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Abstract

Background—The role of systemic chemotherapy (SC) in conjunction with cytoreductive

surgery (CS) with hyperthermic intraperitoneal chemotherapy (HIPEC) in appendiceal mucinous

carcinoma peritonei (MCP) is unknown.

Methods—A retrospective review (1999–2011) of MCP patients who had undergone CS/HIPEC

with or without perioperative SC.

Results—Twenty-two low-grade MCP patients treated with CS/HIPEC and SC were matched to

patients who received CS/HIPEC alone. Median overall survival (OS) was 107 months for patients

treated with perioperative SC compared to 72 without (P = 0.46). CS/HIPEC was performed on

109 patients with high-grade MCP: 70 were treated with perioperative SC, while 39 were not.

Median OS (22.1 vs. 19.6 months, P = 0.74) and progression-free survival (PFS) (10.9 vs. 7.0

months, P = 0.47) were similar in patients treated with SC compared to CS/HIPEC alone.

Progression while on pre-operative SC was seen in eight patients (17%), while four (8%) had a

partial response. Treatment with postoperative SC was associated with longer PFS (13.6 months)

compared to pre-operative SC (6.8 months, P < 0.01) and CS/HIPEC alone (7.0 months, P = 0.03).
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Conclusions—Post-operative SC appears to improve PFS in patients with high-grade

appendiceal MCP treated with CS/HIPEC. In contrast, there is no evidence to support the routine

use of perioperative SC in low-grade disease.
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Introduction

Appendiceal epithelial neoplasms (AENs) are rare malignancies which have an annual

incidence of 9 per million people [1].Most AENs are found incidentally and removed during

appendectomy; however, some patients develop peritoneal dissemination, also known as

mucinous carcinoma peritonei (MCP). As MCP progresses, it can cause massive ascites,

anorexia, abdominal pain, bowel obstruction, and death. AENs rarely metastasize beyond

the peritoneum [2]. Consequently, locoregional therapy in the form of cytoreductive surgery

(CS) with hyperthermic intraperitoneal chemotherapy (HIPEC) has become a recommended

therapy for appendiceal MCP with 10-year survival rates as high as 63% [3].

While the efficacy of CS/HIPEC for appendiceal MCP is well established, the role of

systemic chemotherapy (SC) is not. Due to the rarity of the disease, there are no prospective

trials to guide clinicians and the decision to use SC is based on multidisciplinary discussion

and clinical judgment. Early series showed little benefit to SC in patients with metastatic

AEN. Smith et al. [4] found no survival difference with the use of SC in 34 patients with

MCP who underwent cytoreduction. Similarly, Gough et al. [5] analyzed 56 patients treated

with debulking surgery, radiation, and/or chemotherapy and found SC to be a negative

predictor of survival. In contrast, Shapiro et al. [6] recently reported a disease control rate of

56% using modern SC regimens in surgically unresectable patients with a median overall

survival (OS) of 56 months. Finally, Farquharson et al. [7] reported that 38% of patients

with unresectable disease benefited from SC by reducing ascites or stabilizing disease.

While some of these studies suggest that SC may benefit patients with unresectable MCP,

several studies [3,8] have linked treatment with SC prior to CS/HIPEC with poorer

outcomes. In a recent multi-international CS/HIPEC registry study [3] of 2,298 patients with

appendiceal MCP, treatment with any prior chemotherapy was independently associated

with poorer progression-free survival (PFS) and OS. Yet, 16 to 24% of patients with

appendiceal MCP receive SC in conjunction with CS/HIPEC [3,9] without clearly defined

benefit.

Histologic grade in appendiceal MCP has consistently been one of the most important

prognostic factors [3,8–13]. In practice, SC is often given to patients with poor prognostic

factors (incomplete cytoreduction, high-grade histology, lymph node involvement), although

the efficacy of SC in these settings is unknown. In general, appendiceal MCP is an indolent

disease with median OS as high as 196 months following CS/HIPEC [3]. Given this

favorable prognosis, it is imperative to identify patients who will benefit from SC and those

who can be spared the attendant toxicity. The purpose of the current study is to explore the
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efficacy of SC in the pre- and post-operative setting, in conjunction with CS/HIPEC, for the

treatment of appendiceal MCP.

Methods

Patients who underwent CS/HIPEC for appendiceal MCP between January 1997 and

January 2011 at two high volume academic cancer centers were identified from

prospectively maintained databases. Perioperative SC was arbitrarily defined as any

systemic therapy received within 3 months of CS/HIPEC. Patients were stratified by the

type of perioperative SC used (none, pre-operative, post-operative, or both) and by

histologic grade as described below. Details regarding chemotherapy regimens, duration,

and response were gathered retrospectively. In most cases, the decision to administer SC and

the specific regimen was determined by the referring oncologist.

Tumor grade was defined as low-grade (MCP-L) or high-grade (MCP-H) according to the

Bradley classification system [14]. While data regarding tumor histology and grade were

collected prospectively, some of the pathology reports did not conform to the Bradley

classification. Pathology slides from reports that classified tumors as moderate grade or did

not designate a grade were reviewed by two independent pathologists and were assigned

either MCP-L or MCP-H. The presence of signet ring cells in any specimen was assigned

MCP-H.

Due to the paucity of MCP-L patients who were treated with SC, a control group was

selected by matching them to patients with MCP-L who did not received SC using known

prognostic factors [3,9–10]. Patients were first matched by resection status, followed by age

(±5 years) and then lymph node status. Resection status and age have consistently been

associated with OS in patients with MCP-L. Lymph node metastasis is relatively rare in low-

grade disease, however, a significant number of our patients with node positive MCP-L

received SC. As node positivity likely influenced the oncologists' decision to administer SC,

we chose to include lymph node status as matching criteria in attempt to reduce this bias.

Our technique of CS/HIPEC has been previously described [10]. Briefly, aggressive

cytoreduction is performed to remove as much macroscopic disease as possible. Two inflow

and two outflow catheters are placed in the abdomen. After the abdominal skin is

temporarily closed, mitomycin (40 mg/m2) or oxaliplatin (200 mg/m2) is warmed to an

inflow temperature of 40 to 42°C and circulated through the peritoneal cavity for 60 to 120

min. Resection status was defined by the operating surgeon at the end of the case to quantify

the amount of residual disease according to AJCC staging guidelines [15]: R0/1— complete

cytoreduction of all visible disease; R2a—minimal residual disease (tumor nodules <0.5cm);

R2b—gross residual disease (between 0.5 and 2.0 cm); and R2c—extensive residual disease

(>2 cm nodules). Patients were followed every 6 to 12 months post-operatively with

physical exam, tumor markers when applicable and CT imaging to determine disease

recurrence or progression.

Response to SC was defined as partial response, stable disease, or progressive disease after

reviewing radiologic imaging, tumor markers (CEA, CA 19–9), and clinic notes. RECIST
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criteria [16] were applied when pre-SC and post-SC imaging were available which was

possible in 27 of 57 patients (47%) in our cohort who received pre-operative SC. When

imaging was not available, treatment response was assigned based on radiology reports and

overall clinical benefit as determined by clinic notes, tumor markers, and the improvement

or progression of ascites.

Descriptive statistics were generated for all continuous and categorical data. Fisher's exact

tests were used to test for differences in categorical variables and Wilcox on rank sum tests

were used to test for group differences. PFS and OS were calculated from the date of CS/

HIPEC to the date of last follow-up or the date of progression/recurrence or death. Patients

were considered lost to follow up if no data could be attained within 3 years of the analysis.

Estimates of survival were calculated by using the Kaplan–Meier method. Statistical

significance was defined as a P-value <0.05. This study was approved by the institutional

review boards of both participating institutions.

Results

Between January 1997 and January 2011, 393 patients were identified who underwent CS/

HIPEC for appendiceal MCP. MCP-L was found in 284 patients, while 109 had MCP-H.

Median follow-up was 55 months for MCP-L patients and 40 months for MCP-H patients.

Low-Grade Appendiceal MCP

Of the 284MCP-L patients, 22 were treated with perioperative SC; 13 received pre-operative

SC, while 9 patients were treated with postoperative SC. The specific SC regimens used are

summarized in Table I. The median duration of pre-operative SC was 4.5 months (range

1.5– 18); while the median post-operative SC duration was 4.0 months (range 3–6.5). There

were no responders and one patient had clinical progression while receiving pre-operative

FOLFOX. Twenty-two patients with MCP-L treated without SC were selected as controls

based on similar resection status, age, and lymph node status. As shown in Table II, there

were no significant differences between these groups. Four patients in the study groups were

lost to follow up.

Median PFS was 29.5 months for MCP-L patients treated with CS/HIPEC and perioperative

SC compared to 37.0 months with CS/HIPEC alone (P = 0.18). Patients treated with

perioperative SC had a 3- and 5-year OS of 90% and 62%, compared to 70% and 64% in

patient not treated with SC. Median OS was 107 months compared to 72 months, with and

without perioperative SC, respectively (P = 0.46). Kaplan– Meier curves for PFS and OS are

shown in Figure 1A and B. The use of perioperative SC was not associated with increased

survival in any subgroup including patients with incomplete resections or nodal metastases.

High-Grade Appendiceal MCP

The 109 patients with MCP-H were divided into two groups according to perioperative SC

administration: 70 patients received SC and 39 patients did not. One patient was lost to

follow up. As shown in Table II, there were no significant differences identified between the

two groups.
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Of the 70 patients with MCP-H treated with perioperative SC, 37 received pre-operative SC,

22 received post-operative SC, and 11 received both pre-operative and post-operative SC.

Table I outlines the SC regimens administered in each group. The median duration of

preoperative SC was 4.0 months (range 1.5–16); while the median postoperative SC

duration was 6.0 months (range 1.5–17). Among the 48 patients with MCP-H who received

pre-operative SC, 75% demonstrated stable disease. Eight patients (17%) progressed on

preoperative SC; while four patients (8%) had a partial clinical response— decreased ascites

(2), decreased tumor markers (1), and undefined (1). No patient met RECIST criteria for

treatment response. Additionally, eight patients (24%) who received post-operative SC

developed recurrence/progression of disease while on therapy.

Comparing patients who received perioperative SC to those treated with CS/HIPEC alone,

there was no difference in median PFS (10.9 vs. 7.0 months, P = 0.47) or median OS (22.1

vs. 19.6 months, P = 0.74). Eight of 22 patients (36.4%) who developed recurrence/

progression following CS/HIPEC alone underwent repeat CS ± HIPEC; while six patients

(27.3%) were treated with second/third line SC. Of the 51 patients treated with perioperative

SC and had recurrence/progression, 11 (21.6%) underwent repeat CS ± HIPEC and 22

(43.1%) received further systemic therapy.

Patients with MCP-H were also evaluated based on timing of SC (Table III and Fig. 2). The

use post-operative SC was associated with longer median PFS (13.6 months) compared to

pre-operative SC (6.8 months, P < 0.01) and HIPEC alone (7.0 months, P = 0.03). Similarly,

there was a trend toward improved OS for patients treated with post-operative SC (36.4

months) compared to pre-operative SC (16.0 months, P = 0.07) or HIPEC alone (19.6

months, P = 0.14). Patients treated with both pre-operative and post-operative SC had

similar PFS compared to patients treated with post-operative SC (12.9 vs. 13.6 months, P =

0.24) and similar OS to patients who received pre-operative SC (17.8 vs. 16.0 months, P =

0.76).

Among patients who underwent an R0/1 resection, there was no discernible benefit in PFS

(13.6 vs. 13.6 months, P = 0.59) or OS (34.6 vs. 29.3 months, P = 0.98) with the use of

perioperative SC compared to CS/HIPEC alone. Likewise, perioperative SC was not

associated with improved survival in patients who underwent R2a/b/c resections (15.9 vs.

14.7 months, P = 0.58), had positive lymph nodes (18.5 vs. 16.9, P = 0.64) or had signet

ring cells (20.2 vs.15.0 months, P = 0.17). The use of perioperative SC trended toward

improved PFS in patients with incomplete cytoreductions (8.6 vs. 4.8 months, P = 0.05) or

had signet ring cells (10.9 vs.4.8 months, P = 0.06).

Discussion

Over the past 15 years, CS/HIPEC has become an effective treatment for patients with

appendiceal MCP; however, defining the role of SC in the setting of CS/HIPEC has received

little attention. The present study represents the largest experience and most in-depth

analysis to date using SC in conjunction with CS/HIPEC for appendiceal MCP. Modern

chemotherapy in the treatment of metastatic colorectal cancer continues to evolve and given

the paucity of data heretofore, treatment guidelines for metastatic colorectal cancer have
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been extrapolated to appendiceal MCP. However, clinical outcomes in patients treated with

CS/HIPEC for appendiceal MCP are consistently superior to colorectal peritoneal

carcinomotosis [17–19]. Furthermore, distinctly unique genetic expressions exist between

appendiceal and colorectal peritoneal disease [20]. These observations call into question the

use of colorectal treatment strategies when managing appendiceal cancers.

Another challenge in developing treatment regimens for appendiceal MCP is the grading

classification is not universal. As a consequence, significant confusion exists regarding the

diagnosis, prognosis and treatment strategies of AENs. The original three-tier system was

proposed in 1995 by Ronnett et al. [21]. Disseminated AENs were classified using the terms

disseminated peritoneal adenomucinosis (DPAM), peritoneal mucinous carcinomatosis

(PMCA), and PMCA with discordant or intermediate features (PMCA-I). More recently, our

group [14] analyzed survival following CS/HIPEC in patients stratified by the three-tier

classification and found no difference in survival between patients with DPAM or PMCA-I.

A pattern of similar outcomes in DPAM and PMCA-I patients has been seen in other large

series [3,9– 10]. Based on these data, we have adopted a simplified two-tier system (low-

grade vs. high-grade) to prognosticate patients at our institution. We've reported 5-year OS

of 63% for appendiceal MCP-L compared to 38% in MCP-H [14].

In the current study, less than 8% of patients with MCP-L received perioperative SC. By

comparing outcomes in these patients to a matched cohort, we found no evidence that SC is

beneficial for patients with low-grade appendiceal MCP. These data support the bias of most

oncology providers and suggests that the treatment for recurrent or progressive disease is

repeat CS/HIPEC when possible rather than systemic therapy.

Few studies [22,23] have evaluated the role of perioperative SC in the setting of CS/HIPEC

for patients with high-grade appendiceal MCP. Lieu et al. [22]reported a radiographic

response rate of 44% in 78 patients with poorly-differentiated or signet ring cell appendiceal

MCP who received SC as first line treatment. Median PFS and OS were 6.9 months and 1.7

years, respectively. Response to chemotherapy was not independently associated with longer

survival. They also analyzed 26 patients who underwent complete CS with (35%) or without

(65%) HIPEC. This cohort had median PFS and OS of 1.2 and 4.2 years, respectively. The

use of perioperative SC in this small cohort was of borderline significance for PFS (HR =

0.22, 95% CI 0.04–1.25) and OS (HR = 0.12, 95% CI 0.01–1.59) on multivariate analysis.

Our results are the first to suggest that perioperative SC may benefit patients with high-

grade appendiceal MCP. Compared to CS/HIPEC alone, post-operative SC was associated

with better PFS and trended toward improved OS. Surprisingly, there was no such advantage

observed in the patients treated with pre-operative SC. These results differ from Bijelic et al.

[23] who compared 34 patients with PMCA who received SC prior to CS/HIPEC to 24

patients who were treated with CS/HIPEC alone. While there was no difference in OS

between the groups, they noted improved survival in the 10 patients who responded to

preoperative SC. Their response rate was 29%—much higher than in our dataset (8%), but

could be explained by the different definitions used for response. While 10 patients in their

series responded to therapy, 17 patients (50%) were noted to have progressive disease at the

time of CS/HIPEC. More patients progressed on pre-operative chemotherapy than responded
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in our cohort as well. Without known factors to predict response, there is currently no way

to select MCP-H patients accurately for pre-operative SC.

As large referral centers, many of our patients receive some amount of tumor debulking and

begin SC before being referred for CS/HIPEC. Some studies have found prior surgery [3,10]

and prior chemotherapy [3,8] to be negative predictive factors in patient undergoing CS/

HIPEC; possibly by delaying definitive sursgery, degrading performance status or making

complete CS more difficult. Another explanation of why preoperative SC may be less

effective than post-operative SC is the abundant intra-abdominal mucin present prior to

cytoreduction may essentially block the chemotherapy agent from diffusing from the

vasculature to the malignant cells. Based on these observations and our data, we recommend

that all patients with appendiceal MCP be referred for CS/HIPEC as soon as they are

diagnosed without extensive tumor debulking and prior to receiving SC.

The current study is limited in that it is retrospective in nature. In addition, due to the rarity

of appendiceal MCP, the number of patients in our study is small, despite pooling data from

two large centers. Certainly there is the possibility of bias due to lack of power. This is

especially true for our MCP-L analysis. We attempted to overcome this possibility by

selecting patients with similar clinical features as controls.

Other factors, beyond histologic grade, could select patients for perioperative SC; although,

we were unable to detect any. We observed a trend toward improved PFS with the use of SC

in patients with incomplete cytoreductions or signet ring cell pathology, suggesting that SC

may have an effect in other patient subgroups. However, we found no difference in OS

among these subgroups. Further analyses are needed before other factors are definitely used

to select patients for perioperative SC.

Another limitation to the present study is the decision to initiate SC and the specific

regimens were not standardized and were determined almost exclusively by the referring

oncologist. Many of our patients were referred for CS/HIPEC only after failing systemic

therapy. The observation that one patient received SC for 18 months prior to being referred

for CS/HIPEC highlights the lack of accepted guidelines in treating appendiceal MCP and

the hesitancy of some oncologists to refer patients for surgical assessment. In addition,

postoperative chemotherapy may have been withheld in some patients due to poor

performance status. Finally, given the time period of the study, some included patients were

treated before combination SC and biologic agents were available. Unpublished data from

our institutions suggests that survival in patients with unresectable appendiceal MCP is

improved with the use of combination SC and biologics agents. Unfortunately, the present

study does not have enough patients to detect a different in outcomes following CS/HIPEC

based on specific SC regimens. These variables introduce a number of confounding effects

and treatment bias into our analysis. Multicenter, randomized trials with standardized

treatment regimens are needed to eliminate such bias and explore the most efficacious

perioperative SC regimen. However, the rarity of the disease makes the completion of such

trials unlikely.
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In conclusion, our results suggest that the role for perioperative SC in low-grade appendiceal

MCP treated with CS/HIPEC is limited. In contrast, multidisciplinary management of

patients with high-grade MCP is essential as these patients appear to benefit from

perioperative SC. Our data suggests that these patients benefit most from post-operative SC

and that pre-operative SC should be reserved for patients who are borderline or non-

resectable. Until prospective, randomized studies are available to validate our findings,

patients who are diagnosed with appendiceal MCP should be referred for CS/HIPEC prior to

receiving SC. The use of post-operative SC can then be tailored based on operative finding

and pathologic grade.
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Abbreviations

AEN appendiceal epithelial neoplasm

CS cytoreductive surgery
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MCP-H high-grade mucinous carcinoma peritonei

OS overall survival

PFS progression-free survival

SC systemic chemotherapy
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Fig. 1.
Kaplan–Meier curves for progression-free survival (A) and overall survival (B) in patients with low-grade appendiceal

mucinous carcinoma peritonei treated with cytoreductive surgery (CS) and hyperthermic intraperitoneal chemotherapy (HIPEC)

stratified by the use of perioperative systemic chemotherapy (SC).
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Fig. 2.
Kaplan–Meier curves for progression-free survival (A) and overall survival (B) in patients with high-grade appendiceal

mucinous carcinoma peritonei treated with cytoreductive surgery (CS) and hyperthermic intraperitoneal chemotherapy (HIPEC)

stratified by timing of perioperative systemic chemotherapy (SC).
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Table I
Perioperative Chemotherapy Regimens in Patients with Low- and High-Grade
Appendiceal Mucinous Carcinoma Peritonei

Low-grade

Pre-op Adjuvant Pre-op + adjuvant

(n = 13) (n = 9) (n = 0)

Fluorpyrimidine alone 4 (31%) 2 (22%)

Fluorpyrimidine + oxaliplatin 5 (39%) 4 (44%)

Fluorpyrimidine + irinotecan 2 (15%) 1 (11%)

Other or unknown 2 (15%) 2 (22%)

Addition of bevacizamab 7 (54%) 2 (22%)

Addition of cetuximab 1 (7%) 0

High-grade n = 37 n = 22

n = 11

Pre-op Adjuvant

Fluorpyrimidine alone 3 (8%) 1 (4%) 0 4 (36%)

Fluorpyrimidine + oxaliplatin 28 (74%) 16 (73%) 9 (82%) 4 (36%)

Fluorpyrimidine + irinotecan 3 (8%) 3 (14%) 1 (9%) 2 (18%)

Other or unknown 3 (8%) 2 (9%) 1 (9%) 1 (9%)

Addition of bevacizamab 19 (50%) 5 (23%) 7 (64%) 5 (45%)

Addition of cetuximab/panitumumab 0 1 (5%) 1 (9%) 1 (9%)
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Table III
Progresssion-Free Survival and Overall Survival in Patients with High-Grade
Appendiceal Mucinous Carcinoma Peritonei Treated with HIPEC with or Without
Perioperative Chemotherapy

HIPEC alone (n = 39) Post-SC (n = 22) Pre-SC (n = 37) Both (n = 11)

Progression-free survival

 1-year % (SE) 27 (7) 63 (10) 30 (8) 55 (15)

 2-year % (SE) 14 (6) 24 (9) 4 (4) 9 (9)

 Median (months) 7.0 13.6 6.8 12.9

 P-value vs. post-SC 0.03 — <0.01 0.24

Overall survival

 1-year % (SE) 65 (8) 90 (6) 59 (8) 73 (13)

 3-year % (SE) 28 (8) 53 (12) 25 (10) 18 (12)

 Median (months) 19.6 36.4 16.0 17.8

 P-value vs. post-SC 0.14 — 0.07 0.17

HIPEC, hyperthermic intraperitoneal chemotherapy; Post-SC, post-operative systemic chemotherapy; Pre-SC, pre-operative systemic
chemotherapy; SE, standard error.
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