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Objective
To establish selection criteria for reoperation in patients with
peritoneal dissemination from appendiceal malignancy.

Summary Background Data
The outcome of patients with mucinous appendiceal neo-
plasms with peritoneal surface dissemination has changed as
a result of a better understanding of the clinical and patho-
logic features of this disease. This knowledge, combined with
aggressive strategies for the use of perioperative intraperito-
neal chemotherapy and peritonectomy procedures, has re-
sulted in long-term disease-free survival in many of these pa-
tients. However, some of the patients develop progressive
disease, and a question regarding additional surgery is appro-
priate. A critical analysis of the results of second-look surgery
should assist in the management of patients with recurrent
peritoneal surface dissemination of an appendiceal neoplasm.

Methods
Three hundred twenty-one patients with epithelial peritoneal
surface malignancy of appendiceal origin underwent surgery
during a 12-year period. Ninety-eight of these patients
(30.5%) underwent a second-look procedure. A database of
selected clinical features regarding these 98 patients was

gathered from the clinical records. A critical statistical analysis
of these clinical features and their prognostic impact was per-
formed using survival as an endpoint. All patients were man-
aged by a treatment regimen that used cytoreductive surgery
and intraperitoneal chemotherapy.

Results
The overall 5-year survival rate of these 98 patients was
73.6%. This compared favorably with a 68% survival rate of
223 patients who did not undergo reoperation. Survival based
on the number of cytoreductive surgeries and the free interval
between them showed no significant difference. Patients who
had second-look surgery with bowel obstruction as a symp-
tom and those in whom the amount of tumor was increased
or minimally decreased at the first and second cytoreductions
had a significantly inferior 5-year survival rate. A complete
second cytoreduction was associated with an improved
5-year survival rate.

Conclusions
Follow-up of patients treated for peritoneal dissemination from
neoplasms of appendiceal origin is indicated. Selected pa-
tients in whom recurrence develops are candidates for repeat
cytoreductive surgery plus intraperitoneal chemotherapy with
curative intent.

Peritoneal surface dissemination of pseudomyxoma peri-
tonei and of adenocarcinomas of appendiceal origin has a
perforated appendiceal tumor as the primary site of disease.1

Mucinous ascites and mucus-producing epithelial cells from
the appendiceal tumor accumulate and progress, with a
characteristic distribution throughout the abdomen and pel-

vis. Copious mucinous ascites and tumors distend the peri-
toneal cavity over time and eventually bring intestinal func-
tion to a halt. In the past, treatment involved repeated
debulking procedures over several years. The goal of this
surgery was to relieve the abdominal distention by evacu-
ating all free mucus, irrigating vigorously, and wiping the
peritoneal surfaces as clean as possible. All solid tumor
except that contained within the greater omentum
remained.2

With repeated debulking procedures, the natural history
of appendiceal malignancy is characterized by progression
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of both mucinous tumor and intestinal adhesions until there
are no further surgical options. All patients die of gradual
progressive intestinal obstruction and terminal starvation.
Gough et al3 at the Mayo Clinic followed up 56 patients
treated by reoperation over a 26-year period. In the absence
of special treatments, disease-free survival was approxi-
mately 2.5 years, and only a few patients were disease-free
after 5 years. One of us4 showed a median survival of 2
years in patients who had incomplete cytoreduction.

Better understanding of the clinical and pathologic fea-
tures of the disease, combined with aggressive use of peri-
tonectomy procedures and intraperitoneal chemotherapy,
has changed the outcome for these patients. Treatment of a
large number of patients resulted in a standardized plan of
management.4,5 The goal of treatment has been changed
from palliative to curative intent. However, about one third
of patients who underwent cytoreduction with perioperative
intraperitoneal chemotherapy developed progressive disease
and could be considered candidates for additional treatment.

The purpose of this study was to critically evaluate all
patients who had peritoneal surface spread of an appen-
diceal neoplasm and a second-look surgery. Our goal was to
establish selection criteria for reoperation. This was done by
performing a statistical analysis of clinical factors that in-
fluenced outcome, with survival as an endpoint. These data
should facilitate better clinical management.

PATIENTS AND METHODS

Patients

From February 1985 to September 1997, 321 patients
with the diagnosis of an epithelial peritoneal surface malig-
nancy of appendiceal origin were treated using a standard-
ized management plan with cytoreductive surgery and peri-
operative intraperitoneal chemotherapy.5 This group of
patients represents the complete surgical experience with
this disease during this period; no patients were eliminated
from the data analysis. No patients were lost to follow-up.
Ninety-eight of these patients (30.5%) underwent at least
one second-look surgery with repeat cytoreductive surgery
plus perioperative intraperitoneal chemotherapy if indi-
cated. A statistical analysis of these 98 patients constitutes
the basis of our study.

Precytoreduction Data

The preoperative workup was aimed at quantitative eval-
uation of the biologic aggressiveness, distribution, and ex-
tent of abdominopelvic disease. Clinical examination in-
cluded a detailed history and physical examination.
Laboratory examination included a tumor marker panel with
carcinoembryonic antigen, CA 19-9, CA-125, CA 15.3, and
CA 72.4. Upper gastrointestinal series or barium enemas
were performed as needed but were rarely indicated. After
bowel preparation, a computed tomography (CT) scan was

obtained of the chest, abdomen, and pelvis with maximum
oral, intravenous, and intrarectal contrast.6,7 Surgical re-
ports, pathology reports, and pathology slides from prior
surgical procedures were reviewed in all patients before the
first cytoreduction at our institution.

Management by Cytoreduction Plus
Intraperitoneal Chemotherapy

Three hundred twenty-one patients with an epithelial
peritoneal surface malignancy of appendiceal origin under-
went cytoreductive surgery. The goal of surgery was to
remove all clinical evidence of disease if possible. The
cytoreductive surgery consisted of an exploratory laparot-
omy with lysis of all intraabdominal adhesions and deter-
mination of the peritoneal cancer index (PCI).8 Using ex-
tensive electrosurgery, one to six peritonectomy procedures
and appropriate gastrointestinal resections were performed
to remove all visible tumor.9,10 All patients received peri-
operative intraperitoneal chemotherapy with mitomycin C
and 5-fluorouracil. In the initial 94 patients, the mitomycin
C was given as early postoperative intraperitoneal chemo-
therapy on postoperative day 1 at a dose of 12.5 mg/m2 for
men and 10 mg/m2 for women.11 After January 1995, the
same dose of mitomycin C was given in the operating room
with 41° to 42°C heat and manual distribution of the che-
motherapy solution.5 The 5-fluorouracil has always been
given at 650 mg/m2 as early postoperative intraperitoneal
chemotherapy on postoperative days 2 to 6 or 1 to 5.5 The
initial 94 patients who received early postoperative intra-
peritoneal mitomycin C also received three cycles of com-
bined intravenous mitomycin C and intraperitoneal 5-flu-
orouracil. A completeness of cytoreduction (CC) score was
determined at the completion of surgery.

Data Analysis

The clinical features selected for analysis with survival as
an endpoint were age; sex; tumor marker elevation before
and after the first cytoreduction; CT of the chest, abdomen,
and pelvis before and after the first cytoreduction; PCI at the
first cytoreduction and at second-look surgery; CC score at
the first and at the second cytoreduction; histopathologic
type of tumor (adenomucinosis, hybrid morphology, muci-
nous carcinoma); time interval between first and second
surgery (,1 year, 1–2 years, 2–3 years,.3 years); indica-
tion for second-look surgery (planned, abnormal CT scan in
follow-up, intestinal obstruction, increasing tumor marker,
other); number of cytoreductive surgeries (one, two, three,
four); and percentage change in PCI (no change or an
increase, decrease 1–50%, decrease 51–99%, decrease
100%). The significance of each of these clinical features
was analyzed. A Kaplan-Meier survival curve was fitted to
the data and tested using a log-rank test for difference
between the curves. The response variable was survival (in
months) for the clinical features that were compared. The
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probability values were calculated for each analysis. The
follow-up was 100%, and no patients were censored from
the data analysis.

Standard follow-up protocol after the first cytoreductive
surgery consisted of assays of the appropriate tumor marker
selected from the panel by a preoperative determination
every 3 months and a CT scan of the chest, abdomen, and
pelvis with maximum oral, intravenous, and intrarectal con-
trast every 6 months.

Quantitative Prognostic Indicators for
Peritoneal Surface Malignancy

The PCI was a combined score of the distribution of
tumor implants and their mass.8 The score was determined
after a thorough exploration of the abdomen and pelvis. The
abdominopelvic area was divided into nine regions and the
small bowel into four regions. Each of these regions was
scored for implant size on a scale of 0 to 3 (0, no visible
tumor implants; 1, implants,0.50 cm in greatest diameter;
2, implants 0.50–5.0 cm; 3, implants.5.0 cm or a conflu-
ence of implants). The PCI was the sum of scores from all
13 abdominopelvic regions (0–39).

The CC score was an assessment of the largest tumor
mass left behind after the removal of tumor.12 In contrast to
the PCI, the abdomen and pelvis were scored as a single unit
after the surgery was completed (0, no visible evidence of
tumor, but microscopic residual disease assumed; 1, tumor
implants,0.25 cm in greatest dimension; 2, tumor implants
0.25–2.5 cm in greatest dimension; 3, tumor nodules.2.5
cm in greatest dimension or a confluence of nodules). Pa-
tients with a CC score of 0 and 1 were designated as having
had complete cytoreduction.

Histologic Type of Mucinous Tumor

The histologic type of mucinous tumor was scored as 1 to
3.3.13 A score of 1 indicated adenomucinosis: scant epithe-
lial cells existed as single cells or as a single layer surround-
ing a glandular structure, fibrous matrix was minimal, and
epithelial cells appeared bland without atypia or mitoses. A
score of 2 indicated a hybrid morphology of adenomucino-
sis and mucinous adenocarcinoma; the large majority of the
tumor mass was typical of adenomucinosis, but areas of
cellular atypia, a confluence of glandular structures, and a
well-organized fibrous stroma were apparent. A score of 3
indicated mucinous adenocarcinoma; signet ring morphol-
ogy was apparent and cellular atypia was more evident
throughout the specimen.

Lymph node status was determined within ileocolic and
right colic nodes both at the time of initial appendiceal
malignancy treatment and at the time of definitive cytore-
duction. The presence versus absence of appendiceal ma-
lignancy in lymph nodes was analyzed for its impact on
survival.

Interval Between First Cytoreduction
and Second-Look Procedure

This interval was defined as the time elapsed between the
first and second cytoreductive procedures. Patients were
classified into those who had the second-look surgery within
1 year, those who had the second-look surgery between 1
and 2 years, those who had it between 2 and 3 years, and
those who had it after 3 years.

Indication for Second-Look Surgery

Patients were classified into one of the following groups
based on the indication for their second-look surgery. In
group 1, a second-look procedure was planned at the time of
the first cytoreduction. Usually these patients had a tempo-
rary ostomy that needed to be reversed. The second-look
surgery in this group of patients occurred 6 months after the
first cytoreduction. Group 2 consisted of patients who had
an abnormal CT scan on follow-up but were asymptomatic.
Group 3 comprised patients who underwent reoperation
because of signs and symptoms of intestinal obstruction
regardless of normal or abnormal tumor markers or CT
scans. Group 4 comprised patients who underwent reopera-
tion because they had a rising tumor marker but had no
significant findings on CT or physical examination and were
clinically asymptomatic. Group 5 consisted of all the other
patients who underwent reoperation but could not be cate-
gorized in any of the above groups. Indications for reopera-
tion in this group included, but were not limited to, tumor in
the abdominal wall, severe bile reflux, and incisional hernia.
The time selected for surgical intervention of groups 2
through 5 was the time at which the clinical information
suggested recurrent malignancy.

Number of Cytoreductive Surgeries

Of the original 321 patients with peritoneal dissemination
of a perforated appendiceal tumor, 98 underwent a second-
look surgery. Sixteen of these 98 patients underwent a third
surgery and 3 of them had a fourth surgery. The timing of
all third and fourth surgeries was determined by the clinical
status of the patient, with no predetermined interventions.

Percentage Change in Peritoneal
Cancer Index

As previously described, the PCI is a quantitative assess-
ment of the amount of disease present in the abdominopel-
vic regions and on small bowel visually determined at the
time of abdominal exploration. Patients were evaluated by
comparing the PCI at the time of their first cytoreductive
surgery with the score at the time of their second-look
surgery. Based on the percentage change, the patients were
categorized into one of four groups: group 1, the score was
the same or had increased; group 2, the score had decreased
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by 1% to 50%; group 3, the score had decreased by 51% to
99%; group 4, no tumor was found at the second-look
surgery (decrease of 100%).

Statistical Evaluation

The comparison of patients’ clinical characteristics was
conducted using chi-square or the Fisher exact chi-square
test for categorical variables; the Studentt test or analysis of
variance was used for continuous variables. For patient
survival analysis, Kaplan-Meier survival curves were plot-
ted and tested by log-rank test.

RESULTS

Of the 321 patients treated for peritoneal surface spread
of an appendiceal malignancy, 98 (30.5%) required second-
look surgery. The overall 5-year survival rate of these 98
patients was 73.6%. This compared favorably with a 5-year
survival rate of 68% for patients who did not undergo a
reoperation. The time to disease progression and the overall
survival are shown in Figure 1.

In the patients who underwent second-look surgery, the
CC score was not a significant prognosticator at the first
cytoreduction (P 5 .1626), but it was a robust prognostica-
tor at the second-look surgery. Sixty-seven patients who had
a complete second cytoreduction had a 5-year survival rate
of 84%; when the second cytoreduction was incomplete, the
5-year survival rate dropped to 44% (Fig. 2). The compar-
ison was significant (P 5 .0001 (Table 1).

Table 1 shows an evaluation of the patients based on the
interval between the first cytoreduction and second-look
surgery. There was a 5-year survival rate of 82% for patients

who had their second surgery within 1 year of the first.
Survival decreased to 67% with a 2-year interval and dropped
even more with a 3-year interval (27%). Patients who required
a second-look surgery after 3 years from the first cytoreduction
had an increase in survival to 63%. The interval between the
first cytoreduction and second-look surgery did not have a
significant impact on survival (P 5 .248).

There was no significant difference in survival if the
second cytoreductive surgery was either a planned one for a
closure of an ostomy or the operation was dictated because
the patient had an increasing tumor marker or an abnormal
CT scan (Fig. 3). All these patients were asymptomatic.
However, if the indication for the second-look surgery was
intestinal obstruction, the 5-year survival rate decreased
significantly (P 5 .0054; see Table 1).

The number of cytoreductions in these patients varied
from two to six. Seventy-nine patients had a second cytore-
duction, 16 had a third cytoreduction, and 3 had a fourth
or greater cytoreduction. The effect of the number of
cytoreductions on the 5-year survival rate showed border-
line significance (P 5 .069). There was a trend toward
improved outcome if patients were selected for multiple
cytoreductions.

Patients were analyzed comparing the PCI at the first
cytoreductive surgery with the PCI at the second-look sur-
gery. The impact of change in the PCI is shown in Table 2.
Survival was significantly reduced if the PCI at the second
surgery was the same or greater than at the first. Also,
survival was diminished if the PCI was only modestly
reduced from the first cytoreduction. If the PCI had
decreased 50% or more at the second-look surgery, the
survival rate improved. These differences were significant
(P , .0001; Fig. 4).

Figure 1. Kaplan-Meier distribution showing disease-free survival (interval between first cytoreduction and
second-look surgery) and overall survival from time of second-look surgery.
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A statistical relationship was sought between the CC score
at the first cytoreduction and the change in the PCI. To perform
this analysis, the groups of patients with complete cytoreduc-
tion and incomplete cytoreduction were compared with the
groups of patients with a 50% or less decrease in the PCI and
those whose PCI decrease exceeded 50%. Table 3 shows no
significant relationship of these parameters (P 5 .759).

Other statistical evaluations, including age, sex, PCI at

the first and the second cytoreduction, histopathologic type
of the tumor, and positive versus negative lymph nodes, had
no significant impact on survival after second-look surgery.

DISCUSSION

Second-look surgery has fallen into disfavor for most
malignancies because the therapeutic options available to

Figure 2. Survival distribution by completeness of cytoreduction at second-look procedure.

Table 1. CLINICAL FEATURES AT THE SECOND-LOOK SURGERY AND THEIR
PROGNOSTIC IMPACT

Variable No. Patients 5-yr Survival (%) P Value

Completeness of first cytoreduction
CC-0 or CC-1 76 75
CC-2 or CC-3 22 64 .1626

Completeness of second cytoreduction
CC-0 or CC-1 67 84
CC-2 or CC-2 31 44 .0001

Interval
,1 yr 58 82
1–2 yr 13 67
2–3 yr 7 27
.3 yr 20 63 .248

Indication for second cytoreduction
Planned second-look 29 68
Abnormal computed tomography 28 87
Intestinal obstruction 20 28
Abnormal tumor marker 8 86
Other 13 82 .0054

Number of cytoreductions
2 79 69
3 16 80
4 or more 3 100 .069

Survival computed from the time of the first cytoreduction.
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patients with persistent or progressive disease have been
determined to have little or no long-term benefit in terms of
survival or quality of life. The results in patients with
peritoneal surface spread of appendiceal malignancy sug-
gest that second-look surgery with aggressive cytoreduction
plus intraperitoneal chemotherapy may be of benefit. The
survival rate at 5 years of 74% obtained with second-look
surgery in this group of patients is far superior to that
reported in the literature with colon cancer or ovarian
cancer.13–15

There may be some important features of the natural
history of appendiceal mucinous tumors with peritoneal
dissemination that help explain these favorable results.
These malignancies rarely cause treatment failure outside
the abdomen or pelvis as a result of metastases. Repeated
efforts to eradicate locally persistent disease can be ex-
pected to be more successful in the absence of distant
metastases.

Secondly, these mucinous tumors, even with grade 3
morphology, tend to have pushing rather than invasive
margins. In this situation, the laser mode electrosurgery and
intraperitoneal chemotherapy can eradicate microscopic re-

sidual disease and secure local control. With persistent
disease,however, all of these patients will eventually die of
disease.1,3,4

Thirdly, these minimally invasive malignancies relatively
spare small bowel; tumor distributes at dependent anatomic
sites and sites of peritoneal fluid resorption. Because oral
nutrition is dependent on small bowel function, extensive
resection and peritonectomy of other structures can occur
with first, second, third, and even fourth reoperation with an
acceptable quality of life. Small bowel sparing by mucinous
tumor allows successful repeat cytoreduction with preser-
vation of oral nutrition.

Finally, peritoneal surface malignancies are unique in the
possibility to treat all tumor with an intraperitoneal route of
chemotherapy. The dose intensity of regional chemotherapy
uniformly distributed allows eradication of disease rather
than a partial response.

It is clear from these data that second-look surgery is of
benefit to patients with appendiceal malignancy but that
selection factors are important in recommending that pa-
tients undergo a second-look procedure. Of 14 clinical fea-

Table 2. IMPACT OF CHANGE IN PERITONEAL CANCER INDEX (PCI)

Percentage Change
in PCI

PCI at First
Cytoreduction*

PCI at Second-Look
Surgery* No. Patients

5-yr Survival
(%) P Value

0 or increased 27.9 6 11.4 31.7 6 9.3 20 10 .0001
Decreased 1–50% 32.1 6 6.3 23.2 6 7.8 18 28
Decreased 51–99% 31.7 6 8.5 8.6 6 5.3 49 65
Decreased 100% 25.5 6 11.0 0 6 0 10 100

* Data are given as mean 6 SD.

Figure 3. Survival distribution by indication for second-look surgery.
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tures analyzed, 3 suggest an impact on survival and should
be considered.

Tumor involvement of the small bowel was extremely
important in determining the long-term result with a second-
look cytoreduction and perioperative intraperitoneal chemo-
therapy. If the indication for second-look surgery was in-
testinal obstruction caused by tumor, the outcome for
second-look surgery was guarded (28% 5-year survival).
This was significantly different than observed for the other
indications for second-look surgery. A large portion of the
stomach or colon can be resected with return of nutritional
function compatible with an acceptable quality of life. Un-
fortunately, for small bowel no effective cytoreductive pro-
cedures have been developed; aggressive resection is asso-
ciated with profound nutritional problems. Consequently,
preoperative intestinal obstruction, signifying in most pa-
tients small bowel invasion by malignancy, was associated
with a guarded long-term prognosis despite second-look
cytoreduction.

The sites of disease treated at the first cytoreduction must

remain free of disease or show minimal progression. The
PCI at the second-look procedure must show a decrease of
51% or more compared with the PCI at the first cytoreduc-
tion. A durable response to prior therapy suggested a favor-
able outcome with similar additional treatments.

The completeness of cytoreduction at the time of second-
look surgery had a profound effect on outcome. If, on
exploration of the abdomen at second-look surgery, it was
determined that a complete removal of malignancy was
impossible, an aggressive approach to this disease should be
abandoned and a palliative intervention pursued. Long-term
survival was seen with complete cytoreduction but not with
incomplete tumor resection.

A contrast was shown between second-look surgery for
peritoneal dissemination of appendiceal malignancy and
second-look surgery for colon cancer by Gomez et al.16 In
their data, if the initial cytoreduction was incomplete, sub-
sequent attempts to achieve a complete cytoreduction were
not successful. However, in the present analysis of appen-
diceal malignancy (a more indolent and less aggressive
disease), the completeness of the first cytoreduction had
little effect on outcome. It was the completeness of cytore-
duction at the second-look procedure that determined prog-
nosis in a significant manner.

The change in PCI between the first and the second
cytoreduction had a significant impact on prognosis in this
report and in a prior report by Berthet et al.17 They reported
that a small increase in the number of anatomic sites in-
volved by sarcoma between a first operation and a definitive
cytoreduction was associated with a good prognosis. In 11
patients, they reported an 80% 5-year survival rate. How-
ever, if the increase in abdominopelvic regions was four or
more, 0 of 32 patients survived 5 years. This was significant

Figure 4. Survival distribution by change in peritoneal cancer index. Survival time was determined from
time of second-look surgery.

Table 3. RELATIONSHIP OF
COMPLETENESS OF CYTOREDUCTION

(CC) SCORES AND CHANGE IN
PERITONEAL CANCER INDEX (PCI)

Change in
PCI ≤
50%

Change in
PCI >
50% P Value

Complete cytoreduction
(CC-0 and CC-1)

30 45 .759

Incomplete cytoreduction
(CC-2 and CC-3)

8 14
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(P 5 .0007). These data from appendiceal malignancy show
similar significant differences in the percentage change re-
corded in the PCI (P 5 .0001). From a tumor biology
perspective, it may be that a decrease in the volume of
tumor recorded by comparison of the PCI at the first cy-
toreduction and second-look surgery indicates one of two
situations. If there is little or no disease progression, this
indicates that the treatments were effective; alternatively, it
may indicate an indolent disease process. If a similar vol-
ume of mucinous tumor was recorded at the first cytoreduc-
tion and the second-look procedure, this indicates that the
treatments were not effective and the tumor has grown back.
It is likely that there was an aggressive disease process.

These data seem to confirm the efficacy of a treatment
strategy often used in this group of patients who have a low
likelihood of developing distant metastatic disease. Fre-
quently, the extent of mucinous tumor was so great at the
time of first cytoreduction that complete removal was con-
sidered unwise; the magnitude of a surgical procedure re-
sulting in complete tumor resection was judged to carry a
prohibitive risk of complications and death. Consequently,
an incomplete cytoreduction was performed. However, the
peritonectomy procedures that were performed were de-
signed to clear a certain portion of the anatomy completely.
The anatomic sites left with gross residual tumor were
minimally dissected. If at the second-look procedure the
previously peritonectomized regions remained free of dis-
ease, then a complete removal of the mucinous tumor was
planned. Cytoreductive surgery commensurate with the pa-
tient’s physical condition was pursued. This staged ap-
proach to a massive cytoreduction to minimize the risk of
death and complications seems to be supported by these
data.
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