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ABSTRACT
Background/Aims: To analysis the appendiceal mucinous lesions according to the World Health Organization (WHO) 2019 classifi-
cation of tumors of the digestive system (non-neuroendocrine tumors of the appendix vermiformis)
Materials and Methods: Clinical and histopathological data of 37 patients with histopathologically proven appendiceal mucinous 
lesion from January 2010 to May 2019 were evaluated retrospectively. Pathology slides were re-evaluated by two pathologists ac-
cording to the WHO 2019 classification of tumors of the digestive system.
Results: Totally 37 patients (male:19 female: 18) aged 23 to 93 years were analyzed. Majority of the patients (75.7 %) had underwent 
appendectomy due to preliminary diagnosis of acute appendicitis (n=22) or periappendiceal tumoral lesions (n=9), the others (n=9) 
underwent incidental appendectomy. Whereas acute appendicitis was histopathologically diagnosed in 16 (43.2%) patients, perfo-
ration was diagnosed in 12 (32.4%) patients (perforation without appendicitis=3, perforation with appendicitis=6). According to the 
initial, pathology reports were prepared as follows: mucocele (n=10), mucinous cystadenoma (n=9), low-grade mucinous neoplasm 
(n=6), mucinous adenocarcinoma (n=5),  mucosal hyperplasia (n=5), hyperplastic polyp (n=1), adenomatous polyp (n=1). On the basis 
of the WHO 2019 classification, pathology reports were prepared as follows: low-grade mucinous neoplasm (n=17), simple retention 
cysts (n=6), hyperplastic polyp (n=6), mucinous adenocarcinoma (n=5), ruptured appendiceal diverticula (n=2), sessile serrated lesion 
(n=1).
Conclusion: The term of appendiceal mucinous lesion, which is recently introduced into medical literature is suitable to distinguish 
between lesions with and without malignancy potential. The WHO 2019 classification system has been an important step in simpli-
fying the classification of non- neuroendocrine tumors of the appendix vermiformis.
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INTRODUCTION
Appendectomy is the most frequently performed emer-
gency surgical procedure in the world and can be classified 
as emergency appendectomy, elective appendectomy, 
prophylactic appendectomy, and incidental appendecto-
my, in terms of timing and indications of surgery (1). Acute 
appendicitis (AAp) cases account for a vast majority of 
appendectomies. Pathological specimens of patients 
who underwent emergency appendectomy mostly reveal 
inflammatory cell infiltration secondary to lymphoid hy-
perplasia and fecaloid. However, parasites, bacteria, fun-
gi, foreign bodies, endometriosis, and benign (mucinous 
cystadenoma, mucocele, polyps) or malignant (neuroen-
docrine tumor, adenocarcinoma, mucinous cystadeno-
carcinoma) appendiceal tumors are less frequently diag-
nosed besides AAp findings (1). Incidental appendectomy 
is a term developed to describe appendectomies per-

formed mostly during another abdominopelvic surgical 
procedure. Indications for incidental appendectomy in-
clude the formation of a conglomerate tumoral structure 
of the appendix vermiformis with abdominoplevic tumors 
or the detection of isolated appendiceal tumoral lesions. 
Some cases end up with appendectomy owing to the 
surgical course of hemicolectomy or ileocolic resection. 
Whereas the rate of appendiceal tumoral lesions among 
patients who underwent appendectomy for AAp varies 
from 0.2% to 0.87%, the rate of tumoral lesions among 
patients who underwent incidental appendectomy varies 
from 0.6% to 4.2% (1). Sufficiency of simple appendec-
tomy for appendiceal mucinous lesions , which form the 
majority of appendiceal tumors, is determined owing to 
histopathological features of the lesions. Although a va-
riety of classifications for appendiceal mucinous tumors 
exist, the classification suggested and periodically revised 
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by the World Health Organization (WHO) and the perito-
neal surface oncology group international (PSOGI) are the 
two most accepted classifications (2). This study aimed 
to evaluate appendiceal mucinous lesions of 37 patients 
treated in our clinic according to the WHO 2019 classifi-
cations of non-neuroendocrine epithelial tumors of the 
appendix vermiformis, as well as sharing clinical course.

MATERIALS AND METHODS
From May 2010 to May 2020, demographic, clinical, and his-
topathological data of 37 patients who underwent emer-
gency or incidental appendectomy for any reason at De-
partment of Surgery, Inonu University Faculty of Medicine 
and histopathological findings that were compatible with 
appendiceal mucinous lesions were obtained from patient 
information management system (HBYS-ENLIL) and were 
analyzed retrospectively. This retrospective study was ap-
proved by the Inonu University Institutional Review Board 
for Non-interventional Studies (Approval No: 2020/516).

Both pathology reports and slides of patients diagnosed 
with benign mucinous neoplasm of appendix (mucocele, 
mucinous cystadenoma, low-grade mucinous neoplasm 
[LAMN], etc.) or malign mucinous neoplasm (mucinous 
adenocarcinoma and others) were re-evaluated by two 
pathologists experienced in gastrointestinal system pa-
thology, and the definitive diagnosis of appendiceal mu-
cinous lesions were confirmed. The first aim of this study 
was to compare appendectomy specimens according to 
the WHO 2019 classification of non-neuroendocrine ep-
ithelial tumors of the appendix vermiformis. The second 
aim was to share results of 37 patients diagnosed with 
appendiceal mucinous lesions in primary or incidental ap-

pendectomy specimens. The WHO 2010 and 2019 classi-
fications of non-neuroendocrine epithelial tumors of the 
appendix vermiformis have been summarized in Table 1.

Clinical Assessment
Patients undergoing surgical treatment with an indication 
of AAp were evaluated according to the preoperative pro-
tocol defined previously (laboratory tests, urine analysis, 
Alvarado Score calculation, abdominal ultrasonographic 
examination, gynecological examination for female pa-
tients, abdominal computerized tomography when re-
quired). Patients underwent emergency appendectomy 
with either open or laparoscopic procedure performed 
depending on the clinical status of patients and surgi-
cal experience of the team. Patients with an indication 
of gastrointestinal perforation or incarcerated hernia also 
underwent an emergency surgical procedure in which 
pathological condition of appendix vermiformis (tumor, 
appendicitis, etc.) was diagnosed incidentally during ab-
dominal exploration. One patient underwent re-lapa-
rotomy owing to a complication of liver transplantation, 
and incidental appendectomy was performed during this 
surgery session. One patient was diagnosed with pseudo-
myxoma peritonei (PMP) preoperatively and underwent a 
semi-elective surgical exploration because of mild intes-
tinal obstruction findings. Remaining patients underwent 
surgical treatment indicated because of other elective 
conditions, and appendectomy was performed either ad-
jacently to the surgical procedure or separately because 
of a pathological finding of appendix vermiformis.

Study Parameters
The following demographic and clinical parameters were 
used for the design of this study: age (years), sex (male, 
female), preoperative diagnosis, presence of AAp, pres-
ence of appendiceal perforation, indication for appen-
dectomy (primary, incidental), surgical approach (open, 
laparoscopic), length of appendix (mm), width of appen-
dix (mm), surgery type (appendectomy alone or com-
bined with other surgery), follow-up (days), outcome 
(alive, dead), and histopathological definition with the 
WHO 2019 classification of non-neuroendocrine epithe-
lial tumors of the appendix vermiformis

Histopathological Examination
The appendectomy specimens were fixed in %10 forma-
lin solution. On macroscopic examination, the appendix 
length, appendix diameter, surgical border, presence of 
perforation, luminal dilatation and intraluminal mucin were 
evaluated. After macroscopic sampling, routinely processed 
formalin fixed paraffin-embedded tissues were sliced at a 

MAIN POINTS
• Primary appendiceal epithelial tumors are basically divided 

into four group as follows: mucinous, non-mucinous, neuroen-
docrine, and mixed glandular-endocrine (composite) tumors

• Non-neuroendocrine appendiceal epithelial tumors  can also 
be divided into two subgroups as follows: serrated polyp, low-
grade mucinous neoplasm , high-grade mucinous neoplasm, 
mucinous adenocarcinoma , poorly-differentiated mucinous 
adenocarcinoma with signet ring cells (≤50% signet ring 
cells), mucinous signet cell adenocarcinoma (>50% signet 
ring cells), non-mucinous adenocarcinoma, and goblet cell 
adenocarcinoma

• The WHO 2019 classification of tumors of the digestive system 
has been an important step in simplifying the classification of 
non- neuroendocrine tumors of the appendix vermiformis. 

• The term ‘’appendiceal mucinous lesions’’, which was recent-
ly introduced into medical literature, is suitable to distinguish 
between lesions with and without malignancy potential.
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thickness of 4 µm and the hematoxylin–eosin (HE) stained 
slides were examined under a light microscope.  Presence 
of structural and epithelial atypia, status of submucosa and 
muscularis mucosa, presence of submucosal hyalinization, 
fibrosis, pushing tumor margin, stromal desmoplasia, sin-
gle cell infiltration, mucin extravasation were reevaluated 
by two pathologists on microscopic examination accord-
ing to the new WHO classification of non-neuroendocrine 
epithelial tumors of the appendix (The 2019 WHO classifi-
cation of tumors of the digestive system). In addition, his-
topathological findings of appendicitis around the lesions 
were also examined. Mucosa usually markedly thinned or 
denuded, without atypia and hyperplasia, with luminal dil-
atation was diagnosed as simple retention cyst. Hyperplas-
tic polyps have similar to their colonic counterparts. Elon-
gated crypts with increased numbers of goblet cells were 
diagnosed as hyperplastic polyp. Because mucosal hyper-
plasia is not recommended in the new classification, these 
lesions turned out to be hyperplastic polyps. Serrated le-
sion is a localized serrated epithelial lesion with dilatation 
extending into basal crypts, with or without atypia and re-
tention of the muscularis mucosae. Diagnostic criteria for 
LAMN was villous pseudostratified mucinous epithelium or 
monolayered mucinous cells with a broad pushing margin, 

fibrosis, hyalinization and calcification of the appendiceal 
wall, various degrees of mucin dissection and the absence 
of muscularis mucosa. If an infiltrative pattern, stromal 
desmoplasia and mucin pools with atypical cells, extracel-
lular mucin >%50 of the lesion were observed, then it was 
called mucinous adenocarcinoma. Ruptured diverticulitis 
was characterized by hyperplastic changes of the muco-
sa, maintained crypts, lymphoid follicles in lamina propria, 
mucin extravasation to the appendix surface, and often a 
mucosal neuroma.

Statistical Analysis
The statistical analyses were performed using the Statis-
tical Package for the Social Sciences (SPSS) v25.0 (IBM 
Corp.; Armonk, NY, USA). The quantitative variables were 
expressed as median, minimum–maximum (min–max), 
and interquartile range (IQR). The qualitative variables 
were reported as number and percentage (%). 

RESULTS
This study includes a total of 37 patients, of whom 19 are 
(51.3%) male and 18 (48.7%) are female with a median age 
of 64 years (min–max= 23–93, IQR= 33). Median age of the 
males was 64 years (min–max= 23–93, IQR=36) and that 
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WHO 2010 WHO 2019

Epithelial tumors 

Premalign lesions Hyperplastic polyp

Adenoma Sessile serrated lesion without dysplasia

Tubular Serrated dysplasia, Low grade

Villous Serrated dysplasia, High grade

Tubulovillous Low-grade appendiceal mucinous neoplasm

Dysplasia (intraepithelial neoplasia)- Low grade High-grade appendiceal mucinous neoplasm

Dysplasia (intraepithelial neoplasia)- High grade Adenocarcinoma NOS

Serrated Lesions    Mucinous adenocarcinoma

Hyperplastic polyp    Signet ring cel carcinoma

Sessile serrated adenoma/polyp Carcinoma, Undifferentiated, NOS

Traditional serrated adenoma Goblet cell adenocarcinoma 

Carcinoma

Adenocarcinoma

Mucinous adenocarcinoma

Low-grade appendiceal mucinous neoplasm

Signet ring cel carcinoma

Undifferentiated carcinoma

Table 1. WHO classifications of non-neuroendocrine epithelial tumors of the appendix vermiformis. (Bosman FT, Carneiro 
F, Hruban R H, Theise N. WHO classification of tumours of the digestive system, fourth edition. France: IARC; 2010) (WHO 
Classification of tumors Editorial Board. Digestive system tumors. Lyon(France):International Agency for Research on can-
cer; 2019)



of the females was 63 years (min–max= 23–87, IQR= 26). 
Majority of the patients ((75.7%) underwent surgery due 
to preliminary diagnosis of  AAp (n=22) or tumoral lesions 
of periappendicular space (n=6), whereas the remaining 
patients (n=9) underwent surgery owing to other condi-
tions, and incidental appendectomy was performed. Per-
foration was diagnosed in appendectomy specimens in 12 
(32.4 %) of the patients (tumor perforation=3, perforation 
due to AAp=9). Inflammatory histopathological changes 
resembling AAp was diagnosed in 16 (43.2%) of the pa-
tients, among whom three had additional eosinophilic cell 
infiltration. Diameter of appendix vermiformis varied from 

5 mm to 65 mm (median=15, IQR=14), whereas the length 
varied from 35 mm to 160 mm (median=65, IQR=41). 
All along the median of 1,291 days (min–max=10–3,538, 
IQR=1,864) of follow-up, 8 (21.6%), patients died because 
of conditions not related to the surgical procedure, with 
a median age of 70 years (min–max= 28–86, IQR= 31). 
Surviving patients had a median age of 62 years (min–
max=23–93, IQR=31).Mortality in half of the non-surviving 
patients was related to additional conditions. There was 
no statistically significant difference between the age of 
surviving and non-surviving patients (p=0.275). Two of the 
patients diagnosed with mucinous adenocarcinoma in the 
appendectomy specimens did not consent for a second 
surgical session for hemicolectomy as well as chemother-
apy giving old age as an excuse.

According to the initial pathology reports were written as 
follows: mucocele (n=10), mucinous cystadenoma (n=9), 
LAMN (n=6), mucinous adenocarcinoma (n=5), mucosal 
hyperplasia (n=5), hyperplastic polyp (n=1), adenomatous 
polyp (n=1). On the basis of the WHO 2019 classification, 
pathology reports were prepared as follows: low grade 
mucinous neoplasm (n=17), simple retention cysts (n=6), 
hyperplastic polyp (n=6), mucinous adenocarcinoma 
(n=5), ruptured appendiceal diverticula (n=2), sessile ser-
rated lesion (n=1). Three of the five patients diagnosed 
with mucinous adenocarcinoma underwent definitive 
surgical procedure. The remaining two patients did not 
consent for right hemicolectomy. Demographic and clini-
cal features of the patients are given in Table 2 and Table 
3. The histopathological features of some appendiceal 
mucinous lesions are shown in Figure 1–6.
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Figure 3. Flattened monolayer of mucinous epithelium, submucosal 
fibrosis, and absence of lamina propria in low-grade appendiceal 

mucinous neoplasm (hematoxylin–eosin, 40×).
Figure 2. Epithelial denudation and mucin extravasation in a low-
grade appendiceal mucinous neoplasm (hematoxylin–eosin, 40×).

Figure 1. The classic pattern of villous proliferation of cells with apical 
mucin and mild nuclear atypia in low-grade appendiceal mucinous 

neoplasm formerly known as mucinous cystadenoma (hematoxylin–
eosin, 40×).



DISCUSSION
Primary appendiceal tumors are classified into three main 
groups considering the cell types they origin: epithelial tu-
mors, mesenchymal tumors and lymphomas (2). Primary 
appendiceal epithelial tumors are sub-grouped as muci-

nous, non-mucinous, neuroendocrine, and mixed glandu-
lar-endocrine (composite) tumors. Appendiceal tumors 
are detected in 0.2–4.2% (~1%) of appendectomy spec-
imens obtained from patients who underwent appendec-
tomy for any reason, and appendiceal tumors constitute 
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  Preop AAp Perfor Primer/ Surgry Width Length Follow-up 
Age Sex Diagnosis (Yes/ No) (Yes/No) Incidental Type (mm) (mm) (days) Outcome
72 M Volvulus No No Incidental Open 9 75 26 Exitus
62 F Liver Donor No No Incidental Open 5 90 3538 Alive
31 F Liver Donor No No Incidental Open 13 48 3435 Alive
28 M Rectum Ca Yes No Incidental Open 15 50 1631 Exitus
79 M Gastric perforation No No Incidental Open 15 40 1063 Exitus
76 F Pelvic Mass No No Incidental Open 40 100 2072 Alive
66 M Explorative Laparatomy No No Incidental Open 6 65 10 Exitus
57 F Pelvic Mass No Yes Incidental Open 20 50 1291 Alive
50 M Duodenal tumor Yes (Eos) Yes Incidental Open 15 45 587 Alive
84 M Aap Yes No Primary Open 25 60 3384 Alive
64 M AAp Yes No Primary Open 10 65 3294 Alive
23 F AAp No No Primary Open 15 40 3201 Alive
64 F AAp (Perforated) Yes Yes Primary Open 10 90 3163 Alive
36 M AAp No No Primary Open 8 70 2628 Alive
23 M AAp No No Primary Open 8 80 2595 Alive
87 F AAp No No Primary Lap 5 35 2394 Alive
28 F AAp No No Primary Open 5 45 2148 Alive
62 F AAp No No Primary Open 8 40 1998 Alive
77 F AAp Yes No Primary Open 10 80 83 Exitus
46 F Cecal tumor No No Primary Lap 40 95 1930 Alive
68 F AAp (Perforated) Yes Yes Primary Open 30 60 1716 Alive
34 M Mesenteric Mass No No Primary Lap 15 45 1641 Alive
86 F AAp Yes No Primary Open 30 90 989 Exitus
41 M Appendiceal Mass No No Primary Lap 20 80 1025 Alive
77 M AAp Yes No Primary Open 10 60 812 Alive
61 M Appendiceal Mass No No Primary Open 20 90 782 Alive
54 F AAp Yes Yes Primary Open 40 80 760 Alive
67 M Appendiceal Mass No No Primary Lap 65 140 475 Alive
66 F AAp Yes No Primary Open 10 60 223 Alive
37 M AAp (Perforated) Yes (Eos) Yes Primary Open 20 65 2714 Alive
72 F AAp Yes Yes Primary Open 40 160 2092 Alive
28 M PMP No Yes Primary Open 24 100 285 Exitus
71 M AAp (Perforated) Yes Yes Primary Open 18 65 882 Alive
93 M AAp No Yes Primary Open 12 40 769 Alive
69 M AAp Yes Yes Primary Open 20 90 673 Alive
68 F AAp (Perforated) No No Primary Open 25 102 104 Exitus
43 F AAp (Perforated) Yes (Eos) Yes Primary Lap 14 55 203 Alive

Table 2. Demographic and clinical features of 37 patients with appendiceal mucinous lesions.



0.5% of all gastrointestinal tumors (1, 3). Neuroendocrine 
tumors and adenocarcinomas (mucinous, signet ring, or 
non-mucinous) are the two most common primary appen-
diceal tumors with a rate of 65% and 20%, respectively 
(3). Mucinous tumors account for 8% of the appendiceal 

tumors (4). In other words, appendiceal mucinous tumors 
are detected in 0.2–0.3% of appendectomy specimens (3).

When we evaluate the PSOGI (2012), PSOGI modified 
Delphi process (2016), and WHO (2019) classification 
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Surgical Approaches Histopathological Diagnosis (First) Histopathological Diagnois (Last) 
Appendectomy+Hartmann’s  Mucosal hyperplasia  Hyperplastic polyp
Appendecotmy+ Donor Hepatectomy Mucosal hyperplasia  LAMN
Appendecotmy+ Donor Hepatectomy Mucinous Cystadenoma LAMN
Appendectomy+ Miles Mucocele Simple retention cysts
Appendectomy LAMN LAMN
Appendectomy+ TAH+BSO Mucocele LAMN
Appendectomy+ Posttransplant exploration Mucocele Simple retention cysts
Appendectomy+ TAH+BSO+Lymphadenectomy Adenoca (Mucinous) Adenoca (Mucinous)
Appendectomy+ Duodenal resection Mucocele Appendiceal diverticula (Ruptured)
Appendectomy Mucosal hyperplasia  Hyperplastic polyp
Appendectomy Mucinous Cystadenoma LAMN
Appendectomy Mucinous Cystadenoma LAMN
Appendectomy+ Right Hemicolectomy LAMN LAMN
Appendectomy Mucocele Simple retention cysts
Appendectomy Mucocele Simple retention cysts
Appendectomy Mucocele Simple retention cysts
Appendectomy Mucocele Simple retention cysts
Appendectomy Mucinous Cystadenoma LAMN
Appendectomy Mucosal hyperplasia Hyperplastic polyp
Appendectomy Mucinous Cystadenoma LAMN
Appendectomy (Refused) Adenoca (Mucinous) Adenoca (Mucinous)
Appendectomy Mucinous Cystadenoma LAMN
Appendectomy Mucocele Sessile serrated lesion
Appendectomy LAMN LAMN
Appendectomy Mucosal hyperplasia Hyperplastic polyp
Appendectomy Mucinous Cystadenoma LAMN
Appendectomy LAMN LAMN
Appendectomy Mucinous Cystadenoma LAMN
Appendectomy Hyperplastic polyp Hyperplastic polyp
Appendectomy Mucocele Appendiceal diverticula (Ruptured)
Appendectomy Mucinous Cystadenoma LAMN
Appendectomy+ Omentectomy+  Adenoca (Mucinous) Adenoca (Mucinous) 
Lymphadenectomy
Appendectomy LAMN LAMN
Appendectomy (Refused) Adenoca (Mucinous) Adenoca (Mucinous)
Appendectomy Adenomatous polyp  Hyperplastic polyp
Appendectomy+ Ileocecal resection Adenoca (Mucinous) Adenoca (Mucinous)
Appendectomy LAMN LAMN

Table 3. Definition of patients with appendiceal mucinous lesions.



systems together, we can basically collect appendiceal 
non-neuroendocrine epithelial tumors in the following 
sub-groups: serrated polyp with or without dysplasia (low 
or high grade), LAMN (atypia is low grade), high-grade 
appendiceal mucinous neoplasm (HAMN; atypia is high 
grade), mucinous adenocarcinoma (well-, moderately-, 
poorly-differentiated; >50% mucin), poorly-differenti-
ated adenocarcinoma (mucinous) with signet ring cells 
(≤50% signet ring cells), mucinous signet cell adeno-
carcinoma (>50% signet ring cells), non-mucinous ade-
nocarcinoma (well-, moderately-, poorly-differentiated; 
resembling usual colorectal type), and goblet cell adeno-
carcinoma (2, 5–7).

There is a lack of consensus for classifying appendiceal 
mucinous tumors and treatment algorithm since Roki-
tansky first described the appendiceal mucocele in 1842. 
Mucocele is being used to define a pathological condition 
over years, although it is a radiological and clinical entity 
referring to obstructed appendiceal lumen with muci-
nous secretion. The PSOGI and WHO classifications have 
the most common consent to standardize appendiceal 
mucinous tumors terminologically and histopathologi-
cally among classifications of similar intent (2, 5). Per our 
knowledge, there is no published study except up-to-
date database using terms such as appendiceal mucinous 
lesions in the nomenclature. Our opinion reserves collect 
all these lesions under the same title with neoplastic le-
sions despite their histopathologically malign or prema-
lign features.

Appendiceal mucinous lesions are classified into two 
major groups of non-neoplastic lesions (mucocele) and 
neoplastic lesions (serrated polyps, hyperplastic polyps, 
LAMN, HAMN, and mucinous adenocarcinomas).

Mucocele is characterized by mucinous secretion collec-
tion in distal part of the appendiceal lumen because of 
chronic obstruction without epithelial hyperplasia or neo-
plasia resulting in epithelial degeneration. Since simple 
mucocele/simple retention cyst/ inflammatory mucocele, 
or obstructive mucocele do not refer to a neoplastic le-
sion, it does not exist  in WHO classification of tumors of 
the digestive system 2019. Because mucocele is a clinical 
terminology, simple retention cyst was used instead of 
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Figure 6. Mucin pool and tumor cells with signet ring cell morphology 
in an appendiceal mucinous adenocarcinoma (hematoxylin–eosin, 

40×).

Figure 5. Elongated crypts displaying prominent goblet cells in 
hyperplastic polyp (left) and acute appendicitis findings (right) 

(hematoxylin–eosin, 40×).

Figure 4. Acellular mucin extravasation into the submucosa in a 
simple retention cyst (hematoxylin–eosin, 40×).



this term in this study. According to this, re-evaluation of 
pathological diagnosis of 10 patients reported as mucocele 
revealed simple retention cyst in six, ruptured appendiceal 
diverticula in two, sessile serrated lesion without dysplasia 
in one, and LAMN in the remaining one patient.

Mucinous cystadenoma terminology is eventually being 
clarified. Appendiceal lesions, previously known to pres-
ent as mucocele, are classified into four: simple retention 
cysts, mucosal hyperplasia, mucinous cystadenoma, and 
mucinous cystadenocarcinomas. Recently, simple muco-
cele term was replaced by simple retention cyst, whereas 
mucosal hyperplasia term was replaced by hyperplastic 
polyps and serrated polyps with or without dysplasia. Carr 
et al. (5,6) used mucinous cystadenoma term, which did 
not exist in their subsequent modified Delphi classification 
(2, 5, 6). It is known that the WHO 2019 classification does 
not contain mucinous cystadenoma. However, there are 
studies in the literature suggesting that mucinous cysta-
denoma malignantly change, rupture, and thus cause PMP 
clinic, and there are studies suggesting that mucinous cys-
tadenoma have no PMP risk and therefore are not related 
to real LAMNs (2, 8, 9). However, we support the view that 
mucinous cystadenomas show a low dysplastic change and 
therefore should be included in the LAMN classification 
according to the WHO 2019 classification system. Hence, 
nine of the patients in this study who were diagnosed with 
mucinous cystadenoma according to the initial pathology 
report were confirmed to be LAMN following re-evaluation 
in accordance with the WHO 2019 classification system.

Serrated polyps with or without dysplasia have similari-
ties with serrated polyps of colon in an absolutely dif-
ferent molecular structure. Focally located polyps in ap-
pendiceal epithelium without dysplasia are defined as 
hyperplastic polyp, whereas flat or diffusely located pol-
yps without dysplasia are defined as mucosal hyperpla-
sia. Serrated polyps, whose biological attitudes are yet to 
be known, are defined as polyp, regardless of containing 
dysplasia, and previously these lesions were defined as 
adenomas, reminding of a benign disease. In this study, 
in accordance with the initial pathology report, five pa-
tients were diagnosed with mucosal hyperplasia and one 
patient was diagnosed with hyperplastic polyp. Re-eval-
uation in terms of the WHO 2019 classification system 
revealed hyperplastic polyp in five patients and LAMN in 
one patient. That is, hyperplastic polyp terminology is still 
being used in the WHO 2019 classification system.

Appendiceal adenomas known to be similar to colonic 
adenomas resulted from APC tumor suppression are rare 

entities. Hence, WHO 2019 classification does not consist 
these adenomatous polyps. One patient of this study was 
diagnosed with adenomatous polyp, which was re-evalu-
ated and diagnosed as hyperplastic polyp in accordance 
with the WHO 2019 classification system.

LAMN are neoplastic lesions producing mucin, limited in 
muscularis propria and rarely invading appendiceal ep-
ithelium. According to the American Joint Committee 
on Cancer (AJCC), LAMNs without muscularis propria 
invasion are classified as  in situ tumor (Tis). Mucinous 
neoplasms with T1 and T2 invasion are not classified in 
accordance with LAMN. However, LAMNs with subsero-
sal or serosal acellular mucin foci are named as T3 and 
T4a subsequently. In this study, seven pathological spec-
imens were diagnosed with LAMN in accordance with the 
WHOinitial pathology report and re-evaluation as per the 
WHO 2019 classification system confirmed this diagnosis 
in all of the cases. However, this re-evaluation revealed 
new 11 LAMN cases, which were previously diagnosed for 
other conditions according to the initial pathology report.

HAMN are discriminated from LAMNs on the basis of 
high-grade dysplastic changes of appendiceal epithelium. 
HAMN have similar low invasion potential and are more 
aggressive in course compared with LAMN. HAMNs are 
staged as invasive adenocarcinomas as a consequence of 
high recurrence risk. None of the patients of this study 
were diagnosed for HAMN in accordance with the WHO 
2010 classification system or the WHO 2019 classifica-
tion system, which restricts us to comment on recur-
rence rate of HAMN.

Appendiceal mucinous adenocarcinomas are charac-
terized by invasive glands containing high-grade cyto-
logic atypia and extracellular mucin in >50% of the tu-
mor volume in histopathological examination, which are 
classified as well-, moderately-, or poorly-differentiated 
mucinous adenocarcinomas. The latter type is significant 
in its signet ring cells. The WHO 2019 classification does 
not alter any definition for mucinous adenocarcinoma. 
For this reason, diagnosis of five patients in this study re-
mained same.

Appendiceal mucinous lesions are diagnosed incidentally 
during endoscopic or radiologic examinations for any in-
dication. On the other hand, diagnosis accounts for a vast 
majority that are obtained from histopathological exam-
ination of appendectomy specimens. Retention cysts or 
serrated polyps have minor risk of rupture that rarely re-
sults in recurrence and simulate clinical features of acute 
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appendicitis or right lower quadrant pain. On the contrary, 
rupture of LAMN, HAMN, or mucinous adenocarcinomas 
results in the accumulation of mucinous ascites in ab-
dominal cavity and related complications, which is de-
fined as PMP.

Decision for the treatment of appendiceal mucinous le-
sions should be made on the basis of the histopatholog-
ical features of the lesions. Even with a rupture, simple 
mucocele has hardly ever risk of recurrence, and standard 
appendectomy is the optimal treatment, which does not 
require long-term follow-up. Treatment strategies for ser-
rated polyps with or without dysplasia are similar with the 
one for simple mucocele. A standard appendectomy is suf-
ficient for LAMN and HAMN lesions that are not ruptured 
and are limited in appendix vermiformis, which does not 
require long-term follow-up. Although some studies sug-
gest complementary right hemicolectomy for LAMN cases 
with a positive surgical margin, opposing studies advocate 
sufficiency of appendectomy as the risk for recurrence is 
obscure to prognosticate even in cases with neoplastic 
epithelium or acellular mucin on surgical margin (10–12). 
We suggest taking operative findings into account. Includ-
ing a portion of cecal wall into appendectomy specimen, 
which is easily performed with a surgical stapler, would 
provide to avoid a positive surgical margin in cases with a 
lesion extending to the appendiceal basis or cecum. Ileo-
cecal resection or partial cecal resection are applicable for 
tumors invading the wall of the cecum. For advanced stage 
or ruptured tumors completion right hemicolectomy with 
lymphadenectomy or cytoreductive surgery with heated 
intraperitoneal chemotherapy are options for treatment. In 
this study, malign lesion was not diagnosed in 32 patients 
without recurrence during follow-up. Although adenocar-
cinoma was diagnosed in five patients, two of them did not 
consent for a complementary hemicolectomy. Remaining 
three patients were treated in accordance with the princi-
ples of oncological surgery.

As a result, the term ‘’appendiceal mucinous lesions’’, 
which was recently introduced into medical literature, is 
suitable to distinguish between lesions with and without 
malignancy potential. For most of the non-rupture appen-
diceal mucinous lesions, standard appendectomy is an ad-
equate option. Ruptured lesions and adenocarcinoma are 
candidates for advanced, radical surgical treatment.
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