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INTRODUCTION

Up undil the 1980s, carcinomatosis from gastrointestinal malignancy
was a lethal condition. The treatments directed at peritoneal dissemination
were best supportive care, palliative systemic chemotherapy, and palliative sur-
gery when necessary. None of these treatments were in any way satisfactory.
Treatment strategies tha t afforded prolonged survival or a chance for cure did
not exist. Over the last three decades progress with two treatment innovations
have continued. As a result of cytoreductive surgery (CRS) combined with hy-
perthermic perioperative chemotherapy (HIPEC), long-term survival has been
demonstrated by institutions widely distributed around the globe. The term,
“carcinomatosis”, has been abandoned because it implies this terminal condi-
tion with no substantial benefit from treatments. Rather, this dissemination of
cancer into the peritoneal space is now referred to as “peritoneal metastases”.
This is now a treatable condition in properly selected patients with gastrointes-
tinal cancer and a goal in selected patients is a curative approach. In this manu-
script we explore the innovations that have resulted in this profound change
in the treatment options of peritoneal metastases from gastrointestinal cancer.
Also reported are promising future directions that require immediate explora-
tion in order to continue the optimization of CRS and HIPEC for peritoneal

metastases from gastrointestinal cancer.
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Cytoreductive surgery and hyperthermic perioperative chemotherapy as a

current standard of care

A question of profound importance as the development of treatments
for peritoneal metastases has progressed is its current acceptance by the onco-
logic community as a standard of care. Recent reviews from prominent cen-
ters of excellence in oncology would answer this question with a profound
yes. Elias and colleagues have advocated that the package combining complete
CRS plus HIPEC can be expected to achieve cure in selected patients. They
currently use CRS and HIPEC for the treatment of pseudomyxoma perito-
nei, for peritoneal mesothelioma, and for colorectal peritoneal metastases with
limited extent of disease on peritoneal surfaces. Also, in a limited setting this
combined treatment is of value for gastric cancer and neuroendocrine cancer
to prevent or treat limited disease on peritoneal surfaces. Also, they indicate
that certain rare tumors that have a propensity for peritoneal dissemination but
a small likelihood of systemic metastases should be considered for CRS and
HIPEC. Finally, prophylactic CRS and HIPEC for patients with primary dis-
ease and a high risk of peritoneal metastases can be considered of value. Also,
results with second-look surgery in selected patients must be considered as an
important treatment option. They conclude that complete CRS with HIPEC

is an “indispensible tool in the oncologist’s armamentarium” (1).

A second prestigious center for cancer treatment has recently described
current practice at the Memorial Sloan-Kettering Cancer Center. Kelly and
Nash reviewed the literature and summarized the expected results for appen-
diceal mucinous neoplasms, colorectal cancer, gastric cancer, and diffuse ma-

lignant peritoneal mesothelioma. They conclude that long-term survival is



achieved for patients with appendiceal mucinous neoplasms and justifies the
perioperative morbidity and possible mortality of this aggressive approach. Cy-
toreduction with perioperative chemotherapy is “currently the standard of care
for this disease”. For colorectal cancer, they conclude that colorectal cancer
has a likelihood for systemic metastases so that CRS and HIPEC should be
routinely combined with systemic chemotherapy. Also, patients with exten-
sive peritoneal disease burden should be treated cautiously. However, CRS
and HIPEC can achieve long-term survival with peritoneal metastases from
colorectal cancer. For gastric cancer, Kelly and Nash cite the eight random-
ized trials evaluating CRS and HIPEC or early postoperative intraperitoneal
chemotherapy (EPIC) for preventing the progression of peritoneal metastases.
Also, promising results in the management of limited peritoneal metastases
in patients who can undergo gastrectomy was indicated. Finally, while they
could report on no randomized prospective trials of CRS plus HIPEC for ma-
lignant peritoneal mesothelioma, observational studies have shown superior
median survivals as compared to historical controls with acceptable morbid-
ity and mortality. Currently, an aggressive regional approach to this disease is
indicated. Treatment should be limited to patients with epithelioid histology,

nuclear grade 1-3, and an absence of gross lymph node metastases (2).

Presently, there are some institutions that do not recognize the great
benefits that knowledgeable and skillful application of CRS and HIPEC have
for the management of peritoneal metastases. For the most part, these are in-
stitutions that do not have experience with these treatment modalities, have not
seen the benefits that they can achieve in this otherwise poor prognosis group
of patients, and have been unwilling to invest in the requirements necessary to

embark on this management strategy. Table 1 lists the national guidelines of



multiple nations around the world that have included CRS and HIPEC as a
standard of care for appendiceal mucinous neoplasms with peritoneal dissemi-
nation, epithelioid peritoneal mesothelioma, and colorectal cancer with limited
peritoneal surface metastases. As shown in Table 1, these national guidelines
occurred first in France (3), then in Holland (4), Germany (5), Spain (6), and
the United Kingdom (7).

In the United States, the National Comprehensive Cancer Network
guidelines have not, as yet, changed to include CRS and HIPEC in these three
diseases. However, nearly all insurance companies including Medicare and
Medicaid within the United States authorized these treatments as a modal-
ity to be used for their insured patients. Clearly, CRS and HIPEC must be
considered a treatment option in nations where modern cancer treatments are

available.

Conceptual changes that contributed to the progress of cytoreductive sur-
gery and perioperative chemotherapy

Opver the last three decades there have been oncologic, physiologic, and
pharmacologic advances that have contributed to the progress of the combined
treatments of CRS and HIPEC. No doubt, the initial success with the treat-
ment of pseudomyxoma peritonei was a “proof of principle” that the combi-
nation of complete cytoreductive surgery along with a perioperative chemo-
therapy lavage of the peritoneal surfaces could, in a selected group of patients,
result in long-term survival and even a cancer cure. Two observations in the ap-
pendiceal mucinous neoplasm patients were crucial. First of all, these patients

rarely develop metastases to lymph nodes or to the liver (8). Secondly, even
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though there was a large volume of mucinous malignancy infiltrating the un-
dersurfaces of the diaphragms, the omentums and the pelvic peritoneum, the
small bowel was uninvolved or was uninvolved to the extent that cytoreductive
surgery combined with the perioperative chemotherapy lavage could maintain

the small bowel in a disease-free state (9).

A second conceptual change in the surgical approach was the develop-
ment of five different peritonectomy procedures (10). The loose attachment
of the parietal peritoneum allowed a complete stripping of the peritoneum
from the anterior abdominal wall, the right and left subphrenic spaces, the
pelvis, and the omental bursa. Because the visceral peritoneum was more in-
timately attached to underlying structures such as stomach, small bowel, and
large bowel, these peritonectomy procedures were of necessity combined with
visceral resections in order to achieve the complete cytoreductive surgery. As
time went on refinements of the methodology whereby cancer nodules were

removed from the small bowel were published by Bijelic and Sugarbaker (11).

A third conceptual change involves the use of perioperative intraperito-
neal chemotherapy. Pharmacologically, a new concept regarding a peritoneal
space to plasma barrier was described and provided the rationale for periopera-
tive intraperitoneal chemotherapy administration. The original pharmacologic
principles regarding the movement of large molecules placed directly into the
peritoneal space in a large volume of physiologic fluid were developed for the
most part at the National Institutes of Health, Bethesda, Maryland, USA. The
early publications by Flessner, Dedrick, and Schultz in the experimental labo-
ratory and Meyers and Collins and Speyer et al. in the clinic suggested clinical

utility of this new route of administration for cancer chemotherapy (12-14).



The importance of drug selection and proper dosimetry of intraperitoneal che-
motherapy for vesicant drugs such as doxorubicin and for liver-metabolized
drugs such as 5-fluorouracil was described by Sugarbaker et al. (15, 16). The
role of molecular size in maintaining this peritoneal space to plasma barrier was

clarified early on by Meyers and colleagues (13).

Although little has changed over the course of the last three decades in
the pharmacologic principles established by these early investigators, some clar-
ifications of the use of chemotherapy within the peritoneal space have occurred
(17). First, it was made clear that the extent of peritonectomy had little to do
with the continued presence of the peritoneal space to plasma barrier. Vazquez
et al. established that the percentage of the parietal peritoneum removed had
little or no impact on the pharmacology of intraperitoneal chemotherapy with
5-fluorouracil (18). Secondly, it was shown that the volume of intraperitoneal
fluid used to dilute the chemotherapy solution and thereby fill the peritoneal
space had an impact on the pharmacology of intraperitoneal drug instillation.
Both Elias and Sideris and Sugarbaker et al. showed that a volume of intraperi-
toneal fluid had an impact on chemotherapy clearance into the body (19, 20).
If both volume and dose of chemotherapy were controlled the systemic expo-
sure could be predicted and the intraperitoneal and systemic effects remained

constant from patient to patient.

Perhaps the most clearly demonstrated clinical finding for successful
treatment of peritoneal metastases is the absolute requirement for complete
visible clearing the peritoneal space of malignant disease in order for intraperi-

toneal chemotherapy to affect long-term survival (21).
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The peritonectomy procedures were described initially by Sugarbaker in
1995 (10). Yonemura and colleagues published similar procedures especially
adapted for the management of peritoneal metastases from gastric cancer (22).
Extensive visceral resections including total gastrectomy have allowed an exten-
sion of the surgical technology and the resulting optimal cytoreduction to a

larger number of cancer patients (23).

Surgical technical advances associated with complete cytoreduction with
peritonectomy have involved the use of self-retaining retractors and ball-tip
high-voltage electrosurgery. A recent advance whose results have not yet been
completely realized is the resurfacing of these extensive raw tissue surfaces with
anti-sclerotic agents. Also needed is instruction at treatment centers in the ad-

vanced surgical technology required for complete cytoreductive surgery.
Early postoperative intraperitoneal chemotherapy (EPIC)

The earliest reports of large numbers of patients with colorectal and ap-
pendiceal malignancy showing long-term benefit from cytoreductive surgery
combined with perioperative intraperitoneal chemotherapy were for treatment
regimens using EPIC (21). The most profound changes in the natural history
of a peritoneal surface malignancy as a result of combined treatment seem to be
in the minimally aggressive peritoneal surface malignancies such as appendiceal
cancer (24). Also, Elias and Pocard showed benefits from CRS with EPIC in

colorectal cancer patients (25).

To this day EPIC remains the favored treatment plan for several che-

motherapy agents when the intraperitoneal route of administration is favored.

77



Drugs that have a high rate of hepatic extraction of the chemotherapy agent
so that a large proportion of the drug is detoxified with a single pass through
the liver are appropriate. These agents include 5-fluorouracil and doxorubicin
(15, 26). Also, taxanes, especially paclitaxel, are appropriate for EPIC. This
drug is not significantly augmented by heat, works as a cell cycle-specific drug
that should be used over the long-term, and is much better tolerated from the
perspective of nausea and vomiting post-administration if it is given in divided
doses over the first 5 days postoperatively. This drug has an area under the
curve ratio of 1000 and prolonged retention within the peritoneal space (27).
Recent clinical investigators are testing combinations of HIPEC and EPIC as a
perioperative multi-drug treatment plan may determine the optimal combina-

tion of these treatment strategies (28).
Heated intraoperative intraperitoneal chemotherapy (HIPEC)

The initial innovative efforts with HIPEC were by the efforts of Spratt
etal. in 1980 (29). Shortly thereafter, in 1988, Koja and colleagues in Tottori
University, Japan applied the treatments to patients with gastric cancer and
peritoneal seeding (30).  The reports by Fujimoto from Chiba University,
Japan and Yonemura from Kanazawa University, Japan should also be men-
tioned (31-34). The studies from Japan involved gastric cancer patients with
demonstrated peritoneal seeding or gastric cancer with adjuvant intraperitoneal

chemotherapy.
Combining cytoreductive surgery with HIPEC was shown in a phase II1

trial to improve the survival of colon cancer patients with peritoneal seeding

(35). Also, a large retrospective multi-institutional study documented that ap-
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proximately 25% of colon cancer patients with this combined therapy will be
alive and disease-free at 5 years (36). All of the natural history studies suggest

that these patients have a median survival limited to 6 months or less (37-39).
An evolution of prognostic indicators useful for patient selection

In the early efforts to manage carcinomatosis, patients were scored as
carcinomatosis present versus carcinomatosis absent. In a group of patients
with peritoneal seeding, no survival at 3 years was expected in patients with gas-
trointestinal cancer (37-39). It became apparent that all patients with perito-
neal metastases were not the same. Four different scoring systems by which to
quantitate peritoneal metastases were described. Perhaps the original one was
the “P factor” utilized in the Japanese classification of gastric cancer. P1 (can-
cer seedlings limited to the stomach itself), P2 (cancer seedlings limited to the
space above the transverse colon), and P3 (cancer seedlings located throughout
the peritoneal space) has stood the test of time as a useful quantitation of gas-
tric carcinomatosis (40). For more precise quantitation of the distribution and
extent of peritoneal metastases the Peritoneal Cancer Index has been utilized.
This scoring system combines the distribution of peritoneal metastases and the
lesion size of the nodules present throughout the abdomen and especially em-
phasizes cancerous involvement of the small bowel and its mesentery. The
Peritoneal Cancer Index can be scored preoperatively with a CT, at the time
of abdominal exploration of the abdomen and pelvis, and after the maximal
efforts at cytoreduction have occurred (41). Other methodologies for quanti-
tating peritoneal cancer dissemination are the Gilly Staging System from Lyon,
France and the simplified peritoneal cancer index utilized at the Netherlands
Cancer Institute (42, 35).
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As more publications on peritoneal metastases appeared, an assessment
of the completeness of cytoreduction was necessary. It has been suggested that
the completeness of cytoreduction score will vary as the invasive character of
the malignancy and its response to neoadjuvant chemotherapy vary. A com-

pleteness of cytoreduction scoring system has been reported (41).

It is obvious to those working long-term in this field that early interven-
tions in patients who have not had extensive prior surgery provides the best
results in terms of survival and the lowest incidence of morbidity and mortality.
Some means of assessing the extent of prior surgery was found to be necessary.
The prior surgical score was presented by Jacquet and colleagues and shown to
have a major impact in determining survival of appendiceal malignancy pa-

tients and ovarian cancer patients (24, 41, 43).

An essential adjunct to the assessment of prognosis in these patients is
renewed interest in the histomorphology of peritoneal surface malignancy. The
work of Ronnett and colleagues clearly shows that the invasive character of a
malignant process, as estimated by histology, has a profound effect upon the
success of combined treatment (44). Similar emphasis on histomorphology in
the outcome of combined treatment in peritoneal mesothelioma patients has

been demonstrated by Cerruto et al. and Deraco et al. (45, 46).
Hyperthermia
The perioperative chemotherapy treatments over the last two decades

have utilized hyperthermia along with the intraperitoneal chemotherapy with

a presumed benefit. The hyperthermia in animal models has been shown to
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increase the cytotoxicity of the drugs (47), increase the depth of chemotherapy
penetration (48), and perhaps if used long enough and at high enough tem-
peratures, cause apoptosis from the heat itself. A single report by Yonemura
and colleagues suggests that intraperitoneal chemotherapy with heat is more ef-
fective than the intraperitoneal chemotherapy at body temperature (49). Other
studies to confirm the benefits of hyperthermia have not been forthcoming.
Also, studies show that EPIC is equivalent to HIPEC in maintaining a surgi-
cal complete response and improving long-term survival (50). Certainly, in
a patient who has undergone many hours of surgery with the abdomen and
pelvis widely exposed often has moderate to profound hypothermia. The 90
minutes of hyperthermic lavage of the peritoneal space returns these patients to
an optimal physiologic condition. In this regard, hyperthermia is an essential

part of the perioperative cancer treatment.
Peritoneal surface malignancy treatment centers

To the credit of Heald and Moran, the importance of a treatment center
in the United Kingdom for pseudomyxoma peritonei patients was made clear.
In 1998 this became a reality. Moran and colleagues have added greatly to the
quality of care of appendiceal malignancy patients in the UK. In 2002 a second
center was established under the direction of Sarah O’Dwyer and colleagues in
Manchester, UK. Other designated treatment centers throughout Europe have

appeared.
A summary of the evolution of treatments for peritoneal metastases are

shown in Table 2. New efforts to further develop and improve the outcome

of patients with peritoneal surface malignancy are underway. It has become
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clear that the early treatment of minimal residual disease is optimal for these
patients. Certainly, a watch and wait policy with referral of symptomatic pa-
tients to a peritoneal surface oncology center is no longer acceptable. Second,
the perioperative treatments are now many and varied. A bidirectional ap-
proach is becoming standard of care. As reviewed by van der Speeten and
colleagues, some chemotherapy agents are most appropriate for intravenous
use with heat-targeting to the peritoneal cavity (52). Others are more valuable
because of their large molecular size and the heat augmentation to be used as

part of HIPEC regimen.

Long term intraperitoneal taxanes are now being explored, especially in
Japan, for gastric cancer. The high response rate of combined systemic and in-
travenous chemotherapy reported by Yonemura presents an exciting new direc-
tion in which to go with a very poor prognosis group of patients (53). Kitayama
also continued the use of adjuvant therapies for patients with peritoneal seed-
ing using a combination of chemotherapy by intraperitoneal port and systemic

agents and remains to be fully explored (54).

Finally, to allow treatments to be extended beyond the operating theater
a new interest in the use of antisclerosis agents to diminish adhesions postop-
eratively has occurred. Numerous agents are now available including methyl-
cellulose, polylactide sheets, polyethylene glycol spray, and 5-fluorouracil early
postoperative irrigations. Continued studies to maintain the integrity of the

peritoneal cavity are needed.



References

Elias D, Goere D, Dumont E, Honore C, Dartigues P, Stoclin A, Malka
D, Boige V, Ducreux M. Role of hyperthermic intraoperative peritoneal
chemotherapy in the management of peritoneal metastases. Eur J Cancer

2014;50:332-340.

Kelly KJ, Nash GM. Peritoneal debulking/intraperitoneal chemotherapy
— non-sarcoma. J Surg Oncol 2014;109:14-22.

Glehen O, Mithieux E Osinsky D, Beaujard AC, Freyer G, Guertsch P,
Francois Y, Peyrat B, Panteix G, Vignal ], Gilly FN. Surgery combined
with peritonectomy procedures and intraperitoneal chemohyperthermia in

abdominal cancers with peritoneal carcinomatosis: a phase II study. J Clin
Oncol 2003;21:799-806.

Verwaal V], van Ruth S, de Bree E, van Sloothen GW, van Tinteren H,
Boot H, Zoetmulder FA. Randomized trial of cytoreduction and hyper-
thermic intraperitoneal chemotherapy versus systemic chemotherapy and

palliative surgery in patients with peritoneal carcinomatosis of colorectal

cancer. J Clin Oncol 2003;21:3737-3743.

Hypertherme intraperitoneale Chemotherapie (HIPEC) in Kombination
mit Peritonektomie und ggf. mit Multiviszeralresektion, ZE2007-4, Insti-

tut fiir das Entgeltsystem im Krankenhaus gGmbH, 2013.



10.

11.

12.

84

Losa E Barrios P, Salazar R, Torres-Melero J, Benavides M, Massuti T, Ra-
mos I, Aranda E. Cytoreductive surgery and intraperitoneal chemotherapy

for treatment of peritoneal carcinomatosis from colorectal origin. Clin
Transl Oncol 2014;16:128-140.

NHS Commissioning Board. Clinical Commissioning Policy for Cyto-
reductive Surgery with Hyperthermic Intraperitoneal Chemotherapy for

Peritoneal Carcinomatosis. NHSCB/A08/P/a April 2013. http://www.
england.nhs.uk/wp-content/uploads/2013/09/a08-p-a.pdf.

Gonzalez-Moreno S, Brun E, Sugarbaker PH. Lymph node metastases in
epithelial malignancies of the appendix with peritoneal dissemination does
not reduce survival in patients treated by cytoreductive surgery and peri-

operative intraperitoneal chemotherapy. Ann Surg Oncol 2005;12:72-80.

Carmignani B, Sugarbaker TA, Bromley CM, Sugarbaker PH. Intraperito-
neal cancer dissemination: Mechanisms of the patterns of spread. Cancer
Metastasis Rev 2003;22(4):465-472.

Sugarbaker PH. Peritonectomy procedures. Ann Surg 1995;221:29-42.

Bijelic L, Sugarbaker PH. Cytoreduction of the small bowel surfaces. J
Surg Oncol 2008;97(2):176-179.

Flessner ME, Dedrick RL, Schultz JS. Exchange of macromolecules be-
tween peritoneal cavity and plasma. Am J Physiol 1985;248(1 Pt 2):H15-
25.



13.

14.

15.

16.

17.

18.

19.

Mpyers CE, Collins JM. Pharmacology of intraperitoneal chemotherapy.
Cancer Invest 1983;1(5):395-407.

Speyer JL, Sugarbaker PH, Collins JM, Dedrick RL, Klecker RW Jr, Meyers
CE. Portal levels and hepatic clearance of 5-fluorouracil after intraperitoneal
administration in humans. Cancer Res 1981;41:1916-1922.

Sugarbaker PH, Graves T, DeBruijn EA, Cunliffe WJ, Mullins RE, Hull WE,
Oliff L, Schlag . Rationale for early postoperative intraperitoneal chemo-
therapy (EPIC) in patients with advanced gastrointestinal cancer. Cancer

Res 1990;50:5790-5794.

Sugarbaker PH. Early postoperative intraperitoneal adriamycin as an adju-
vant treatment for advanced gastric cancer with lymph node or serosal inva-
sion. (In) Sugarbaker PH (ed); Management of Gastric Cancer. Kluwer:
Boston pp 277-284, 1991.

Sugarbaker PH, Mora JT, Carmignani B, Stuart OA, Yoo D. Update on
chemotherapeutic agents utilized for perioperative intraperitoneal chemo-

therapy. Oncologist 2005;10(2):112-122.

De Lima Vazquez V, Stuart OA, Sugarbaker PH. Extent of a parietal peri-
tonectomy does not change intraperitoneal chemotherapy pharmacokinet-
ics. Cancer Chemother Pharmacol 2003;52(2):108-112.

Elias DM, Sideris L. Pharmacokinetics of heated intraoperative intraperi-

toneal oxaliplatin after complete resection of peritoneal carcinomatosis.

Surg Oncol Clin N Am 2003;12(3):755-769.



20.

21.

22.

23.

24.

25.

86

Sugarbaker PH, Stuart OA, Carmignani CP. Pharmacokinetic changes in-
duced by the volume of chemotherapy solution in patients treated with hy-
perthermic intraperitoneal mitomycin C. Cancer Chemother Pharmacol
2006;57(5):703-708.

Sugarbaker PH, Jablonski KA. Prognostic features of 51 colorectal and
130 appendiceal cancer patients with peritoneal carcinomatosis treated
by cytoreductive surgery and intraperitoneal chemotherapy. Ann Surg
1995;221(2):124-132.

Yonemura Y, Fujimura T, Fushida S, Fujita H, Bando E, Taniguchi K,
Nishmura G, Miwa K, Ohyama S, Sugiyama K, Sasaki T, Endo Y. Perito-
nectomy as a treatment modality for patients with peritoneal dissemination
from gastric cancer. (In) Nakajima T, Yamaguchi T (Eds). Multimodality
Therapy for Gastric Cancer. Springer-Verlag, Tokyo, 1999.

Sugarbaker PH. Cytoreduction including total gastrectomy for pseudo-
myxoma peritonei. BrJ Surg  2002;89(2):208-212.

Sugarbaker PH. Results of treatment of 385 patients with peritoneal sur-
face spread of appendiceal malignancy. Ann Surg Oncol 1999;6(8):727-
731.

Elias DM, Pocard M. Treatment and prevention of peritoneal carcinoma-
tosis from colorectal cancer. Surg Oncol Clin N Am 2003;12(3):543-59.



26.

27.

28.

29.

30.

31.

Sugarbaker PH. Intraperitoneal doxorubicin: Rationale, pharmacokinetic
studies and clinical results. (In) Pache M (ed); Doxorubicin: Biosynthe-
sis, Clinical Uses and Clinical Results. Nova Science Publishers: New
York, 2014, pp 1-20.

Mohamed E Sugarbaker PH. Intraperitoneal taxanes. Surg Oncol Clin
N Am 2003;12:825-833.

Yonemura Y, Bandou E, Sawa T, Yoshimitsu Y, Endou Y, Sasaki T, Sugar-
baker PH. Neoadjuvant treatment of gastric cancer with peritoneal dis-
semination. Eur J Surg Oncol 2006;32(6):661-5.

Spratt JS, Adcock RA, Muskovin M, Sherrill W, McKeown ]. Clinical
delivery system for intraperitoneal hyperthermic chemotherapy. Cancer
Res 1980;40(2):256-260.

Koga S, Hamazoe R, Maeta M, Shimizu N, Murakami A, Wakatsuki T.
Prophylactic therapy for peritoneal recurrence of gastric cancer by con-
tinuous hyperthermic peritoneal perfusion with mitomycin C. Cancer
1988;61(2):232-237.

Fujimoto S, Shrestha RD, Kokubun M, Ohta M, Takahashi M, Kobayashi
K, Kiuchi S, Okui K, Miyoshi T, Arimizu N, Takamizawa H. Intraperito-
neal hyperthermic perfusion combined with surgery effective for gastric

cancer patients with peritoneal seeding. Ann Surg 1988;208(1):36-41.

87



32.

33.

34.

35.

36.

88

Fujimoto S, Takahashi M, Mutou T, Kobayashi K, Toyosawa T. Successful
intraperitoneal hyperthermic chemoperfusion for the prevention of post-
operative peritoneal recurrence in patients with advanced gastric carcino-

ma. Cancer 1999;85(3):529-534.

Yonemura Y, Fujimura T, Fushida S, Takegawa S, Kamata T, Katayama K,
Kosaka T, Yamaguchi A, Miwa K, Miyazaki I. Hyperthermo-chemothera-
py combined with cytoreductive surgery for the treatment of gastric cancer

with peritoneal dissemination. World J Surg 1991;15(4):530-535.

Fujimura T, Yonemura Y, Muraoka K, Takamura H, Hirono Y, Sahara H,
Ninomiya I, Matsumoto H, Tsugawa K, Nishimura G, Sugiyama K, Miwa
K, Miyazaki I. Continuous hyperthermic peritoneal perfusion for the pre-

vention of peritoneal recurrence of gastric cancer: randomized controlled

study. World J Surg 1994;18(1):150-155.

Verwaal V], van Ruth S, de Bree E, van Slooten GW, van Tinteren H,
Boot H, Zoetmulder FAN. Randomized trial of cytoreduction and hyper-
thermic intraperitoneal chemotherapy versus systemic chemotherapy and

palliative surgery in patients with peritoneal carcinomatosis of colorectal

cancer. J Clin Oncol 2003;21(20):3737-3743.

Glehen O, Kwiatkowski F, Sugarbaker PH, Elias D, Levine EA, De Simone
M, Barone R, Yonemura Y, Cavaliere F, Quenet F, Gutman M, Tentes AA,
Lorimier G, Bernard JL, Bereder JM, Porcheron J, Gomez-Portilla A, Shen
P, Deraco M, Rat P. Cytoreductive surgery combined with perioperative

intraperitoneal chemotherapy for the management of peritoneal carcino-



37.

38.

39.

40.

41.

42.

matosis from colorectal cancer: A multi-institutional study. J Clin Oncol

2004;22(16):3284-3292.

Chu DZ, Lang NP, Thompson C, Osteen PK, Westbrook KC. Peritone-
al carcinomatosis in nongynecologic malignancy. A prospective study of

prognostic factors. Cancer 1989;63(2):364-367.

Sadeghi B, Arvieux C, Glehen O, Beaujard AC, Rivoire M, Baulieux J,
Fontaumard E, Brachet A, Caillot JL, Faure JL, Porcheron J, Peix JL, Fran-
cois Y, Vignal J, Gilly FN. Peritoneal carcinomatosis from non-gynecologic

malignancies: results of the EVOCAPE 1 multicentric prospective study.
Cancer 2000;88(2):358-363.

Jayne DG, Fook S, Loi C, Seow-Choen E Peritoneal carcinomatosis from
colorectal cancer. Br J Surg 2002;89(12):1545-1550.

Japanese Research Society for Gastric Cancer. Japanese Classification of
Gastric Carcinoma. First Edition. Tokyo: Kanehara & Co., Ltd., 1995.

Jacquet B Sugarbaker PH. Current methodologies for clinical assess-
ment of patients with peritoneal carcinomatosis. J Exp Clin Cancer Res

1996;15(1):49-58.

Glehen O, Gilly FN. Quantitative prognostic indicators of peritoneal
surface malignancy: carcinomatosis, sarcomatosis, and peritoneal mesothe-

lioma. Surg Oncol Clin N Am 2003;12(3):649-671.

89



43

44.

45.

46.

47.

48.

90

Look M, Chang D, Sugarbaker PH. Long-term results of cytoreductive
surgery for advanced and recurrent epithelial ovarian cancers and papillary
serous carcinoma of the peritoneum. IntJ Gynecol Cancer 14(1):35-41,
2004.

Ronnett BM, Shmookler BM, Sugarbaker PH, Kurman R]J. Pseudomyxoma
peritonei: New concepts in diagnosis, origin, nomenclature, relationship to
mucinous borderline (low malignant potential) tumors of the ovary. In: Fech-
ner RE, Rosen PP, eds. Anatomic Pathology. ASCP Press:Chicago pp 197-
226, 1997

Cerruto CA, Brun EA, Chang D, Sugarbaker PH. Prognostic significance
of histomorphologic parameters in diffuse malignant peritoneal mesothe-

lioma. Arch Pathol Lab Med 2006;130:1654-1661.

Deraco M, Nonaka D, Baratti D, Casali P, Rosai ], Younan R, Salvatore A,
Cabras AD, Kusamura S. Prognostic analysis of clinicopathologic factors
in 49 patients with diffuse malignant peritoneal mesothelioma treated with

cytoreductive surgery and intraperitoneal hyperthermic perfusion. Ann
Surg Oncol 2006;13(2):229-237. Epub 2006 Jan 18.

Urano M, Kuroda M, Nishimura Y. For the clinical application of ther-
mochemotherapy given at mild temperatures. Int J Hyperthermia

1999;15(2):79-107.

Jacquet P, Averbach A, Stuart OA, Chang D, Sugarbaker PH. Hyper-

thermic intraperitoneal doxorubicin: pharmacokinetics, metabolism,



49.

50.

51.

52.

53.

and tissue distribution in a rat model. Cancer Chemother Pharmacol

1998;41:147-154.

Yonemura Y, de Aretxabala X, Fujimura T, Fushida S, Katayama K, Bandou
E, Sugiyama K, Kawamura T, Kinoshita K, Endou Y, Sasaki T. Intraop-
erative chemohyperthermic peritoneal perfusion as an adjuvant to gastric
cancer: final results of a randomized controlled study. Hepatogastroenter-

ology 2001;48:1776-1782.

Serensen O, Flatmark K, Reed W, Wiig JN, Dueland S, Giercksky KE,
Larsen SG. Evaluation of complete cytoreductive surgery and two intra-
peritoneal chemotherapy techniques in Pseudomyxoma peritonei. Eur J

Surg Oncol 2012;38:969-976.

Sugarbaker PH. Management of peritoneal surface malignancy: A short
history. Recent Results Cancer Res 2007;169:1-9.

Van der Speeten K, Stuart OA, Sugarbaker PH. Pharmacology of peri-
operative cancer chemotherapy. (In) Sugarbaker PH (Ed). Cytoreductive
Surgery & Perioperative Chemotherapy for Peritoneal Surface Malig-
nancy. Textbook and Video Atlas. Cine-Med Publishing: Woodbury, CT,
2012, pp 159-182.

Yonemura Y, Bandou E, Sawa T, Yoshimitsu Y, Endou Y, Sasaki T, Sugar-

baker PH. Neoadjuvant treatment of gastric cancer with peritoneal dis-

semination. Eur J Surg Oncol 2006;32(6):661-665.

91



54.

55.

56.

57.

58.

Kitayama J, Ishigami H, Yamaguchi H, Yamashita H, Emoto S, Kaisaki
S, Watanabe T. Salvage gastrectomy after intravenous and intraperitoneal
paclitaxel (PTX) administration with oral S-1 for peritoneal dissemina-
tion of advanced gastric cancer with malignant ascites. Ann Surg Oncol

2014;21(2):539-546.

Koga S, Hamazoe R, Maeta M, Shimizu N, Kanayama H, Osaki Y. Treat-
ment of implanted peritoneal cancer in rats by continuous hyperthermic
peritoneal perfusion in combination with an anticancer drug. Cancer Res

1984;44(5):1840-1842.

Sugarbaker PH, Gianola FJ, Speyer JL, Wesley R, Barofsky I, Meyers CE.
Prospective randomized trial of intravenous versus intraperitoneal 5-fluo-

rouracil in patients with advanced primary colon or rectal cancer. Surgery

1985;98:414-421.

Yonemura Y, Fujimura T, Nishimura G, Falla R, Sawa T, Katayama K,
Tsugawa K, Fushida S, Miyazaki I, Tanaka M, Endou Y, Sasaki T. Effects
of intraoperative chemohyperthermia in patients with gastric cancer with

peritoneal dissemination. Surgery 1996;119(4):437-44.

Yu W, Whang I, Chung HY, Averbach A, Sugarbaker PH. Indications
for early postoperative intraperitoneal chemotherapy of advanced gas-

tric cancer: Results of a prospective randomized trial. World J Surg
2001;25(8):985-990.



59.

60.

61.

62.

Moran BJ, Cecil TD. The etiology, clinical presentation, and management
of pseudomyxoma peritonei. Surg Oncol Clin N Am 2003 Jul;12(3):585-
603.

Pestieau SR, Sugarbaker PH. Treatment of primary colon cancer with

peritoneal carcinomatosis: A comparison of concomitant versus delayed
management. Dis Colon Rectum 2000;43:1341-1348.

Elias D, Goéré D, Di Pietrantonio D, Boige V, Malka D, Kohneh-Shahri
N, Dromain C, Ducreux M. Results of systematic second-look surgery in

patients at high risk of developing colorectal peritoneal carcinomatosis.

Ann Surg 2008;247(3):445-450.

Elias D, Gilly E Glehen O. Carcinoses peritoneales d’origine digestive
et primitive. Monographies de Lassociation Francaise de Chirurgie.
France: Walters Kluwer, 2008.



Table 1. Nations whose treatment guidelines approve cytoreductive surgery
and hyperthermic perioperative chemotherapy as a standard of care for select-
ed patients at experienced institutions. The approval is for appendiceal neo-
plasms, epithelial peritoneal mesothelioma, and colorectal cancer with limited

peritoneal metastases.

Nation Year approved Reference
France 2003 3
Holland 2003 4
Germany 2010 5
Spain 2012 6
United Kingdom 2013 7

Table 2. Evolution of treatments for peritoneal carcinomatosis from gastroin-

testinal cancer.

Authors Year Event Reference

Suggested a hyperthermic peritoneal
perfusion system with the administration of
intraperitoneal chemotherapy. University

of Louisville, Kentucky.

Spratt et al. 1980

Pharmacology of intraperitoneal
Speyeretal. | 1981 | 5-fluorouracil in humans. National 14
Institutes of Health, Bethesda, Maryland.




Koga et al.

1984

Experimental study with prophylactic
continuous hyperthermic peritoneal
perfusion with mitomycin C. A significant
prolongation of survival was obtained when
41.5°C hyperthermia was combined with
mitomycin C. Tottori University, Japan.

55

Flessner et al.

1984

Pharmacokinetic studies established
the peritoneal plasma barrier. National
Institutes of Health, Bethesda, Maryland.

12

Sugarbaker

et al.

1985

Randomized controlled study of
intravenous versus intraperitoneal
5-fluorouracil documented a diminished
incidence of peritoneal carcinomatosis in
colon cancer patients. National Institutes of
Health, Bethesda, Maryland.

56

Koga et al.

1988

First study of adjuvant intraoperative
hyperthermic peritoneal perfusion with
mitomycin C in gastric cancer. Tottori

University, Japan.

30

Fujimoto
et al.

1988

Used intraoperative hyperthermic peritoneal
perfusion with mitomycin C combined
with extended surgery in patients with
gastric cancer and established peritoneal
carcinomatosis. After the treatment, 12.8%
survived 1 year as compared with 0% after
surgery alone. Chiba University, Japan.

31

Sugarbaker

1989

Trial of early postoperative intraperitoneal
mitomycin C and 5-fluorouracil in

the management of carcinomatosis.
Washington Hospital Center, Washington,
DC.

21




Sugarbaker

1995

Peritonectomy procedures. Washington
Hospital Center, Washington, DC.

10

Yonemura
et al.

1996

Suggested peritoneal cavity expander

for optimization of intraoperative
intraperitoneal hyperthermic chemotherapy
delivery in patients with gastric cancer.
Kanazawa University, Japan.

57

Sugarbaker
and Jacquet

1996

Published methodologies by which to
quantitate peritoneal metastases and their
management.

41

Yu et al.

1998

Positive results of randomized study on
adjuvant early postoperative intraperitoneal
chemotherapy for gastric cancer.
Kyungpook National University, Taegu,

Korea.

58

Moran

1998

Pseudomyxoma peritonei treatment center
designated for the United Kingdom. North
Hampshire Hospital, Basingstoke, England.

59

Urano et al.

1999

In vivo chemohyperthermia parameters
defined. Memorial Sloan- Kettering, New
York.

47

Pestieau and

Sugarbaker

2000

Benefit of cytoreductive surgery and
perioperative chemotherapy in the
management of primary colorectal cancer
with synchronous peritoneal metastases.

60

96




Prospective randomized trial showing
superiority of comprehensive CRS plus

Verwaal et al. | 2002 | HIPEC for carcinomatosis from colon 35
cancer. Netherlands Cancer Institute,
Amsterdam.
Multi-institutional study from 28
Glehen etal. | 2004 1nst1tut1.ons des.crlblng benefit of CB.S. 36
and perioperative chemotherapy utilizing
prognostic indicators.
Dutch guidelines declare CRS and HIPEC
Verwaal and .
2004 | standard of care for peritoneal metastases 4
Zoetmulder
from colorectal cancer.
Elias et al. 2008 S.ystematlc second-look for patients at high 61
risk for recurrence.
Association of French Surgeons Monograph
Elias, Gilly describing results of CRS .and perioperative
2008 | chemotherapy for appendiceal, colorectal, 62
and Glehen . -
gastric, small bowel and ovarian cancer plus
peritoneal mesothelioma.
French guidelines declare CRS and
Elias, Gilly perioperative chemotherapy standard
2009 : 3
and Glehen of care for peritoneal metastases from
colorectal cancer.
German guidelines declare CRS and
Piso et al. 2013 | HIPEC standard of care for peritoneal 5
metastases from colorectal cancer.
Moran and United Kingdom guidelines declare CRS
,0 ana 2013 | and HIPEC standard of care for peritoneal 7
O’Dwyer

metastases from colorectal cancer.
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