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ABSTRACT

Appendiceal mucinous neoplasms constitute a diagnostic spectrum ranging from adenoma to mucinous adenocarcinoma. To date,
many classification systems have been proposed to reflect the histomorphological diversity of neoplasms in this range and their clinical
correspondence, and also to form a common terminology between the pathologist and clinicians. The aim of this review is to provide
an updated perspective on the pathological features of appendiceal mucinous neoplasms. Using the 2016 Modified Delphi Consensus
Protocol (Delphi) and the Eighth Edition of the American Joint Committee on Cancer (AJCC) Cancer Staging Manual, 19 cases present-
ed from June 2011 to December 2016 were evaluated and diagnosed with appendiceal mucinous neoplasia. According to the Delphi,
non-carcinoid epithelial tumours of the appendix were categorized in eight histomorphological architectural groups. These groups are
adenoma, serrated polyp, low-grade appendiceal mucinous neoplasm, high-grade appendiceal mucinous neoplasm, mucinous adeno-
carcinoma, poorly-differentiated adenocarcinoma with signet-ring, signet-ring cell carcinoma and adenocarcinoma. The most common
symptom was right lower quadrant pain. The median age of these cases was 60+15 years. There was a preponderance of females (F/M:
15/4). In our re-evaluation, six cases were diagnosed as serrated polyp. There were 11 cases in the LAMN group and two cases in the
mucinous adenocarcinoma group. Using the Delphi and the AJCC manual, there were many changes in the classification, evaluation and
treatment of appendiceal mucinous neoplasms. These classification systems have facilitated the compatibility and communication of

clinicians and pathologists and have guided clinicians on treatment methods.
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INTRODUCTION

Appendiceal tumors are rare neoplasms that are detect-
ed in approximately 1% of appendectomy specimens (1).
Major categorization of the primary appendiceal neo-
plasms includes epithelial tumors, mesenchymal tumors,
and lymphomas (2). Primary epithelial tumors of the
appendix are classified as mucinous tumors, neuroen-
docrine tumors, and mixed glandular and endocrine tu-
mors (3). The most common non-carcinoid tumors of the
appendix are mucinous adenocarcinoma (4). Mucinous
neoplasms of the appendix constitute a heterogeneous
group of neoplasms ranging from adenoma to mucinous
adenocarcinoma (2).

Various classification systems have been proposed by
McDonald and Woodruff (5), Pai et al. (6), Misdraji et al.
(7), Carr et al. (8,10), and the World Health Organization

(WHO) 2010 (9) guidelines (Table 1). In addition, the
Eighth Edition of the American Joint Committee on Can-
cer (AJCC) Cancer Staging Manual was published in 2017
with important changes in the staging of low-grade ap-
pendiceal mucinous neoplasms (LAMNSs) (11).

Carr et al. (8) reviewed appendiceal neoplasm cases in or-
der to apply the changes in the classification system in
accordance to the 2012 meeting of the Peritoneal Sur-
face Oncology Group International and using the 2016
Modified Delphi Consensus Protocol (Delphi). They cat-
egorized non-carcinoid epithelial tumors of the appen-
dix into eight histomorphological architectural groups:
adenoma, serrated polyp, LAMN, high-grade appendiceal
mucinous neoplasm (HAMN), mucinous adenocarcinoma
(well/moderately/poorly differentiated), signet ring cell
low-differentiated (mucinous) adenocarcinoma, signet
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Table 1. Various classification systems have been proposed by McDonald and Woodruff (5), Pai et al. (6), Misdraji et al. (7), Carr et

al. (8,10), and the WHO 2010 (9) guideline

Carretal. (8)

McDonald and Carretal. (10) Misdraji et al. (7) Pai et al. (6) World Health Modified Delphi
Woodruff (5) (1940) (1995) (2003) (2009) Organization (2010) Consensus (2016)
-Benign mucocele -Mucocele -Low-grade -Mucinous -Adenoma -Adenoma
-Cystadenocarcinoma -Hyperplastic polyp appendiceal adenoma -Low-grade -Serrated polyp
-Adenoma mucinous -Low-grade appendiceal -Low-grade
-Cystadenoma neoplasm mucinous mucinous appendiceal
-Carcinoma -Mucinous neoplasm, neoplasm mucinous neoplasm
-Cystadenocarcinoma adenocarcinoma low risk of -Mucinous -High-grade
-Mucinous tumors -Discordant recurrence adenocarcinoma appendiceal
of uncertain malignant -Low-grade mucinous neoplasm
potential mucinous -Mucinous
neoplasm, high adenocarcinoma
risk of -Poorly
recurrence differentiated
-Mucinous (mucinous)

adenocarcinoma
with signet ring
-(Mucinous) Signet
ring cell carcinoma
-Adenocarcinoma

adenocarcinoma

Table 2. Using the 2016 Modified Delphi Consensus Protocol, Carr et al. (8) categorized non-carcinoid epithelial tumors of the

appendix in eight histomorphological architectural groups

Lesion

Terminology

1 Adenoma (traditional colorectal type)
Tumor with serrated features

3 Low-grade cytologic atypia and loss of the muscularis
mucosa layer, pushing invasion, acellular mucin in the wall,
mucin outside the appendix, submucosal fibrosis

High-grade cytologic atypia without infiltrative invasion
Infiltrative invasion (single cells), desmoplasia

Signet ring cells (<50%)

Signet ring cells (>50%)

o N o o M

Adenocarcinoma (non-mucinous)

Tubular, tubulovillous, villous adenoma
Serrated polyp

Low-grade appendiceal mucinous neoplasm

High-grade appendiceal mucinous neoplasm
Mucinous adenocarcinoma

Mucinous adenocarcinoma with signet cells
Signet cell carcinoma

Adenocarcinoma

ring cell (mucinous) adenocarcinoma, and adenocarcino-
ma (Table 2) (8).

The aim of the present study was to utilize a small case
series and a detailed review of the literature to provide an
updated perspective on the pathological features of the
appendiceal mucinous neoplasms using the Delphi and
the AJCC manual.

MATERIALS AND METHODS
Using the Delphi and the AJCC manual, 19 cases from
June 2011 to December 2016 were evaluated and diag-

nosed with appendiceal mucinous neoplasm using the
WHO 2010 guidelines. These cases were evaluated con-
sidering the histomorphological and architectural find-
ings and the literature.

Clinical data included patient age, sex, serum levels of
tumor markers (carcinoembryonic antigen (CEA), can-
cer antigen (CA) 19-9, CA 125, and CA 15-3), and recur-
rence status. On macroscopic examination, the presence
of dilatation and perforation, maximum diameter of the
specimen, surgical border, and presence of mucin and on
microscopic examination, the level of architectural and

533



Gilindogar et al. A literature review of appendiceal mucinous neoplasms

Turk J Gastroenterol 2018; 29(5): 532-42

cytologic atypia, intactness of the muscularis mucosa,
submucosal fibrosis, hyalinization, presence of atrophy in
the lymphoid tissue, presence of invasion pushing toward
the appendiceal wall, desmoplasia, and presence of single
cell invasion were examined by the same pathological ex-
perts, who then reached a consensus (Tables 3A, 3B). All
macroscopic specimens of the cases were sampled and
evaluated. Paraffin blocks containing formalin-fixated
tissues were sliced into a thickness of 4 pm. Hematoxylin
and eosin (H&E)-stained sections were available for re-
view in 19 cases. Appendiceal mucinous neoplasms were
categorized into eight groups according to the Delphi
based on architectural and histomorphological findings
and the degree of cytologic atypia (8) (Table 2).

Statistical analysis

Descriptive statistics were used to summarize patient
age, histomorphological findings, and first and last diag-
noses. These were reported as mean, standard deviation,
minimum, maximum, percent, and frequency. Statisti-
cal analyses were performed using the NCSS 10 (2015)
(NCSS LLC, Kaysville, UT, USA).

RESULTS

In the present study, 19 cases were diagnosed with ap-
pendiceal mucinous neoplasms by histomorphological
and architectural findings. The incidence of appendiceal
mucinous neoplasm was 1.4% in appendiceal tumors di-
agnosed from June 2011 to December 2016 at our hos-
pital. The patients were re-examined using the updated
counterparts of the previous diagnoses according to the
Delphi and the AJCC manual. There were fewer groups
in the previous classification systems, and the catego-
ries were not defined. After the WHO 2010 classification,
there were no classification systems to identify appen-
diceal mucinous neoplasms. The modified Delphi recog-
nized a persistent lack of uniform diagnostic terminology
for appendiceal mucinous neoplasm.

The most common symptom was right lower quadrant
pain. The median age of the cases was 60+15 (30-84)
years. There was a preponderance of females (female-to-
male (F/M) ratio: 15/4). On macroscopic examination, 14
(73%) out of the 19 cases had dilated appendiceal lumen,
with a mean diameter of 2 cm. None of these cases had
appendiceal rupture. Five cases had a history of accom-
panying extra-appendiceal tumors (serous ovarian carci-
noma, renal cell carcinoma, endometrioid adenocarcino-
ma, carcinoid tumor, or rectal adenocarcinoma) because

these appendiceal tumors were found incidentally. Of the
five cases, three had been diagnosed with LAMN, and two
were diagnosed with serrated polyp. The mean follow-up
time was 32 months, and none of the cases were report-
ed to have recurrence. Only one patient died due to addi-
tional diseases.

Microscopic examinations of these cases were conduct-
ed according to the Delphi and the AJCC manual.

On re-evaluation, six cases were diagnosed with serrated
polyp. While five of these cases did not require a change
in classification, one previously diagnosed with hyperplastic
mucosal was changed to the serrated polyp group accord-
ing to the new classifications. One case showed high-grade
dysplasia focally. The muscularis mucosa layer was intact
(Figure 1-3). Three cases initially diagnosed with mucocele
were evaluated and re-diagnosed with LAMN. Cytologic
atypia, loss of the muscularis mucosa layer, submucosal fi-
brosis, hyalinization, presence of atrophy in the lymphoid
tissue, and presence of acellular mucin inside the appendi-
ceal wall were the histological findings leading to a correct
diagnosis. While 6 (21%) cases did not show a change in
classification, 1 (5%) case initially diagnosed with sessile
serrated adenoma and 1 (5%) case initially diagnosed with
mucinous cystadenoma were re-evaluated and diagnosed
with LAMNSs. The reason is that these cases were diagnosed
in recent years using the Delphi, and the diagnostic criteria
were clearly identified with this classification system. There
were 11 cases in the LAMN group. Findings included low-

Figure 1. Serrated polyp without dysplasia resembling colorectal
sessile serrated polyp that showing prominent serration at the top of
the crypts. Muscularis mucosa is intact (H&E, x40 magnification)
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Figure 2. Serrated polyp showing crypt dilatation and horizontal
shaped crypts. (H&E, x100 magnification)

Figure 3. Mucosa with serrated features. The basal portion of the
crypts are branched and appear flask or boot-shaped. Note that the
muscularis mucosa is intact (H&E, x40 magnification)

grade atypia in the epithelium (11 cases), loss of the muscu-
laris mucosa layer (9 cases), submucosal fibrosis (11 cases),
presence of acellular mucin inside the appendiceal wall (11
cases) (Figures 4, 5), appendiceal rupture (0 case), undulat-
ing or stratified epithelial growth (5 cases), lymphoid tissue
atrophy (8 cases), and pushing invasion (1 case) (Figure 6,
7). In addition, the muscular layer was usually fibrotic and
hyalinated (12 cases). Ten cases were diagnosed with Tis
(in situ) with the AJCC manual because of muscularis pro-
pria layer intactness. Only one case was diagnosed with
T4a with the AJCC manual because of acellular mucinous
deposits on the visceral peritoneal surface. Two cases who

Figure 4. Some LAMNS are associated with dissecting mucin within
the wall and appendiceal subserosa or mesoappendix
(H&E, x20 magnification)

Figure 5. Presence of acellular mucin inside the appendiceal wall in
LAMN (H&E, x40 magnification)

showed infiltrative invasion and architectural complexity
with desmoplasia were diagnosed with well-differentiated
mucinous adenocarcinoma (Figure 8-10). In the first eval-
uation, these two cases were diagnosed with mucinous
adenocarcinoma. One case with LAMN and two cases with
mucinous adenocarcinoma showed mucin on the serosal
surface, and none of the 19 cases showed surgical border
positivity (Table 3a, 3b).

DISCUSSION
Appendiceal mucocele was first described in 1842 by
Rokitansky (12). The classification of appendiceal mu-
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Figure 6. LAMNs frequently demonstrate a "pushing” pattern of
growth into the wall of the appendix (H&E, x40 magnification)

Figure 8. Infiltrative invasion. Architectural complexity in mucinous
adenocarcinoma (H&E, x100 magnification)

Figure 7. Pushing invasion in LAMN (H&E, x40 magnification)

cinous neoplasm constitutes a very broad diagnostic
spectrum ranging from adenoma to mucinous adeno-
carcinoma (2). For this reason, there has been a need for
the classifications regarding appendiceal mucinous neo-
plasms to be re-examined. Thus, in the present study,
considering the literature, historical scientific advances,
and changes in the classifications, 19 cases previously
diagnosed with appendiceal mucinous neoplasm were
re-evaluated.

The incidence of appendiceal tumors was 0.5%-2%.
These tumors did not have typical clinical presentations,
were often asymptomatic, and could be diagnosed in-

Figure 9. Architectural complexity in mucinous adenocarcinoma
(H&E, x200 magnification)

cidentally during imaging studies (12). The most com-
mon symptoms were right lower quadrant pain (27%),
palpable abdominal mass (16%), weight loss (10%), and
change in bowel habits (5%). A majority (61%) of our cas-
es presented with abdominal pain, whereas others were
detected incidentally. The mean age of these cases was
60115 (30-84) years. There was a preponderance of fe-
males, which is consistent with the literature (F/M: 7/2)
(7,13). On macroscopic examination, 14 (73%) out of the
19 cases had dilated appendiceal lumen with a mean di-
ameter of 2 cm. Macroscopic findings were consistent
with the literature. None of these cases exhibited appen-
diceal rupture.
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On re-evaluation, six cases were diagnosed with ser-
rated polyp. While five of these cases did not require a
change in classification, one previously diagnosed with
hyperplastic mucosal was changed to the serrated pol-
yp group according to the new classification. Four cases
initially diagnosed with mucocele, mucinous cystadeno-
ma, and sessile serrated adenoma were re-evaluated and
diagnosed with LAMNSs. This is because the cases were
diagnosed prior to 2016; they were re-evaluated using
the Delphi, and the identifying diagnostic criteria were
correctly and clearly identified with this classification
system. There were 11 cases in the LAMN group. Findings
included low-grade atypia in the epithelium (11 cases),
loss of the muscularis mucosa layer (9 cases), submuco-
sal fibrosis (11 cases), presence of acellular mucin inside
Figure 10. Small dissecting pools of mucin containing nests, glands, ~ the appendiceal wall (11 cases), appendiceal rupture (0

or single neoplastic cells (H&E, 100 magnification) case), undulating or stratified epithelial growth (5 cases),

Table 3a. Demographic, clinical, and laboratory data and architectural and histomorphological findings of 19 cases who were
diagnosed with appendiceal mucinous neoplasm

Diameter Loss of
of the muscularis
Age lumen Epithelial Epithelial mucosa Submucosal Pushing
Case (years) Gender First DX Last DX (CM) serration  atypia layer fibrosis invasion
1 40 M Mucocele LAMN 0.5 - + - + -
2 30 F SA, focal HGD  SP, focal HGD 0.5 + + - - -
3 47 M Mucocele LAMN 25 - - - + -
4 35 F LGMN LAMN 6.5 - + + + -
5 65 F Mucocele LAMN 3 - + + + -
6 79 F SP SP 15 + - - - -
7 68 F LGMN LAMN 1.5 - + + + -
8 74 M MC LAMN 4 - + + + -
9 80 F HC SP 1 + - - - -
10 78 F MAC MAC, SRC 1 - + + + +
11 64 F LAMN LAMN 25 + + + + -
12 65 F LAMN LAMN 0.8 + + + + -
13 55 F LAMN LAMN 1.3 - + + + -
14 84 F LAMN LAMN 4 - + + + -
15 46 M SSA SP 1 + - - - -
16 68 F SSA LAMN 15 - + + + +
17 57 F MAC MAC 45 - + + + +
18 54 F SSA SP 0.5 + - - - -
19 61 F SSA SP 1.3 + - 0 - -

F: female; M: male; SA: serrated adenoma; SP: serrated polyp; SSA: sessile serrated adenoma; HP: hyperplastic polyp; LGD: low-grade dysplasia; HGD: high-grade dys-
plasia; MC: mucinous cystadenoma; SRC: signet ring cell; LGMN: low-grade mucinous neoplasm; EAC: endometrioid adenocarcinoma; LAMN: low-grade appendiceal
mucinous neoplasm; RCC: renal cell carcinoma; MAC: mucinous adenocarcinoma; OSC: ovarian serous carcinoma; NET: neuroendocrine tumor; AC: adenocarcinoma
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Table 3b. Histomorphological findings of 19 cases who were diagnosed with appendiceal mucinous neoplasm

Acellular Loss of Extra-

Infiltrative  mucin on Epithelial  lymphoid appendiceal Surgical margin ~ Other
Case invasion the wall growth aggregates mucin Rupture involvement findings
1 - + - - - - -
2 - - - - - - -
3 - + - - - - -
4 - + + + - - - NET (WHO Grade )
5 - + - + - - - EAC (FIGO Grade )
6 - - - - - - - RCC+AC in the colon
7 - + + + - - -
8 - + - + - - -
9 - - - - - - -
10 + + + + + - +
11 - + - + - - - AC in the rectum
12 - + + + - - Not evaluated
13 - + - + - - -
14 - + + + - - -
15 - - - - - - -
16 - + + + + - -
17 + + + + + - -
18 - - - - - - - osc
19 - - - - - - -

F:female; M: male; SA: serrated adenoma; SP: serrated polyp; SSA: sessile serrated adenoma; HP: hyperplastic polyp; LGD: low-grade dysplasia; HGD: high-grade
dysplasia; MC: mucinous cystadenoma; SRC: signet ring cell; LGMN: low-grade mucinous neoplasm; EAC: endometrioid adenocarcinoma; LAMN: low-grade
appendiceal mucinous neoplasm; RCC: renal cell carcinoma; MAC: mucinous adenocarcinoma; OSC: ovarian serous carcinoma; NET: neuroendocrine tumor;

AC: adenocarcinoma

lymphoid tissue atrophy (8 cases), and pushing invasion
(1 case). In addition, the muscular layer was usually fibrot-
ic and hyalinated (12 cases). The most important consid-
eration in the diagnosis of LAMN is the evaluation of the
presence of acellular mucin inside the wall and pushing
invasion. Pushing invasion is where the tissue is pushed
and expanded without causing destruction. These cases
do not show desmoplasia, single cell invasion, or tumor
budding. Two cases who presented with infiltrative in-
vasion, architectural complexity with desmoplasia, and
mucinous epithelium were diagnosed with well-differ-
entiated mucinous adenocarcinoma. In the initial evalua-
tion, these two cases had been diagnosed with mucinous

adenocarcinoma, and there was no diagnosis change in
these cases.

Prognostic parameters include the presence of symp-
toms, perforation, operation type, increased tumor mark-
er levels, and presence of a tumor at surgical borders for
appendiceal mucinous neoplasms (1,14).

Visualization of the appendix and an increase of >15 mm
in its size suggested specific appendiceal mucocele with
83% sensitivity and 92% specificity. Preoperative im-
aging studies were performed in eight of our cases, and
these had similar findings. The major criterion for discrim-
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ination between appendicitis and appendiceal mucinous
neoplasms is a wall thickness >6 mm. The clinical signs
of appendicitis and the clinical picture of mucin leakage
following mucinous neoplasm rupture often cannot be
distinguished from each other. Since appendiceal mu-
cinous neoplasms and pseudomyxoma peritonei (PMP)
are often diagnosed after the age of 50 years, computed
tomography/magnetic resonance imagining studies are
recommended for patients over this age presenting with
signs of appendicitis (12).

Several tumor markers, including CEA, CA 19-9, and CA
125, have been reported to have diagnostic and prognos-
tic significance in cases with mucinous neoplasms. A pre-
vious study stated that these markers can also be used in
postoperative follow-up (12). Elevated CEA and CA 19-9
levels may indicate recurrence (15). In 2013, McFarlane et
al. (16) described two rare cases of elevated CEA levels
in mucinous cystadenoma. Only eight of our cases were
tested for serum levels of the tumor markers CA 125,
CEA, CA 19-9, and CA 15-3. However, they were not sig-
nificant in terms of follow-up, treatment, prognosis, and
recurrence.

There is no standard treatment protocol for cases with
surgical border positivity. Arnason et al. (13) examined
proximal surgical border in their LAMN cases. They treat-
ed 10 cases with surgical border positivity with only ap-
pendectomy and followed up their cases. They did not
report recurrence during follow-up. For four cases in
which a surgical border positivity hemicolectomy was
performed, the surgical specimens did not show residual
neoplastic epithelium (13). Our cases were followed up,
and no recurrence was detected during the follow-up pe-
riod. Only one case had surgical border positivity.

Even if LAMNs are spread across the peritoneum, the
lymph nodes are generally not affected. Therefore, the
role of right hemicolectomy in patients with widespread
peritoneal disease is unclear (13). Recent studies have
shown that appendectomy alone is curative for benign
and grossly intact mucinous neoplasms. Right hemicol-
ectomy is only recommended when there is a risk of il-
eocecal valve injury due to traumatic manipulation or
protrusion of the tumor toward the cecal lumen. In order
to determine whether right hemicolectomy is necessary,
Gonzalez-Moreno and Sugarbaker recommended the
sentinel lymph node approach, consisting of frozen ex-
amination of the lymph nodes found along the appen-

diceal artery inside the appendiceal mesentery. If there
is no metastatic lymph node, right hemicolectomy is not
indicated (17). Owing to these uncertainties regarding
treatment approaches, one of our cases underwent right
hemicolectomy due to a high risk of malignancy. Appen-
dectomy alone was considered sufficient in 18 of our 19
cases, and they did not show recurrence during the fol-
low-up period.

The most significant complication in appendiceal tumors
is the development of PMP, which is an important fac-
tor affecting treatment and survival. PMP is the detec-
tion of neoplastic epithelium and mucin on the visceral
and parietal peritoneum. It is not a histological term and
is not used in the staging of appendiceal neoplasms. It
represents the clinical syndrome of an appendiceal neo-
plasm with diffuse mucinous peritoneal involvement (11).
It has been reported to cause death in 40% of patients
10 years after the initial diagnosis. Cytoreduction and hy-
perthermic intraperitoneal chemotherapy have been rec-
ommended for treatment (18). PMP was not reported in
our cases.

Appendiceal mucinous tumors have shown different
epithelial atypia, and the architectural structure and
presence of extra-appendiceal mucin and neoplastic
epithelium lead to changes in survival rate. For these
reasons, this tumor classification had to be examined as
a spectrum. In recent years, several researchers inter-
ested in this topic have used various classifications and
examined their molecular patterns. We aimed to con-
duct a compendious evaluation of these classifications
used throughout history. The literature was searched
from 1940 to 2018 for published cases of appendiceal
mucinous neoplasms.

In 1940, McDonald and Woodruff divided mucinous ap-
pendiceal tumors into two groups: benign mucocele and
cystadenocarcinoma (5). Carr et al. (10) retrospectively
examined 184 cases of mucocele, hyperplastic polyp, ad-
enoma, cystadenoma, carcinoma, cystadenocarcinoma,
and mucinous tumors with indeterminate malignancy
potential. The study is important as it includes large series
and clinicopathological examinations.

Misdraji et al. (7) examined 107 cases diagnosed between
1950 and 2000. Their findings indicated that 88 cases
have LAMNs, 16 cases have mucinous adenocarcinoma,
and 3 are categorized in the indeterminate class.
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In 2009, Pai et al. (6) examined 106 cases with appendi-
ceal mucinous neoplasm. The four groups included muci-
nous adenoma, low recurrence risk low-grade mucinous
neoplasm, high recurrence risk low-grade mucinous neo-
plasm, and mucinous adenocarcinoma. In this classifica-
tion, there was a difference between high-risk low-grade
appendiceal tumors and mucinous adenocarcinoma in
terms of survival. The most important information that
should be given to the clinician is whether there are ex-
tra-appendiceal mucin and neoplastic epithelium and the
degree of cytologic atypia in the epithelium (6,19).

In 2016, Carr et al. (8) used the modified Delphi during
re-evaluation of appendiceal neoplasms. They were cat-
egorized into eight groups: serrated polyp, LAMN, HAMN,
mucinous adenocarcinoma, poorly differentiated adeno-
carcinoma, signet ring cell, signet ring cell adenocarci-
noma, and adenocarcinoma. According to the modified
Delphi protocol, the term cystadenoma is no longer used.
This is because mucinous adenoma implies that there is
no potential for peritoneal dissemination, which is not
true of LAMN (20). Instead, adenoma with low- or high-
grade dysplasia or serrated polyp displaying serrated fea-
tures, as in colonic sessile serrated adenoma, is the new
term. The presence of low-grade cytologic atypia, togeth-
er with one of the following, is defined as LAMN: loss of
the muscularis mucosa layer, submucosal fibrosis, push-
ing invasion, dissection with acellular mucin in the wall,
undulating or stratified epithelial growth, appendiceal

Table 4. AJCC 8t edition (11) staging of LAMN

rupture, and presence of extra-appendiceal mucin and/or
cells. Mucinous neoplasms that display similar structural
features to LAMN, lack of infiltrative invasion, but high-
grade atypia cytologically are also determined as HAMN.
The term mucinous adenocarcinoma, however, is used
for mucinous tumors displaying infiltrative invasion. Neo-
plasms that include signet ring cells with a ratio of <50%
are determined as signet ring cell poorly differentiated
(mucinous) adenocarcinoma; those with signet ring cells
with a ratio of >50% are categorized as signet ring cell
(mucinous) carcinoma. Non-mucinous adenocarcino-
mas that are similar to the traditional colorectal type are
classified as adenocarcinoma (8). When diagnosing ade-
nocarcinoma, the presence of tumor budding, discohe-
sive cells and small glandular structures, and desmoplasia
were taken into consideration. Desmoplastic response is
characterized by proteoglycan-rich extracellular matrix
and vesicular nuclei intertwined with active fibroblast/
myoblasts. This classification system is less effective
than the previous classification systems. This system,
which separates neoplasms into detailed groups, enables
appendiceal mucinous neoplasms for the pathologist.

Eze et al. (21) classified appendiceal mucinous neo-
plasms as mucinous adenoma low-risk LAMN, high-
risk LAMN, and mucinous adenocarcinoma. Their study
classified LAMN into two groups for risk assessment for
PMP. This category is different from the modified Delphi
categories.

AJCC 8t edition
stage of LAMN  Definition
Definition of primary tumor (T) pTis LAMN that invades or pushes into the muscularis propria
T3 LAMN with acellular mucin or neoplastic mucinous epithelium extending into
the subserosa
T4a LAMN that invades the serosal surface by acellular mucin or cellular tumor
T4b Tumor invades other organs or invades other colorectal segments directly
Definition of regional lymph node (N) NO No regional lymph node metastasis, presence of acellular mucin within the
lymph node or tumor deposit
N1 1-3 lymph node positive
N2 24 lymph node positive
Distal metastasis (M) M1a Intraperitoneal acellular mucin
M1b Intraperitoneal metastasis containing tumor cells
Mic Non-peritoneal metastasis
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A staging system specifically for LAMN, which shows the
biologic behavior of these tumors and gives prognosticin-
formation, has been developed by the AJCC (22). Umetsu
et al. (21) examined appendiceal neoplasms, and in 15%
of these cases, acellular mucin was present beyond the
muscularis propria, but the neoplastic epithelium was
confined to the muscularis propria. None of these pa-
tients had recurrent disease at follow-up.

The AJCC has made significant changes to the staging
of LAMN. LAMNs that invade the lamina propria, with or
without muscularis mucosa, but not through the muscu-
laris propria, are assigned to the newly created Tis LAMN
category. Tumors (including acellular mucin) can involve
the muscularis propria. The categories T1 and T2 are not
used for LAMN classification.

Involvement of the subserosa is assigned to the T3 cate-
gory. Tumors (including acellular mucin) that involve the
serosal surface or directly invade organs are assigned to
the T4 category. T4a tumors are characterized by local-
ized involvement of the serosal surface by acellular mu-
cin or cellular tumor. Category T4b tumors directly invade
other organs (11) (Table 4).

For LAMNs, the depth of the appendiceal wall involve-
ment is not a significant risk factor for recurrence (9).

CONCLUSION

The aim of the present study was to establish a com-
mon consensus and common terminology for clinicians
and pathologists. Considering the 2016 Modified Delphi
Consensus Protocol and the Eighth Edition of the AJCC
Cancer Staging Manual, there are many changes and in-
novations in the classification, evaluation, and treatment
of appendiceal mucinous neoplasms. These classification
systems have facilitated the compatibility and commu-
nication between clinicians and pathologists and have
guided clinicians on treatment methods.

The present study was evaluated according to certain
histological and architectural features in this group. Al-
though clinical findings were consistent with the litera-
ture, owing to the small sample size and the retrospective
study design, larger-scale studies, including comparative
survival analysis and long-term follow-up, are necessary.
Prospective studies will be helpful for the improvement
of appendiceal mucinous neoplasm treatment and sur-
vival rates.
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