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Cytoreductive surgery/heated intraperitoneal chemotherapy (CRS/HIPEC) has been shown to be
effective for selected patients with advanced appendiceal cancer. We propose that delaying CRS/
HIPEC leads to disease progression and affects outcome. A retrospective analysis of a prospective
database was carried out. Patients were divided into two groups based on time from diagnosis to
CRS/HIPEC (less than 6months5 early, greater than 6months5 delayed). Comparisonwasmade of
Peritoneal Cancer Index (PCI), Prior Surgery Score (PSS), complete cytoreduction (CC), and lymph
node status. Overall survival (OS) was calculated using Kaplan-Meier estimates. Of 127 patients, 50
had disseminated peritoneal adenomucinosis and 77 had peritoneal mucinous carcinomatosis
(PMCA). Of patients with PMCA, 41 had early CRS/HIPEC and 36 delayed. PCI was less than 20 in
46 and 17 per cent (P 5 0.007) of the early and delayed groups, respectively. CC was achieved in 88
and 61 per cent (P5 0.009) of the early and delayed groups, respectively. PSSwas (2 of 3) in 51 and 91
per cent (P 5 0.001) of the early and delayed groups, respectively. Five-year OS was 54 per cent for
the early group and 45 per cent for the delayed group (P5 0.2). Delaying CRS/HIPECwas associated
with higher tumor load and lower chance for complete cytroreduction. Longer follow-up and larger
numbers are needed to determine if OS difference will reach statistical significance.

N EOPLASMS OF THE appendix are rare and frequently
present at an advanced stage with peritoneal me-

tastases. They are usually diagnosed after surgical ex-
ploration either to establish a diagnosis or to alleviate
symptoms, resulting in either major debulking surgery
or limited resection of metastases and appendectomy.
After the diagnosis is established, some patients are re-
ferred to a peritoneal surface malignancy center for eval-
uation for cytoreductive surgery/heated intraperitoneal
chemotherapy (CRS/HIPEC). Others receive systemic
chemotherapy on a palliative basis with regimens used
in the treatment of advanced colon cancer and may
undergo further surgery if they become symptomatic,
usually from intestinal obstruction.
The National Comprehensive Cancer Network

(NCCN) treatment guidelines still include appendix
cancer under colon cancer guidelines. These advocate
systemic chemotherapy as a first line treatment for

patients with peritoneal metastases in contrast to what
has been more recently published about appendix can-
cer. The role of systemic chemotherapy in treating pa-
tients with appendiceal cancer is neither well studied
nor reported,1–4 whereas CRS/HIPEC has been exten-
sively reported with meaningful long-term sur-
vival.5–12 In addition, it is known that appendix
cancer behaves differently than colorectal cancer,
which has prompted a separate staging for appendiceal
cancer in the most recent edition of the American
Joint Commission Staging Manual.13

The controversy in treatment recommendations can
lead to delay in CRS/HIPEC. We propose that the
delay in CRS/HIPEC leads to disease progression and,
therefore, adversely affects outcome.

Methods

Patients with appendiceal cancer and peritoneal
spread who underwent CRS/HIPEC between the years
of 1999 and December 2010 were identified from a
prospectively collected database. Ronnett’s histopath-
ological classification was used to divide patients into
two groups, disseminated peritoneal adenomucinosis
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(DPAM) and peritoneal mucinous carcinomatosis
(PMCA),14, 15 The PMCA intermediate category was
included under PMCA. Computed tomography (CT)
scan of the chest, abdomen, and pelvis and tumor
markers (carcinoembryonic antigen, CA19-9, CA 125)
were obtained before surgery. After review of the CT
scan and patient’s functional status (Eastern Coopera-
tive Oncology Group 4 0,1), surgery was recom-
mended for patients with no extraperitoneal metastases
if complete cytoreduction (CC) was felt to be feasible.
The Peritoneal Cancer Index (PCI), as previously de-
scribed by Jacquet et al., was used to assess the extent of
peritoneal involvement.16 Prior Surgery Score (PSS)
was used as a measure of extent of previous surgery.16

Lymph node (LN) status was obtained from patient’s
previous surgeries and at the time of CRS/HIPEC. A
single surgeon performed all operations. The histo-
pathology from CRS/HIPEC as well as from the first
surgery or biopsy was reviewed at our institution when
available.
Of 150 patients with appendiceal neoplasms and

peritoneal spread who underwent CRS/HIPEC, 127 pa-
tients had their first CRS/HIPEC at our institution and
constituted the study population. Of the other 23 patients,
CRS/HIPEC was not performed as a result of exten-
sive small bowel involvement at exploration precluding
CRS/HIPEC in 16, whereas seven had undergone pre-
vious CRS/HIPEC at another institution. Patients with
PMCA and DPAM were studied in separate groups.
Each group was divided arbitrarily into two subgroups
based on the time from diagnosis to CRS/HIPEC. The
early group underwent CRS/HIPEC less than 6 months
from diagnosis, whereas the delayed group had CRS/
HIPEC 6 months or more after diagnosis. Comparison
between the early and delayed group was made using
the following parameters: age, sex, PCI, PSS, CC, LN
status, and precytoreduction systemic chemotherapy
administration.
No patients have been lost to follow-up. Details of

the operation and intraperitoneal chemotherapy have
been previously reported.17, 18

The data were collected prospectively during the
patients’ follow-up visits. Mean follow-up was calcu-
lated from the date of surgery until death or last follow-
up visit. Comparisons between groups were performed
using the x2 test for categorical variables and the anal-
ysis of variance for continuous variables. Relapse-free
survival (RFS) was defined as no evidence of disease by
physical examination, CT scan, or tumor markers only
in patients who had complete cytoreduction. Overall
survival (OS) was calculated from the date of CRS/
HIPEC to the date of death or last encounter. RFS
was calculated from the date of CRS/HIPEC to date of
recurrence. Estimates of survival were calculated using
the Kaplan-Meier method. Differences were calculated

with a log-rank test. Cox proportional hazard ratio was
used to compare pertinent variables. Results were con-
sidered statistically significant if P < 0.05. All patients
signed a tissue and research consent through a protocol
approved by the Institutional Review Board.

Results

Among the 127 patients, 77 had PMCA and 50 had
DPAM. Mean follow-up was 31 months (range, 3 to
90 months).
Demographics and characteristics of the patients with

DPAM in the early and delayed groups are summarized
in Table 1. Five-year OS among early and delayed
groups were 90 and 76 per cent, respectively (P4 0.8).
Seven of 50 patients were dead at the time of analysis;
five died of other causes and two died of disease (both in
the delayed group).
Demographics and characteristics for the patients

with PMCA among early and delayed groups are sum-
marized in Table 2. Five-year OS was 54 per cent in the
early group and 45 per cent in the delayed group (P 4

0.2) and 5-year RFSwas 52 and 38 per cent (P4 0.4) in
the early and delayed groups, respectively.
Among the patients with PMCA, 14 of 41 (34%) in

the early group had relapse. Eleven patients of 14 were
not amenable to repeat cytoreduction and all 11 were
dead from disease at the time of this analysis. Three
patients had repeat CRS/HIPEC, one is alive with no
evidence of disease after a third CRS/HIPEC, one is
dead of disease, and one is alive with disease. In the
delayed group, 16 of 36 (44%) had relapsed during our
follow-up period. Thirteen of 16 were not candidates for
repeat cytoreduction and all died of disease at the time
of this analysis. Three patients had repeat CRS/HIPEC.

TABLE 1. Demographics and Characteristics of Patients with
Disseminated Peritoneal Adenomucinosis (DPAM) in the Early
and Delayed Groups

Early
Group

Delayed
Group P Value

Number 22 28
Mean age at

diagnosis (years)
53.0 51.0

Mean age at
surgery (years)

53.2 54.0

Percent females 64% 64% 0.3
Prior surgery score

PSS (2/3)
50% 79% 0.04

Peritoneal cancer index
percent less than 20

9% 18% 0.4

Percent with complete
cytoreduction

100% 79% 0.03

Mean duration of surgery 9.0 hours 10.5 hours 0.1

PSS, prior surgery score.
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Two are alive with no evidence of disease and one has
died of disease.

Discussion

Appendiceal neoplasms are heterogeneous and pres-
ent usually with peritoneal metastases.12 The prognosis
of patients who undergo CRS/HIPEC depends on many
parameters. Histopathology, CC, PSS, PCI, and LN
status have been shown to be important prognostic
factors.12 In this study we separated patients into DPAM
and PMCA to control for outcomes related to histopa-
thology. The delayed group of patients with DPAM had
a lower chance for CC and lower OS (Table 1); however,
DPAM is usually an indolent disease and much longer
follow-up is needed to compare outcomes between the
delayed and early groups. Our further discussion will
focus on patients with PMCA only.
The percentage of patients having undergone major

debulking surgery, major resections that did not aim at
complete cytoreduction before our cytoreductive sur-
gery and HIPEC procedure, was 91 and 51 per cent in
the delayed and early groups, respectively (P < 0.001).
Major debulking surgery before cytoreductive surgery
has been shown to have an adverse effect on the patients’
outcomes.16, 19 Any attempt at debulking or cytor-
eduction in patients with PMCA should aim at complete
cytoreduction, that is, removal of all visible disease with
residual tumor nodules measuring less than 2.5 mm.
This practice is known to be essential for meaningful
long-term survival. Previous major surgery not only de-
lays the appropriate treatment, but also makes an already
complicated surgery (CRS/HIPEC) more difficult and

complex as a result of adhesions and disruption of
normal anatomy. This opinion is supported by sig-
nificantly prolonged duration of surgery in delayed
patients with PMCA (mean prolongation of 1.5 hours
[P4 0.05]). Therefore, we recommend that, at the time
of exploration to establish a diagnosis in patients with
peritoneal metastases, the procedure be limited to a
simple biopsy or appendectomy, if feasible, followed by
immediate referral to a peritoneal surface malignancy
center for evaluation.
In the delayed group, 57 per cent of the patients had

precytoreduction systemic chemotherapy, whereas that
percentage was 24 per cent in the early group (P 4

0.004). The few reported studies on systemic chemo-
therapy on a palliative basis for patients with peritoneal
metastases from appendiceal cancer suggested an ad-
verse outcome and did not recommend its routine
use.1, 2 In contrast, there are many reports about CRS/
HIPEC in the treatment of appendiceal cancer with
peritoneal metastases and experts in that field consider
CRS/HIPEC as standard of care.1, 2, 5–11, 20, 21 Despite
this, the NCCN treatment guidelines still include appen-
diceal cancer under the recommendations for colon can-
cer and recommend systemic chemotherapy as first-line
treatment for patients with peritoneal metastases without
mention of cytoreductive surgery. We believe that these
recommendations are promoting systemic chemotherapy
on a palliative basis without consideration for CRS/
HIPEC and therefore could lead to delaying referral
to a peritoneal surface malignancy center where multi-
disciplinary care for this rare disease is feasible. We
recommend a change in these guidelines to underscore
the importance of CRS/HIPEC as first-line treatment for
patients with peritoneal metastases from an appendiceal
cancer primary.
The delay in CRS/HIPEC was associated with sta-

tistically significant lower chance for complete cytor-
eduction (Table 2). Complete cytoreduction has been
shown to be essential for long-term survival by multiple
previous investigators.6, 8, 11, 12 In addition, the delayed
group had statistically higher PCI scores suggesting
progression of disease because of delaying surgery
(Table 2). A higher PCI score has been also shown to
affect survival.11, 16, 19 Extensive disease could also
make CRS/HIPEC more complex and complicated,
hindering efforts at complete cytoreduction. The dif-
ference in PCI and CC did not translate into a sta-
tistically significant difference in OS or RFS among
groups. However, there was a trend for better OS and
RFS in the early group. A larger number of patients and
longer follow-up may reveal a statistically significant
difference.
There are several limitations to this study that should

be addressed. The retrospective nature lends an inherent
bias as does patient selection. The numbers of patients

TABLE 2. Demographics and Characteristics of Patients with
Peritoneal Mucinous Carcinomatosis (PMCA) in the Early and
Delayed Groups

Early
Group

Delayed
Group P Value

Number 41 36
Mean age at diagnosis
(years)

51.5 49.1

Mean age at surgery
(years)

51.8 52.4

Percent females 51% 64% 0.3
Prior surgery score PSS
(2/3)

51% 91% <0.001

Peritoneal cancer index
percent less than 20

46% 17% 0.007

Percent with lymph node
metastases

46% 41% 0.7

Percent with complete
cytoreduction

88% 61% 0.009

Mean duration of surgery 9.7 hours 11.2 hours 0.05
Percent that received
precytoreduction systemic
chemotherapy

24% 57% 0.004

PSS, prior surgery score.
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involved are small and the follow-up time is also fairly
short. The 6 months’ time was arbitrarily chosen and
some patients in each group were close to the 6-month
interval. We tried to control for histopathology by di-
viding patients into PMCA and DPAM; however, it is
known that there is variation in biology and aggres-
siveness of disease among each group and those are not
accounted for in this study. That variation could have
lead to different presentation of the disease that dictated
the initial management with either precytoreduction
systemic chemotherapy and/or major debulking surgery.
However, in this retrospective analysis, such factors were
difficult to evaluate.
In conclusion, delaying CRS/HIPEC in patients with

PMCA is associated with higher volume disease and
possible disease progression that significantly lowered
the chance for complete cytoreduction and, consequently
may affect the final outcome for patients with peritoneal
metastases from appendiceal cancer.
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