston-
Salem, NC
2Department of Biostatistical Sciences, Wake Forest School of Medicine, Winston-Salem, NC

Abstract
Background.—Malignant peritoneal mesothelioma (MPM) is a rare diagnosis with a dismal 
prognosis if untreated. Cytoreductive surgery with hyperthermic intraperitoneal chemotherapy 
(CRS-HIPEC) is shown to significantly improve survival. Our institution is uniquely positioned to 
report long-term outcomes in MPM with CRS-HIPEC, due to our robust peritoneal surface disease 
program existing over the past three decades.

Methods.—Our prospectively maintained, single-institution database of CRS-HIPEC cases was 
reviewed, identifying 111 consecutive patients with MPM over 28 years (1993–2021). Prognostic, 
operative, and pathologic factors were reviewed. Overall survival (OS) and conditional survival 
(CS) analyses were performed.

Results.—The average age was 55.1 years; 58.6% of patients were male; 17 of 111 patients 
(15.3%) had a second CRS-HIPEC. At first CRS-HIPEC, the average PCI score was 18.7, and 
the perfusate drugs were platinum-based (72.1%) and mitomycin C (27.9%). The resection status 
at first CRS-HIPEC was R2a (46.4%), followed by R0–1 (29.1%), and R2b-c (24.5%). Median 
OS was 3.3 years for the entire cohort, with 75th and 25th percentiles at 10.7 months and 10.6 
years. Median CS was improved if patients survived to the 1-year postoperative mark (4.9 years, 
p < 0.01) and trended toward further improvement with each passing year. If 3-year postoperative 
survival was achieved, the median CS improved to 6.1 years.

Conclusions.—This represents one of the largest and lengthiest, single-center, longitudinal, case 
series of peritoneal mesothelioma treated with CRS-HIPEC. The OS suggests efficacy for CRS-
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intraperitoneal chemotherapy. Table 2 shows the dis-
tribution of the residual tumor. This table shows
clearly that small bowel involvement resulted in an
incomplete cytoreduction in many patients.
Toxicity was relatively high. Two patients died in

the ICU due to an uncontrollable abdominal sepsis,
one 11 days and the other 40 days after the operation.
Two other patients died as a result of the treatment.
They died more than 3 months after the operation—
one was still in the ICU suffering from an abdominal
sepsis and the other died at home as a result of a
massive lung embolus.

Survival

Disease-specific survival was 12.6 months in the
standard arm and 22.2 months in the experimental
arm (P = 0.028). The Kaplan Meyer curve is shown
in Fig. 2.
The progression-free survival was 7.7 months in the

standard arm and 12.6 months in the experimental
arm (P = 0.020).
Detailed analysis of the long-term results in the

experimental arm showed that the main impact factor
on survival was the completeness of the cytoreduc-
tion. Figure 3 is a survival curve of the patients in the
experimental arm, grouped by the completeness of
the cytoreduction. It shows a median survival of 48
months and a 5-year survival of 45% for those pa-
tients for whom a complete cytoreduction (R-1) could
be achieved. No treatment-related death occurred in
these patients. The highest proportion of such deaths

was found in those who had a gross incomplete
resection (R-2b), but all treatment-related deaths
occurred in those who had seven regions involved.

DISCUSSION

After the first publication of the original random-
ized trial in 2003,13 an increasing number of phase-II
studies have been published. Glehen summarized a
large number of these studies in his so-called ‘‘world
series’’10—his multi-center over view had an overall
median follow-up of 53 months and showed a con-
sistent median survival of 19.2 months. For patients
that underwent a complete cytoreduction, the median
survival was 35.4 months. For those in whom the
cytoreduction was gross incomplete, the median

TABLE 1. Distribution over regions

Frequency involved

Pelvis 46
Ileocecal 37
Omentum and colon transverse 44
Small bowel 43
Subhepatic 24
Subphrenic left 18
Subphrenic right 25

TABLE 2. Distribution of residual tumor after
cytoreduction

Frequency involved

Pelvis 1
Ileocecal 5
Omentum and colon transverse 11
Small bowel 27
Subhepatic 16
Subphrenic left 9
Subphrenic right 15
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FIG. 2. Disease-specific survival of patients treated for peritoneal
carcinomatosis, divided by treatment.
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FIG. 3. Long-term results of cytoreduction followed by HIPEC in
peritoneal carcinomatosis, divided to completeness of cytoreduc-
tion.
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these patients. The highest proportion of such deaths

was found in those who had a gross incomplete
resection (R-2b), but all treatment-related deaths
occurred in those who had seven regions involved.

DISCUSSION

After the first publication of the original random-
ized trial in 2003,13 an increasing number of phase-II
studies have been published. Glehen summarized a
large number of these studies in his so-called ‘‘world
series’’10—his multi-center over view had an overall
median follow-up of 53 months and showed a con-
sistent median survival of 19.2 months. For patients
that underwent a complete cytoreduction, the median
survival was 35.4 months. For those in whom the
cytoreduction was gross incomplete, the median

TABLE 1. Distribution over regions

Frequency involved

Pelvis 46
Ileocecal 37
Omentum and colon transverse 44
Small bowel 43
Subhepatic 24
Subphrenic left 18
Subphrenic right 25

TABLE 2. Distribution of residual tumor after
cytoreduction

Frequency involved

Pelvis 1
Ileocecal 5
Omentum and colon transverse 11
Small bowel 27
Subhepatic 16
Subphrenic left 9
Subphrenic right 15
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FIG. 2. Disease-specific survival of patients treated for peritoneal
carcinomatosis, divided by treatment.
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FIG. 3. Long-term results of cytoreduction followed by HIPEC in
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tion.
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8-Year Follow-up of Randomized Trial: Cytoreduction
and Hyperthermic Intraperitoneal Chemotherapy Versus

Systemic Chemotherapy in Patients with Peritoneal
Carcinomatosis of Colorectal Cancer

Vic J. Verwaal, MD, PhD,1 Sjoerd Bruin, MD,1 Henk Boot, MD, PhD,2 Gooike van Slooten,
MD,1 and Harm van Tinteren, ScM3

1Department of Surgery, The Netherlands Cancer Institute, Plesmanlaan 121, 1066 CX Amsterdam, The Netherlands
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Introduction: The treatment of peritoneal carcinomatosis is based on cytoreduction fol-
lowed by hyperthermic intraperitoneal chemotherapy and combined with adjuvant chemo-
therapy. In 2003, a randomized trial was finished comparing systemic chemotherapy alone
with cytoreduction followed by hyperthermic intraperitoneal chemotherapy and systemic
chemotherapy. This trial showed a positive result favoring the studied treatment. This trial has
now been updated to a minimal follow-up of 6 years to show long-term results.
Patients and Methods: For all patients still alive, the follow-up was updated until 2007. In

the original study, four patients were excluded—two because of no eligible histology/
pathology and two because of major protocol violations. After randomization, four patients in
the HIPEC arm and six in the control arm were not treated using the intended therapy, one
patient because of withdrawal, one because of a life-threatening other malignant disease and
the others because of progressive disease before initiation of the treatment. During the follow-
up, one patient was crossed over from the control arm and underwent cytoreduction and
HIPEC for recurrent disease, after the assigned treatment was completed. The data from these
patients were censored at the moment of the cross-over. Progression-free and disease-specific
survival were analyzed using the Kaplan Meyer test and compared using the log rank method.
The long-term results were studied in more detail to evaluate efficacy and toxicity.
Results: At the time of this update, the median follow-up was almost 8 years (range 72–

115 months). In the standard arm, 4 patients were still alive, 2 with and 2 without disease; in
the ‘‘HIPEC’ arm, 5 patients were still alive, 2 with and 3 without disease. The median
progression-free survival was 7.7 months in the control arm and 12.6 months in the HIPEC
arm (P = 0.020). The median disease-specific survival was 12.6 months in the control arm and
22.2 months in the HIPEC arm (P = 0.028). The 5-year survival was 45% for those patients
in whom a R1 resection was achieved.
Conclusion: With 90% of all events having taken place up to this time, this randomized trial

shows that cytoreduction followed by HIPEC does significantly add survival time to patients
affected by peritoneal carcinomatosis of colorectal origin. For a selected group, there is a
possibility of long-term survival.
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diagnosis of peritoneal metastases and cytoreductive 
surgery was 149 days (IQR 112–230) in the cytoreductive 
surgery plus HIPEC group and 164 days (117–260) in the 
surgery only group.

16 (12%) of the 132 patients who were randomly 
assigned to the surgery only group crossed over and 
received HIPEC for isolated relapses of peritoneal 
metastases (figure 1); these patients were excluded from 
the per-protocol analysis.

After median follow-up of 63·8 months (IQR 53·0–77·1), 
159 (60%) of 265 patients had died—79 (59%) of 133 in 
the cytoreductive surgery plus HIPEC group and 80 (61%) 
of 132 in the cytoreductive surgery group. 110 (83%) 
patients in the cytoreductive surgery plus HIPEC group 
and 111 (84%) in the cytoreductive surgery group died or 
had disease progression. Median overall survival did not 
differ significantly between the cytoreductive surgery plus 
HIPEC group and the cytoreductive surgery group 
(41·7 months [95% CI 36·2–53·8] vs 41·2 months 
[35·1–49·7]; HR 1·00 [95·37% CI 0·63–1·58]; stratified 
log-rank p=0·99; figure 2A). 1-year and 5-year overall 
survival rates were 86·9% (95% CI 79·7–91·6) and 
39·4% (30·6–48·1) in the cytoreductive surgery plus 
HIPEC group, respectively, and 88·3% (81·4–92·8) and 
36·7% (28·1–45·4) in the cytoreductive surgery group, 
respectively. Median relapse-free survival did not differ 
between treatment groups (13·1 months [CI 12·1–15·7] vs 
11·1 months [9·0–12·7]; HR 0·91 [95% CI 0·71–1·15]; 
p=0·43; figure 2B). Relapse-free survival rates at 1 year 
were 59·0% (95% CI 50·0–66·9) in the cytoreductive 
surgery plus HIPEC group and 46·1% (37·3–54·5) for the 
cytoreductive surgery group, whereas the 5-year relapse-
free survival rates were 14·8% (9·3–21·6) and 13·1% 
(7·8–19·8) for these groups, respectively. Peritoneal-
free survival did not significantly differ between groups 
(appendix pp 4, 7). The frequency of multiple metastatic 
occurrence was similar in both groups (39 [29%] in the 
cytoreductive surgery plus HIPEC group vs 41 [31%] in the 
cytoreductive surgery group). Patients with recurrent 
peritoneal metastases were treated with systemic 
chemotherapy (appendix p 5). In patients who received 
interval or exclusively postoperative systemic chemo-
therapy, the median time between discharge after surgery 
and the start of a new chemotherapy cycle was signifi-
cantly longer in the cytoreductive surgery plus HIPEC 
group than in the cytoreductive surgery group (67 days 
[IQR 50–85] vs 56 days [45–68]; p=0·0036).

Survival results in the per-protocol population and with 
the inverse probability of censoring weighting method 
were similar to those in the intention-to-treat population 
(appendix pp 4, 8). Sensitivity analyses in which failure to 
receive systemic chemotherapy was classed as a protocol 
violation produced similar results (appendix p 4). Post-
hoc exploratory analyses showed that overall survival was 
associated with PCI score (appendix p 9). Forest plots 
showed no differences in overall survival between the 
two treatment groups in different patient subgroups 

(figure 3). Subgroups analyses of relapse-free survival, 
including a breakdown of results by PCI score, are shown 
in the appendix (appendix pp 10–11).

Four patients died within 30 days of cytoreductive 
surgery with or without HIPEC, two (2%) in each group 
(table 3). The causes of death were cardiac failure and 
massive pneumonia in the cytoreductive surgery plus 
HIPEC group, and intraperitoneal haemorrhage and 
septic shock in the cytoreductive surgery group. By 
60 days, a further three deaths had been reported, two 
(2%) in the cytoreductive surgery plus HIPEC group 
(pulmonary embolism and bilateral pneumonia) and 
one (1%) in the cytoreductive surgery group (acute 
respiratory distress). All deaths reported were classed as 
treatment-related.
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Figure 2: Kaplan-Meier estimates of overall survival (A) and relapse-free survival (B) in intention-to-treat 
population
Overall survival data are presented with 95·37% CIs rather than 95% CIs because of interim analyses planned. 
HIPEC=hyperthermic intraperitoneal chemotherapy.
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diagnosis of peritoneal metastases and cytoreductive 
surgery was 149 days (IQR 112–230) in the cytoreductive 
surgery plus HIPEC group and 164 days (117–260) in the 
surgery only group.

16 (12%) of the 132 patients who were randomly 
assigned to the surgery only group crossed over and 
received HIPEC for isolated relapses of peritoneal 
metastases (figure 1); these patients were excluded from 
the per-protocol analysis.

After median follow-up of 63·8 months (IQR 53·0–77·1), 
159 (60%) of 265 patients had died—79 (59%) of 133 in 
the cytoreductive surgery plus HIPEC group and 80 (61%) 
of 132 in the cytoreductive surgery group. 110 (83%) 
patients in the cytoreductive surgery plus HIPEC group 
and 111 (84%) in the cytoreductive surgery group died or 
had disease progression. Median overall survival did not 
differ significantly between the cytoreductive surgery plus 
HIPEC group and the cytoreductive surgery group 
(41·7 months [95% CI 36·2–53·8] vs 41·2 months 
[35·1–49·7]; HR 1·00 [95·37% CI 0·63–1·58]; stratified 
log-rank p=0·99; figure 2A). 1-year and 5-year overall 
survival rates were 86·9% (95% CI 79·7–91·6) and 
39·4% (30·6–48·1) in the cytoreductive surgery plus 
HIPEC group, respectively, and 88·3% (81·4–92·8) and 
36·7% (28·1–45·4) in the cytoreductive surgery group, 
respectively. Median relapse-free survival did not differ 
between treatment groups (13·1 months [CI 12·1–15·7] vs 
11·1 months [9·0–12·7]; HR 0·91 [95% CI 0·71–1·15]; 
p=0·43; figure 2B). Relapse-free survival rates at 1 year 
were 59·0% (95% CI 50·0–66·9) in the cytoreductive 
surgery plus HIPEC group and 46·1% (37·3–54·5) for the 
cytoreductive surgery group, whereas the 5-year relapse-
free survival rates were 14·8% (9·3–21·6) and 13·1% 
(7·8–19·8) for these groups, respectively. Peritoneal-
free survival did not significantly differ between groups 
(appendix pp 4, 7). The frequency of multiple metastatic 
occurrence was similar in both groups (39 [29%] in the 
cytoreductive surgery plus HIPEC group vs 41 [31%] in the 
cytoreductive surgery group). Patients with recurrent 
peritoneal metastases were treated with systemic 
chemotherapy (appendix p 5). In patients who received 
interval or exclusively postoperative systemic chemo-
therapy, the median time between discharge after surgery 
and the start of a new chemotherapy cycle was signifi-
cantly longer in the cytoreductive surgery plus HIPEC 
group than in the cytoreductive surgery group (67 days 
[IQR 50–85] vs 56 days [45–68]; p=0·0036).

Survival results in the per-protocol population and with 
the inverse probability of censoring weighting method 
were similar to those in the intention-to-treat population 
(appendix pp 4, 8). Sensitivity analyses in which failure to 
receive systemic chemotherapy was classed as a protocol 
violation produced similar results (appendix p 4). Post-
hoc exploratory analyses showed that overall survival was 
associated with PCI score (appendix p 9). Forest plots 
showed no differences in overall survival between the 
two treatment groups in different patient subgroups 

(figure 3). Subgroups analyses of relapse-free survival, 
including a breakdown of results by PCI score, are shown 
in the appendix (appendix pp 10–11).

Four patients died within 30 days of cytoreductive 
surgery with or without HIPEC, two (2%) in each group 
(table 3). The causes of death were cardiac failure and 
massive pneumonia in the cytoreductive surgery plus 
HIPEC group, and intraperitoneal haemorrhage and 
septic shock in the cytoreductive surgery group. By 
60 days, a further three deaths had been reported, two 
(2%) in the cytoreductive surgery plus HIPEC group 
(pulmonary embolism and bilateral pneumonia) and 
one (1%) in the cytoreductive surgery group (acute 
respiratory distress). All deaths reported were classed as 
treatment-related.

Number at risk
(number censored)

Cytoreductive
surgery group

Cytoreductive surgery
plus HIPEC group

132 (1)

133 (2)

124 (4)

123 (4)

113 (4)

111 (5)

109 (5)

106 (5)

94 (7)

98 (5)

83 (8)

87 (5)

72 (8)

74 (7)

56 (12)

58 (10)

45 (16)

49 (14)

36 (19)

37 (22)

27 (28)

30 (28)

22 (33)

22 (33)

Number at risk
(number censored)

Cytoreductive
surgery group

Cytoreductive surgery
plus HIPEC group

132 (1)

133 (2)

99 (4)

107 (4)

59 (4)

75 (5)

37 (4)

41 (5)

30 (5)

27 (5)

25 (6)

23 (5)

19 (6)

20 (6)

17 (7)

18 (7)

13 (10)

15 (9)

12 (10)

10 (14)

7 (15)

7 (17)

6 (16)

5 (18)

25

50

75

100

Ov
er

al
l s

ur
vi

va
l (

%
)

Cytoreductive surgery group
Cytoreductive surgery plus HIPEC group
Hazard ratio 1·00 (95·37% CI 0·63–1·58);
stratified log-rank p=0·99

A

0 6 12 18 24 30

Time (months)

36 42 48 54 60 66
0

25

50

75

100

Re
la

ps
e-

fre
e s

ur
vi

va
l (

%
)

B

0 6 12 18 24 30 36 42 48 54 60 66
0

Hazard ratio 0·91 (95%CI 0·71−1·15);
stratified log-rank p=0·43

Figure 2: Kaplan-Meier estimates of overall survival (A) and relapse-free survival (B) in intention-to-treat 
population
Overall survival data are presented with 95·37% CIs rather than 95% CIs because of interim analyses planned. 
HIPEC=hyperthermic intraperitoneal chemotherapy.
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Cytoreductive surgery plus hyperthermic intraperitoneal 
chemotherapy versus cytoreductive surgery alone for 
colorectal peritoneal metastases (PRODIGE 7): a multicentre, 
randomised, open-label, phase 3 trial
François Quénet, Dominique Elias, Lise Roca, Diane Goéré, Laurent Ghouti, Marc Pocard, Olivier Facy, Catherine Arvieux, Gérard Lorimier, 
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Summary
Background The addition of hyperthermic intraperitoneal chemotherapy (HIPEC) to cytoreductive surgery has been 
associated with encouraging survival results in some patients with colorectal peritoneal metastases who were eligible 
for complete macroscopic resection. We aimed to assess the specific benefit of adding HIPEC to cytoreductive surgery 
compared with receiving cytoreductive surgery alone.

Methods We did a randomised, open-label, phase 3 trial at 17 cancer centres in France. Eligible patients were aged 
18–70 years and had histologically proven colorectal cancer with peritoneal metastases, WHO performance status of 
0 or 1, a Peritoneal Cancer Index of 25 or less, and were eligible to receive systemic chemotherapy for 6 months 
(ie, they had adequate organ function and life expectancy of at least 12 weeks). Patients in whom complete macroscopic 
resection or surgical resection with less than 1 mm residual tumour tissue was completed were randomly assigned 
(1:1) to cytoreductive surgery with or without oxaliplatin-based HIPEC. Randomisation was done centrally using 
minimisation, and stratified by centre, completeness of cytoreduction, number of previous systemic chemotherapy 
lines, and timing of protocol-mandated systemic chemotherapy. Oxaliplatin HIPEC was administered by the closed 
(360 mg/m²) or open (460 mg/m²) abdomen techniques, and systemic chemotherapy (400 mg/m² fluorouracil and 
20 mg/m² folinic acid) was delivered intravenously 20 min before HIPEC. All individuals received systemic 
chemotherapy (of investigators’ choosing) with or without targeted therapy before or after surgery, or both. The 
primary endpoint was overall survival, which was analysed in the intention-to-treat population. Safety was assessed in 
all patients who received surgery. This trial is registed with ClinicalTrials.gov, NCT00769405, and is now completed.

Findings Between Feb 11, 2008, and Jan 6, 2014, 265 patients were included and randomly assigned, 133 to the 
cytoreductive surgery plus HIPEC group and 132 to the cytoreductive surgery alone group. After median follow-up 
of 63·8 months (IQR 53·0–77·1), median overall survival was 41·7 months (95% CI 36·2–53·8) in the cytoreductive 
surgery plus HIPEC group and 41·2 months (35·1–49·7) in the cytoreductive surgery group (hazard ratio 1·00 
[95·37% CI 0·63–1·58]; stratified log-rank p=0·99). At 30 days, two (2%) treatment-related deaths had occurred in 
each group. Grade 3 or worse adverse events at 30 days were similar in frequency between groups (56 [42%] of 
133 patients in the cytoreductive surgery plus HIPEC group vs 42 [32%] of 132 patients in the cytoreductive surgery 
group; p=0·083); however, at 60 days, grade 3 or worse adverse events were more common in the cytoreductive 
surgery plus HIPEC group (34 [26%] of 131 vs 20 [15%] of 130; p=0·035).

Interpretation Considering the absence of an overall survival benefit after adding HIPEC to cytoreductive surgery 
and more frequent postoperative late complications with this combination, our data suggest that cytoreductive 
surgery alone should be the cornerstone of therapeutic strategies with curative intent for colorectal peritoneal 
metastases.

Funding Institut National du Cancer, Programme Hospitalier de Recherche Clinique du Cancer, Ligue Contre le Cancer.

Copyright © 2021 Elsevier Ltd. All rights reserved.

Introduction
Peritoneal metastases, a clinical form of disease pro-
gression in colorectal cancer, are synchronous in 
approximately 7% of cases of colorectal cancer and the 
first and only localisation of metastases in more than 
4% of cases. In population-based studies, the 5-year 

cumulative risk of metachronous peritoneal metastases 
in colorectal cancer is 6%.1 Peritoneal metastases 
are associated with reduced overall survival, and, in 
30–40% of cases, they are associated with significantly 
worse prognosis compared with non-peritoneal meta-
stases (16·3 months [95% CI 13·5–18·8] for peritoneal 
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mortality in the CRS-HIPEC arm was 8%, which was substantially higher than what is
typically seen in practice. One potential reason was the selection of patients with extensive
peritoneal disease due to difficulties in staging the peritoneum, a cohort of patients that
has uniformly poor short- and long-term outcomes.

However, despite these criticisms, this study supported the use of CRS-HIPEC in
patients with CRC PM.

2.2. PRODIGE 7
PRODIGE 7 was a French phase III clinical trial that randomized 265 patients with

CRC PM who had a peritoneal carcinomatosis index (PCI) < 25 and underwent com-
plete cytoreduction (<1 mm residual tumor) into two arms: CRS-HIPEC vs. CRS alone
(Figure 2) [14].
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late complications were inherently different from the early surgical complications, being 
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Figure 2. PRODIGE 7 trial schem comparing CRS-HIPEC to CRS alone evaluating overall survival.

The HIPEC arm used bidirectional therapy with intravenous 5-FU and folinic acid
20 min prior to infusion of intraperitoneal oxaliplatin for 30 min. Importantly, all patients
were required to be eligible for 6 months of systemic chemotherapy (pre-, post-, or peri-
operatively), with both groups receiving a median of 6 cycles of chemotherapy and more
than 40% of patients were treated with pre-operative oxaliplatin. Overall survival, the
primary endpoint of the trial, was similar between the CRS-HIPEC and CRS alone arms at
the final follow-up (41.7 months vs. 41.2 months, respectively, p = 0.99). Although mortality
and 30-day morbidity were similar between the two arms, 60-day grade-3 or worse adverse
events were more frequent in the CRS-HIPEC arm (26% vs. 15%, p = 0.035). These late
complications were inherently different from the early surgical complications, being more
medical in nature and were felt to be due to the HIPEC perfusion protocol. The authors
concluded that due to the similar survival outcomes and increased morbidity, CRS alone,
without HIPEC, should be the standard of care for patients with CRC PM treated with
curative intent. PRODIGE 7 did not support the use of HIPEC with high-dose oxaliplatin
over 30 min, potentially changing the paradigm for how we approach these patients, and
there are many relevant criticisms of this trial.

The OS seen in this study, 41 months, was significantly longer than expected based
on previous results (22.3 months in Verwaal et al. [12]), likely due to a multitude of
factors, including the requirement for complete cytoreduction, a heavily pre-treated cohort,
and improved modern combination chemotherapy regimens [14]. This long OS may
have masked any survival benefit HIPEC could have provided. Additionally, the power
analysis was dependent on an expected 18-month difference in survival with HIPEC,
likely overestimating this presumed benefit. Twelve percent of patient in the CRS arm
crossed over to CRS-HIPEC, compared to 7% in the CRS-HIPEC arm, confounding the
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the efficacy of the chemotherapeutic agent by increasing the depth of penetration [9,10].
There are a wide variety of potential intraperitoneal chemotherapeutics, with mitomycin C
(MMC) the most commonly used agent in the United States, whereas oxaliplatin is more
commonly used in Europe [11]. Together, CRS-HIPEC act synergistically to optimize tumor
destruction and potentially improve survival among patients with peritoneal malignancies.
In this review, we will analyze recent clinical trials for patients with PM secondary to
colorectal cancer.

2. Clinical Trials Evaluating the Efficacy of CRS-HIPEC for Colorectal Cancer

2.1. Netherlands Trial
Verwaal et al. conducted a randomized control trial (RCT) in the Netherlands exam-

ining whether aggressive cytoreduction with HIPEC was superior to standard systemic
therapy in patients with PM secondary to CRC. Between 1998 to 2001, 105 patients with
histologically proven PM from CRC (synchronous + metachronous) were randomized at
diagnosis for either standard of care systemic chemotherapy or CRS-HIPEC followed by
systemic chemotherapy using the same regimen (Figure 1) [12].

J. Clin. Med. 2022, 11, x FOR PEER REVIEW 2 of 9 
 

 

chemotherapy is then instilled into the peritoneal cavity and allowed to circulate for 30–
120 min. Hyperthermia has been shown to both directly kill tumor cells and enhance the 
efficacy of the chemotherapeutic agent by increasing the depth of penetration [9,10]. There 
are a wide variety of potential intraperitoneal chemotherapeutics, with mitomycin C 
(MMC) the most commonly used agent in the United States, whereas oxaliplatin is more 
commonly used in Europe [11]. Together, CRS-HIPEC act synergistically to optimize tu-
mor destruction and potentially improve survival among patients with peritoneal malig-
nancies. In this review, we will analyze recent clinical trials for patients with PM second-
ary to colorectal cancer. 

2. Clinical Trials Evaluating the Efficacy of CRS-HIPEC for Colorectal Cancer 
2.1. Netherlands Trial 

Verwaal et al. conducted a randomized control trial (RCT) in the Netherlands exam-
ining whether aggressive cytoreduction with HIPEC was superior to standard systemic 
therapy in patients with PM secondary to CRC. Between 1998 to 2001, 105 patients with 
histologically proven PM from CRC (synchronous + metachronous) were randomized at 
diagnosis for either standard of care systemic chemotherapy or CRS-HIPEC followed by 
systemic chemotherapy using the same regimen (Figure 1) [12]. 

 
Figure 1. Netherlands trial schema comparing CRS-HIPEC to adjuvant systemic therapy evaluat-
ing overall survival. 

Systemic chemotherapy included weekly 5-fluorouracil (5-FU) and leucovorin for 26 
weeks. CRS was performed with the goal to remove all macroscopic disease, although 
patients were still enrolled even if they had incomplete cytoreduction. The HIPEC regi-
men utilized in this trial was MMC for 90 min. Initial study results demonstrated improve-
ment in overall survival (OS) by 10 months in the CRS-HIPEC arm (median OS: 22.3 
months vs. 12.6 months, p = 0.032). After a median follow up of almost 8 years, updated 
results showed both improved progression-free and disease-specific survival in the CRS-
HIPEC arm [13]. In the cohort who underwent complete cytoreduction, 5-year OS was 
45%, demonstrating a high “cure rate” for metastatic disease. 

This trial was important because it was the first RCT to examine CRS-HIPEC with 
adjuvant systemic therapy compared to standard of care chemotherapy. In spite of the 
impressive findings, the study was met with criticism. As an example, despite the study’s 
intent of enrolling only patients with CRC, 17% (n = 18) of patients actually had appendi-
ceal cancer. The systemic regimen utilized in the study was single agent 5-FU, which was 
no longer the standard of care by the time the study had completed accrual, having been 

Figure 1. Netherlands trial schema comparing CRS-HIPEC to adjuvant systemic therapy evaluating
overall survival.

Systemic chemotherapy included weekly 5-fluorouracil (5-FU) and leucovorin for
26 weeks. CRS was performed with the goal to remove all macroscopic disease, although
patients were still enrolled even if they had incomplete cytoreduction. The HIPEC regimen
utilized in this trial was MMC for 90 min. Initial study results demonstrated improvement
in overall survival (OS) by 10 months in the CRS-HIPEC arm (median OS: 22.3 months vs.
12.6 months, p = 0.032). After a median follow up of almost 8 years, updated results showed
both improved progression-free and disease-specific survival in the CRS-HIPEC arm [13].
In the cohort who underwent complete cytoreduction, 5-year OS was 45%, demonstrating
a high “cure rate” for metastatic disease.

This trial was important because it was the first RCT to examine CRS-HIPEC with
adjuvant systemic therapy compared to standard of care chemotherapy. In spite of the
impressive findings, the study was met with criticism. As an example, despite the study’s
intent of enrolling only patients with CRC, 17% (n = 18) of patients actually had appendiceal
cancer. The systemic regimen utilized in the study was single agent 5-FU, which was no
longer the standard of care by the time the study had completed accrual, having been
replaced by multi-agent regimens (FOLFOX and FOLFIRI). Although these regimens could
have increased survival, potentially negating the benefit of CRS-HIPEC, proponents of
the study argued that the survival benefit from the newer regimens would have affected
both arms of the study, preserving the benefit of CRS-HIPEC. Finally, the treatment related
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*Pre-standard of care chemo
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perioperative systemic therapy and control arms, respectively. Grade ≥3 
systemic therapy-related toxicity was observed in 35% of patients and 
ORR were 28% (radiologic response) and 38% (major pathologic 
response) following neoadjuvant therapy.  

The panel currently believes that complete cytoreductive surgery and/or 
intraperitoneal chemotherapy can be considered in experienced centers 
for selected patients with limited peritoneal metastases for whom R0 
resection can be achieved. However, the significant morbidity and 
mortality associated with HIPEC, as well as the conflicting data on clinical 
efficacy, make this approach very controversial. 

Determining Resectability 
The consensus of the panel is that patients diagnosed with potentially 
resectable mCRC should undergo an upfront evaluation by a 
multidisciplinary team, including surgical consultation (ie, with an 
experienced hepatic surgeon in cases involving liver metastases) to 
assess resectability status. The criteria for determining patient suitability 
for resection of metastatic disease are the likelihood of achieving complete 
resection of all evident disease with negative surgical margins and 
maintaining adequate liver reserve.565-568 When the remnant liver is 
insufficient in size based on cross-sectional imaging volumetrics, 
preoperative portal vein embolization of the involved liver can be done to 
expand the future liver remnant.569 It should be noted that size alone is 
rarely a contraindication to resection of a tumor. Resectability differs 
fundamentally from endpoints that focus more on palliative measures. 
Instead, the resectability endpoint is focused on the potential of surgery to 
cure the disease.570 Resection should not be undertaken unless complete 
removal of all known tumor is realistically possible (R0 resection), because 
incomplete resection or debulking (R1/R2 resection) has not been shown 
to be beneficial.412,565  

The role of PET/CT in determining resectability of patients with mCRC is 
discussed in Workup and Management of Synchronous Metastatic 
Disease, below. 

Neoadjuvant Therapy and Conversion to Resectability 
The majority of patients diagnosed with metastatic colorectal disease have 
unresectable disease. However, for those with liver-limited unresectable 
disease that, because of involvement of critical structures, cannot be 
resected unless regression is accomplished, preoperative systemic 
therapy is being increasingly considered in highly selected cases in an 
attempt to downsize colorectal metastases and convert them to a 
resectable status. Patients presenting with large numbers of metastatic 
sites within the liver or lung are unlikely to achieve an R0 resection simply 
based on a favorable response to therapy, as the probability of complete 
eradication of a metastatic deposit by systemic therapy alone is low. 
These patients should be regarded as having unresectable disease not 
amenable to conversion therapy. In some highly selected cases, however, 
patients with disease that has had significant response to conversion 
therapy can be converted from unresectable to resectable disease 
status.503  

Any active metastatic systemic regimen can be used in an attempt to 
convert a patient’s unresectable disease status to a resectable disease 
status, because the goal is not specifically to eradicate micrometastatic 
disease, but rather to obtain the optimal size regression of the visible 
metastases. An important point to keep in mind is that irinotecan- and 
oxaliplatin-based chemotherapeutic regimens may cause liver 
steatohepatitis and sinusoidal liver injury, respectively.571-575 Studies have 
reported that chemotherapy-associated liver injury (including severe 
sinusoidal dilatation and steatohepatitis) is associated with morbidity and 
complications following hepatectomy for colorectal liver 
metastases.571,572,575,576 To limit the development of hepatotoxicity, it is 
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disease, but rather to obtain the optimal size regression of the visible 
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• Mesothelioma-Alexander (Rutgers)
• CRC-MMC (Foster)
• Gastric-Badgwell (MDACC)
• High Volume/Unresectable PC
– Laparoscopic-Deneve (UTHSC/UNC)
– Bi-Directional-Lambert (Utah)

• PIPAC-Roof/Lee (City of Hope/Stanford)
• Adjuvant HIPEC-Nash (MSKCC)
• Organoids-Levine/Votonopolous (Wake Forest)
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Regional Therapy for Palliation

• What about patients who are not CRS/HIPEC candidates 
– High volume disease (CCR 2/3)
– Refractory malignant ascites
– Unable to tolerate CRS/HIPEC

79

Malignant Ascites

• Pathogenesis
– Lymphatic obstruction
– Increased capillary permeability

• Diuretics
• Repeated paracentesis
• Peritoneovenous shunts
• Laparoscopic HIPEC

80

Case Study

• 58 yo Caucasian female
• RLQ pain 9/2017

– Colonoscopy 9/25/17-R sided colon cancer
• Poorly differentiated adenocarcinoma

– Signet ring cells

– M SI stable

– Ascites
• Paracentesis x 2

– Cytology-positive for adeno
• CEA >400
• FOLFOX x 6 cycles
• CT-Peritoneum only, No Liver/Lung Metastasis
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Ascites & Omental Caking

82

RUQ & LUQ
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Pelvis & SB Mesentery
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Unresectable

• Palliative Chemotherapy
• Supportive Care
• NGS/Molecular Profiling
• Natural HX-Progression of Disease

85

SWOG S1316

• Prospective Comparative Effectiveness Trial for Malignant 
Bowel Obstruction
– PI-Robert Krouse, MD

• Inclusion
–MBO 2’ intra-abdominal cancer
– ECOG 1-2/Surgical candidate
– Admitted to the hospital

• End Point: “Good Days”-alive & out of the hospital
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S1316 Accrual

87



UNC Lineberger Cancer Network Presented on January 17, 2024

For Educational Use Only 30

Articles

8 www.thelancet.com/gastrohep   Published online August 1, 2023   https://doi.org/10.1016/S2468-1253(23)00191-7

two in each treatment group, and one patient from the 
patient choice pathway, in the surgery group) and one due 
to malignant bowel obstruction treatment complications 
(patient choice pathway, non-surgery). The most common 
grade 3–4 treatment-related complication was anaemia 
(three [6%] patients in the randomised pathway, all in the 
surgical group, and five [3%] patients in the patient choice 
pathway, four in the surgical group and one in the non-
surgical group). All other complications were rare or lower 
grade (appendix 2 p 19).

As expected, overall survival was poor during the 
primary follow-up period with only 94 (47%) of 199 patients 
surviving 91 days (median overall survival 86 days [IQR 
41–91]; figure 2). Survival was higher in the patient choice 
pathway than the randomised pathway (data not shown), 
but there was no interaction between pathway and 
assigned treatment in the Cox proportional hazards 
regression (p value for interaction=0·63; appendix 2 p 4). 
In the final model without the interaction term, there was 
no difference in overall survival between the patients in the 
surgical and non-surgical treatment groups (figure 2).

Length of the initial hospital stay was similar in the 
surgical and non-surgical groups in the randomised 
pathway (table 3). The unadjusted mean length of stay 
for patients in the surgical group in the patient choice 
pathway was similar to patients in the randomised 
pathway. However, mean length of stay was significantly 
shorter for patients in the non-surgical group than in the 
surgical group in the patient choice pathway (table 3). In 
the full regression model, the difference in length of stay 
between the randomised and patient choice pathway 
was significant, even after controlling for potential 
confounders (adjusted mean difference –6·8 days 
[95% CI –10·5 to –3·0] in the patient choice pathway vs 
in the randomised pathway) and the interaction between 
treatment and pathway was also significant (p=0·026). 

The adjusted mean difference between treatments from 
this model was not significant (–1·1 days [95% CI 
–5·7 to 3·5] for surgery vs for non-surgery).

There were no significant interactions between 
treatment and pathway in models of nasogastric tube 
use. There was also no significant difference between 
surgery and non-surgery for either use of nasogastric 
tube or days of nasogastric tube use (table 3).

At week 4, significant improvement was observed with 
surgery compared with non-surgery in severity scores 
for vomiting and constipation (table 3). Surgery was 
associated with improved nausea scores compared with 
non-surgery in the full model, in which a significant 
interaction between treatment and pathway reflected a 
larger difference in the randomised pathway than the 
patient choice pathway. Severity scores for bloating were 
lower in the surgical than the non-surgical groups 
(table 3). Surgery was associated with reduced pain 
severity compared with non-surgery in the full model 
including the nominally significant treatment–pathway 
interaction.

Of the 170 patients alive at week 5, 106 responded to 
dietary recall data collection, 93 (88%) of whom reported 
oral intake. All patients in the randomised pathway 
reported being able to eat. In the patient choice pathway, 
29 (83%) of 35 in the surgical group and 40 (85%) of 
47 in the non-surgical group reported being able to eat. 
In a logistic regression model that did not include the 
pathway indicator, ability to eat did not vary between 
surgical and non-surgical treatment groups (table 3).

Prespecified exploratory analyses explored whether 
baseline albumin levels, large quantities of ascites, and 
presence of carcinomatosis were predictors. No evidence 
of effect modification was seen with any of these factors 
for either good days or overall survival (data not shown). 
In a post-hoc regression analysis of somatostatin 
analogue use in the pooled non-surgical group, there was 
no effect of somatostatin analogue use on good days 
(data not shown).

Discussion 
S1316 was designed to prospectively evaluate which 
initial treatment was superior, surgical or non-surgical 
management, for surgically eligible patients with 
malignant bowel obstruction. It was a pragmatic trial in 
that once the pathway of care was determined, treatments 
were documented but not mandated. The main outcome 
measure, good days, defined as days out of the hospital 
and alive at 91 days, was not significantly different between 
surgical and non-surgical treatment groups. Furthermore, 
the analysis did not show a difference between treatments 
in ability to consume food orally or in overall survival. 
There was a significant advantage for the surgical groups 
for symptoms related to malignant bowel obstruction. This 
indicates that an initial surgical approach might provide 
some meaningful HRQOL benefit among surgically 
eligible patients with malignant bowel obstruction.Figure 2: Overall survival 
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Surgical versus non-surgical management for patients with 
malignant bowel obstruction (S1316): a pragmatic 
comparative effectiveness trial 
Robert S Krouse, Garnet L Anderson, Kathryn B Arnold, Cynthia A Thomson, Valentine N Nfonsam, Mazin F Al-Kasspooles, Joan L Walker, Virginia Sun, 
Angeles Alvarez Secord, Ernest S Han, Alberto M Leon-Takahashi, David Isla-Ortiz, Phillip Rodgers, Samantha Hendren, Marco Sanchez Salcedo, 
Jonathan A Laryea, Whitney S Graybill, Devin C Flaherty, Harveshp Mogal, Thomas J Miner, Jose M Pimiento, Mio Kitano, Brian Badgwell, Giles Whalen, 
Jeffrey P Lamont, Oscar A Guevara, Maheswari S Senthil, Summer B Dewdney, Eric Silberfein, Jason D Wright, Bret Friday, Bridget Fahy, 
Sandeep Anantha Sathyanarayana, Mark O’Rourke, Marie Bakitas, Jeff Sloan, Marcia Grant, Gary B Deutsch, Jeremiah L Deneve

Summary
Background Malignant small bowel obstruction has a poor prognosis and is associated with multiple related 
symptoms. The optimal treatment approach is often unclear. We aimed to compare surgical versus non-surgical 
management with the aim to determine the optimal approach for managing malignant bowel obstruction.

Methods S1316 was a pragmatic comparative effectiveness trial done within the National Cancer Trials Network at 
30 hospital and cancer research centres in the USA, Mexico, Peru, and Colombia. Participants had an intra-abdominal 
or retroperitoneal primary cancer confirmed via pathological report and malignant bowel disease; were aged 18 years 
or older with a Zubrod performance status 0–2 within 1 week before admission; had a surgical indication; and 
treatment equipoise. Participants were randomly assigned (1:1) to surgical or non-surgical treatment using a dynamic 
balancing algorithm, balancing on primary tumour type. Patients who declined consent for random assignment were 
offered a prospective observational patient choice pathway. The primary outcome was the number of days alive and 
out of the hospital (good days) at 91 days. Analyses were based on intention-to-treat linear, logistic, and Cox regression 
models combining data from both pathways and adjusting for potential confounders. Treatment complications were 
assessed in all analysed patients in the study. This completed study is registered with ClinicalTrials.gov, NCT02270450.

Findings From May 11, 2015, to April 27, 2020, 221 patients were enrolled (143 [65%] were female and 78 [35%] were 
male). There were 199 evaluable participants: 49 in the randomised pathway (24 surgery and 25 non-surgery) and 
150 in the patient choice pathway (58 surgery and 92 non-surgery). No difference was seen between surgery and non-
surgery for the primary outcome of good days: mean 42·6 days (SD 32·2) in the randomised surgery group, 43·9 days 
(29·5) in the randomised non-surgery group, 54·8 days (27·0) in the patient choice surgery group, and 52·7 days 
(30·7) in the patient choice non-surgery group (adjusted mean difference 2·9 additional good days in surgical versus 
non-surgical treatment [95% CI –5·5 to 11·3]; p=0·50). During their initial hospital stay, six participants died, five due 
to cancer progression (four patients from the randomised pathway, two in each treatment group, and one from the 
patient choice pathway, in the surgery group) and one due to malignant bowel obstruction treatment complications 
(patient choice pathway, non-surgery). The most common grade 3–4 malignant bowel obstruction treatment 
complication was anaemia (three [6%] patients in the randomised pathway, all in the surgical group, and five [3%] 
patients in the patient choice pathway, four in the surgical group and one in the non-surgical group).  

Interpretation In our study, whether patients received a surgical or non-surgical treatment approach did not influence 
good days during the first 91 days after registration. These findings should inform treatment decisions for patients 
hospitalised with malignant bowel obstruction. 

Funding Agency for Healthcare Research and Quality and the National Cancer Institute.

Copyright © 2023 Elsevier Ltd. All rights reserved.

Introduction 
Palliation in the setting of advanced cancer is an essential 
component of care. One common clinical diagnosis 
influencing health-related quality of life (HRQOL) and 
survival in patients with advanced cancer is malignant 
bowel obstruction.1 This is most commonly a small 
bowel obstruction,2 and might be directly due to cancer, 
adhesions in a patient with advanced cancer, or other 

treatment-related complications due to radiotherapy or 
surgery. Patients typically present with symptoms 
including nausea, vomiting, bloating, and pain. Survival 
for patients presenting with a malignant bowel 
obstruction is often poor. A Cochrane review has shown 
that those undergoing surgery have a median survival 
range of 2 to 8·4 months, and those treated non-surgically 
of 28 to 69 days.3
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Phase II Trial of Laparoscopic Hyperthermic Intraperitoneal
Chemoperfusion for Peritoneal Carcinomatosis or Positive
Peritoneal Cytology in Patients with Gastric Adenocarcinoma

Brian Badgwell, MD, MS1, Mariela Blum, MD2, Prajnan Das, MD3, Jeannelyn Estrella, MD4, Xuemei Wang, MS5,
Linus Ho, MD2, Keith Fournier, MD1, Richard Royal, MD1, Paul Mansfield, MD1, and Jaffer Ajani, MD2

1Department of Surgical Oncology, The University of Texas MD Anderson Cancer Center, Houston, TX; 2Department of
Gastrointestinal Medical Oncology, The University of Texas MD Anderson Cancer Center, Houston, TX; 3Department of

Radiation Oncology, The University of Texas MD Anderson Cancer Center, Houston, TX; 4Department of Pathology, The
University of Texas MD Anderson Cancer Center, Houston, TX; 5Department of Biostatistics, The University of Texas
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ABSTRACT
Purpose. The aim of this phase II study was to perform
neoadjuvant hyperthermic intraperitoneal chemoperfusion

(HIPEC) via a minimally invasive approach without

cytoreduction for patients with gastric cancer and positive
peritoneal cytology or low-volume peritoneal

carcinomatosis.

Methods. Patients with gastric or gastroesophageal ade-
nocarcinoma and positive peritoneal cytology or

radiologically occult peritoneal carcinomatosis after sys-

temic chemotherapy received laparoscopic HIPEC with
mitomycin C 30 mg and cisplatin 200 mg. Patients whose

peritoneal disease resolved were offered gastrectomy. The

primary endpoint was overall survival (OS), with sec-
ondary endpoints of HIPEC complications and gastrectomy

rate.

Results. We enrolled 19 patients (6 with positive peri-
toneal cytology only and 13 with peritoneal

carcinomatosis) and treated them with 38 laparoscopic

HIPEC procedures. Patients had received a median of 8
cycles (range 3–12) of systemic chemotherapy prior to

enrollment. Fourteen patients were also treated with

chemoradiotherapy before or between cycles of HIPEC.

The complication rate for HIPEC was 11% (4 of 38 pro-
cedures), the 30-day mortality rate was 0%, and the median

length of hospital stay after HIPEC was 3 days (range 2–6).

Five patients went on to receive gastrectomy. The median
follow-up was 18.9 months, the median OS from the date

of diagnosis of metastatic disease was 30.2 months, and the

median OS from the first laparoscopic HIPEC was
20.3 months.

Conclusions. Laparoscopic HIPEC was well tolerated,

and an encouraging number of patients demonstrated an
absence of peritoneal disease after HIPEC and were able to

undergo gastrectomy. Comparative studies will be required

to clarify survival benefits.

Gastric cancer is the third leading cause of cancer-re-

lated death worldwide, with the peritoneum representing
the most common site of metastatic disease.1,2 Although

there have been advances in the multimodality treatment of

localized gastric cancer, current National Comprehensive
Cancer Network guidelines for patients with gastric cancer

metastasis to the peritoneum recommend systemic

chemotherapy or best supportive care.3 The reported
median survival durations for patients with peritoneal dis-

ease are 6–15 months, and complications from bowel

obstruction and malignant ascites are common.4–7

There is increasing interest in and support for hyper-

thermic intraperitoneal perfusion with chemotherapy

(HIPEC) to treat gastric cancer metastasis limited to the
peritoneum.8 Studies in Asian populations of patients with

locally advanced but resectable gastric adenocarcinoma

This work was presented at the Society of Surgical Oncology Annual
Cancer Symposium, Seattle, WA, USA, 17 March 2017.

! Society of Surgical Oncology 2017

First Received: 14 June 2017;
Published Online: 10 August 2017

B. Badgwell, MD, MS
e-mail: bbadgwell@mdanderson.org

Ann Surg Oncol (2017) 24:3338–3344

DOI 10.1245/s10434-017-6047-4

mostly to non-trial prospective and retrospective series.26

A randomized controlled trial of cytoreduction and HIPEC,
including metastasectomy of any liver or lung metastases,

was attempted in the US but failed to meet target accrual;

multi-institutional collaboration would be necessary to
achieve an adequate population for a randomized US

trial.27

The small number of patients treated in our non-ran-
domized trial is a limitation in providing a robust estimate

of OS and gastrectomy rate when laparoscopic HIPEC is
integrated into multimodality therapy. Because few studies

of laparoscopic HIPEC have been performed in US

patients, we purposefully limited the sample size and kept
the study design simple to allow modifications during the

trial and a quick transition to newer trials that could

incorporate the lessons learned from our early experience.
We realized early in the trial that HIPEC alone, without

complete cytoreduction, would not be adequate for treating

peritoneal disease based on our observations of persistent
peritoneal disease in many patients that prevented us from

offering gastrectomy. In addition, we were concerned that

leaving the primary tumor in place without systemic ther-
apy during repeated laparoscopic HIPEC procedures could

be contributing to persistent peritoneal disease. A phase II

trial of cytoreduction, gastrectomy, and HIPEC after sys-
temic therapy and laparoscopic HIPEC has been initiated to

address some of these concerns (NCT02891447).28

There are also several lessons that were learned, and
areas of active controversy that we encountered, during the

trial that may help inform future investigators. We included

patients with gastroesophageal tumors as it is notable that
up to 30% of these patients will have peritoneal disease at

staging laparoscopy.21 The inclusion of gastroesophageal

tumor location, and our institutional preference for con-
sideration of preoperative chemoradiotherapy in gastric

cancer, required allowing radiation during the trial.3,25,29

The rationale for inclusion of a local treatment, such as
chemoradiotherapy, in the setting of peritoneal disease is

important to consider in a future trial design, but may be

worth including based on improvements in negative
resection margin rate and survival in gastroesophageal

tumors, but also due to ongoing trials investigating the

potential for improved survival using preoperative
chemoradiotherapy for gastric cancer.30,31

The strengths of this study are that it described a tech-

nique for performing repeated HIPEC procedures and that
it provided laparoscopic assessment of therapy effects.

Diagnostic laparoscopy was performed at the initiation of

each laparoscopic HIPEC procedure, and the effect of the
previous treatments and extent of remaining peritoneal

disease could be visualized, which is often not possible

with imaging. We were also able to minimize the morbidity
of adding HIPEC to the diagnostic procedure as the trocar

sites for diagnostic laparoscopy were also used for

chemotherapy cannula placement, as illustrated in Fig. 4.
Our technique provides a model for studying the effects of

HIPEC on gastric cancer and could allow for the investi-

gation of newer agents.

CONCLUSIONS

The lack of data on HIPEC in US gastric cancer patients
with peritoneal metastasis led us to propose this phase II

trial. In offering gastrectomy only to gastric cancer patients
whose peritoneal disease was radiologically unde-

tectable and resolved after systemic therapy and

laparoscopic HIPEC, with or without chemoradiotherapy,
we identified a subset of patients who may have benefited

from this aggressive surgical approach. Based on these

encouraging results, further study of laparoscopic HIPEC
in gastric cancer is warranted to support a randomized

phase II or III study as comparative studies will be required

to clarify survival outcomes.
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FIG. 4 Intraoperative photograph demonstrating cannula placement
during laparoscopic hyperthermic intraperitoneal perfusion with
chemotherapy
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Potential Advantages

• Novel treatment alternative
• Symptom Control
– Ascites
– Delay progression of disease/MBO

• Low morbidity procedure
• Prospective Tissue Assessment
–Molecular correlative study
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Improved tissue absorption
HIPEC PIPAC
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Reduced Systemic Absorption
HIPEC: 70 mg/m2@ 43°C, 60 min
PIPAC: 7.5 mg/m2,30 min 

Davigo et al. Int J Hyperthermia 2020
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IP Pressure

Khosrawipour et al. WJSO 2017

Maximal effect up to 10 mmHg, marginal above
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• Phase 1 trial, City of Hope
• 12 patients
• 3 cycles
• 90 mg/m2 Oxali with 5-FU/LV
• 12 mo OS
• Safe, feasible and efficacious

Vol.:(0123456789)
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ORIGINAL ARTICLE – PERITONEAL SURFACE MALIGNANCY

Safety and Efficacy of Oxaliplatin Pressurized Intraperitoneal 
Aerosolized Chemotherapy (PIPAC) in Colorectal 
and Appendiceal Cancer with Peritoneal Metastases: Results 
of a Multicenter Phase I Trial in the USA
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ABSTRACT 
Background. Pressurized intraperitoneal aerosolized chem-
otherapy (PIPAC) is a laparoscopic locoregional treatment 
for peritoneal metastases (PM) from colorectal cancer (CRC) 
or appendiceal cancer (AC) in patients who cannot undergo 
cytoreductive surgery (CRS). While PIPAC has been studied 
in Europe and Asia, it has not been investigated in the USA.

Patients and Methods. We evaluated PIPAC with 90 mg/
m2 oxaliplatin alone (cycle 1) and preceded by systemic 
chemotherapy with fluorouracil (5-FU) and leucovorin 
(LV) (cycle 2–3) as a multicenter prospective phase I clini-
cal trial (NCT04329494). The primary endpoint was treat-
ment-related adverse events (AEs). Secondary endpoints 
included survival and laparoscopic, histologic, and radio-
graphic response.
Results. 12 patients were included: 8 with CRC and 4 with 
AC. Median prior chemotherapy cycles was 2 (interquartile 
range (IQR) 2–3). All patients were refractory to systemic 
oxaliplatin-based chemotherapy. Median peritoneal carci-
nomatosis index (PCI) was 28 (IQR 19–32). Six (50%) of 
twelve patients completed three PIPAC cycles. No surgical 
complications or dose-limiting toxicities were observed. 
Two patients developed grade 3 treatment-related toxicities 
(one abdominal pain and one anemia). Median overall sur-
vival (OS) was 12.0 months, and median progression-free 
survival (PFS) was 2.9 months. OS was correlated with sta-
ble disease by Response Evaluation Criteria in Solid Tumors 
(RECIST) criteria but not with laparoscopic response by 
PCI or histologic response by peritoneal regression grading 
system (PRGS).
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Conclusion
• Patients are complex/Multidisciplinary management
• ~100 centers in the United States

– <200 surgeons
– Increasing need awareness

• Complex procedures
– Significant learning curve

• Multidisciplinary effort
• Palliative treatment options

– Laparoscopic HIPEC/PIPAC
– Malignant ascites/MBO

• RCT difficult
– US-based RCT
– Europeans much better
– Multicenter collaboration
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