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Sixty-nine patients presenting over a 10-year period with 
peritoneal carcinomatosis from appendiceal cancer were 
treated with cytoreductive surgery combined with intra- 
peritoneal chemotherapy. The three-year survival is 89.5 
percent in patients (38/69) with pseudomyxoma perito- 
nei, 34.5 percent in patients (25/69) with cystadenocar- 
cinoma, and 38.1 percent in patients (6/69) with ade- 
nocarcinoma (P < 0.01). In this study, a classification of 
residual disease following the cytoreductive surgery was 
used. The prognosis of the patients with minimal residual 
disease was better than that of those with moderate or 
gross disease, showing a 91.6 percent three-year survival 
compared with 47.8 percent and 20 percent, respectively 
(P < 0.01). The patients without lymphatic or hematog- 
enous metastases had a better three-year survival than 
those with metastases (75.1 percent vs. 28.6 percent; P 
< 0.01). These findings suggest that peritoneal carcino- 
matosis from appendiceal cancer can be treated with long- 
term disease-free survival. The patients with low malig- 
nant potential cancer, complete cytoreduction, and no 
metastases showed the most effective disease control. 
[Key words: Appendix; Pseudomyxoma; Peritoneum; 5- 
Fluorouracil; Mitomycin C; Intraperitoneal chemother- 
apy; Cytoreductive surgery] 
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M alignant tumors  of the append ix  are rare gas- 

trointestinal tumors,  account ing  for 0.2 to 

0.5 percen t  of  all tumors  of  the gastrointestinal  

tract. 1-3 Peri toneal  carcinomatosis  f rom appendi-  

ceal cancer  is a clinical enti ty character ized by  

per i toneal  implants  of  the tumor  in the resect ion 

site, on the per i toneal  surface, or mos t  c o m m o n l y  

at both  of these anatomic  locations. In 30 pe rcen t  

of these patients,  per i toneal  carcinomatosis  is pres- 

ent at the t ime of initial surgery. 4 Histopathologi-  

cally, the mos t  c o m m o n  mal ignant  diseases are 
cys tadenocarc inoma,  adenocarc inoma,  and carci- 

noid. In the past, per i toneal  carcinomatosis  f rom 

perfora ted  appendicea l  cancer  has b e e n  consid- 
e red  as a un i formly  lethal disease process.  In an 

a t tempt  to improve  salvage of patients  with peri- 
toneal  seed ing  f rom append icea l  cancer, we pro- 
spect ively s tudied 69 patients.  The new surgical 
t rea tment  strategy c o m b i n e d  early pos topera t ive  

and de layed  intraperi toneal  chemotherapy .  Re- 
por ted  here  is our  expe r i ence  with this disease 
t reated by a uni form m a n a g e m e n t  plan over  a 
per iod  of 10 years. 
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PATIENTS AND M E T H O D S  

Patients 

Between September 1981 and January 1992, 69 
patients with histologically proven peritoneal car- 
cinomatosis from appendiceal cancer were treated. 
There were 46 males and 23 females, ranging in 
age from 28 to 77 years, the median age being 51 
years (Table 1). The preoperative workup was 
aimed at evaluation of the disease and ruling out 
extra-abdominal disseminated disease. Clinical ex- 
amination and laboratory tests including carci- 
noembryonic antigen, lung CT scans, abdominal 
CT scans, and appropriate gastrointestinal radio- 
logic studies were obtained. Pathology reports and 
slides from prior surgical procedures were re- 
viewed. 

C y t o r e d u c t i v e  Su rge ry  

The goal in surgical treatment of the patients 
with peritoneal carcinomatosis from appendiceal 
cancer was to removal all clinical evidence of dis- 
ease. A planned approach to the removal of as 
much disease as possible is required for best re- 
suits. Cytoreductive surgery has been described by 
Sugarbaker. 5-7 This approach with curative intent 
consists of five peritonectomy procedures: omen- 
tectomy-splenectomy, left subdiaphragmatic peri- 
tonectomy, right subdiaphragmatic peritonectomy, 
pelvic peritonectomy-sleeve resection of sigmoid 
colon, and cholecystectomy-lesser omentectomy. 

Table 1. 
Clinical Data 

Number of patients 69 
Male 46 (67%) 
Female 23 (33%) 

Age (yr) 
Range 28-77 
Median 51 

Presenting symptoms and signs 
Increasing abdominal girth 18 (26.1%) 
Appendicitis 16 (23.2%) 
Appendiceal abscess 12 (17.4%) 
Abdominal mass 3 (4.3%) 
Inguinal hernia 3 (4.3%) 
Small bowel obstruction 2 (2.9%) 
Acute abdomen 2 (2.9%) 
Hydronephrosis 1 (1.5%) 

Status 
No evidence of disease (NED) 32 (46.4%) 
Alive with disease (AWD) 16 (23.2%) 
Died of disease (DOD) 15 (21.7%) 
Died of other causes (DOC) 6 (8.7%) 
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Each has a definite en bloc resection that requires 
an orderly sequence of surgical maneuvers in order 
to create an optimum cytoreductive surgery. 

Briefly, the peritonectomy procedures are per- 
formed as follows: first the "omental cake," the 
bulky tumor mass that infiltrates the omentum and 
surrounds the spleen, is removed. The dissection 
usually begins in the middle of the greater curva- 
ture of the stomach and proceeds by dividing the 
gastro-omental vessels first toward the pylorus and 
then toward the gastroesophageal junction. Only 
in early cases of mucinous peritoneal carcinoma- 
tosis can the spleen be preserved. To perform the 
left subdiaphragmatic peritonectomy, the perito- 
neum beneath the diaphragm is stripped laterally 
and posteriorly. In the right subdiaphragmatic dis- 
section, the peritoneum beneath the right hemidia- 
phragm is stripped from the underlying diaphrag- 
matic musculature. To separate peritoneum infil- 
trated by tumor from the normal diaphragmatic 
muscle beneath, a ball-tipped electrocautery on 
pure cut is used. The dissection is continued until 
the specimen is only attached to the bare area of 
the liver and to Glisson's capsule. Then a partial 
Glisson's capsulectomy is performed. The enve- 
lope of peritoneum and liver capsule are removed 
en bloc so that the right subdiaphragmatic and 
subhepatic spaces are left tumor free. A complete 
pelvic peritonectomy includes a resection of all 
parietal and visceral peritoneum and the cancer 
contained on these surfaces. Peritoneum is 
stripped from the preperitoneal fat of the pelvic 
sidewalls and from the abdominal aspect of the 
bladder muscle. All internal genitalia are removed 
in females. Perirectal fat beneath the peritoneal 
reflection is dissected toward the rectum. All tumor 
that filled the cul -de-sac  medially and the pelvis 
laterally is above this plane of dissection. The 
rectum is skeletonized so that it can be elevated 
out of the pelvis totally free of tumor. The lesser 
omentectomy-cholecystectomy with dissection of 
the porta hepatis is the last procedure. The dissec- 
tion proceeds along the lesser curvature of the 
stomach to the cardioesophageal junction. The 
cholecystectomy is performed. The tissues of the 
porta hepatis are delicately dissected from the base 
of the gallbladder along the lesser omentum. Care 
is taken to preserve the left gastric artery. As a final 
cytoreduction, the scattered tumor deposits on the 
surface of the small bowel, large bowel, and mes- 
entery must be removed. 
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R e c o n s t r u c t i o n  

With removal of the lesser omentum and multi- 
ple branches of the vagus nerve, a pyloroplasty or 
gastrojejunostomy is required for gastric drainage. 
A colorectal circular-stapled anastomosis through 
the stapled rectal stump is performed. 

Early Postoperative Intraperitoneal 
C h e m o t h e r a p y  

A Tenckhoff catheter is placed through the ab- 
dominal wall. A closed suction drain is placed 
within the pelvis and beneath both hemidia- 
phragms. The gastrointestinal tract must be decom- 
pressed by a large-bore nasogastric sump tube. The 
closed suction drains and Tenckhoff catheter re- 
main in place until the intraperitoneal chemother- 
apy is complete. 

As soon as the abdomen is closed, abdominal 
lavage with 1.5 percent dextrose dialysate is initi- 
ated to remove clotted blood and tissue debris that 
result from surgery. One liter of fluid is run into 
the abdominal cavity as rapidly as possible. The 
fluid is immediately drained by gravity. This pro- 
cedure is repeated on an hourly basis until the 
effluent is clear. Abdominal and pelvic lavage is 
repeated every four hours until the intraperitoneal 
chemotherapy is begun on the first postoperative 
day. 

On the first postoperative day, mitomycin C at 
10 mg/m 2 in 1 liter of dialysis fluid is instilled. On 
postoperative days two to five, the 5-fluorouracil at 
15 mg/kg in 1 liter of dialysis fluid is instilled. 
Sodium bicarbonate at 50 mEq is added as a buffer 
to the 5-fluorouracil solution. The drug is allowed 
to dwell for 23 hours and then removed over one 
hour by closed suction drains. When drainage 
ceases, another container of intraperitoneal 
chemotherapy is infused by gravity as rapidly as 
possible ifito the peritoneal cavity. On the sixth 
postoperative day, all fluid is drained from the 
peritoneal cavity and the Tenckhoff catheter is 
withdrawn from the abdomen. The closed suction 
drains are removed when output is minimal.7' 8 

The completeness of surgery was classified by 
the operating surgeon. An R-0 resection meant that 
no tumor was seen free in the peritoneal cavity. An 
R-1 resection designated no visible evidence of 
tumor greater than 1 mm in diameter remaining 
behind in the abdomen. An R-2 resection desig- 
nated tumor nodules up to 2 cm in diameter, and 
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an R-3 resection designated gross tumor left behind 
(Table 2). 

Delayed intraperitoneal chemotherapy was given 
after the patients recovered from cytoreductive sur- 
gery and early postoperative intraperitoneal 
chemotherapy. Three additional cycles of delayed 
intraperitoneal and systemic chemotherapy were 
givenl The 5-fluorouracil was given intraperim- 
neally at 20 mg/kg for five consecutive days. The 
mitomycin C was given intravenously at 10 mg/m 2 
on the third day of the cycle. Some early patients 
in the trial had 12 cycles of intraperitoneal 5- 
fluorouracil and intravenous mitomycin C and did 
not have early postoperative intraperitoneal 
chemotherapy. 

RESULTS 

Male patients accounted for 66.7 percent (46/ 
69), and female patients accounted for 33.3 percent 
(23/69). The crude three-year survival rate is 66.1 
percent in males and 84.2 percent in females. Most 
patients were concentrated in age groups of 40, 50, 
and 60 years, as shown in Figure 1. 

The most common preoperative presenting 
symptoms or signs at initial surgery are shown in 
Table 1. Increasing abdominal girth was the pre- 
-senting clinical feature in 26.1 percent of cases 
(18/69), appendicitis in 23.2 percent (16/69), para- 
appendiceal abscess in 17.4 percent (12/69), ab- 
dominal mass in 4.3 percent (3/69), inguinal her- 
nia in 4.3 percent (3/69), small bowel obstruction 
in 2.9 percent (2/69), acute abdominal pain in 2.9 
percent (2/69), and hydronephrosis in 1.5 percent 
(1/69). 

The diagnosis of peritoneal carcinomatosis from 
appendiceal cancer was confirmed after review of 

Table 2. 
Classification of Residual Disease 

Number of 
Classification Description Patients 

R-0 No residual disease, no 2 
peritoneal tumor 
contamination 

R-1 Microscopic residual 43 
disease 

R-2 Macroscopic residual 19 
disease with all tu- 
mor nodules <2 cm 

R-3 Gross residual disease 5 
with tumor nodules 
_>2 cm 
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Figure 1. Age groups of patients with appendiceal cancer. 

the surgical findings and histopathologic sections. 
Thirty-eight of 69 cases (55.1 percent) were iden- 
tified as pseudomyxoma peritonei, 36.2 percent of 
cases (25/69) were identified as cystadenocarci- 
noma, and 8.7 percent of cases (6/69) were iden- 
tified as adenocarcinoma (Table 1). The three-year 
survival rate is 89.5 percent in patients with pseu- 
domyxoma peritonei, 34.5 percent in patients with 
cystadenocarcinoma, and 38.1 percent in patients 
with adenocarcinoma. There is a significant differ- 
ence between pseudomyxoma peritonei and the 
two other types ( P <  0.01) (Fig. 2). 

All 69 patients had surgical and pathologic con- 
firmation of peritoneal seeding. The tumor volume 
was extensive in 89.9 percent of cases (62/69), and 
it was moderate in 10.1 percent of cases (7/69) 
(Table 3). The three-year survival rate is 66.3 per- 
cent in patients with extensive tumor volume and 
100 percent in patients with moderate tumor vol- 
ume. There is no statistical difference between 

these groups ( P >  0.1). 
Fifty-four of 69 cases (78.3 percent) had ascites, 

and 21.7 percent of cases (15/69) had no ascites 
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Figure 2. Survival according to surgical-pathologic types 
in patients with appendiceal cancer. 
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T a b l e  3 .  

Pathologic Findings at the Time of Definitive Treatment 

Surgical-pathologic types 
Pseudomyxoma peri- 38 (55.1%) 

tonei 
Cystadenocarcinoma 25 (36.2%) 
Adenocarcinoma 6 (8.7%) 

Tumor volume 
Extensive 62 (89.9%) 
Moderate 7 (10.1%) 

Ascites 
Present 54 (78.3%) 
Absent 15 (21.7%) 

Residual disease 
R-0 2 (2.9%) 
R-1 43 (62.3%) 
R-2 19 (27.5%) 
a-3 5 (7.2%) 

Metastases 
Liver 2 (2.9%) 
Lung 2 (2.9%) 
Lymph nodes 3 (4.3%) 
Subcutaneous 1 (1.4%) 

(Table 3). The three-year survival rate is 68.5 per- 
cent in patients with ascites and 71.4 percent in 
patients without ascites. There is no statistical dif- 
ference between these groups ( P >  0.1). 

The classification of residual disease after cyto- 
reductive surgery is described in Table 1. There 
were two cases of R-0, 43 cases of R-l, 19 cases of 
R-2, and five cases of R-3. The three-year survival 
rate is 100 percent in R-0, 91.6 percent in R-l, 47.8 
percent in R-2, and 20.0 percent in R-3. There is a 
significant difference between these groups (P < 
0.01) (Fig. 3). 

Lymphatic or hematogenous metastasis was pres- 
ent at the time of or prior to cytoreductive surgery 
in eight patients (Table 3). Patients with metastasis 
showed a 28.6 percent three-year survival rate. In 
comparison, the prognosis of patients with perito- 
neal implants but without lymphatic or hematoge- 
nous metastasis (61/69) was significantly improved 
(P < 0.01), showing a 75.1 percent three-year 

survival rate (Fig. 4). 
Complications following cytoreductive surgery 

and early postoperative intraperitoneal chemother- 
apy are shown in Table 4. The incidence of the 
complications was 34.8 percent (24/69). There is 
no statistical difference in survival between the 
patients without complication and the patients with 
complication (P > 0.1). There was a single post- 
operative death in a patient with central venous 
catheter sepsis. 
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Figure 3. Survival according to volume of residual disease 
in patients with appendiceal cancer. 
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Figure 4. Survival according to the presence of lymphatic 
or hematogenous metastases in patients with appendiceal 
cancer. 

Table 4. 
Complications 

Complication 
Number of 
Patients; 

24/69 (34.8%) 

Small bowel fistula 8 
Anastomotic leakage 2 
Urine leakage 1 
Duodenal leakage 1 
Gastroesophageal reflux 2 
Subphrenic abscess 1 
Postoperative bleeding 3 
Pancreatitis 1 
Central venous catheter sepsis 2 
Bile leakage 1 
Peritonitis 1 
Left hepatic artery ligated 1 

Follow-up studies for all patients have shown 
that 46.4 percent of patients (32/69) were alive 
with no evidence of disease (NED), 23.2 percent 
of patients (16/69) were alive with disease (AWD), 

21.7 percent of patients (15/69) died of disease 
(DOD), and 8.7 percent of patients (6/69) died of 
other causes (DOC) (Table 1). 

T r e a t m e n t - F a i l u r e  Analys is  

In a treatment-failure analysis that includes all 
observations, only 12 of the total of 69 patients 
developed hematogenous or lymphatic metastases, 
as shown in Table 5. Three patients developed 
liver metastases. In only one of these patients was 
there simultaneous local recurrence of disease, and 
in this patient there was never a complete cytore- 
duction. Lymph node metastases developed in 
three patients, and all three of these patients are 
deceased. One died of other causes. One of these 
patients had metastasis recurring on abdominal 
surfaces as well as progressive retroperitoneal 
lymph node disease. Both other patients remained 
disease free on abdominal surfaces despite recur- 
rence. Two patients had lung metastases, and one 
underwent a pulmonary resection. This patient re- 
mains NED. One patient died of lung metastases 
without disease on peritoneal surfaces. Two pa- 
tients developed both lymph node and lung metas- 
tases. These were distant lymph nodes in the groin 

Metastatic Site 

Table 5. 
Failure Analysis 

Number Peritoneal 
(%) Status Surfaces 

of Patients Recurrence 

Liver 3 (4.2) 1 DOD 1/3 
2 AWD 

Right colic lymph 3 (4.2) 2 DOD 1/3 
nodes 1 DOC 

Lung metastases 2 (2.9) 1 DOD 0/2 
only 1 NED 

Lung and distant 2 (2.9) 2 DOD 1/2 
lymph nodes 

Subcutaneous 1 (1.4) 1 DOD 0/1 
only 

Bone only 1 (1.4) 1 DOD 0/1 

Implantation Site 
Number 

(%) 
of Patients 

Status 

Peritoneal sur- 
faces 

Porta hepatis re- 
quiring percu- 
taneous biliary 
stent 

Pleural 
Pericardial 

23 (33.3) 14 AWD, 9 DOD 

3 (4.3) 2 AWD, 1 DOD 

4 (5.8) 1 NED, 2 AWD, 1 DOD 
1 (1.4) 1 DOD 
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and left axillary nodes. One of these patients had 
metastasis recurring on peritoneal surfaces. An- 
other patient with lymph node and lung metastases 
had extensive local recurrence. One patient devel- 
oped subcutaneous metastases. Approximately 100 
subcutaneous nodes occurred over the entire body. 
There were no other sites of disease. A single 
patient developed isolated bony metastases (Table 
5). 

Spread by implantation of the cancer around the 
peritoneal pleural cavity as a pattern of disease 
persistence or recurrence was seen in 23 patients. 
Three patients developed biliary obstruction and 
required percutaneous stenting. Three patients de- 
veloped disease within the pleural cavity. This has 
not yet led to the demise of any our patients. Two 
patients had the disease in the left pleural cavity, 
and two had it in the right chest. One patient 
underwent a thoracotomy and intrapleural chemo- 
therapy with 5-fluorouracil and mitomycin C, and 
a second patient was treated with intrapleural 
chemotherapy alone. A single patient was thought 
to have pericardial effusion secondary to tumor 
infiltration from the right pleural space. The peri- 
cardial tumor was not biopsy confirmed but was 
thought to lead to the rapid demise of this patient. 

DISCUSSION 

The natural history of appendiceal malignancy 
complicated by peritoneal carcinomatosis has 
never been clearly defined in the past. This series 
of 69 patients allows us to formulate a concept for 
the progression of this disease. In the natural his- 
tory presented here, one must now factor in a novel 
treatment strategy that seems to salvage many of 
these patients. This tumor occurs in a thin-walled 
tubular structure. This results in a high incidence 
of perforation and seeding of tumor cells into the 
free peritoneal cavity. Only rarely does the tumor 
metastasize to the lymph nodes or liver. In this 
series, only 12 of 69 patients (17.4 percent) devel- 
oped metastases. Systemic spread may also occur 
but was unusual. In this failure analysis, all obser ~ 
vations from diagnosis of recurrence until the pa- 
tient's death were recorded. 

The natural history of appendiceal cancer is very 
similar to the natural history of ovarian malignancy. 
In this disease, a thin-walled structure, the ovarian 
capsule, frequently perforates before any other 
symptoms occur. This results in peritoneal seeding 
early in the natural history of the disease process. 

In this malignancy, ascites is commonly the initial 
manifestation of the disease process. 

A second important feature of this disease is its 
low-grade tumor biology. Not only is the tumor 
rarely found to enter lymphatic channels or vascu- 
lar channels, but its margins are pushing rather 
than infiltrating. Tumor cells exist within a copious 
mucinous matrix and become symptomatic be- 
cause of this mucin production rather than because 
of compromise of bowel function. Grade I cystad- 
enocarcinoma tumor closely resembles the tissue 
of origin, the appendiceal epithelium. Signet-ring 
ceils and extensive mucous production surround- 
ing these tumor cells are usually seen. It is this 
noninvasive character of the tumor that makes it 
amenable to complete cytoreduction by a perito- 
neal stripping procedure. 9 

Spread of disease by implantation onto perito- 
neal surfaces, into the porta hepatis, into the 
pleural spaces, or into the pericardial space was 
the most common type of recurrence in this group 
of patients. Twenty-three patients developed this 
mechanism of disease recurrence. Biliary tract ob- 
struction requiring percutaneous biliary stenting 
was required in three patients. Disease on pleural 
surfaces was seen in four patients. In two it was on 
the right side, and in two it was on the left. One 
patient developed a pericardial effusion and died 
as a result of this. Recurrent intestinal obstruction 
was infrequently seen either at presentation or 
during follow-up. Presumably, the mucinous tumor 
within the abdomen was free to expand and did 
not result in narrowing of the bowel lumen. Tumor 
expanding within the porta hepatis was limited by 
the surrounding hepatic parenchyma. Its progres- 
sion of disease narrowed and then obstructed the 
common bile duct. 

It is unlikely that cytoreductive surgery by itself 
would be effective for long-term control of appen- 
diceal cancer with peritoneal carcinomatosis. Many 
surgeons have attempted to control cystadenocar- 
cinoma by surgery alone. It is likely that surgery 
must be combined with intraperitoneal chemo- 
therapy to be effective. The more complete the 
cytoreduction, the more effective the long-term 
control of this disease (Fig. 3). The similar survival 
of patients with bulky disease preoperatively to 
those with low-volume disease preoperatively most 
likely reflects the ability of the peritonectomy pro- 
cedures to reduce the volume to an R-1 extent in a 
majority of patients. 
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The grade of cancer  not unexpec ted ly  correlates 

with long-term survival and with the comple teness  

of cytoreduct ion (Fig. 2). Also the metastatic ca- 
pacity of the tumor  as indicated by lymph node  
involvement  or intrahepatic metastases was a 

strong prognost ic  factor (Fig. 4). Local treatments 
such as cytoreductive surgery and intraperitoneal 

chemothe rapy  cannot  be expec ted  to cure systemic 

disease. 
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