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Background: Cytoreductive surgery (CRS) and hyperthermic intraperitoneal chemotherapy (HIPEC) have 
shown variability in survival outcomes when used to treat peritoneal surface disease (PSD) from appendiceal 
and colorectal cancers. The primary goal of this study was to examine outcomes for high-grade appendiceal 
(HGA) and high-grade colonic primaries after CRS-HIPEC to determine if a significant difference exists 
between the two groups.
Methods: A retrospective analysis of patients with peritoneal dissemination from appendiceal and 
colonic primaries were identified in a prospectively maintained database of 1,223 CRS-HIPEC procedures 
performed between 1991 and 2015. Patient demographics, performance status resection status, tumor grade, 
nodal status, morbidity, mortality, and survival were reviewed with biopsy-proven PSD being classified 
according to primary site. Univariate and multivariate analyses were performed, and outcomes compared.
Results: The study identified 171 CRS-HIPEC procedures for 165 patients: 110 (66.7%) for HGA and 
55 (33.3%) for high-grade colonic lesions. Observed median disease-free survival (DFS) and overall survival 
(OS) for both groups were the same at14.4 and 18 months, respectively. Median survival according to 
resection status for R0/R1, R2a, and R2b/c were 36, 15.6, and 8.4 months (P<0.0001). Median OS for those 
who received preoperative chemotherapy versus those who did not were 14.4 and 20.4 months, respectively 
(P=0.01). For those who received preoperative chemotherapy, no difference was apparent in the DFS interval 
(P=0.34). Multivariate predictors of OS included resection status (P<0.0001) and lymph node involvement 
(P=0.0005).
Conclusions: Preoperative chemotherapy offered no clear DFS or OS benefit, for HGA or high-grade 
colon cancer patients. Complete cytoreduction offered the greatest survival benefit to both groups with a 
correlating drop in survival to resection status. Outcomes for high grade appendiceal cancer are remarkably 
similar to colon cancer.
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Introduction

Appendiceal neoplasms are rare malignancies usually found 
in approximately 1% of appendectomy procedures (1,2).  
Although unusual, the incidence of appendiceal cancer 
is rising (3). Unfortunately, some appendiceal cancer 
patients go on to develop peritoneal surface malignancies 
(“carcinomatosis”), also known as mucinous carcinoma 
peritonei (MCP), or pseudomyxoma peritonei (PMP). 
Carcinomatosis results from peritoneal dissemination 
from a range of gastrointestinal cancers, most commonly 
appendiceal and colorectal cancers, as well as ovarian 
carcinomas, sarcomas, and mesotheliomas (4-10). In patients 
with peritoneal surface disease from high-grade appendiceal 
cancer, malignant ascites is a common finding, and is 
associated with a life expectancy ranging from weeks to a 
few months (11). During the last two decades, an increasing 
body of evidence in support of cytoreductive surgery 
(CRS) and hyperthermic intraperitoneal chemotherapy 
(HIPEC) as a promising treatment for MCP/PMP. This 
aggressive approach is being utilized at a growing number 
of centers. However, it is most commonly applied to the 
peritoneal dissemination of low-grade appendiceal tumors 
(2,10), citing a 10-year survival rate as high as 63% (12). 
Importantly, within the subset of appendiceal tumors a 
spectrum of histologies affect a patient’s clinical outcome.

Traditionally, carcinomatosis has been approached with 
nihilism, and the optimal approach for PSD from high-
grade appendiceal cancer is unclear; therefore, the optimal 
management of patients with PSD remains a matter of 
debate. While a few groups have reported treating PSD 
from appendiceal neoplasms with debulking alone (13-15),  
these procedures do not address intracavitary residual 
microscopic tumor. Similarly, laparoscopic HIPEC without 
CRS has been shown to offer palliation of malignant 
ascites, but leaves tumor intact (11,16) Several reports have 
linked systemic chemotherapy prior to CRS-HIPEC with 
poorer survival outcomes (2,12,17) CRS-HIPEC is the only 
treatment modality which addresses both the bulk tumor 
burden, and residual or microscopic disease.

One of the most important prognostic factors, in patients 
with PSD from appendiceal primaries, is histologic grade (18).  
Other prognostic factors affecting long-term survival 
include tumor biology, age, functional status, presence 
of nodal metastases and extent of disease at the time of 
diagnosis. It is important to note that not every patient 
with PSD from appendiceal tumors is associated with long-
term survival, nor is every appendiceal primary associated 

with mucinous ascites (PMP). Despite a lack of proven 
efficacy, systemic chemotherapy is often recommended to 
patients with poor prognostic factors (high-grade histology, 
incomplete cytoreduction, lymph node involvement, and 
early recurrence). Such systemic chemotherapy is typically 
extrapolate from the considerable experience with colorectal 
cancer.

Our approach to peritoneal dissemination from high-
grade appendiceal tumors has been aggressive CRS and 
HIPEC, with the goal of complete cytoreduction, if feasible. 
As we have previously reported, CRS-HIPEC has the 
potential to offer improved overall survival (OS) for select 
patients with MCP/PMP (2). The primary aim of this study 
was to evaluate disease-free and overall survival outcomes in 
patients with PSD from high-grade appendiceal carcinoma 
who underwent CRS-HIPEC at our institution between 
1991 and 2015. Specifically, we aimed to identify the impact 
of complete CRS in this population when compared to 
high-grade colon cancer.

Methods

Using a prospectively maintained database we retrospectively 
examined 1,223 CRS-HIPEC procedures performed 
between 12/30/91 and 01/22/15. Institutional Review Board 
approval was obtained for this study. Initial selection included 
patients with a histologic or cytologic diagnosis of peritoneal 
surface malignancy, with a final pathologic diagnosis of high-
grade primary appendiceal or colon cancer. Of note, presence 
of signet-ring cells, or any poorly differentiated lesion, was 
considered high-grade. Neuroendocrine tumors with or 
without goblet-cell features were included. Patients were 
analyzed on the basis of demographics, age, race, gender, 
Eastern Cooperative Oncology Group (ECOG) performance 
status, extent of resection (R-status), nodal status, use of 
preoperative chemotherapy, and volume of peritoneal disease 
(PCI score). Morbidity, mortality, and survival were also 
reviewed. Preoperative systemic chemotherapy was defined 
as any systemic therapy received within three months prior to 
CRS-HIPEC.

In general, the eligibility criteria for CRS-HIPEC 
included patients who are medically fit, with an ECOG 
performance status ≤2, without extraabdominal disease. The 
peritoneal disease had to be debulkable, with a resectable or 
resected primary lesion. If parenchymal hepatic metastases 
were present they must be easily resectable or ablatable 
without lobar hepatectomy. All patients were evaluated 
preoperatively, including: a complete history and physical 
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exam, blood counts, renal and liver function tests, tumor 
markers, computed tomography of the chest, abdomen and 
pelvis (CT C/A/P) or magnetic resonance imaging (MRI), 
as well as a pathologic review of prior specimens and/or 
cytology.

All selected patients underwent the CRS-HIPEC 
procedure as described previously by our group (16,19). 
Patients deemed appropriate for CRS-HIPEC were explored 
via midline incision. Aggressive cytoreduction of involved 
visceral organs and peritoneal surfaces was performed with 
peritonectomy procedures performed only for apparent 
disease. The omentum was routinely removed. Two inflow 
and outflow catheters are placed, and the abdomen is 
temporarily closed while either: 40 mg/m2 mitomycin-C 
(MMC) or 200 mg/m2 oxaliplatin is added to the perfusate. 
The heat is titrated to an inflow temperature of 40 to 42 ℃ 
while maintaining an outflow temperature of 40 ℃. The 
chemotherapeutic agent is circulated through the peritoneal 
cavity for 120 minutes as per protocol. Afterward, the 
perfusate is drained, the skin re-opened, and the abdomen 
inspected a final time before being definitively closed. 
Surgical morbidity and mortality were recorded according 
to the Clavien-Dindo Classification system (20). The 
completeness of resection was graded by the surgeon at the 
conclusion of the procedure according to AJCC staging 
guidelines: R0/1—complete cytoreduction of all visible 
disease; R2a—minimal residual disease, nodules <0.5 cm; 
R2b—gross residual disease, nodules between 0.5 and 2.0 cm;  
and R2c—extensive residual disease, nodules >2.0 cm. 
Postoperatively, patients were followed every 6 months 
for the first 3 years and then annually through year 5 with 
physical exam, tumor markers, and imaging to monitor for 
disease recurrence or progression.

All data were prospectively collected and retrospectively 
analyzed. Descriptive statistics were reported for continuous 
and categorical variables including frequencies and 
percentages for categorical data, and means, standard 
deviations, medians and ranges for continuous data. Disease-
free survival (DFS) and OS were calculated as the interval 
between the date of CRS-HIPEC (not the date of diagnosis) 
and the date of last known follow-up or the date of death. 
In cases whereby a patient underwent more than one 
CRS-HIPEC, OS was calculated from the date of the first 
procedure. Estimates of survival were calculated by using the 
Kaplan-Meier (product limit) method, and survival estimates 
were compared using the log-rank test. Statistical significance 
was defined as a P value <0.05. All analyses were performed 
using SAS 9.4 (SAS, Cary, NC, USA).

Results

A review of 1,223 CRS-HIPEC procedures, between 
12/30/91 and 01/22/15, identified 171 surgeries (165 
patients) performed for high-grade appendiceal and high-
grade colon cancers. Of those procedures, 110 (66.7%) 
were performed for HGA and 55 (33.3%) for colorectal 
lesions. Six patients underwent CRS-HIPEC twice with 
repeat procedures being excluded from statistical analyses. 
The median follow-up period for the entire cohort was  
42 months. The demographic details are presented in Table 1.

Patient characteristics

The mean age of the 165 patients with HGA and high-
grade colon cancer who underwent CRS-HIPEC during 
the study period was 51.8 years, see Table 1. Eastern 
Cooperative Oncology Group (ECOG) performance status 
was also favorable with 85% of patients having an ECOG 
status of 0 or 1. Lymph node data were available for 138 
patients with 67.4% of these having lymph node metastases 
at the time of CRS-HIPEC. Prior to surgery, 55.8% of 
the cohort received preoperative chemotherapy. The mean 
PCI in all patients was 16.9 (range, 2-34). The agent used 
at HIPEC was mitomycin-C in 143 (86.7%) patients, and 
oxaliplatin in 22 (13.3%). Complete cytoreduction (R0/R1) 
was accomplished in 52 (31.7%) patients, with 61 (37.2%) 
receiving an R2a resection, and 51 (31.1%) an R2b/c 
resection. Forty-four patients (64.7%) received systemic 
chemotherapy after CRS-HIPEC. The median follow-up 
time was 42 months.

Morbidity and mortality

The 30-day combined Clavien-Dindo I/II minor morbidity 
rates were 44.1%, while the 30-day major morbidity rates 
were 25.5%. Postoperatively, patients spent an average of 
3.8 days (SD 10.7) in the intensive care unit (ICU), the 
median was 1 day, with 16.6 days hospitalized (SD 19.8), 
and a median 10 days. The 30-day mortality rate for the 
entire cohort was 3.6%. Thirty-one patients (29.0%) were 
readmitted within 30 days of discharge. The morbidity and 
mortality details are presented in Table 2.

Survival

Overall DFS demonstrated a median of 14.4 months, 
compared to the observed OS of 18 months. Patients with 
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R0/R1 complete macroscopic cytoreduction had a survival 
rate significantly better than patients with R2a or R2b/c 
resections (respective medians of: 36, 15.6, and 8.4 months); 
P<0.0001) (Figure 1). Interestingly, patients who underwent 
preoperative chemotherapy prior to CRS-HIPEC exhibited 
significantly poorer OS compared to patients who did not 
receive systemic treatment (respective medians of: 14.4 

and 20.4 months; P=0.01). Completeness of cytoreduction 
and preoperative chemotherapy administration were not 
statistically significant when measuring DFS.

Univariate analyses found that significant predictors of 
survival were; R-status (R0/R1 36 months, R2a 15.6 months, 
and R2b/c 8.4 months; P<0.0001), nodal status (negative 
39.6 months and positive 15.6 months; P<0.0001), ECOG 

Table 1 Cohort characteristics

Characteristics All cases (n=165) HGA (n=110) Colon (n=55)

Nodal status (node positive) (n=138) [%] 93 [67] 49 [58] 44 [82]

Mean age: years [range] 52 [24-79] 52 [30-76] 51 [24-79]

Male: n [%] 90 [54.5] 54 [49] 36 [65]

Race (n=164): n [%]

African-American 13 [7.9] 7 [6] 6 [11]

Caucasian 151 [92.1] 103 [94] 48 [89]

Comorbidities: n [%]

Heart disease (n=155) 16 [10.3] 9 [9] 7 [13]

Lung disease (n=155) 4 [2.6] 3 [3] 1 [2]

Diabetes (n=161) 14 [8.7] 8 [8] 6 [11]

Mean BMI (n=150): kg/m2 n [range] 26.7 [18-46.5] 26.3 [18-46] 27.3 [19-41]

History of smoking (n=152): n [%] 54 [35.5] 35 [35] 19 [37]

Mean preoperative albumin (n=154): n [range] 3.7 [1.7-4.8] 3.7 [1.7-4.7] 3.8 [2.3-4.8]

ECOG performance status (n=160): n [%]

0 67 [41.9] 48 [45] 19 [36]

1 69 [43.1] 42 [39] 27 [51]

2 19 [11.9] 13 [12] 6 [11]

3  5 [3.1] 4 [4] 1 [2]

Resection status (n=164): n [%]

R0/1 52 [31.7] 33 [30] 19 [35]

R2a 61 [37.2] 37 [34] 14 [25]

R2b/c 51 [31.1] 39 [36] 22 [40]

BMI, body mass index; ECOG, Eastern Cooperative Oncology Group; HGA, high-grade appendiceal.

Table 2 Postoperative morbidity and mortality

Characteristics HGA High-grade colon CA P value for comparison Combined cohort

Minor Morbidity: n [%] 42/97 [43] 22/48 [46] 0.9 64/145 [44.1]

Major Morbidity: n [%] 25/97 [26] 12/48 [25] >0.99 37/145 [25.5]

Mortality: n [%] 3/97 [3] 3/48 [6] 0.4 6/165 [3.6]

Readmission: n [%] 21/73 [29] 10/34 [29] >0.99 31/107 [29.0]

Median LOS (days) 10 10 0.59 16.6

Mean ICU stay (days) 3.8 3.9 0.94 3.8

LOS, length of stay; ICU, intensive care unit; HGA, high-grade appendiceal.
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performance status (P=0.0015), the number of organs 
resected (P=0.0006), the administration of preoperative 
chemotherapy (20.4 vs .  14.4 months; P=0.01), and 
postoperative chemotherapy (4.8 vs. 34.8 months; P<0.0001). 
Of 159 cases 54 had high-grade adenocarcinoma histology 
with no evidence of signet ring or goblet cell features; 66 
were classified as adenocarcinoid, and 39 exhibited signet 
ring cells. Despite the stratification of high-grade histologic 
features, no statistical significance was observed in the single-
variable model when comparing survival (P=0.25).

In the multivariate models, fitted using variables with 
a univariate P value less than 0.025, R-status, nodal 
status, ECOG, and the administration of preoperative 
chemotherapy continued to be statistically significant 
predictors of survival in a full model. However, in the 
reduced multivariate model, fitted in an iterative fashion 
by removing variables with P values >0.05, until only 
those with a P value less than 0.05 remained, only the 
completeness of resection and nodal status showed 
significance for survival in patients with high-grade disease.

Discussion

Despite high-grade tumor biology PSD from appendiceal 
and colorectal primary lesions can be treated with CRS-
HIPEC in select patients. While tumor grade and operative 
intervention feasibility remain strong determinants of 
survival outcomes in patients with carcinomatosis, our data 
exhibit acceptable morbidity and mortality rates for patients 
with stage IV disease, despite significant disease burden 
and aggressive biology at presentation (4,16). Further, 

complication rates and length of stay (LOS) was essentially 
identical for high grade appendiceal and colonic cancer 
patients undergoing HIPEC.

The similarity of the overall and disease free survival 
of the HGA and colorectal groups is striking. The HGA 
have long term survival rates of approximately 1/4-1/3 
of that experienced by low grade appendiceal patients 
with similar completeness of cytoreduction. The most 
important prognostic indicators identified in patients with 
HGA and high-grade colon cancer were the completeness 
of cytoreduction and nodal status. These findings are in 
agreement with prior publications which demonstrate long-
term survival is possible if R0/R1 resection is obtained 
(19,21-23).

In the setting of complete cytoreduction, lymph node 
involvement remained a significant prognostic value 
for survival emphasizing the role of tumor biology in 
predicting outcome. Clearly, nodal metastasis remains 
an important prognostic marker even in the presence of 
distant (peritoneal) metastases. As reported previously by 
our group, node-negative HGA and colorectal patients 
can achieve survival comparable with R0/R1 resected 
low-grade appendiceal primary lesions if diagnosed early 
and promptly referred for CRS-HIPEC when complete 
macroscopic cytoreduction is feasible (21). This makes 
the use of adjuvant chemotherapy in those with node-
positive, high-grade disease imperative. Further, univariate 
analysis suggests that preoperative chemotherapy has better 
outcomes in this setting.

It has been shown that the administration of preoperative 
chemotherapy in HGA and high-grade colorectal primary 
lesions is associated with a significant decrease in OS 
(2,12,21,24).

This would seem to be related to a selection and/
or referral bias. However, a lead time bias is another 
possible explanation for this difference. Therefore, for 
patients with low-volume disease (PCI<10), CRS-HIPEC 
could be attempted first, followed by systemic adjuvant 
chemotherapy, which would eliminate a lead time bias for 
these patients (10,21). For patients with higher-volume 
disease (PCI, 10-18), our group recommends upfront 
systemic chemotherapy and prompt reevaluation for 
surgery. We currently endeavor not operate on patients with 
high-grade, high-volume disease (PCI >20) unless they have 
received preoperative chemotherapy, with responsive or 
at least stable disease, and without measurable evidence of 
progression via serial imaging and tumor markers (4,10,21).

Most of the data regarding CRS and HIPEC has been 
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Figure 1 Survival after cytoreductive surgery (CRS) with 
hyperthermic intraperitoneal chemotherapy (HIPEC), of high-
grade appendiceal and colorectal lesions, stratified by R score.
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garnered from low-grade appendiceal cancer with PSD. 
There are clearly substantial differences between the low-
grade and high-grade lesions in terms of outcome, which 
highlights the importance of expert pathologic opinion 
when planning therapy and evaluating prognosis. Like 
the low-grade lesions, HGA should be treated with CRS 
preferably with HIPEC. However, HGA should also be 
treated with systemic chemotherapy in addition to surgery. 
We currently treat all, but low CT-PCI score patients, with 
preoperative chemotherapy, and preferably via an oxaliplatin 
based regimen (24-26).

Conclusions

In patients with PSD from HGA or high-grade colon 
primary lesions, early diagnosis and prompt referral for 
CRS-HIPEC is essential to optimizing outcomes, especially 
in those with low-volume disease (PCI <10) (2,4,10). 
Measures clinicians can use to identify patients who would 
benefit the most from CRS-HIPEC include PCI and nodal 
status. CT-PCI, in some cases supported by a laparoscopic 
exploration can be used to identify patients whose disease 
is not amenable to complete cytoreduction. Nodal status 
can be used to indicate a biologically aggressive disease, 
and node positive patients should clearly receive systemic 
therapy in addition to cytoreduction and HIPEC (4). The 
completeness of cytoreduction and lymph node involvement 
remain the most significant prognosticators for long-term 
survival in patients with PSD from HGA or high-grade 
colorectal primary lesions. The striking similarity of our 
outcomes for HGA and high-grade colon cancer suggests 

similar oncogenesis and supports the use of similar systemic 
therapy (Figure 2).
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