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KABSTRACT

Objective. Appendiceal mucinous neoplasms (AMNs) are a rare
and heterogeneous disease for which clinical management is
challenging. We aim to review the literature regarding modal-
ities of treatment to guide the management of AMNSs.
Methods and Review Criteria. We conducted a PubMed search
in February 2016 for English-language publications, using
the terms “appendiceal,” “appendix,” “carcinoma,” “cancer,”
“mucinous,” “treatment,” “genes,” “target,” “genomic,” and
terms listed in the articles’ subheadings. Published reports and
abstracts from the American Society of Clinical Oncology meet-
ings were also searched.

Results. In this review, we summarize current data and contro-
versies in AMN classification, clinical presentation, molecular
alterations, treatment outcomes with regard to cytoreductive
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surgery, hyperthermic intraperitoneal chemotherapy (HIPEC),
and the role of systemic chemotherapy.

Conclusion. Appendiceal mucinous neoplasms are a heteroge-
neous group of tumors with a rising incidence. Treatment is
based on stage and histology. Low-grade tumors are treated
surgically with resection of the primary site in early stage
disease, or peritoneal debulking and HIPEC in patients with
advanced stage disease. Treatment of high-grade tumors re-
quires further prospective trials, and options include debulking
surgery and HIPEC with or without preoperative chemotherapy.
Trials evaluating novel therapies based on the molecular profil-
ing of AMIN tumors are needed to evaluate therapeutic options
in patients who are not surgical candidates. The Oncologist
2017;22:1107-1116

Implications for Practice: This review provides a reference to guide gastroenterologists, pathologists, surgeons, and oncologists in
the management of appendiceal mucinous neoplasms (AMNs), a rare and heterogeneous disease with no consensus on histologic
classification or guidelines for treatment algorithms. This review summarizes all AMN classifications and proposes a treatment

algorithm based on stage and histology of disease.

INTRODUCTION

Appendiceal mucinous neoplasms (AMNs) are rare tumors
accounting for less than 1% of all cancers. Appendiceal muci-
nous neoplasms include a heterogeneous group of diseases
with varying malignant potential as reflected by different classi-
fication systems. Early stage AMNs are usually incidentally diag-
nosed at resection for suspicion of appendicitis. Advanced
stage disease presents with abdominal distension related to
the accumulation of mucin in the peritoneal space. Due to the
lack of well-controlled randomized trials, several management
algorithms have been proposed. This article reviews the differ-
ent classification systems and the currently accepted therapeu-
tic management for this rare and complex disease.

Background
Malignant tumors of the appendix include mucinous epithelial
neoplasms, neuroendocrine (typical carcinoid) tumors, goblet/

ex-goblet cell or composite carcinoid, lymphomas, adenocarci-
nomas, and lymphoid or mesenchymal sarcomas. Histologically,
65% of appendiceal tumors are of neuroendocrine origin, while
adenocarcinomas (mucinous, signet ring or non-mucinous) con-
stitute approximately 20% of these tumors [1, 2]. Appendiceal
mucinous neoplasms are present in 0.2%—-0.3% of appendec-
tomy specimens [2]. The treatment of AMN is not well defined,
with controversies regarding the extent of surgery and the role
of chemotherapy, including early postoperative intraperitoneal
chemotherapy (EPIC) and hyperthermic intraperitoneal chemo-
therapy (HIPEC).

Early classification systems considered AMN a benign dis-
ease, with different terminologies including appendiceal muco-
cele [3], cystadenoma, and cystadenocarcinoma [4]. Criteria for
simple mucoceles (benign adenomas) were established and dis-
tinguished from those of malignant histologies. Carr et al. [5]
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described mucinous neoplasm with uncertain malignant poten-
tial with the characteristics of low-grade tumors with acellular
mucin in or beyond the appendiceal wall. Appropriate categori-
zation and nomenclature of these neoplasms remained
problematic, with various pathologic grading systems [5-9].
Pseudomyxoma peritonei (PMP) [3] is the diffuse collections of
gelatinous material in the abdomen and pelvis, and mucinous
implants on the peritoneal surfaces. Follow-up studies revealed
that the majority of PMP arise from the appendix and represent
local spread into the peritoneal cavity. Therefore, it has been
recommended that the term PMP be limited to describing the
clinical entity of mucinous ascites and not be used as a histo-
logic diagnosis [10].

The clinical course of AMN appears to be determined by
the stage at diagnosis, as well as the histological features
reflecting cellular differentiation [2, 6-8, 11, 12]. Mucinous asci-
tes indicates an advanced stage portending worse disease out-
comes [2]. Histologic differentiation has gained vital
importance, as well-differentiated mucin-producing appendi-
ceal tumors clearly have a better prognosis than poorly differ-
entiated tumors. The treatment of AMN is largely based on
stage and histology. This review addresses controversies in clas-
sification staging and provides therapeutic guidance for AMN.

METHODS AND REVIEW CRITERIA
We conducted a PubMed search in February 2016 for English-

language publications, using the terms “appendiceal,”
“appendix,” “carcinoma,” “cancer,” “mucinous,” “treatment,”
“genes,” “target,” “genomic,” and terms listed in the articles’

subheadings. Published reports and abstracts from the American
Society of Clinical Oncology meetings were also searched. No
exclusion criteria were used. Articles were selected on the
basis of relevance and additional papers were identified from
their reference lists. Articles published in high-impact jour-
nals were reviewed thoroughly and selected to contribute to
the information summarized in this article.

EPIDEMIOLOGY AND CHARACTERISTICS

Appendiceal mucinous neoplasms account for 0.4%—1% of all
gastrointestinal malignancies in the U.S., roughly translating to
1,500 new cases annually [1, 13-16]. In sharp contrast to colo-
rectal cancer (CRC), AMNs are usually a relatively indolent dis-
ease and rarely develop metastases outside the peritoneal
cavity. The age-adjusted incidence of AMN is estimated at 0.12
cases per 1 million individuals per year [11, 15]. The incidence
of AMN in the U.S. has increased over time, from 0.6 cases per
million persons in 1973 [1] to 2.8 cases per million persons in
2011, with an annual percentage increase of 3.1%. In addition,
age at diagnosis has decreased over the same time period [17].
A similar pattern of increase in incidence and decrease in age
at diagnosis was observed in a large registry study from the
Netherlands spanning 1980-2010 [18]. The trends over time in
incidence, demographics, type of surgery, and survival of
patients with AMN were analyzed using the Surveillance, Epide-
miology, and End Results Program database [17]. Women
account for 50%—55% of the appendiceal tumor population [9,
17], and the majority (70%—74%) of patients are white. No sig-
nificant change in race or gender has been observed over time.
Peritoneal involvement is the presenting stage for the majority
(53.2%) of patients with AMN (localized [26.3%] and regional
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[20.5%)] stages). There seems to be a trend toward a decrease
in regional disease stage over time, while distant stage disease
is increasing in incidence [17].

CLINICAL PRESENTATION

Patients with appendiceal tumors can present with nonspecific
clinical manifestations delaying diagnosis [19, 20]. An acute
appendicitis-like presentation with right lower quadrant pain
secondary to distention of the appendix by mucin is the most
common clinical presentation in early stage disease [21].
Appendicitis or perforation of the appendix can be present,
specifically if the tumor obstructs the appendiceal orifice. Carr
et al. [5] reported that 32% of patients with appendiceal neo-
plasms received a preoperative diagnosis of acute appendicitis,
while 23% were incidentally diagnosed.

Advanced stage disease presents with increasing abdominal
girth due to the accumulation of mucinous ascites in the perito-
neum. Other clinical presentations for this stage include chronic
abdominal pain, weight loss, anemia, infertility, and new-onset
umbilical or inguinal hernias [20, 22]. Even though patients
commonly have mucinous peritoneal, serosal, and omental
implants, intestinal obstruction is an uncommon initial presen-
tation [12, 23].

HisToLOGIC CLASSIFICATION
The classification of appendiceal adenocarcinomas has been
controversial, with conflicting results. Well-recognized catego-
ries include mucinous adenocarcinomas (previously called
mucinous cystadenocarcinomas or malignant mucoceles),
which are the main subject of this article, and ordinary colonic-
type adenocarcinomas (non-mucinous), which are virtually
identical to those in the colorectal region [24]. A third category,
appendiceal crypt cell adenocarcinoma (also called adenocarci-
noma ex-goblet-cell-carcinoid) is becoming better characterized
[25] and may also have a mucinous component. Most non-
mucinous carcinomas are colonic type adenocarcinoma, but
occasionally adenocarcinomas that closely resemble pancreato-
biliary adenocarcinomas also arise in the appendix, although
they have not been properly documented in the literature.
Most primary appendiceal adenocarcinomas are of AMN
subtype, in which mucin is involved in more than 50% of the
lesion. Appendiceal mucinous neoplasms most commonly arise
from low-grade appendiceal mucinous neoplasms (LAMN),
which are adenomatous changes in the appendiceal mucosa.
Less frequently, AMN may arise from a polyp-forming adenoma
that is identical to those seen in the colon, and/or serrated ade-
noma [25, 26]. Appendiceal mucinous neoplasms with signet
ring cell features (in which signet ring-shaped cells are seen
floating within the mucin nodules) or poorly differentiated his-
tology are believed to be more aggressive and have a worse
prognosis [27]. Most appendiceal adenocarcinomas that were
previously designated as “signet ring carcinoma” are either
goblet cell patterns in appendiceal crypt cell adenocarcinoma
(“adenocarcinoma-ex-GCC (goblet cell carcinoid)”), which is
now regarded as a distinct tumor type, or mucinous adenocar-
cinomas with signet ring cells within the mucin. True primary
signet ring cell carcinoma (poorly cohesive cell carcinoma),
which is characterized by individual cells or cord-like infiltration
without any mucinous component or crypt cell adenocarci-
noma components, is virtually non-existent [1]. Published
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Figure 1. Gross specimen. The appendix lumen is filled with gelati-
nous mucinous material characteristic of low-grade appendiceal
mucinous neoplasms LAMN (LAMN; so-called “mucocele” forma-
tion). In this case, it shows protrusion into the mesoappendix in a
diverticular fashion, which is not uncommon in LAMNs.

Figure 2. Low-grade appendiceal mucinous neoplasms LAMN with
invasive low-grade mucinous adenocarcinoma component. The
well-formed and well-preserved epithelium with papillary villous
elements (upper middle) represents the mucosal adenomatous
component. The mucin lakes, which are represented as pale nod-
ules of white to slightly blue nodules with scant epithelial cells,
represent invasive mucinous adenocarcinoma. Based on the
degree of mucin and the relatively mild cytologic atypia, this quali-
fies as a “low- grade” mucinous adenocarcinoma.

literature suggests a disparity between mucinous and colonic-
type (non-mucinous) appendiceal adenocarcinoma with
respect to disease course and prognosis [5, 28, 29]. Figure 1
shows a gross specimen of the appendix in which mucin is con-
fined to the appendix without perforation. Figures 2—6 show
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Figure 3. Invasive intestinal type adenocarcinoma, not low-grade
appendiceal mucinous neoplasmsLAMN. Some invasive adenocar-
cinomas of the appendix are conventional intestinal (colonic) type,
as illustrated in this example.

&
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Figure 4. Low-grade appendiceal mucinous neoplasms LAMN with
paucicellullar mucinous spread to the peritoneal surfaces (low-
grade mucinous adenocarcinoma of the so-called disseminated
peritoneal adenomucinosis type). Some of the mucin nodules also
contain detached signet-ring like cells, but this does not qualify as
signet ring (poorly cohesive) cell adenocarcinoma because there
was no individual cell or cord-like non-mucinous infiltration into
the stroma by the carcinoma cells.

different pathologies that range from LAMN to high-grade
AMN and appendiceal crypt cell adenocarcinoma.

Different classification systems for AMN have been used
and are mainly based on cellularity and differentiation. Ronnett
et al. [6, 30] initially classified AMN into three major variants:
disseminated peritoneal adenomucinosis (DPAM), peritoneal
mucinous carcinomatosis (PMCA), and PMCA of indeterminate
or discordant features (PMCA /D). This classification predicted
survival differences between the three groups. Patients with
DPAM have an indolent clinical course without distant meta-
static spread (extra-peritoneal). Peritoneal mucinous carcino-
matosis histology has a higher cellular-to-mucin ratio and
possesses higher metastatic potential to lymph nodes and
extra-peritoneal organs, projecting worse outcomes [30, 31].

©AlphaMed Press 2017
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Figure 5. Invasive mucinous adenocarcinoma of high grade involving the peritoneal surfaces (“peritoneal mucinous carcinomatosis”)
which arose in a low-grade appendiceal mucinous neoplasms LAMN (not shown here).

cinoma (so-called adenocarcinoma ex-goblet-cell carcinoid), which
can also show mucinous areas, as illustrated in the middle of the
photograph and the upper left inset. The other components of
this tumor, however, which are detailed in the insets in upper right
and lower right, show features more characteristic of appendiceal
crypt cell adenocarcinoma. In the upper right, there is a poorly
cohesive (signet ring) cell pattern, and the lower right shows the
classical goblet-cell carcinoid pattern. Such cases should be distin-
guished from low-grade appendiceal mucinous neoplasms LAMN
or related appendiceal mucinous adenocarcinoma, as which they
are commonly misclassified.

With advanced disease (peritoneal involvement), these classifi-
cations become more challenging without a known primary
(after a peritoneal biopsy). The diagnosis is then limited to a
peritoneal biopsy suggesting AMN, but cannot be confirmed
without further debulking surgery, if this is possible.

More recently, the same authors [6, 19, 30] acknowledged
that the intermediate category behaves more like the PMCA
group. Thus, Ronnett’s classification model [6] was subsequently
revised and simplified into low- and high-grade carcinoma [7], in
which any mucinous epithelium beyond the muscularis mucosa
is indisputable evidence of an invasive appendiceal malignancy
[5, 21, 32]. Bradley et al. [21] further classified DPAM and PMCA
I/D into three variants: (a) well-differentiated mucinous adeno-
carcinoma, grade 1 of 3 (DPAM), (b) mucinous adenocarcinoma,
grade 2 of 3 (PMCA-I type), and (c) high-grade mucinous adeno-
carcinoma, grade 3 of 3 (PMCA type). The Bradley classification
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system found the intermediate classification tracked with the
low-grade histology outcomes. A major limitation of these ear-
lier classification systems is that the stage was only limited to
disease involving the peritoneal cavity. Misdraji et al. [8] devel-
oped a classification system that was broadly concordant with
the report by Ronnett but also included classification for local-
ized appendiceal disease [6, 33]. In this classification, the term
LAMN was introduced to replace the term mucocele. Low-grade
appendiceal mucinous neoplasms were further subclassified
based on the degree of mucin and differentiation. The Ronnett
classification is the most endorsed internationally.

IMMUNOHISTOCHEMISTRY AND MOLECULAR ALTERATIONS
The diagnosis of AMN depends largely on the presence of
mucin on pathologic examination. Appendiceal mucinous neo-
plasms stain diffusely positive for CK20 (100%) and are often
negative for CK7 (71%). Furthermore, AMNSs are usually positive
for MUC5AC (86%) and DPC4 (100%). Of note, both CRC and
appendiceal tumors share the same pattern of CK positivity: a
patchy CK7 and a diffuse CK20 positivity [34, 35]. It was there-
fore postulated that AMNs follow the same pathogenic path-
way as CRCs, most often arising from adenomatous polyps and
following a well-established genetic progression in an ade-
noma—carcinoma sequence [36, 37]. These steps include (a)
point mutations in the KRAS proto-oncogene and mutations
and/or deletions in the TP53 gene on chromosome 17p, (b)
truncating mutations or deletions in the adenomatous polypo-
sis coli (APC) gene on chromosome 5¢, and (c) mutations in the
beta-catenin gene. An alternative pathway of carcinogenesis
involves microsatellite instability (MSI) caused by mutations in
nucleotide mismatch repair genes, including hMSH2, hMLH1,
PMS1, PMS2, and GTBP [36-38]. In a study of 30 appendiceal
adenocarcinomas evaluated for the presence of MSI, TP53 over-
expression, and KRAS mutations, 23 mucinous subtypes were
included [25]. All AMNs had microsatellite stable genotype.
Szych et al. [39] described random allelic shift in AMNs [38],
but AMNs seem to possess detectable levels of MSI, reported
at 6% in another study of 149 patients [40]. However, it should
be noted that, due to variable definitions, some of this data
remains controversial and requires further verification.

Many recent studies have employed molecular profiling as
a potential adjunct predictor of outcomes. The few available
genetic studies on AMNSs support clonality and the presence of
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specific molecular signatures [41]. Szych et al. found that of 16
samples of AMN with peritoneal involvement [39], 100% pos-
sessed KRAS mutations in the corresponding appendiceal
adenomas, while of 16 specimens from patients with localized
disease (no peritoneal involvement), 11 had KRAS mutation
variants in the adenomas adjacent to the cancer. This observa-
tion may suggest that KRAS mutations represent an early event
in the tumorigenesis of AMNSs, but are insufficient to drive peri-
toneal spread. Levine et al. [42] studied low grade appendiceal
cancer gene expression as a biomarker predictive of efficacy in
patients who underwent complete debulking surgery and
HIPEC. Gene expression profiles were analyzed for the tran-
scriptome of appendiceal cancers utilizing 139 gene-cassette
(including actionable genes) and dichotomizing the profiles into
low- and high-expression cancers. The authors concluded that
high gene expression predicted poor survival outcomes even
when adjusting for grade, PCl score, performance status, and
age. This study was based on previous findings demonstrating
the difference in genomic signatures between appendiceal can-
cers and CRCs. Kabbani et al. also evaluated and compared
genetic alterations in appendiceal carcinomas [25]. In this
study, KRAS mutations were detected in 11 of 20 (55%) tumors;
8 of 16 (50%) were mucinous and 3 of 4 (75%) were non-
mucinous (colonic-type) carcinomas. However, TP53 overex-
pression is present in only 1 of 30 (3%) AMNs. Raghav et al.
reported the largest molecular study [40] of 149 patients in a
single institution. COX-2 expression, KRAS, PI3K, and BRAF
mutations were seen in 61%, 55%, 17%, and 4% of patients,
respectively. Additionally, KRAS mutation was strongly associ-
ated with well or moderately differentiated histologies. Finally,
a comprehensive genomic profiling study of 11 AMN samples
was recently reported by Goldstein et al. [41], using second-
generation sequencing including base substitutions, short inser-
tions, deletions, copy number alterations, and fusions/rear-
rangements. Base substitutions in KRAS were detected in 73%
and TP53 mutations in 64% of cases (MYC [36%)], SMAD4 [27%)],
and APC [27%]). The clinical application of targeted therapies in
this setting appears to be a promising strategy. Given the rarity
of the disease and its heterogeneous nature, and the fact that
no prospective trials have been designed, AMN molecular tar-
gets are targets. These studies are retrospective series with
limited sample size and do not take into account the heteroge-
neous nature of the disease. In addition, there are few published
studies on the genetic alterations within various subgroups of
AMNS.

The clinical application of targeted therapies in this
setting appears to be a promising strategy. Given the
rarity of the disease and its heterogeneous nature,
and the fact that no prospective trials have been
designed, AMN molecular targets are considered as
similar to colon cancer targets.

TREATMENT OF APPENDICEAL NEOPLASMS

Table 1 summarizes the staging of AMNs according to the
American Joint Committee on Cancer Cancer Staging Manual,

Seventh Edition (2010) [43].
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Localized AMNSs

Because the incidence of nodal spread of well-differentiated
localized appendiceal tumors is less than 2%, most of the pub-
lished surgical literature suggests that simple appendectomy is
sufficient for tumors exhibiting only local disease [44]. Right
hemicolectomy should be considered to clear the tumor mar-
gin in case of involvement after appendectomy, and it should
be considered for tumors involving the peri-appendiceal area,
tumor size of 2 cm or larger, high grade histology, or tumor that
invades through the muscularis propria [45]. Similar criteria for
right hemicolectomy were proposed by Pahlavan et al. [46] and
include the following: (a) the degree of cellular undifferentia-
tion, (b) increased mitotic activity, (c) involvement of the base
of the appendix, (d) lymph node metastasis, or (e) tumor size
greater than 2 cm. We suggest that any of the risk factors men-
tioned here put patients at risk of higher rates of local recur-
rences, thus supporting right hemicolectomy. In addition,
patients presenting with perforation, high grade, or poorly dif-
ferentiated histology should be considered for hemicolectomy.

Surgical management of low-grade AMN with peritoneal
mucin spillage is controversial. Published literature suggests a
significant prognostic difference between acellular and cellular
mucin [5, 8, 46, 47]. Accordingly, the use of cytoreductive sur-
gery (CRS) for relatively early lesions with localized cellular
mucin spillage is advocated based on population-based [46]
and pathology-based [7, 12] series, showing high likelihood of
progression to extensive intra-abdominal disease if treated by
appendectomy or right hemicolectomy alone. Three-, 5-, 7-,
and 10-year overall survival (OS) rates for low-grade AMN with
extra-appendiceal spread are 100%, 86%, 60%, and 45%,
respectively.

The role of adjuvant chemotherapy for resected localized
AMN has not been evaluated in prospective randomized trials.
Fluorouracil (5-FU)-based adjuvant chemotherapy is usually
recommended in specific high-risk situations such as poorly dif-
ferentiated tumors (signet ring histology) with evidence of
lymph node involvement or perforation. Adjuvant chemother-
apy is not recommended for low-grade well-differentiated
mucinous tumors and should only be considered in specific sit-
uations where the cancer shows invasive features such as lym-
phovascular or lymph node involvement or has mixed-type
histology.

Treatment of AMN with Peritoneal Metastasis

Evolution of Treatment

Treatment of peritoneal metastasis of appendiceal origin is
based on retrospective case series. Historically, treatment con-
sisted of repeated drainage of the mucinous ascites, and
evolved to serial debulking surgeries. In the 1980s, Spratt et al.
demonstrated that the addition of intraperitoneal chemother-
apy to traditional debulking surgery improved disease control
duration [48]. In the 1990s, Sugarbaker [49] introduced the
concept of a one-stage aggressive cytoreductive debulking pro-
cedure via several macroscopic peritonectomies, followed by
intraoperative HIPEC infusion [50].

HIPEC

The aim of HIPEC is to deliver a regionally high intraperitoneal
dose of heated chemotherapy with minimal systemic effects.
Hyperthermic intraperitoneal chemotherapy is usually reserved
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Table 1. TNM stage classification

Stage Classification

TX Primary tumor cannot be assessed

TO No evidence of primary tumor

Tis Carcinoma in situ: intraepithelial or invasion of lamina propria. Tumor confined within the glandular basement

membrane (intraepithelial) or lamina propria (intramucosal) with no extension through muscularis mucosae
into submucosa

T1 Tumor invades submucosa
T2 Tumor invades muscularis propria
T3 Tumor invades through muscularis propria into subserosa or into mesoappendix
T4 Tumor penetrates visceral peritoneum, including mucinous peritoneal tumor within the right lower quadrant
and/or directly invades other organs or structures
T4a Tumor penetrates visceral peritoneum, including mucinous peritoneal tumor within the right lower quadrant
T4b Tumor directly invades other organs or structures
N
NX Regional lymph nodes cannot be assessed
NO No regional lymph node metastasis
N1 Metastasis in 1 to 3 regional lymph nodes
N2 Metastasis in four or more regional lymph nodes
M
MO No distant metastasis
M1 Distant metastasis
Mila Intraperitoneal metastases beyond the right lower quadrant, including pseudomyxoma peritonei
M1b Nonperitoneal metastases
G
GX Grade cannot be assessed
G1 Well differentiated Mucinous low grade
G2 Moderately differentiated Mucinous high grade
G3 Poorly differentiated Mucinous high grade
G4 Undifferentiated
Stage
Stage 0 Tis NO MO
Stage | T1 NO MO
T2 NO MO
Stage IIA T3 NO MO
Stage IIB T4a NO MO
Stage IIC T4b NO MO
Stage IlIA T1 N1 MO
T2 N1 MO
Stage IIIB T3 N1 MO
T4 N1 MO
Stage IIIC Any T N2 MO
Stage IVA Any T NO M1la
Stage IVB Any T NO M1la
Any T N1 Mla
Any T N2 M1la
Stage IVC Any T Any N M1b

Used with the permission of the American Joint Committee on Cancer (AJCC), Chicago, lllinois. The original source for this material is the AJCC Can-
cer Staging Manual, Seventh Edition (2010) published by Springer New York, Inc. Version 11.0.
Abbreviations: G, histologic grade; M, distant metastasis; N, regional lymph nodes; T, tumor stage.
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for patients who have complete CRS with minimal or no resid-
ual disease. A high dose of heated (to around 107°F or 40°C—
42°C) chemotherapeutic agents is perfused intraoperatively
throughout the abdomen to eradicate any residual microscopic
cancer cells. Hyperthermia has been proven to be cytotoxic at
the cellular and tissue levels and results in the production of
heat shock proteins [51-53], altered thermoregulation of
malignant cells, and massive cellular destruction upon pro-
longed exposure. Animal studies suggest that hyperthermia
might potentially enhance the cytotoxicity of chemotherapeu-
tic agents [53]. In the setting of AMN, the most commonly used
agents are mitomycin C at 10-12.5 mg/m? [53, 54], oxaliplatin
at 460 mg/mz, cisplatin, and 5-FU, as single agents or in various
combinations [54].

Evaluation of Complete Cytoreduction and HIPEC

The completeness of cytoreduction is a significant predictor of
survival in AMN with peritoneal spread. Complete resection
(CCR)O is defined as no evidence of visible disease; that is, no
malignant deposits; CCR1 is defined as <2.5 mm of disease
that could not be resected; CCR2 is defined as disease of
2.5-5 mm; and CCR3 is defined as >5 mm of visible disease
left after surgery. Sugarbaker et al. developed the peritoneal
cancer index (PCl), an intraoperative score assessing the extent
of cancer in 13 abdomino-pelvic regions. Peritoneal cancer
index scores range from 1-39 and have been shown to be an
accurate predictor of achieving CCR and of survival [55]. Deter-
mining PCl using imaging pre-operatively helps to guide deci-
sions regarding surgery. A PCl greater than 20 is a clear
indicator of low probability of achieving a CCR [56].

Combining CRS and HIPEC [57] resulted in 5-year survival
rates of 86% for DPAM and 50% for the more aggressive PMCA,
only in patients who achieved CCR. The 5-year survival rate drops
to 20% with incomplete cytoreduction. Gough et al. [58]
reported a 10-year survival rate of 32% among patients with
low-grade AMNs following debulking surgery. Histopathology
and completeness of cytoreduction highly correlate with favor-
able outcomes [54, 57, 59, 60]. While no randomized trials have
been conducted in appendiceal cancers, the expert consensus
panel discussion at the Fifth International Workshop on Perito-
neal Surface Malignancy in Milan, Italy (December 2006) [61],
acknowledged the survival benefit of complete cytoreduction in
AMNSs compared to historical controls. Following these guidelines
becomes challenging in the setting of high-grade histologies.

Chua et al. [54] retrospectively evaluated data from 2,298
patients with AMN with peritoneal involvement who were
treated with CRS with or without HIPEC in 16 specialized centers.
The treatment-related mortality was 2% and major operative
complications occurred in 24% of patients. The median OS was
16.3 years and the median progression-free survival (PFS) was
8.2 years, with 10- and 15-year survival rates of 63% and 59%,
respectively. Incomplete CRS was again identified as an independ-
ent predictor of poor outcomes. This difference remained signifi-
cant after multivariate analysis, providing evidence that optimal
CRS is the strongest predictor of long-term disease outcomes in
peritoneal metastasis from AMN. Hyperthermic intraperitoneal
chemotherapy was also found to be associated with significantly
improved PFS but not OS benefits on multivariate analysis. A
high PCl score was identified as a significant prognostic variable.

www.TheOncologist.com

Shaib et al. [60] evaluated the role of HIPEC in peritoneal
metastasis from AMN in a retrospective analysis of three terti-
ary care centers: Emory, Ohio State, and Wayne State Univer-
sities. One of the three centers does not use HIPEC as a
treatment modality in managing patients with AMN. This analy-
sis evaluated the survival of 163 patients, with DPAM in 60
patients (36.8%), PMCA in 88 patients (53.9%), and PMCA I/D
in 15 patients (9.2%). Complete resection was achieved in 76
patients (44.7%) while HIPEC was performed in 79 patients
(48.4%). The median OS was 55 months for all patients in the
series, 77 months for patients who received HIPEC, and 25
months for patients who did not receive HIPEC. Complete
resection predicted better survival. Because HIPEC utilization in
this study was driven by the treatment center rather than the
degree of surgical debulking, this analysis suggests that the
benefit of HIPEC is not driven by the selection of patients.

Role of Systemic Chemotherapy

Preoperative Chemotherapy

The role of preoperative chemotherapy in patients with AMN
with peritoneal metastasis has been evaluated in retrospective
studies. Use of systemic chemotherapy prior to CRS predicted
worse OS and PFS [54]. Similarly, in the study by Shaib et al.
[60], systemic chemotherapy was associated with worse OS,
with a median of 32 months compared with 82 months. In
another retrospective study, Baratti et al. [62] analyzed prognos-
tic factors among 104 patients who had received CRS, 25% of
whom had previously received systemic chemotherapy. Patients
receiving preoperative chemotherapy had a worse PFS and OS
by multivariate analysis. In a prospective neoadjuvant chemo-
therapy study [63], 34 patients with appendiceal adenocarcino-
mas received 5-fluorouracil and oxaliplatin (FOLFOX). Stable
disease was detected on computed tomography imaging in 65%
of patients. Surprisingly, 50% of patients were intraoperatively
found to have disease progression, with only 29% having actual
response to chemotherapy. These discrepant results underscore
the limitations of current imaging modalities and standard
response criteria to evaluate disease status with peritoneal
involvement [64]. Bijelic et al. [65] reported a neoadjuvant
approach with systemic 5-FU-based chemotherapy in patients
with PMCA that engendered complete or near-complete patho-
logic response, translating to more limited surgical resections.
These promising results may be due to selection of a more
aggressive histology and exclusion of low-grade DPAM.

A retrospective trial [40] evaluated the use of non-cytotoxic
targeted agents in the preoperative setting. Immunohisto-
chemistry for COX-2 expression and KRAS mutational status
were used to select patients for celecoxib and epidermal
growth factor receptor (EGFR) inhibitors (cetuximab or panitu-
mumab). Unfortunately, this personalized approach had no
impact on OS (p = .84 and .83, respectively). These studies indi-
cate that patients with resectable peritoneal metastasis from
low-grade AMN should not receive preoperative chemother-
apy. Selection bias, poor efficacy of chemotherapy, side effects
of chemotherapy, and delay of surgical intervention may
explain the negative impact of chemotherapy results.

In summary, retrospective reports confirm that histopathol-
ogy, pre-operative systemic chemotherapy, degree of CRS, and
use of HIPEC are significant independent predictors of survival
outcomes. Optimal CRS and HIPEC treatment without
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Figure 7. Treatment recommendations for appendiceal mucinous
neoplasms.

*Right hemicolectomy if tumor invades base of appendix, has
high mitotic rate, size >2 ¢cm, margin positive.

AAdjuvant chemotherapy if R1 or R2 surgery, or if lymph node
positive.

Abbreviations: AMN, appendiceal mucinous neoplasms; DPAM,
disseminated peritoneal adenomucinosis; HIPEC, hyperthermic
intraperitoneal chemotherapy; LAMN,: ILow-grade appendiceal
mucinous neoplasms; DPAM: disseminated peritoneal adenomuci-
nosis, PMCA:, peritoneal mucinous carcinomatosis; PMCA 1/D:,
PMCAperiotoneal mucinous carcinomatosis of indeterminate or
discordant features. The classification is dependent on the grade
of differentiation rather than the anatomic invasion of the disease.

preoperative systemic chemotherapy remains the standard of
care in the management of peritoneal metastasis of low-grade
AMN. High-grade appendiceal adenocarcinomas should be con-
sidered for systemic preoperative chemotherapy; if there is
response, surgical resection and HIPEC treatment should be
considered. Figure 7 is a proposed treatment approach for each
histologic subtype and stage.

Optimal CRS and HIPEC treatment without preopera-
tive systemic chemotherapy remains the standard of
care in the management of peritoneal metastasis of
low-grade AMN. High-grade appendiceal adenocarci-
nomas should be considered for systemic preopera-
tive chemotherapy and if there is response, surgical
resection and HIPEC treatment should be considered.

Palliative Systemic Chemotherapy
The role and optimal type of systemic chemotherapy in the
management of AMN have not been established in prospective
trials. Chemotherapy is usually reserved for patients with recur-
rent disease for which surgical resection is no longer an option.
In general, high-grade mucinous adenocarcinomas of the
appendix behave in a similar fashion to mucinous colon tumors,
and one would argue the same for adenocarcinomas. Low-
grade mucinous cancers have a lower chance of response to
chemotherapy. Due to the paucity of literature regarding chem-
otherapy treatments and the poor treatment response in rela-
tion to the grade of disease, we focus in this section on the
systemic treatment approach.

Fluorouracil-based regimens are commonly used in the
treatment of AMN. The combination of capecitabine and mito-
mycin C was evaluated in 39 patients enrolled on single arm

© AlphaMed Press 2017

phase Il trial. The regimen was based on the observed activity of
these agents used in HIPEC [67]. The overall response rate was
38%. A reduction in tumor marker levels by 50% or greater was
achieved in 20% of patients. Survival at 1- and 2-years was 84%
and 61%, respectively. This study was, however, criticized for not
using standard response evaluation criteria such as Response
Evaluation Criteria In Solid Tumors (RECIST), which has estab-
lished limitations in evaluating peritoneal disease.

Combination chemotherapy [68] with FOLFOX-4 (5-FU, leu-
covorin, oxaliplatin) was evaluated in a retrospective study of 20
patients with peritoneal metastasis from AMN. A partial
response rate was seen in 20% of cases, while median PFS and
OS were 8 and 26 months, respectively. Overman et al. criticized
this study [9] for the absence of a clear reference grading sys-
tem, imprecise definitions of high- and low-grade tumors, and
the failure of RECIST criteria to quantify disease response.

The role of biologic targeted therapy such as EGFR inhibi-
tors and anti-angiogenic agents has not been formally studied
[66]. Shapiro et al. [69] tested the effect of more modern
agents, including targeted agents, (irinotecan, platinum, capeci-
tabine, gefitinib, bevacizumab, cetuximab) on response rates
and PFS in patients who were non-surgical or poor candidates
for CRS or HIPEC. The use of anti-angiogenic agents in particular
was supported by a report on vascular endothelial growth fac-
tor (VEGF) expression portending poor prognosis of OS in AMN
[70]. The 5-FU-based regimens prolonged disease control to a
median of 7.6 months in patients who were not CRS candi-
dates. Moderate to poorly differentiated tumors, as well as
signet-ring histology, were found to be negative predictors of
OS in patients with peritoneal metastasis from AMN treated
with chemotherapy. Lieu et al. [71] collected data on 78
patients with metastatic disease who received chemotherapy.
Radiographic response was seen in 44% of cases. The median
PFS was 6.9 months, and median OS was 1.7 years, the latter
being markedly shorter than reported for patients with PMCA
[62]. Response to chemotherapy predicted improved PFS, and
CCR predicted improved OS.

CONCLUSION

Appendiceal mucinous neoplasms are a heterogeneous group
of tumors with a rising incidence. Treatment is based on stage
and histology. Low-grade tumors are treated surgically with
resection of the primary site in early stage disease, or perito-
neal debulking and HIPEC in patients with advanced stage dis-
ease. Treatment of high-grade tumors requires further
prospective trials, and options include debulking surgery and
HIPEC, with or without preoperative chemotherapy. Trials eval-
uating novel therapies based on molecular profiling of AMN
tumors are needed to evaluate therapeutic options in patients
who are not surgical candidates.
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