
Purpose: To identify the role of systemic chemotherapy in 
the management of appendiceal malignancies.

Methods: Over a 10-year period (2005 -2014), 52 patients 
with appendiceal neoplasms were treated at our Peritoneal 
Surface Malignancy Unit [14 (26.9%) disseminated perito-
neal adenomucinosis (DPAM), 30 (57.7%) peritoneal mu-
cinous carcinomatosis of appendiceal origin (PMCA) and 
8 (15.4%) PMCA-I]. All patients (100%) underwent cytore-
ductive surgery (CRS) & hyperthermic intraperitoneal che-
motherapy (HIPEC), while 20 (38.5%) of them also received 
perioperative systemic chemotherapy.

Results: Mean peritoneal cancer index (PCI) was 23.6. 
Completeness of cytoreduction score (CC-S) was: CC-0 in 26 
patients (50%), CC-1 in 20 patients (38.5%) and CC-2 in 6 
patients (11.5%). High grade malignancy was reported in 27 
patients (51.9%) and low grade malignancy in 25 patients 

(48.1%). More than half of the patients developed recurrence 
(n=36, 69.2%), while death was reported in 40.4% (n=21). 
Median overall survival (OS) in all histologic groups was 
24 months for patients who received perioperative system-
ic chemotherapy and 14 months for patients who did not 
(p=0.048). Median disease free survival (DFS) in all histolog-
ic groups was 19 months for patients who received periopera-
tive systemic chemotherapy and 10 months for patients who 
did not (p=0.034).

Conclusion: We suggest that perioperative systemic chemo-
therapy serves as a helpful therapeutic tool in the manage-
ment of peritoneal mucinous appendiceal carcinomas treat-
ed with cytoreductive surgery & HIPEC.
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Appendiceal epithelial neoplasms are rare 
malignancies that can be histologically classified 
into DPAM and PMCA, with some tumors hav-
ing intermediate histological features (PMCA-I). 
Peritoneal dissemination of such a neoplasm is 
characterized by disseminated intraperitoneal 
mucous and mucinous implants on the peritoneal 
surfaces, the omentum and in the sub-diaphrag-
matic space. Locoregional treatment with CRS 
and HIPEC has proven to be an effective therapeu-
tic approach, currently being set as the standard 
treatment [1]. The aim of the present study was to 

examine the role of systemic chemotherapy as a 
perioperative treatment modality combined with 
CRS and HIPEC.

Methods

Over a 10-year period (2005 -2014), 52 patients with 
appendiceal neoplasms were treated at our Peritoneal 
Surface Malignancy Unit [14 DPAM (26.9%), 30 PMCA 
(57.7%) and 8 PMCA-I (15.4%)]. Patients were analyzed 
retrospectively. Selection included patients with a his-
tology report of an appendiceal mucinous neoplasm. 
Patients were analyzed on the basis of demographics, 
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sex, age, histology, histologic grade, presence of signet 
ring cells, PCI, CCS and finally the perioperative use 
of systemic chemotherapy. Perioperative systemic che-
motherapy was defined as any systemic chemotherapy 
received within 3 months prior to or following CRS and 
HIPEC. Systemic chemotherapy consisted of a 5-FU- or 
capecitabine-based regimen with oxaliplatin. Twenty 
patients (38.5%) were administered perioperative sys-
temic chemotherapy. All patients signed an informed 
consent form prior to surgery. The eligibility criteria 
for CRS & HIPEC included patients medically fit, with 
an ECOG performance status ≤ 2 and without extraab-
dominal disease. All patients underwent preoperative 
evaluation, including a complete history and physical 
exam, full blood workup (including tumor markers) and 
a CT scan of the chest, abdomen and pelvis. All patients 
(100%) underwent CRS & HIPEC. CRS was performed 
according to the Sugarbaker technique [2]. The opera-
tions were performed by the same surgical team. HIPEC 
was delivered via the closed or the coliseum technique, 
at 40-42οC for 60 min. The most common regimen for 
intraperitoneal administration was mitomycin-C.

Statistics

SPSS 19.0 software was applied for statistical 
analysis of data. Student’s t-test was used to compare 
the group that received systemic chemotherapy plus 
CRS and HIPEC with the group that has been offered 
CRS and HIPEC alone and Kaplan-Meier method with 
log rank test to estimate and compare OS and DFS. A 
two-sided p value<0.05 was considered as statisti-
cally significant.

Results

The cohort consisted of 52 patients with mean 
age 51.8 ± 11.3 years. Patient characteristics are 
presented in Table 1. Twenty-three of the patients 
(44.2%) were males. According to histological 
report 57.7% of the patients were categorized as 
PMCA, 26.9% as DPAM and the remaining 15.4% 
as PMCA-I. More than half of the cases (51.9%) 
were high grade. Signet ring cell was found in 
40.4% of the patients and 38.5% of them were 
administered perioperative systemic chemother-
apy. Moreover, mean patient PCI was 23.6 ± 7.3. 
Half of the patients had zero cytoreduction score, 
38.5% scored 1 and 11.5% scored 2.  

More than half of the patients developed re-
currence (n=36; 69.2%), while death was reported 
in 40.4% of them (n=21). The mean time to re-
currence was 14.4 ± 25.5 months. Also, the mean 
time to death was 23.2 ± 37.1 months. The cumu-
lative recurrence-free rate for the 6 months was 
65.4% standard error/SD=6.6%), for the first year 

59.4% (SE=6.8%), for two years 39.5% (SE=7.4%), 
for three years 29.7% (SE=7.4%) and for five years 
12.1% (SE=7.2%). The  overall survival rate for the 
6 months was 98.1% (SE=1.9%), for the first year 
82.4% (SE=5.3%), for 2 years 66.1% (SE=7.0%), for 
3 years 53.5% (SE=8.8%) and for 5 years 46.3% 
(SE=10.1%).

Results from multivariate stepwise Cox re-
gression analysis indicated that cytoreduction 
score, histological type and the use of periopera-
tive systemic chemotherapy were associated with 
overall survival.

Figures 1 and 2 depict the Kaplan-Meier es-
timates for recurrence depending on histologic 
type and signet ring cell presence.

Regarding systemic chemotherapy (Table 2), 
the mean OS was 24 months for patients who 
received systemic chemotherapy and 14 months 
for patients who did not (p=0.048). Median DFS 
was 19 months for patients who received sys-
temic chemotherapy and 10 months for patients 
who did not (p=0.034). When analyzed by sub-
group, the median OS and DFS of patients with 
high grade histology who received systemic che-
motherapy were 26 and 19 months respectively, 
while patients with high grade histology who did 
not receive systemic chemotherapy had a medi-

Table 1. Patient and disease characteristics
Characteristics n (%)
Sex
   Females 29 (55.8)
   Males 23 (44.2)
Age, years, mean (SD) 51.8 (11.3)
Histology
   DPAM 14 (26.9)
   PMCA 30 (57.7)
   PMCA-I 8 (15.4)
Grade
   Low 25 (48.1)
   High 27 (51.9)
Signet ring cell
   No 31 (59.6)
   Yes 21 (40.4)
Perioperative systemic 
chemotherapy
   No 32 (61.5)
   Yes 20 (38.5)
Peritoneal carcinomatosis index 
(PCI), mean (SD) 23.6 (7.3)

Cytoreduction score
    0 26 (50.0)
    1 20 (38.5)
    2 6 (11.5)

For abbreviations see text
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an OS and DFS of 21 and 13 months respectively 
(p=0.029 and p=0.04, respectively). Patients with 
PMCA histology who received systemic chemo-
therapy had a median OS and DFS of 19 and 10 
months respectively, while those with PMCA his-
tology who did not receive systemic chemothera-
py had a median OS and DFS of 10 and 0 months, 
respectively (p=0.042 and p=0.039, respectively). 
Patients who received systemic chemotherapy 
and had present signet ring cells had a median 
OS of 19 months, versus 16.5 months in patients 
with absent signet ring cells (p = 0.028). Also, pa-
tients with positive signet ring cells who did not 
receive systemic chemotherapy had a median OS 
of 11 months (p=0.033), vs patients who received 
chemotherapy. A similar difference was noted 
in median DFS. Patients in whom a CC-S 0 was 
achieved and received systemic chemotherapy 
had a median OS of 18 months vs 10 months in 
those who did not receive systemic chemothera-
py (p=0.038). Median DFS was 18 and 9 months, 
respectively (p=0.021). Similar results were noted 
in CC-1 patients.

Discussion
Appendiceal neoplasms are rare, identified 

in less than 1% of appendectomy specimens [3]. 
They are not usually suspected before surgery, 
most commonly presenting during emergency 
operations [3-6], and they are found either intra-
operatively or on pathologic examination. Histo-

logically they can be classified as DPAM, PMCA 
and PMCA with intermediate (well differentiated) 
features. DPAM includes peritoneal lesions com-
posed of abundant extracellular mucin with little 
mucinous epithelium, low cellular atypia and lim-
ited mitotic activity, with or without associated 
appendiceal mucinous adenoma. PMCA corre-
sponds to an appendiceal carcinoma and peritone-
al implants with abundant atypical proliferative 
epithelium. The intermediate type (PMCA-I) rep-
resents a predominantly adenomucinous pattern 
with a minor component of adenocarcinoma [7].

A characteristic feature of appendiceal neo-
plasms is their biologic potential for dissemi-
nation beyond the appendix, causing peritoneal 
carcinomatosis in the form of mucinous adeno-
carcinoma, otherwise known as pseudomyxoma 
peritonei (PMP). The diagnosis is characterized 
by the accumulation of extracellular mucin and 
epithelial mucin-secreting cells within the peri-
toneal cavity. The cell entrapment phenomenon 
[8] participates in the formation of extensive mu-
cous masses within the peritoneal cavity, often 
causing organ malfunction, such as intestinal 
obstruction, dyspnea and malnutrition, eventual-
ly progressing to death, without timely surgical 
intervention.

The presence of mucin in the periappendi-
ceal area only denotes an uncertain biologic be-
haviour, depending on the presence of neoplastic 
cells to determine the natural course of the dis-

Figure 1. Kaplan-Meier estimates for recurrence ac-
cording to histology. DPAM vs PMCA, p<0.05. DPAM 
vs PMCA1, p<0.04.

Figure 2. Kaplan-Meier estimates for recurrence ac-
cording to signet ring cell (SRC).
SRC+: CRS+HIPEC+SCT vs CRS+HIPEC, p=0.038.
SRC-: CRS+HIPEC+SCT vs CRS+HIPEC, p=0.392.

Histology
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ease. Specifically, when tumor cells are found in 
the mucin, pseudomyxoma peritonei will develop 
in 33% of the cases, while with acellular mucin 
it will develop in 4% [9]. Systemic metastasis is 
rather uncommon, occurring in 10% of the cases 
[10,11].

While in the past PMP was believed to stem 
from an ovarian tumor, there has been current 
immunohistochemical, molecular and genetic ev-
idence to support that it is of appendiceal origin, 
in most cases with secondary involvement of the 
peritoneum and/or the ovaries [12,13].

Peritoneal carcinomatosis of gastrointestinal 
cancer was previously considered a fatal condi-
tion, with a poor OS [14,15]. However, the imple-
mentation of CRS and HIPEC has proven to be an 
effective treatment modality [16,19]. The charac-
teristic diffuse malignancy caused by appendice-
al neoplasms now represents a classic indication 
for the use of CRS and HIPEC. A recent retrospec-
tive international study reported 10- and 15-year 

survival rates of 63% and 59%, respectively, in 
patients with PMP from mucinous appendice-
al carcinomas treated with CRS and HIPEC [20]. 
Survival was found to be strongly related to the 
completeness of cytoreduction [20]. The use of 
CRS and HIPEC as the standard treatment for mu-
cinous tumors with peritoneal dissemination has 
been unanimously supported at the Peritoneal 
Surface Oncology Congress (Milan 2006) [1].

CRS should not be confused with debulking 
surgery, which is surgery aimed to reduce dis-
ease burden. Instead, cytoreduction is a series 
of peritonectomy procedures and visceral resec-
tions, as they have been described by Sugarbaker 
[2], aiming at the minimum possible residual dis-
ease, with optimal cytoreduction achieved when 
residual tumor is 0. The PCI is scored by adding 
the lesion sizes in 13 abdominopelvic regions and 
quantifies the extent of disease [21]. The CCS as-
sesses the extent of cytoreduction. CC-0 denotes 
absence of macroscopic tumor residue, CC-1 in-

Table 2. Median (m) overall survival and disease free survival in each patient group

mOS (months) p value mDFS (months) p value

CRS + HIPEC + SCT 24 19

CRS + HIPEC 14 10

p 0.048* 0.034*

Histology DPAM PMCA PMCA-I DPAM PMCA PM-
CA-I

CRS + HIPEC + SCT 19 22 10 12

CRS + HIPEC 25 10 17 25 0 0

p 0.042* 0.056 0.039* 0.063

Histologic grade High 
Grade

Low Grade High Grade Low 
Grade

CRS + HIPEC + SCT 26 18.5 0.265 19 9 0.387

CRS + HIPEC 21 14 0.067 13 12 0.516

p 0.029* 0.357 0.04* 0.116

Signet ring cells SRC + SRC - SRC + SRC -

CRS + HIPEC + SCT 19 16.5 0.028* 10 10 0.520

CRS + HIPEC 11 14 0.717 5 18 0.366

p 0.033* 0.406 0.038* 0.392

Peritoneal cancer 
index

PCI ≥20 PCI <20 PCI ≥20 PCI <20

CRS + HIPEC + SCT 18 32.5 0.476 8 19 0.463

CRS + HIPEC 16.5 18 0.604 12 14 0.616

p 0.433 0.488 0.216 0.452

Completeness of 
Cytoreduction

CC-0 CC-1 CC-2 CC-0 CC-1 CC-2

CRS + HIPEC + SCT 32 18 6 18 18 6

CRS + HIPEC 21 10 16 9 10 16

p 0.038* 0.047* 0.273 0.021* 0.036* 0.343

CRS : cytoreductive surgery, HIPEC: hyperthermic intraperitoneal chemotherapy, SCT : systemic chemotherapy, mOS : median overall 
survival, mDFS : median disease-free survival, DPAM : disseminated peritoneal adenomucinosis, PMCA : peritoneal mucinous 
carcinomatosis of appendiceal origin, PMCA-I : intermediate, *statistically significant
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dicates nodules less than 0.25 cm, CC-2 nodules 
between 0.25 and 2.5 cm and CC-3 nodules greater 
than 2.5 cm. Optimal cytoreduction includes CC 
scores of CC-0 and CC-1, as CC-1 disease is consid-
ered to be penetrable by HIPEC [21].

Besides CRS and HIPEC, another tool that has 
been recruited in the management of appendice-
al neoplasms is systemic chemotherapy. Due to 
contradictory reports in the literature, so far no 
consensus has been reached as to whether the 
administration of systemic chemotherapy can be 
associated with a better disease outcome. This can 
be attributed to the heterogeneity of the disease, 
the different therapeutic regimens and the discor-
dance in the classification and reporting of the 
disease. So far systemic chemotherapy has been 
reserved for patients who are not optimal surgi-
cal candidates, such as patients with high tumor 
burden, comorbidities or macroscopic residual 
disease after prior CRS.

In this study we have found that the medi-
an OS and DFS of patients with appendiceal neo-
plasms managed with CRS and HIPEC and who 
received perioperative systemic chemotherapy 
were significantly prolonged compared to those 
patients who were treated with CRS and HIPEC 
only.

Some recent studies have reached the same 
conclusion. The recent study by Milovanov et al. 
found that systemic chemotherapy was associated 
with a prolonged survival in patients with high 
grade PMCA and signet ring cell histology [22]. 
The study by Blackham et al. found that postop-
erative systemic chemotherapy was efficient in 
the management of patients with high grade dis-
ease [23]. Bijelic et al. also found that systemic 
chemotherapy may reduce the tumor burden in 
mucinous appendiceal carcinomas, facilitate cy-
toreduction and improve survival [24]. Shapiro et 
al. suggested that systemic chemotherapy should 
be used in patients suboptimal for cytoreductive 
surgery [25].

On the other hand, several studies have con-
cluded that perioperative systemic chemotherapy 
for appendiceal neoplasms may lead to a worse 
outcome [20,26-29]. The study by Votanopoulos et 
al. observed that systemic chemotherapy lead to 
a worse prognosis not only for low grade but also 
for high grade patients. The team suggests that 
low volume, high grade patients undergo cytore-
duction and postoperative systemic chemothera-
py [29].

When subgroup analysis was conducted, the 

results were also interesting.
PMCA histology was associated with an im-

proved outcome when, besides CRS and HIPEC, 
systemic chemotherapy was administered. The 
PMCA subtype has distinct features that charac-
terize its aggressive phenotype. It has been as-
sociated with a greater frequency to metastasize 
to lymph nodes, since the fluid produced by the 
neoplastic cells is taken up by lymphatics, pro-
moting tumor spread [30]. The PMCA subtype has 
been previously associated with poor survival in 
univariate and multivariate analysis in the large 
series by Chua et al [20].

Patients with high grade disease had a sur-
vival benefit (both in OS and DFS) when they re-
ceived perioperative systemic chemotherapy vs 
patients who did not. This result is in concordance 
with the findings of the studies by Blackham et 
al. [23] and Milovanov et al. [22], in both of which 
the administration of systemic chemotherapy was 
found to be beneficial in patients with high grade 
disease.

Moreover, we have observed that patients 
with present signet ring cells (SRC) in histology 
who received systemic chemotherapy had a pro-
longed OS vs SRC-negative patients. Additionally, 
in the SRC-positive group, patients who received 
perioperative systemic chemotherapy had a sur-
vival benefit (both in OS and DFS) compared to 
patients treated with CRS and HIPEC only. This 
finding agrees with the study by Milovanov et al. 
[22] who found that the presence of SRC was asso-
ciated with a significantly prolonged survival. In 
colorectal adenocarcinoma, the presence of SRC 
has been identified as a worse prognostic feature 
[31-34] and in mucinous appendiceal neoplasms 
they are considered evidence of high grade dis-
ease. A recent study by Siritrapun et al. [35] found 
that the presence of SRC floating in mucin did not 
alter prognosis, while tissue invasion by SRC de-
termined worse survival in high-grade patients, 
suggesting that tissue invasion is a more aggres-
sive feature of the neoplastic cells, affecting the 
tumor microenvironment, and also making com-
plete cytoreduction less feasible [35].

The extent of disease, as expressed by the 
PCI score, appeared not to have an influence on 
patient survival concerning perioperative chemo-
therapy. However, in the Chua et al. study, a high-
er PCI score was associated with a poorer progno-
sis in multivariate analysis [20]. This discrepancy 
can be partly attributed to the fact that the PCI 
score takes into account the lesion size but does 
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not identify the site of disease, thus not clarify-
ing the feasibility of surgical excision. However, 
as in every form of peritoneal carcinomatosis, the 
importance of cytoreduction becomes evident in 
our study as well. Patients in whom an optimal 
cytoreduction was achieved (CC scores of 0 or 1) 
benefited significantly from perioperative sys-
temic chemotherapy. Chemotherapeutic delivery, 
both intraperitoneally and systematically, can 
improve survival when residual tumor volume is 
minimized, ie. when a complete cytoreduction is 
achieved.

When delivered preoperatively, systemic che-
motherapy can cause fibrosis in the neoplastic tis-
sue, as well as a transition of PMCA to adenomu-
cinosis phenotype [36]. Moreover, preoperative 
chemotherapy can induce a reduction in tumor 
volume, resulting in less extensive surgical pro-
cedures, reducing accordingly the morbidity and 
mortality [24]. However, preoperative chemothera-
py delays definitive surgery, degrades performance 
status and sometimes hinders complete cytoreduc-
tion, as it poses a difficulty in assessing the macro-
scopic findings intraoperatively [24]. On the other 
hand, adjuvant systemic chemotherapy can lead 

to eradication of microscopic disease, prevent the 
metastatic potential and also facilitate a second cy-
toreductive procedure in case it is needed. 

Conclusion

We suggest that perioperative systemic che-
motherapy may serve as a helpful therapeutic tool 
in the management of peritoneal mucinous appen-
diceal carcinomas treated with CRS & HIPEC, as it 
prolongs OS and DFS. Its effect has been found 
significant in high grade disease, PMCA histol-
ogy (also a trend in PMCA-I), SRC presence and 
optimally cytoreduced patients (CC-0 and CC-1). 
Extent of disease (PCI) did not influence response 
to chemotherapy.

Since there are contradictory reports in the 
literature regarding the use of chemotherapy in 
the management of appendiceal neoplasms, more 
research needs to be conducted, in the setting of a 
large-population, randomized study.
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