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Single-center analysis of appendiceal neoplasms
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Abstract. The purpose of the present study was to evaluate
the recent trend of diagnosing appendiceal diseases through
the analysis of appendectomy materials, stressing the impor-
tance of their pathological examination. A clinicopathological
assessment of patients undergoing an appendectomy was
conducted, based on the pathological examination of resected
appendiceal lesions. Using a pathological database of surgical
specimens from patients who underwent an appendectomy
between March 2002 and September 2014, a retrospective,
single-center analysis was performed. Among the 803 patients
identified, 752 with appendiceal disease were selected for
clinicopathological analysis. The diagnosis was inflamma-
tion (i.e. appendicitis) in 97.7% (n=735) and appendiceal
neoplasm in 2.3% (n=17) of the patients. The most frequent
type of appendiceal neoplasm was an intramucosal neoplasm
(23.5%, n=4). In conclusion, the incidence of appendi-
ceal neoplasms has increased in recent years, potentially
due to increased and earlier detection by newer imaging
modalities.

Introduction

Appendiceal diseases, including appendicitis, are a common
cause for emergency abdominal surgery, and appendi-
ceal neoplasms are identified during surgery in 0.7-5% of
patients (1,2). A relatively recent development has been
the incidental detection of appendiceal lesions during the
follow-up of patients for other conditions, or during routine
health screenings. These discoveries have increased in
frequency due to the increased use of abdominal ultraso-
nography, computed tomography (CT), Positron emission
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tomography (PET/CT) and serum tumor markers for patient
follow-up and screening (3,4). However, surgeons do not always
submit appendectomy specimens for pathological examina-
tion, allowing tumors to go undiagnosed despite surgical
treatment (5). Consequently, there has been an increase in
the number of studies describing recurrent neoplasms in the
appendiceal remnant (6). Accordingly, surgeons are becoming
increasingly aware of the importance of obtaining a patholog-
ical confirmation of the diagnosis in patients treated surgically
for appendicitis-like symptoms (7).

In addition to lower birth rates, medical advances and
expanded health screenings have resulted in an aging Japanese
population, and novel therapies have increased the number
of immunocompromised patients (8). There has also been
an increase in international visitors with Amoeba-associated
infectious disease (9,10). These factors may have contributed
to the pattern of appendiceal disease in Japan; however, during
the past 25 years there has been no single-center investigation
of the incidence or types of appendiceal neoplasms in patients
undergoing a total appendectomy (11). The most recent report
was based on nationwide data from multiple institutions, and
thus did not provide information regarding clinical patterns
at a local level, due to the indications for appendectomy
and the resulting disease statistics varying between institu-
tions (5). To determine whether the pattern of appendiceal
disease is changing, a retrospective single-center study that
assessed the incidence and age distribution of appendiceal
diseases was conducted in the present study, in order to
understand the clinical implications for patients undergoing
an appendectomy.

Patients and methods

Ethical approval. The study was approved by the institutional
review board of Tokai University Hachioji Hospital (Hachioji,
Japan; approval no. R14-242). Informed consent for the
appendectomy was obtained from the patients and/or family
members.

Patient selection. Radical appendectomies/ileocecal resec-
tions were performed without attempting conservative
therapies, including antimicrobial agents, if an abdominal CT
or ultrasound identified an appendiceal lesion. By reviewing
the pathological database of the appendectomy specimens
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Figure 1. Representative case of a mucinous adenocarcinoma with high-grade pseudomyxoma peritonei from patient 9 (A) Macroscopic and (B) histological
findings for the mucinous adenocarcinoma. (C) Histological findings from the high-grade pseudomyxoma peritonei.

A

Figure 2. Representative case of a low-grade appendiceal mucinous neoplasm with low-grade pseudomyxoma peritonei in patient 14. (A) Intraluminal mucin.
(B) Extra-appendiceal mucin pools.

from patients who underwent an appendectomy between to the 2010 World Health Organization (WHO) classifica-
March 2002 and September 2014 at Hachioji hospital, a  tion (12). A total of 55 patients were excluded, including 11
total of 803 patients were identified, among whom 752  with metastatic carcinoma or tumor invasion from adjacent
had appendiceal disease. For clinicopathological analysis, organs, and 44 patients with a normal appendix who under-
appendiceal neoplasms were primarily classified according  went an incidental or prophylactic appendectomy during
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Table I. Clinicopathological data of the patients with appendiceal neoplasms.
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Age, Chief Imaging Preoperative Final pathological
Patient Sex years symptom/sign diagnosis (CT/US) diagnosis diagnosis (depth)
1 F 79 RLQ pain Mucinous adenocarcinoma Appendiceal tumor Tubular adenoma®
2 M 83 RLQ pain Secondary appendicitis Secondary appendicitis Tubulovillous
caused by ileus strangulation  caused by ileus strangulation adenoma®
3 M 77 CT detection Mucinous Appendiceal cancer (Mesenchymal)
schwannoma
4 M 61 RLQ pain Acute appendicitis Acute appendicitis Adenocarcinoma (se)
5 M 67 RLQ pain Acute appendicitis Acute appendicitis Adenocarcinoma (mp)
6 F 59 CEAecelevation Mucinous tumor Appendiceal tumor Mucinous
adenocarcinoma (se)
7 M 78 PET detection Appendiceal tumor Appendiceal cancer Mucinous
adenocarcinoma (m)?
8 F 79 Right lower Mucinous adenoma Mucinous adenoma Mucinous
abdominal mass adenocarcinoma (m)*
9 F 85 Abdominal mass, PMP PMP Mucinous
fever adenocarcinoma (PMP)
10 F 60 RLQ pain Acute appendicitis (abscess) Acute appendicitis LAMN
(perforated)
11 M 77 RLQ pain Acute appendicitis (abscess) Acute appendicitis LAMN
(perforated, abscess)
12 F 71 Epigastralgia Mucinous adenoma Mucinous adenoma LAMN
13 F 71 RLQ pain Acute appendicitis Acute appendicitis LAMN
14 M 80 RLQ pain Perforated appendiceal Perforated appendiceal LAMN (PMP)
diverticulitis (free air) diverticulitis
15 M 86 RLQ pain Acute appendicitis Acute appendicitis LAMN
16 M 36 RLQ pain Acute appendicitis (phlegmon) Acute appendicitis G1 NET
17 M 43 RLQ pain Acute appendicitis Acute appendicitis MANEC (ss)

“Intramucosal neoplasm. CT, computed tomography; US, ultrasonography; F, female; M, male; RLQ, right lower quadrant; se, serosa; mp,
muscularis propria; CEA, carcinoembryonic antigen; PET, positron emission tomography; m, mucosa; PMP, pseudomyxoma peritonei; LAMN,
low-grade appendiceal mucinous neoplasm; G1 NET, grade 1 neuroendocrine tumor; ss, subserosa.

surgery for other diseases, such as hemicolectomy/ileocecal
resection for cecal cancer, diverticular disease or at the
patient's request. Also, single center cases of material from
The Tokai University Hachioji Hospital (Tokyo, Japan) were
investigated.

Pathological examination. The resected appendiceal lesions
were routinely fixed with 10% neutral buffered formalin,
embedded in paraffin, and cut into 3-um thick sections that
were stained with hematoxylin and eosin. For the present
study, 2 expert pathologists and a clinician reviewed the slides.
Appendiceal neoplasms (1-22 slides per case) were classified as
benign (adenoma, dysplasia or mesenchymal tumor) or malig-
nant [G1-G3 neuroendocrine tumor (NET), adenocarcinoma,
mucinous adenocarcinoma, mixed adenoneuroendocrine
carcinoma (MANEC) arising from pre-existing goblet cell
carcinoid (13,14) or low-grade appendiceal mucinous neoplasm
(LAMN)]. As mucinous adenocarcinomas exhibit infiltration
or invasion with fibrous desmoplasia, tumors that featured
complex epithelial proliferation (complex papillary fronds and

cribriform glandular spaces) or high-grade cytological atypia
(full-thickness nuclear stratification, vesicular/prominent
nuclei, and mitotic activity) and infiltration with fibrous
desmoplasia were classified as mucinous adenocarcinomas
(Fig. 1).

Conversely, tumors that exhibited minimal architectural
complexity (villiform, flat epithelial proliferation and focal
papillary excrescences) and low-grade cytologic atypia (mild
nuclear enlargement, nuclear stratification, rare mitotic
figures and single cell necrosis) were classified as LAMN
(Fig. 2A). LAMN may be a precursor to low-grade pseu-
domyxoma peritonei (12), although its biological behavior
is ambiguous; therefore, these tumors were classified sepa-
rately according to the Japanese Society for Cancer of the
Colon and Rectum classification, although they were also
included as adenocarcinomas based on the 2010 WHO
classification (12,13,15).

Pseudomyxoma peritonei accompanying mucinous adeno-
carcinoma or LAMN were also identified. Peritoneal tumors
composed of atypical glands in desmoplastic stroma or tumors
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Table II. Age distribution of patients with appendiceal neoplasms (n=17).

Age range, years

Diagnosis Code  30-39 40-49 50-59 60-69 70-79 80-89 Incidence, %
Benign
Tubular adenoma 8211/0 59
Tubulovillous adenoma 8263/0 1 59
Mesenchymal schwannoma 9570/0 1 59
Malignant
Adenocarcinoma (MOD) 8140/3 1 59
Adenocarcinoma (papillary and MOD) 8140/3 1 59
Mucinous adenocarcinoma (with PMP) 8480/3 1 2 1 17.7
Low grade appendiceal neoplasm (with PMP)  8480/1 1 3 2 412
Grade 1 neuroendocrine tumor (carcinoid) 8240/3 59
Mixed adenoneuroendocrine carcinoma 8244/3 1 59

Codes are the corresponding International Classification of Disease for Oncology-3 code for that neoplasm. PMP, pseudomyxoma peritonei;

MOD, moderately differentiated.

Figure 3. Representative case of a schwannoma from patient 3. (A) Resected bowel tumor (as indicated by the arrow). (B) Bowel tumor cut into slices.
(C) Histological findings. (D) Immunohistochemistry for S-100 protein expression.

with high cellularity and cytological atypia containing pools
of mucin were classified as mucinous adenocarcinoma-asso-
ciated pseudomyxoma peritonei (high-grade; Fig. 1C) (12),
whereas tumors composed of mucinous epithelium with
low-grade atypia and containing mucin pools were classified

as LAMN-associated pseudomyxoma peritonei (low-grade;
Fig. 2B) (12). Acellular mucinosis were not categorized as an
appendiceal neoplasms, but rather as a secondary lesion as
mucocele is a descriptive term, according to the 2010 WHO
classification (12).
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Figure 4. Representative case of a mixed adenoneuroendocrine carcinoma of the appendix from patient 17. (A) Macroscopic appearance. (B) Histological

findings. (C) Immunohistochemistry for synaptophysin protein expression.

Variables assessed. The variables for evaluation included the
age and sex of the 752 patients, the initial surgical findings
(neoplasm or inflammation), and the age and sex of the patients
grouped according to the 2 basic lesion types. The present
study focused on the pathological characteristics of the appen-
diceal neoplasms and the clinical characteristics of the patients
with these neoplasms. In this group of patients, the presenting
symptoms, imaging diagnosis, preoperative diagnosis, and
the types and incidence of appendiceal lesions determined by
postoperative pathological examination were also reviewed.
Special note was made of the intramucosal lesion types.

Statistical analysis. Patients with appendiceal neoplasms
were divided into two groups aged <60 and =60 years, and
the difference in the incidence of appendiceal neoplasms was
analyzed by the Mann-Whitney U and y* tests. All statistical
analyses were performed with SPSS 21.1 (IBM Corp., Armonk,
NY, USA). P<0.05 was considered to indicate a statistically
significant difference.

Results

Patient data. The 752 patients ranged in age from 2 to 89 years,
with a mean age of 34.2 years. There were 431 males and 321
females. The surgical diagnosis was inflammation (appendi-
citis) in 735 patients (97.7%), and appendiceal neoplasm in
17 patients (2.3%).

Appendiceal neoplasms. The profiles of the 17 patients with
appendiceal neoplasms are included in Table I, whereas the

age-specific distribution of the histologic diagnoses are
included in Table II. The 17 patients ranged in age from 36 to
86 years, with a mean age of 77.0 years. There were 10 men
and 7 women. The majority of the appendiceal neoplasms were
identified in patients aged =60 years (14/17, 82.3%), and there
was a significant difference in incidence between patients
aged =60 years and those aged <60 years (P<0.001). The chief
presenting symptom of the majority of patients with an appen-
diceal neoplasm was right lower quadrant pain (n=11, 64.7%).
A total of 2 patients (11.7%) presented with an abdominal mass,
1 patient (5.88%) had generalized abdominal discomfort, and
3 patients (17.6%) had no symptoms. In these 3 patients, the
appendiceal neoplasm was identified with the investigation
of elevated serum tumor markers, such as carcinoembryonic
antigen, or incidentally by PET/CT or preoperative workup for
gastric cancer. The tumor was benign in 3 patients (17.6%) and
malignant in 14 patients (82.3%). In the 3 patients with benign
disease, the preoperative clinical diagnosis was appendiceal
tumor, appendiceal cancer, and secondary appendicitis caused
by ileus strangulation, respectively. In the 14 patients with
malignancy, the preoperative clinical diagnosis was appendi-
citis (n=8, 57.1%), perforated appendiceal diverticulitis (n=1,
5.88%) or appendiceal neoplasm (n=5, 35.3%).

The 3 benign neoplasms included 1 tubular adenoma, 1 tubu-
lovillous adenoma, and 1 mesenchymal schwannoma (Fig. 3).
The 14 malignant neoplasms included 6 adenocarcinomas
(4 mucinous adenocarcinomas, 1 papillary adenocarcinoma
and 1 moderately differentiated adenocarcinoma), | MANEC
(Fig. 4), 1 neuroendocrine tumor (G1), and 6 LAMNSs (1 with
low-grade pseudomyxoma peritonei). One malignant tumor
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was associated with high-grade pseudomyxoma peritonei.
None of the cases were considered discordant, i.e., there were
no low-grade appendiceal tumors combined with high-grade
peritoneal tumors. A total of 4 (23.5%) of the lesions were
intramucosal neoplasms, including adenomas and in situ carci-
nomas (patients 1,2, 7, and 8).

Inflammation (appendicitis). The 735 patients with appendicitis
ranged in age from 2 to 89 years, with a mean age of 28.0 years.
They included 421 males and 314 females. Appendicitis was
catarrhal in 80 patients (10.9%), phlegmonous in 352 patients
(479%), and gangrenous in 268 patients (36.5%). A total of
26 patients (3.5%) had chronic inflammatory appendicitis
that had not resolved with antibiotic treatment, 8 patients
(1.1%) had appendiceal diverticulitis and 1 patient (0.1%) had
an underlying Entamoeba histolytica infection. Almost half
(43.1%) of the patients with appendicitis were <10 years old.
Seven of these young patients had gangrenous appendicitis, and
6 (85.5%) of those 7 patients were under 4 years of age. More
than half (63.7%) of the patients with gangrenous appendicitis
were over 60 years old.

Discussion

Recent trends in appendiceal pathology in patients undergoing
appendectomy at our institution in Japan were investigated,
particularly whether there was an increase in the incidence
of appendiceal neoplasms over time. During the period from
March 2002 through September 2014, the incidence of appen-
diceal neoplasms among patients undergoing appendectomy
was 2.3%. This was 3 times higher than the incidence of
0.7% reported ~50 years ago by Collins et al (16) and was
~5 times higher than the incidence reported at other Japanese
institutions (0.05%) (14). The majority (23.5%) of the appen-
diceal neoplasms identified in the patients were intramucosal
neoplasms, including adenoma or noninvasive carcinoma (15).
Historically, these appendiceal lesions have been difficult to
detect by diagnostic imaging (radiography/ultrasonography)
alone (16-18). Until the 1990s, the decision to perform appen-
dectomy was based on the patient's symptoms, findings on
physical examination (especially palpation) and evidence of
infection (elevation of the white blood cell count or C-reactive
protein) (19-21). An appendectomy was not typically performed
in the absence of symptoms, as abdominal imaging was not
widely practiced at that time.

The results of the present study suggest that the relatively
recent increase in the application of newer imaging modalities
for the diagnosis and health screening of appendiceal diseases
has led to the increased identification of asymptomatic
appendiceal neoplasms. The sensitivity of these diagnostic
methods has caused the detection of appendiceal neoplasms
to increase (22).

The majority (64.7%) of the patients in the present study with
mucosal appendiceal neoplasms were aged =60 years, which is
similar to the age to patients with colon cancer (6,23). It is gener-
ally accepted that the incidence of colon cancer has increased
in Japan due to the aging of the population and the adoption
of an increasingly westernized diet (24,25). By analyzing the
age-adjusted mortality and diagnosis rates for colon cancer in
Japan. It has been confirmed that the incidence rate of colon
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cancer approximately doubled over the 40-year period from
1960 to 1999 (from 22-53 per 100.000 people) (23). Since 1999,
the incidence rate of colon cancer has remained the same (23).
As the appendix and colon develop from the midgut (26), it
seems reasonable that an increased incidence of colon cancer
would coincide with an increase in appendiceal neoplasms (20).
This may explain the increased incidence of appendiceal
neoplasms among patients undergoing appendectomy at our
hospital.

Although Collins er al (16) and Connor et al (27) reported
that over half (51-57%) of the appendiceal neoplasms detected
at appendectomy were carcinoid tumors (Gl NET), intramu-
cosal neoplasms accounted for 23.5% of the appendiceal
neoplasms in the patients included in the present study, and
this is similar to previous Asian reports, including from Korea
and Taiwan (2,18). Therefore, the major types of appendiceal
lesions may be influenced by geographic and ethnic factors,
culminating in epidemiological differences between Asian
and Western populations.

It can be difficult to precisely diagnose an appendiceal
neoplasm from imaging findings prior to surgery. Therefore,
pathological examination of the resected appendix is important
to determine whether a lesion is benign or malignant, in addition
to the depth of invasion and vascular invasion (19). Therefore,
a sufficiently detailed examination should be conducted,
including a consideration of whether additional resection is
necessary (19). The relatively recent increased application of
newer imaging modalities to diagnosis and health screening
may have led to the increased identification of asymptomatic
appendiceal neoplasms (22). A number of studies have indicated
that the incidence of necrotic and penetrating appendicitis is
higher in pediatric and elderly populations (28-30).

In conclusion, the findings of the present study indicate
that the incidence of appendiceal neoplasms is increasing.
Accordingly, surgeons should be aware of the possibility of
these entities, particularly in patients aged =60 years, due to
the frequent occurrence of malignant and potentially malig-
nant neoplasms in appendectomy materials (2.3%, ~3-5 times
higher than previously reported). In addition, the frequent
preoperative diagnosis of appendicitis in patients with appen-
diceal neoplasms (57.1%) and characteristic age distribution of
patients with gangrenous appendicitis (<4, 85.5%; =60, 63.7%)
as demonstrated in the present study.
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