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Data for HIPEC for Pseudomyxoma 
Peritonei/Tumors of the Appendix
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�Introduction

Pseudomyxoma peritonei (PMP) is a condition of 
mucinous ascites and peritoneal nodules, typi-
cally originating from a mucinous appendiceal 
tumor. PMP has historically had various evolving 
definitions and variants; however, a consensus is 
emerging for standardized classification with 
defined pathologic criteria [1]. Under this classi-
fication, PMP can include low-grade mucinous 
peritoneal metastases, often known as diffuse 
peritoneal adenomucinosis (DPAM) or low-grade 
mucinous carcinoma peritonei (LGMCP), which 
arise from low-grade appendiceal mucinous neo-
plasms (LAMN) (Fig.  8.1). However, PMP can 
also include neoplastic cells with high-grade fea-
tures, known as peritoneal mucinous carcinoma-
tosis (PMCA) or high-grade mucinous carcinoma 
peritonei (HGMCP), typically arising from a 
high-grade appendiceal mucinous neoplasm 
(HAMN). Other PMP variants include acellular 
mucin from low-grade or high-grade appendiceal 
tumors, mucinous peritoneal tumors with signet 
ring cells, and mucinous adenocarcinoma.

Carcinomatosis from non-mucinous tumors of 
the appendix is not considered PMP.  These 
tumors are characterized by firm, invasive perito-
neal implants that often appear as areas of perito-
neal thickening and enhancement on imaging and 
are associated with serous ascites (Fig. 8.2). Non-
mucinous adenocarcinoma of the appendix can 
arise de novo or in goblet cell neuroendocrine 
tumors of the appendix with mixed neuroendo-
crine/adenocarcinoma components. When carci-
nomatosis develops from these tumors, it is 
typically the adenocarcinoma component that 
gives rise to peritoneal disease. The aim of this 
chapter is to summarize existing data on CRS 
with HIPEC for appendiceal neoplasms with 
peritoneal dissemination, including both PMP 
from mucinous neoplasms and carcinomatosis 
from appendiceal adenocarcinoma.

�Preclinical Data for Hipec

Hyperthermia has long been known to have 
greater cytotoxicity in tumor cells than in non-
neoplastic cells [2, 3]. The mechanism of this 
cytotoxicity may include impaired damaged 
DNA repair, potentially sensitizing tumor cells to 
alkylating agents [4]. Intraperitoneal administra-
tion allows exposure of a higher dose of chemo-
therapy with theoretically less systemic effects 
than with systemic chemotherapy. A canine 
animal model has been used to demonstrate the 
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technical feasibility and safety of performing 
hyperthermic intraperitoneal chemotherapy 
administration [5].

�Clinical Data for CRS/Hipec for PMP

�Phase I Data

There have been three phase I studies of standard 
HIPEC agents in patients with appendiceal 
tumors. The first examined escalating doses of 
cisplatin with tumor necrosis factor under hyper-
thermia over 90  minutes after tumor debulking 
and identified a maximum tolerated cisplatin 
dose of 250  mg/m2 [6]. The second examined 
escalating doses of oxaliplatin under hyperther-

mia over 120 minutes and found a maximum tol-
erated dose of 200 mg/m2 [7]. This study included 
both patients with colorectal and appendiceal 
cancer, but the majority of patients (12 of 15) had 
the latter. The most recent study evaluated the use 
of intraperitoneal irinotecan, or CPT-11, in com-
bination with a fixed dose of mitomycin C, deliv-
ered with a closed perfusion technique. The 
maximum tolerated dose of intraperitoneal irino-
tecan was found to be 100 mg/m2 [8].

�Case Reports and Small  
Clinical Series

PMP has been treated with extensive resection of 
gross peritoneal tumors (cytoreductive surgery, 

Fig. 8.1  Intact low-grade mucinous neoplasm of the appendix. This lesion is cured with appendectomy to negative 
margins with no need for HIPEC. When these lesions rupture, they can lead to the development of PMP

a b

Fig. 8.2  Computed tomography scans of patients with 
(a) PMP with mucinous ascites showing characteristic 
scalloping of the liver edge and (b) carcinomatosis from 

non-mucinous appendiceal adenocarcinoma demonstrat-
ing thin, serous ascites and diffuse peritoneal thickening 
and enhancement
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CRS) since the 1970s when it was recognized 
that PMP had a low propensity for extraperito-
neal spread. A single-institution series of 38 
patients with PMP who underwent surgical resec-
tion with or without abdominal radiation and sys-
temic chemotherapy reported a 54% actuarial 
5-year survival [9]. Another series of CRS with-
out HIPEC from Memorial Sloan Kettering 
Cancer Center included 97 patients, 52% of 
whom had low-grade disease, who underwent a 
mean of 2.2 cytoreductions (only 55% of which 
being complete gross cytoreductions) with a 
median overall survival of 9.8 years [10]. A case 
report describes the first human to receive hyper-
thermic intraperitoneal chemotherapy (HIPEC). 
This was a 35-year-old man with PMP of appen-
diceal origin. He was treated in 1979 and received 
intraperitoneal thiotepa [11].

Over subsequent years, HIPEC protocols and 
perfusion systems were optimized in patients 
with ovarian, appendiceal, colorectal, and gastric 
cancers. Sugarbaker et al. spearheaded the use of 
CRS with HIPEC for PMP in North America. 
Multiple studies from the late 1980s and early 
1990s demonstrated favorable technical results 
and early disease control rates [12, 13]. In 2008, 
the Fifth International Workshop on Peritoneal 
Surface Malignancy took place in Milan, Italy. 
This workshop resulted in several consensus 
statements establishing CRS with HIPEC as the 
standard of care for appendiceal neoplasms. The 
HIPEC agents deemed appropriate for routine 
clinical use without need for further clinical trials 
for this disease included mitomycin C and 
cisplatin [14–16].

A study by Sardi and colleagues investigated 
the use of melphalan as an alternative agent for 
HIPEC in patients with peritoneal carcinomatosis 
from aggressive primary tumors. There were 25 
total patients who underwent 31 CRS with 
HIPEC procedures, 19 of which were repeat pro-
cedures. Seventeen patients had primary appen-
diceal adenocarcinoma. In this study, the majority 
of patients had a peritoneal carcinomatosis index 
(PCI) >20. The rate of complete CRS was 88%. 
For those patients with appendiceal primary can-
cer, the 5-year overall survival (OS) following the 
melphalan HIPEC was 32.1%. The treatment was 

relatively well tolerated with a rate of postopera-
tive grade III/IV morbidity of 22%. 
Myelosuppression was the most common com-
plication. The authors concluded that melphalan 
is an efficacious agent for intraperitoneal therapy 
for patients with aggressive and recurrent perito-
neal disease [17].

Another recent study evaluated the role of 
CRS with HIPEC for patients with high-grade 
appendix cancer and minimal peritoneal disease. 
Patients who were diagnosed incidentally by 
pathology after appendectomy were identified 
[18]. There were 62 total patients and 35 (57%) 
had gross peritoneal disease at the time of subse-
quent exploration for CRS with HIPEC.  The 
mean peritoneal carcinomatosis index (PCI) for 
these patients was 5. All patients underwent right 
hemicolectomy as part of the CRS procedure and 
HIPEC was performed. Five-year disease-free 
and overall survival for these patients were excel-
lent, at 83.2 and 76.0%, respectively. Additionally 
more recent small series have focused on CRS 
with HIPEC in unique patient populations, such 
as elderly patients, and those with particular 
comorbidities like obesity and cirrhosis [19]. 
These studies have shown that CRS with HIPEC 
is feasible and can be performed safely in selected 
patients with these conditions.

�Large Retrospective Series

The strongest data on CRS with HIPEC for 
appendiceal neoplasms come from large retro-
spective studies. Table 8.1 summarizes the largest 
(each with greater than 200 patients) published 
series of CRS with HIPEC for appendiceal 
tumors. Each of these series included a combina-
tion of patients with low-grade and high-grade 
histologies, and concordance with the modern 
consensus pathologic classification is variable. 
The postoperative mortality ranges from 0 to 3%, 
and the postoperative major morbidity ranges 
from 15 to 34%. The 5-year overall survival is 
53–87% and is variable by grade, with low-grade 
patients having an 81–83% 5-year survival and 
high-grade patients having a significantly lower 
5-year survival at 41–59%.

8  Data for HIPEC for Pseudomyxoma Peritonei/Tumors of the Appendix
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In addition to reporting survival data, these 
retrospective studies have also identified factors 
associated with recurrence and death after CRS 
with HIPEC for appendiceal neoplasms. Table 8.2 
summarizes studies that have specifically 
reported independent predictors of progression 
and/or death following CRS with HIPEC for low- 
and high-grade appendiceal neoplasms. 
Consistently identified predictors of progression 
after CRS with HIPEC for low-grade disease 
include incomplete cytoreduction and elevated 
preoperative serum carcinoembryonic antigen 
(CEA) level. Predictors of progression in high-
grade disease include positive lymph nodes, non-
mucinous histology, and increasing 
PCI. Identified predictors of death or more vari-
able across different studies, but those consis-
tently identified in both low- and high-grade 

diseases include incomplete cytoreduction, 
advanced age, increasing PCI, incomplete cyto-
reduction, and receipt of systemic therapy prior 
to surgery.

�Prospective Trials

There is a lack of prospective data available for 
CRS with HIPEC for appendiceal neoplasms. 
This is likely due to their overall low incidence, a 
problem compounded by the biologic heterogene-
ity of the different histologic subtypes. There are 
no randomized controlled trials comparing CRS 
alone versus CRS with HIPEC for appendiceal 
neoplasms. There has been one randomized 
controlled trial of CRS with HIPEC using mito-
mycin C versus systemic therapy with or without 

Table 8.2  Summary of studies evaluating predictors of progression and death following CRS with HIPEC for appen-
diceal neoplasms

Study Predictors of progression Predictors of death
Low-grade disease
Chua et al. [22] – Age > 53

CC-score > 1
Postoperative complications
Preoperative systemic therapy

Votanopoulos et al. [23] – Positive lymph nodes
CC-score > 0
Preoperative systemic therapy

Austin et al. [24] – Increasing age
Preoperative systemic therapy
High PCI

Jimenez et al. [29] – CC-score > 1
Reghunathan et al. [30] Preoperative CEA ≥10

CC-score > 1
–

High-grade disease
Halabi et al. [31] – Positive lymph nodes

CC-score > 1
Increasing PCI

Jimenez et al. [29] – CC-score > 1
PCI ≥ 20
Positive lymph nodes

Votanopoulos et al. [23] – CC-score > 0
Preoperative systemic therapy

Baumgartner et al. 2015 [32] Positive lymph nodes –
Grotz et al. 2017 [33] Non-mucinous histology

Increasing PCI
Non-mucinous histology
Gross peritoneal diseasea

Signet ring cells
Increasing PCI

CEA carcinoembryonic antigen, CC-Score completeness of cytoreduction score, PCI peritoneal carcinomatosis index
aAs opposed to positive peritoneal fluid cytology only

8  Data for HIPEC for Pseudomyxoma Peritonei/Tumors of the Appendix
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palliative debulking. The majority of patients in 
this trial had colorectal primary tumors but 21% 
(n = 11) had appendiceal primary adenocarcinoma 
[20]. This study compared CRS with HIPEC with 
mitomycin C to systemic therapy with 5-fluoroura-
cil (5-FU) and showed a survival benefit for CRS 
with HIPEC.  The median OS for the CRS with 
HIPEC arm was 22.3  months compared to 
12.6 months for the systemic therapy arm.

There has been one randomized controlled trial 
of CRS with HIPEC using mitomycin C versus 
oxaliplatin in 126 patients with mucinous appendi-
ceal neoplasms with peritoneal dissemination 
[21]. This multicenter trial examined the hemato-
logic toxicity of the two agents and found that 
mitomycin C resulted in lower white blood cell 
count from postoperative day 5 to 10, and oxalipl-
atin use led to slightly lower platelet count on post-
operative day 5–6, with no differences in 
Clavien-Dindo complications between the two 
groups. There is an ongoing randomized phase II 
trial comparing complete CRS with HIPEC using 
mitomycin C to CRS with early postoperative 
intraperitoneal chemotherapy (EPIC) with floxuri-
dine (FUDR) and leucovorin, which includes 
patients with appendiceal adenocarcinoma. This is 
a multicenter trial that is actively recruiting (https://
clinicaltrials.gov/ct2/show/NCT01815359).

�Conclusions

There are abundant retrospective data supporting 
the use of CRS with HIPEC for the treatment of 
appendiceal neoplasms with peritoneal dissemi-
nation showing favorable results in over 4500 
patients. There have been no prospective trials 
comparing CRS versus CRS with HIPEC in this 
disease, in part because of the low incidence and 
due to the histologic and biologic heterogeneity, 
making prospective study difficult. CRS with 
HIPEC is currently the standard-of-care, with 
mitomycin C and cisplatin the most broadly 
applied and investigated agents for intraperito-
neal perfusion.

Patient selection is critical for favorable 
outcomes. For patients with low-grade disease, 

complete cytoreduction can result in 5-year sur-
vival rates >80%. For patients with high-grade 
disease, long-term outcomes are poorer with 
5-year survival on the order of 40%–60% for 
those with gross peritoneal disease. For those 
high-grade patients diagnosed early with mini-
mal or no gross peritoneal disease, data suggest 
that long-term outcomes may be better. The ratio-
nale for current commonly used HIPEC agents is 
based on favorable pharmacokinetic profiles for 
intraperitoneal delivery, not on factors specific to 
appendiceal tumors. There is a need for a better 
understanding of the pathogenesis and molecular 
aberrations in this heterogenous disease, as well 
as development of more effective and potentially 
targeted intraperitoneal agents.

References

	 1.	Carr NJ, Cecil TD, Mohamed F, Sobin LH, Sugarbaker 
PH, Gonzalez-Moreno S, et al. A consensus for clas-
sification and pathologic reporting of Pseudomyxoma 
Peritonei and associated Appendiceal neoplasia: 
the results of the peritoneal surface oncology group 
international (PSOGI) modified Delphi process. Am J 
Surg Pathol. 2016;40(1):14–26.

	 2.	Giovanella BC, Stehlin JS Jr, Morgan AC. Selective 
lethal effect of supranormal temperatures on 
human neoplastic cells. Cancer Res. 1976;36(11 Pt 
1):3944–50.

	 3.	Alberts DS, Peng YM, Chen HS, Moon TE, Cetas 
TC, Hoeschele JD.  Therapeutic synergism of 
hyperthermia-cis-platinum in a mouse tumor model. 
J Natl Cancer Inst. 1980;65(2):455–61.

	 4.	Schaaf L, Schwab M, Ulmer C, Heine S, Murdter 
TE, Schmid JO, et  al. Hyperthermia syner-
gizes with chemotherapy by inhibiting PARP1-
dependent DNA replication arrest. Cancer Res. 
2016;76(10):2868–75.

	 5.	Spratt JS, Adcock RA, Sherrill W, Travathen 
S.  Hyperthermic peritoneal perfusion system in 
canines. Cancer Res. 1980;40(2):253–5.

	 6.	Bartlett DL, Buell JF, Libutti SK, Reed E, Lee KB, 
Figg WD, et al. A phase I trial of continuous hyper-
thermic peritoneal perfusion with tumor necrosis 
factor and cisplatin in the treatment of peritoneal car-
cinomatosis. Cancer. 1998;83(6):1251–61.

	 7.	 JHt S, Shen P, Russell G, Fenstermaker J, McWilliams 
L, Coldrun FM, et al. A phase I trial of oxaliplatin for 
intraperitoneal hyperthermic chemoperfusion for the 
treatment of peritoneal surface dissemination from 
colorectal and appendiceal cancers. Ann Surg Oncol. 
2008;15(8):2137–45.

J. M. Baumgartner and K. J. Kelly

https://clinicaltrials.gov/ct2/show/NCT01815359
https://clinicaltrials.gov/ct2/show/NCT01815359


99

	 8.	Cotte E, Passot G, Tod M, Bakrin N, Gilly FN, 
Steghens A, et  al. Closed abdomen hyperthermic 
intraperitoneal chemotherapy with irinotecan and 
mitomycin C: a phase I study. Ann Surg Oncol. 
2011;18(9):2599–603.

	 9.	Fernandez RN, Daly JM.  Pseudomyxoma peritonei. 
Archiv Surg (Chicago, Ill: 1960). 1980;115(4):409–14.

	10.	Miner TJ, Shia J, Jaques DP, Klimstra DS, Brennan 
MF, Coit DG. Long-term survival following treatment 
of pseudomyxoma peritonei: an analysis of surgical 
therapy. Ann Surg. 2005;241(2):300–8.

	11.	Spratt JS, Adcock RA, Muskovin M, Sherrill 
W, McKeown J.  Clinical delivery system for 
intraperitoneal hyperthermic chemotherapy. Cancer 
Res. 1980;40(2):256–60.

	12.	Sugarbaker PH.  Patient selection and treatment of 
peritoneal carcinomatosis from colorectal and appen-
diceal cancer. World J Surg. 1995;19(2):235–40.

	13.	Sugarbaker PH, Kern K, Lack E. Malignant pseudo-
myxoma peritonei of colonic origin. Natural history 
and presentation of a curative approach to treatment. 
Dis Colon Rectum. 1987;30(10):772–9.

	14.	Baratti D, Kusamura S, Deraco M.  The fifth inter-
national workshop on peritoneal surface malig-
nancy (Milan, Italy, December 4–6, 2006): 
methodology of disease-specific consensus. J Surg 
Oncol. 2008;98(4):258–62.

	15.	Kusamura S, Dominique E, Baratti D, Younan R, 
Deraco M. Drugs, carrier solutions and temperature 
in hyperthermic intraperitoneal chemotherapy. J Surg 
Oncol. 2008;98(4):247–52.

	16.	Moran B, Baratti D, Yan TD, Kusamura S, Deraco 
M.  Consensus statement on the loco-regional treat-
ment of appendiceal mucinous neoplasms with perito-
neal dissemination (pseudomyxoma peritonei). J Surg 
Oncol. 2008;98(4):277–82.

	17.	Sardi A, Jimenez W, Nieroda C, Sittig M, Shankar S, 
Gushchin V. Melphalan: a promising agent in patients 
undergoing cytoreductive surgery and hyperther-
mic intraperitoneal chemotherapy. Ann Surg Oncol. 
2014;21(3):908–14.

	18.	Mehta A, Mittal R, Chandrakumaran K, Carr N, 
Dayal S, Mohamed F, et  al. Peritoneal involvement 
is more common than nodal involvement in patients 
with high-grade appendix tumors who are undergoing 
prophylactic cytoreductive surgery and hyperthermic 
intraperitoneal chemotherapy. Dis Colon Rectum. 
2017;60(11):1155–61.

	19.	Weiss A, Ward EP, Baumgartner JM, Lowy AM, Kelly 
KJ. Cirrhosis is not a contraindication to cytoreduc-
tive surgery and hyperthermic intraperitoneal che-
motherapy in highly selected patients. World J Surg 
Oncol. 2018;16(1):87.

	20.	Verwaal VJ, van Ruth S, de Bree E, van Sloothen 
GW, van Tinteren H, Boot H, et  al. Randomized 
trial of cytoreduction and hyperthermic intraperito-
neal chemotherapy versus systemic chemotherapy 
and palliative surgery in patients with peritoneal 

carcinomatosis of colorectal cancer. J Clin Oncol. 
2003;21(20):3737–43.

	21.	Levine EA, Votanopoulos KI, Shen P, Russell G, 
Fenstermaker J, Mansfield P, et al. A multicenter ran-
domized trial to evaluate hematologic toxicities after 
Hyperthermic intraperitoneal chemotherapy with 
oxaliplatin or mitomycin in patients with appendiceal 
tumors. J Am Coll Surg. 2018;226(4):434–43.

	22.	Chua TC, Moran BJ, Sugarbaker PH, Levine EA, 
Glehen O, Gilly FN, et al. Early- and long-term out-
come data of patients with pseudomyxoma peritonei 
from appendiceal origin treated by a strategy of cyto-
reductive surgery and hyperthermic intraperitoneal 
chemotherapy. J Clin Oncol. 2012;30(20):2449–56.

	23.	Votanopoulos KI, Russell G, Randle RW, Shen P, 
Stewart JH, Levine EA.  Peritoneal surface disease 
(PSD) from appendiceal cancer treated with cytore-
ductive surgery (CRS) and hyperthermic intraperito-
neal chemotherapy (HIPEC): overview of 481 cases. 
Ann Surg Oncol. 2015;22(4):1274–9.

	24.	Austin F, Mavanur A, Sathaiah M, Steel J, Lenzner 
D, Ramalingam L, et al. Aggressive management of 
peritoneal carcinomatosis from mucinous appendiceal 
neoplasms. Ann Surg Oncol. 2012;19(5):1386–93.

	25.	Jimenez W, Sardi A, Nieroda C, Sittig M, Milovanov 
V, Nunez M, et al. Predictive and prognostic survival 
factors in peritoneal carcinomatosis from appendiceal 
cancer after cytoreductive surgery with hyperther-
mic intraperitoneal chemotherapy. Ann Surg Oncol. 
2014;21(13):4218–25.

	26.	Ansari N, Chandrakumaran K, Dayal S, Mohamed 
F, Cecil TD, Moran BJ.  Cytoreductive surgery and 
hyperthermic intraperitoneal chemotherapy in 1000 
patients with perforated appendiceal epithelial 
tumours. Eur J Surg Oncol. 2016;42:1035.

	27.	Gonzalez-Moreno S, Sugarbaker PH.  Right hemi-
colectomy does not confer a survival advantage in 
patients with mucinous carcinoma of the appendix 
and peritoneal seeding. Br J Surg. 2004;91(3):304–11.

	28.	Kuijpers AM, Mirck B, Aalbers AG, Nienhuijs SW, 
de Hingh IH, Wiezer MJ, et  al. Cytoreduction and 
HIPEC in the Netherlands: nationwide long-term out-
come following the Dutch protocol. Ann Surg Oncol. 
2013;20(13):4224–30.

	29.	Jimenez WA, Sardi A, Nieroda C, Gushchin 
V. Cytoreductive surgery and hyperthermic intraperi-
toneal chemotherapy in the management of recurrent 
high-grade uterine sarcoma with peritoneal dissemi-
nation. Am J Obstet Gynecol. 2014;210(3):259 e1–8.

	30.	Reghunathan M, Kelly KJ, Valasek MA, Lowy AM, 
Baumgartner JM.  Histologic predictors of recur-
rence in mucinous appendiceal tumors with perito-
neal dissemination after HIPEC.  Ann Surg Oncol. 
2018;25(3):702–8.

	31.	Halabi HE, Gushchin V, Francis J, Athas N, Macdonald 
R, Nieroda C, et al. Prognostic significance of lymph 
node metastases in patients with high-grade appendi-
ceal cancer. Ann Surg Oncol. 2012;19(1):122–5.

8  Data for HIPEC for Pseudomyxoma Peritonei/Tumors of the Appendix



100

	32.	Baumgartner JM, Tobin L, Heavey SF, Kelly KJ, 
Roeland EJ, Lowy AM. Predictors of progression in 
high-grade appendiceal or colorectal peritoneal carci-
nomatosis after cytoreductive surgery and hyperther-
mic intraperitoneal chemotherapy. Ann Surg Oncol. 
2015;22(5):1716–21.

	33.	Grotz TE, Overman MJ, Eng C, Raghav KP, Royal 
RE, Mansfield PF, et  al. Cytoreductive surgery and 
hyperthermic intraperitoneal chemotherapy for mod-
erately and poorly differentiated appendiceal adeno-
carcinoma: survival outcomes and patient selection. 
Ann Surg Oncol. 2017;24(9):2646–54.

J. M. Baumgartner and K. J. Kelly


	8: Data for HIPEC for Pseudomyxoma Peritonei/Tumors of the Appendix
	Introduction
	Preclinical Data for Hipec
	Clinical Data for CRS/Hipec for PMP
	Phase I Data
	Case Reports and Small Clinical Series
	Large Retrospective Series
	Prospective Trials

	Conclusions
	References




