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omplete Cytoreduction Offers Longterm Survival in
atients with Peritoneal Carcinomatosis from
ppendiceal Tumors of Unfavorable Histology

yril Omohwo, MBBS, MRCSI, Carol A Nieroda, MD, Kimberley D Studeman, MD, Heather Thieme, MD,
aula Kostuik, CNRP-AC, Alexander S Ross, MS, Darlene R Holter, RTR, Vadim Gushchin, MD,
arry Merriman, MA, Armando Sardi, MD, FACS

BACKGROUND: Cytoreductive surgery (CRS) combined with hyperthermic intraperitoneal chemotherapy
(HIPEC) is a rapidly evolving treatment for metastatic appendiceal neoplasms. The aim of this
study was to show the effect of complete cytoreduction (CC) on survival in patients undergoing
CRS and HIPEC for high-grade appendiceal neoplasm.

STUDY DESIGN: A retrospective study of a prospective database of 56 patients (from 1999 to 2007) with
appendiceal neoplasms treated with CRS and HIPEC was carried out. Histology of the disease,
CC score, and peritoneal cancer index (PCI) score were assessed independently and collectively
for each group of patients. Survival analysis was performed using the Cox proportional hazard
model.

RESULTS: Three-year overall survival was 60%. The median peritoneal cancer index score was 25 or
higher. Survival analysis by tumor histology was 80% for patients with low-grade tumors and
52% for patients with high-grade tumors (p � 0.024). Survival by completeness of cytoreduc-
tion was 78% for patients with a low CC score (0 to 1) and 28% in patients with a high CC score
(2 to 3; p � 0.01). There was no statistically significant difference in survival between the
low-grade and high-grade tumors when a complete cytoreduction was performed in both
groups of patients: 80% versus 68% (p � 0.69).

CONCLUSIONS: CRS and HIPEC is an effective treatment for patients with disseminated appendiceal tumors.
High-grade tumors also benefit from this approach and should not be excluded from CRS and
HIPEC. Every effort should be made to achieve a complete cytoreduction regardless of the
tumor histology. (J Am Coll Surg 2009;209:308–312. © 2009 by the American College of

Surgeons)
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ppendiceal neoplasms are rare tumors and it is difficult to
iagnose the extent of disease before operation. They often
resent as a ruptured appendix with peritoneal dissemina-
ion of tumor cells. This can progress to mucinous ascites,
iving rise to the so called “jelly belly” with compression of
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he abdominal viscera. The clinical course of the disease
epends on the histology of the tumor.1

The low-grade tumors usually have a slow clinical course
nd longer survival. On the contrary, high-grade tumors
uch as adenocarcinoids, goblet cell, and tumors with sig-
et ring cells show a more aggressive clinical course com-
ared with the low-grade variant. Multiple studies have
emonstrated that cytoreductive surgery (CRS) adenomu-
inosis and hyperthermic intraperitoneal carcinomatosis
hemotherapy (HIPEC) is an effective treatment for low-
rade appendiceal tumors.2-4 Traditionally, patients with
ore aggressive appendiceal tumors are considered poor

andidates for CRS and HIPEC.5

Previous studies have shown that a high peritoneal can-
er index (PCI) score associated with aggressive tumors
peritoneal mucinous [PMCA]) relates to increased diffi-
ulty in performing a complete cytoreduction.5 In addi-

ion, it has been suggested that a PCI higher than 20 has
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een considered a contraindication for CRS and HIPEC in
atients presenting with these aggressive tumors.6 This
tudy shows the impact of complete cytoreduction on sur-
ival in patients with high-grade tumors and high PCI
core. Our hypothesis is that in appropriately selected pa-
ients with high-grade appendiceal cancers, completeness
f cytoreduction (CC) predicts longterm survival better
han tumor histology.

ETHODS
retrospective study of a prospective database (1999 to

007) was carried out on 56 patients with appendiceal
ancer who underwent CRS and HIPEC. No patients were
ost to followup. Informed consent was obtained preoper-
tively. Patients had no evidence of extraabdominal metas-
ases and all had an Eastern Cooperative Oncology Group
ECOG) performance status sufficient to undergo major
urgery. Patients were staged with CT scan of the chest,
bdomen, and pelvis. Tumor markers (CEA, CA 19-9, and
A 125) were drawn the day before surgery.
Under general anesthesia, a midline xiphopubic incision

as used to gain access to the abdominal cavity. Tumor
urden was calculated using the PCI as reported by Sugar-
aker.7 Lesion size score was applied to each of the nine
bdominopelvic regions, the jejunum, and the ileum. Sum-
ation of the lesion size score gives the PCI (range 1 to 39).

urgical resection of the primary tumor was done followed
y peritonectomy procedures originally described by Sug-
rbaker.7 The extent of operation was determined by the
ize and location of the tumor. The objective was to remove
ll visible tumor (complete cytoreduction).

Peritonectomy procedures were done as needed to
chieve a good cytoreduction. These included anterior ab-
ominal wall peritonectomy; greater omentectomy and
plenectomy; left and right upper quadrant peritonecto-
ies with stripping of the respective hemidiaphragms,
hich required placement of chest tubes; lesser omentec-

omy with cholecystectomy and striping of the omental bursa
nd porta hepatis; pelvic peritonectomy with total abdominal
ysterectomy and bilateral salpingo-oophorectomy with or

Abbreviations and Acronyms

CC � completeness of cytoreduction
CRS � cytoreductive surgery
DPAM � disseminated peritoneal
HIPEC � hyperthermic intraperitoneal carcinomatosis

chemotherapy
PCI � peritoneal cancer index
PMCA � peritoneal mucinous
ithout anterior resection of the rectum. C
Visceral peritonectomy and resection were also needed
o accomplish this goal. Every attempt was made to pre-
erve as much bowel as possible and to avoid ostomies,
aking into consideration the patient’s quality of life after
he procedure. Final assessment of cytoreduction was re-
orded based on the CC score. A complete cytoreduction
CC 0 to 1) denotes a tumor size of � 0.25; an incomplete
ytoreduction (CC 2 to 3), denotes a tumor size � 0.25 cm.
esected specimens were sent for pathologic evaluation to
etermine the type of tumor and degree of differentiation.
list of surgical resections carried out on the 56 patients is

isplayed in Table 1.
After the cytoreduction and before any anastomoses

ere made, HIPEC was performed intraoperatively with
itomycin C for 90 minutes at a total dose of 40 mg (30
g given initially and 10 mg added after 30 minutes of

erfusion) using a closed technique. The outflow temper-
ture was maintained at 41° to 42°C. Urine output was
aintained at 250 to 400 mL/h by using crystalloids and

lbumin to prevent renal toxicity. On completion of per-
usion, the abdomen was reopened and gastrointestinal re-
onstruction was done as appropriate.

The patients were transferred to the ICU and subse-
uently to the surgical floor when stable. Physical therapy
as started on postoperative day 1 and early mobilization
as encouraged. Deep vein thrombosis prophylaxis was

mplemented using compression stockings, low molecular
eight heparin, and early mobilization. Patients were dis-

harged from the hospital when clinically stable. Clinical
ollowup was done every 3 months for the first 2 years and
very 6 months thereafter. Followup included complete
linical examination, tumor marker levels (CEA, CA19.9,

able 1. Surgical Resections in 56 Hyperthermic Intraperi-
oneal Carcinomatosis Chemotherapy Patients
rocedures n

artial gastrectomy 7
mall bowel resection 28
ight hemicolectomy 20
eft hemicolectomy 20
esection of recurrence at previous anastomosis 6
plenectomy 26
otal abdominal hysterectomy 8
ilateral salpingo-oophorectomy 8
ight upper quadrant peritonectomy 42
eft upper quadrant peritonectomy 40
elvic peritonectomy 13
artial pancreatectomy 7
holecystectomy 31
mentectomy 43
otal colectomy 5
A125) done every 3 months, and CT scan of chest, ab-
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omen, and pelvis done every 6 months for 5 years and
early thereafter.

Peritoneal tumors were classified as described by Ronnet
nd colleagues1 into two categories: low-grade or dissemi-
ated peritoneal (DPAM) and high-grade or PMCA. Tu-
ors with discordant features, signet ring cell, goblet cell,

nd adenocarcinoids were grouped with the high-grade tu-
ors. Standard life-tables were used to calculate 1-, 2-, and

-year survivals (95% confidence intervals are reported).
ollowup times were administratively censored at 3 years
ecause only 12 of the patients (22%) had more than 3
ears of followup.

Chi-square test was used to test for associations between
ategorical variables. Ordinary least squares regression and
ogistic regression were used to model continuous and dis-
rete variables as appropriate. Cox proportional-hazards
odels were used to test the influence of different variables

n survival. The models were adjusted for age at operation
nd gender. The software used was STATA version 9.0.

ESULTS
ifty-six patients were included in the study. The male:
emale ratio was 26:30; mean age was 52 years (range 30 to
0 years). There was no perioperative mortality and there
ere no anastomotic leaks. Two reoperations were required

or bleeding. Mean length of hospital stay was 12 days.
wenty-two patients (39.2%) had low-grade tumors, and
4 patients (60.7%) had high-grade tumors. Median fol-

owup was 23 months (range 2 to 83 months). Fourteen
atients died during followup. In all groups the median
CI was 25 or higher and complete cytoreduction was
chieved in 41 patients (73%; Table 2). The 3-year surviv-
ls for all patients who had complete cytoreduction (CC
/1) versus those who had incomplete cytoreduction (CC
/3) were 78% and 28%, respectively, (p � 0.01; hazard

able 2. Grouping Patients by a Combination of Tumor His-
ology and Completeness of Cytoreduction Score, Showing
urvival and Median Peritoneal Cancer Score in Each Group

istology/CC score
Alive,

n
Dead,

n
Total,

n
Median

PCI/range

ow-grade tumor (DPAM) with
CC score of 0/1 16 2 18 30 (4–37)

ow-grade tumor (DPAM) with
CC score of 2/3 4 0 4 38 (36–39)
igh-grade tumor (PMCA)
with CC score of 0/1 19 4 23 25 (1–39)
igh-grade tumor (PMCA)
with CC score of 2/3 3 8 11 36 (25–39)
otal 42 14 56

C, completeness of cytoreduction; DPAM, disseminated peritoneal; PCI,
eritoneal cancer index; PMCA, peritoneal mucinous.
atio 5.6; 95% CI, 1.8 to 17.20; Fig. 1). f
Patients with low-grade tumors had a statistically signif-
cant higher 3-year survival than patients with high-grade
umors (80% versus 52%, respectively; p � 0.024). There
as no statistically significant difference in survival at 3
ears in patients with low-grade tumors versus patients
ith high-grade tumors if complete cytoreduction was per-

0.
00

0.
25

0.
50

0.
75

1.
00

0 1 2 3
Years

DPAM PMCA 2/3

Kaplan-Meier survival estimates, by pathology

%
su

rv
iv

al
0.

00
0.

25
0.

50
0.

75
1.

00

0 1 2 3
analysis time

highcc = 0 highcc = 1

Kaplan-Meier survival estimates, by highcc

%
 s

ur
vi

va
l

High grade
OS=52%; N=34
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p=0.024
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CC 0-1
OS=78%; N=41

OS=80%; N=22
Low grade

igure 1. Kaplan Meier curves each showing 3-year survival of
atients by (A) tumor histology and (B) completeness of cytoreduc-
ion. HR, 5.6 (95% CI, 1.8 to 17.20). CC, completeness of cytore-
uction; OS, overall survival.
ormed in both groups (80% versus 68%; p � 0.69; Fig. 2).
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Those with low-grade tumors and CC scores of 0/1 ver-
us CC scores of 2/3 had survivals of 80% and 100%,
espectively. But this test lacks power because of the small
umber of patients in the low-grade tumor group with a
igh CC score. Patients with high-grade tumors and CC
core of 0/1 versus a CC score of 2/3 had survivals of 68%
n � 23) and 9% (n � 11), respectively (p � 0.264).

ISCUSSION
everal histopathologic descriptions of appendiceal neo-
lasms have been proposed with no consensus reached as to
tandard. In this study, we used the description put forward
y Ronnet and associates1 to categorize our patients.
PAM (low-grade) tumors appeared more histologically

enign. They produce large amounts of mucin, rarely in-
ade organs, and do not usually have lymphatic metastases.
hey are usually confined to the abdominal cavity, as a

esult, and may have been present for a considerable length
f time at the time of diagnosis. PMCA (high-grade) tu-
ors, on the other hand, are histologically more aggressive

nd are characterized by a more differentiated pattern of
istology, including signet ring cells, which denote a more
ggressive process with metastatic potential. Some studies
ave shown that patients diagnosed with the more aggres-
ive form of the disease should be excluded from having
RS and HIPEC as a treatment option if there is extensive

pread of the disease in the abdominal cavity.5 Others have
eported that a PCI � 20 and the possibility of a complete

igure 2. Kaplan Meier curves showing survival (OS) of patients
ccording to a combination of tumor histology and the complete-
ess of cytoreduction (CC). Blue dashed line, high-grade (CC, 2–3;
S, 9%; n, 3/11); red dotted line, high-grade (CC, 0–1, OS, 68%, n,
9/23); green dashed line, low-grade (CC, 0–1, OS, 80%, n, 16/
8); purple line, low-grade (CC, 2–3, OS, 100%, n, 4/4).
ytoreduction would be required for an elective interven- t
ion.6 In this study, a median PCI of � 25 was present in all
roups of patients, so most patients had extensive tumor
nvolvement of the abdominal cavity. In spite of this, a low
C score was achieved in 73% of the total patient popula-

ion. Sixty-eight percent of patients with PMCA and 82%
f those with DPAM had complete cytoreduction.

Patients with a high PCI score usually present with mas-
ive disease, with involvement of the stomach, bowel, porta
epatis, and widespread pelvic and peritoneal disease that
equires a more technically demanding procedure. This re-
ults in a longer operating time with the possibility of com-
lications. Interestingly, we were able to perform a good
ytoreduction with no mortality, no anastomotic leaks, and
ith a relatively short hospital stay.
This procedure can be performed with acceptable mor-

idity and mortality through accumulated experience.8

ultiple studies from different centers have repeatedly
emonstrated the impact of tumor biology on survival in
atients with peritoneal carcinomatosis.1,6 Patients with
he more aggressive histologic variant (PMCA) usually
ave a worse survival outcome compared with the histolog-

cally more benign type. Data from this study have corrob-
rated such findings (Fig. 1). It can also be seen from this
tudy that in patients with a high-grade tumor having a
igh PCI score, an aggressive attempt to attain a low CC
core was beneficial.

Survival at 3 years between the low-grade and the high-
rade tumor groups was not statistically significant (p �
.69) when a complete cytoreduction was performed in
oth groups of patients (80% versus 68%, respectively; Fig.
). If a complete cytoreduction was not performed, the
-year survival was only 9% for patients with high-grade
istology. This finding demonstrates that it is possible to
chieve the same survival outcomes with low- and high-
rade lesions when a complete cytoreduction is performed.
similar observation has been reported by Elias and co-

orkers2 in regard to the importance of complete cytore-
uction with respect to tumor biology. There is a wide
argin in survival in patients with high-grade tumors that

re completely reduced compared with those that are not
ompletely reduced (68% versus 9%). But this was not
tatistically significant (p � 0.264). A possible explanation
or this p value is that the patient population size in this
tudy group was small.

The overall 3-year survival was 60% in patients with
ppendiceal neoplasms, which is comparable with results
rom recent studies done within the last 5 years in other
enters (Table 3). Of note, a greater percentage of patients
n our study population had high-grade tumors when com-
ared with patients in other studies in which high-grade

umors accounted for only � 50% of the total group. In
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312 Omohwo et al Complete Cytoreduction for Appendiceal Tumors J Am Coll Surg
ddition, their PCI scores were not as high as those in our
tudy. Our 3-year followup time is relatively short com-
ared with those in other studies. For high-grade tumors, it
s a reasonable time for followup because these tumors’
atural history has a high mortality rate within this time
rame.

In conclusion, CRS and HIPEC is an effective treatment
or patients with DPAM tumors. High-grade tumors also
enefit from this approach and should not be excluded
rom this treatment modality. Every effort should be made
o accomplish a complete cytoreduction regardless of the
umor histology. Because our patient followup time was
elatively short and our patient population was small, more
tudy is necessary to validate the survival benefit for pa-
ients with PMCA tumors in whom a low CC score can be
chieved.
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