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Analysis of appendiceal neoplasms in 1,423 appendectomy 
specimens: a 10-year retrospective cohort  
study from a single institution
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Ahmet Gokhan Saritas1 , Orcun Yalav1 , Kubilay Dalci1 , İsmail Cem Eray1

INTRODUCTION
The estimated incidence of appendiceal tumors was 0.12 cases 
per 1,000,000 people per year; however, recent large data-
base studies have reported the incidence to be as high as 0.97 
cases per 100,000 people. It is unclear whether this increase 
reflects an actual change in disease occurrence or simply more 
identification and reporting. Appendiceal tumors are rare but 
remain an important clinical problem in terms of optimal 
management. Surgeons should be familiar with the effects of  
appendiceal pathology1-4.

Current classification of mucinous tumors, PSOGI (Peritoneal 
Surface Oncology Group International) 2012 Diagnostic and 
Staging Criteria for Epithelial Appendiceal Neoplasms, and the 
American Joint Committee on Cancer Staging Manual (AJCC, 
8th edition) have been updated5,6.

The five main histopathological subtypes of appendiceal 
neoplasms are as follows: neuroendocrine neoplasms (NENs), 
which are nonepithelial tumors; mucinous neoplasms; goblet 
cell adenocarcinomas; colonic-type (nonmucinous) adenocar-
cinomas; and signet ring cell adenocarcinomas, which are epi-
thelial tumors. Due to the nature of the clinical presentation 
of acute appendicitis, preoperative or intraoperative diagnosis 
of appendiceal neoplasms is very rare. Although appendectomy 
for acute appendicitis is usually the adequate treatment for most 
of these neoplasms, clinical management is highly dependent 
on tumor type, histological grade, pathological stage, and the 
status of resection margins and can range from radical surgery 
to systemic chemotherapy or surveillance4.

The risk factors for the presence of an underlying malig-
nancy in a patient presenting with acute appendicitis are not 
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SUMMARY
OBJECTIVE: This study aimed to reveal the incidence, clinicopathological, and oncological outcomes of appendiceal neoplasms.

METHODS: This is a retrospective cohort study from a single institution. Patients with a pathological diagnosis of malignancy who underwent 

appendectomy between January 2011 and 2021 were included in the study, and groups were formed according to pathological type. Clinical, 

pathological, and oncological results were compared in these groups.

RESULTS: The incidence of neoplasia was 2.38% (n=34) in a cohort of 1,423 appendectomy cases. Of the cases, 56% (n=19) were female. The median 

age in the entire cohort was 55.5 (range: 13–106) years. In the cohort, the rate of neuroendocrine tumor mucinous cystadenoma adenocarcinoma, 

and low-grade appendiceal mucinous neoplasm, according to the American Joint Committee on Cancer classification of appendiceal neoplasms, 

was 32.3% (n=11), 26.4% (n=9), 26.4% (n=9), and 14.7% (n=5), respectively. Neuroendocrine tumor patients (median age: 35 years) were younger 

than the other groups (p=0.021). Secondary complementary surgery was performed in 66.7% (n=6) of adenocarcinoma patients and 27.3% (n=3) 

of neuroendocrine tumor patients. Right hemicolectomy was performed in all neuroendocrine tumor patients requiring secondary surgery, while 

right hemicolectomy was performed in three adenocarcinoma patients and cytoreductive surgery and hyperthermic intraperitoneal chemotherapy 

in three adenocarcinoma patients. After a median follow-up of 44.4 months (95% confidence interval: 18.6–70.1), the mean survival rate was 55% in 

appendiceal adenocarcinoma patients compared to 100% in neuroendocrine tumor patients.

CONCLUSION: Appendiceal neoplasms are rare but remain an important cause of mortality. Appendiceal adenocarcinomas are associated with 

poorer oncological outcomes compared to other neoplasms.
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well established. Complicated appendicitis by itself has been 
associated with an increased risk of underlying malignancy. The 
risk is even higher in patients presenting with a periappendiceal 
abscess compared with patients with uncomplicated appendi-
citis7,8. Neoplasms of the appendix are usually not suspected 
before surgery and are found during surgery or on pathological 
examination. Increasing awareness of the disease, its pathophys-
iology, and its presentation has led to increased interest in the 
fields of surgery and medical oncology regarding the treatment 
of diseases with peritoneal dissemination. An understanding 
of the histologic features, imaging appearances, and staging of 
appendiceal neoplasms facilitates an accurate radiologic descrip-
tion, which guides surgical and oncologic management. This 
requires evaluation of the appendix and mesoappendix in the 
setting of acute appendicitis, the peritoneum and organ sur-
faces in patients with mucinous tumors, and lymph nodes and 
solid organs in nonmucinous and NENs. Although there are 
studies in the literature on the biological behavior of appen-
diceal tumors, the evidence contains various inconsistencies, 
and limited data exist on the long-term outcomes of appen-
diceal neoplasms9,10.

The present study aimed to assess the incidence and long-
term outcomes of appendiceal neoplasms according to their 
histological types.

METHODS
After the approval (date: 10.09.2021, No: 114/36) was granted 
by our ethics committee, a retrospective analysis was made on 
the Çukurova University patient database from January 2011 to 
January 2021. While creating the database, electronic records, 
nurse observation forms, pathology records, and survival infor-
mation obtained from the population directorate were created. 
Our institution is a third-level university hospital and serves 
as the reference hospital of a city with a population of 2 mil-
lion. All adult patients aged ≥18 years with evidence of acute 
appendicitis or an appendiceal mass on preoperative imaging 
were included in the study. The final pathological diagnoses of 
the patients were retrospectively reviewed from the pathology 
records. The results of patients with neuroendocrine tumor 
(NET), mucinous cystadenoma (MC), adenocarcinoma, and 
low-grade appendiceal mucinous neoplasm (LAMN) were ana-
lyzed. Inflammatory conditions and negative appendectomy 
patients were not included. Imaging modalities included ultra-
sound, computed tomography, and magnetic resonance imag-
ing. In our routine practice, an ultrasound examination was per-
formed on each patient, and a computed tomography or MRI 
examination was performed for every suspicious finding, one of 

the advanced imaging methods. Age alone was not a criterion 
for the selection of imaging modalities. Demographic infor-
mation included age, gender, tumor marker levels (measured 
in the postoperative period), the type of surgery (emergency or 
elective), intraoperative findings (perforation or mesoappendi-
ceal invasion), pathological TNM stages, tumor size (obtained 
from pathology records), need for additional surgical interven-
tion, and survival. The patients were classified into four groups: 
group 1 (low-grade mucinous neoplasia); group 2 (adenocar-
cinoma); group 3 (MC); and group 4 (NET). The data were 
compared between these groups.

We applied conventional or laparoscopic appendectomy 
to the patients. We routinely performed mesoappendix resec-
tions for all patients.

The follow-up of the cases included wound healing assess-
ment at postoperative week 1 in our clinic and re-admission 
with pathology results. Patients with a pathology report of malig-
nancy were followed up by the Colorectal Surgery department.

The main aim of the study was to identify different pat-
terns of unusual histopathological findings in patients with 
provisional diagnosis of acute appendicitis and to assess their 
prevalence as well as their clinical significance.

The authors declared that the research was conducted 
according to the principles of the World Medical Association 
Declaration of Helsinki, “Ethical Principles for Medical Research 
Involving Human Subjects.”

Statistical assessment
The study data were analyzed using SPSS (Statistical Package 
for the Social Sciences, Inc.; Chicago, IL, USA) version 23.0. 
The study data were evaluated using descriptive statistical meth-
ods (mean, standard deviation, median, frequency, ratio, mini-
mum, and maximum). The Shapiro-Wilk test was used to assess 
the normality of the data. The Kruskal-Wallis test was used to 
compare the non-normally distributed data, while Tamhane’s 
T2 test, one of the post hoc tests, was used to analyze the inter-
group differences. Categorical variables were compared using 
Pearson’s chi-square test, Fisher-Freeman-Halton exact test, and 
Fisher’s exact test. Survival was analyzed using Kaplan-Meier 
analysis and log-rank test. Since the number of patients was 
small, we did not look for prognostic factors. The statistical 
significance level was set to 0.05 for all tests.

RESULTS
The incidence of neoplasia was 2.38% (n=34) in a cohort of 
1,423 appendectomy cases, 1,412 of which were performed 
under emergency conditions during the study period. Of the 



3

Rev Assoc Med Bras. 2023;69(5):e20220714

Rencuzogullari, A. et al.

cases, 56% (n=19) were female. The median age in the entire 
cohort was 55.5 (range: 13–106) years. In the cohort, the rate 
of NET, MC, adenocarcinoma, and LAMN, according to the 
AJCC (8th edition) classification of appendiceal neoplasms, 
were 32.3% (n=11), 26.4% (n=9), 26.4% (n=9), and 14.7% 
(n=5), respectively. Gender distribution was similar in the 
groups (p=0.223). Patients in group 4 were younger (median 
age: 35 years) (p=0.021). The elective surgery rate was higher 
in group 2 than in other groups (66.7%) (p=0.048). Two 
patients in group 3 and one patient in group 4 had intraop-
erative perforation. Demographic and clinical data are pre-
sented in Table 1.

Tumor size was similar in the groups (p=0.274). There was 
mesoappendiceal invasion only in group 2 (33%) (p=0.027). 
In group 2, 55.6% of the patients had metastases (p=0.001). 
Right hemicolectomy was performed in all NET patients 
requiring secondary surgery, while right hemicolectomy was 
performed in three adenocarcinoma patients and cytoreduc-
tive surgery and hyperthermic intraperitoneal chemotherapy 
(HIPEC) in three adenocarcinoma patients. Table 2 shows 
the pathology data.

After a median follow-up of 44.4 months (95% confidence 
interval [CI]: 18.6–70.1), the mean survival rate was 55% in 

appendiceal adenocarcinoma patients compared to 100% in 
NET patients. Survival was shorter in group 1 (22.7 vs. 43.6 
vs. 55.6 vs. 49.1; p=0.011). The results are presented in Table 3.

DISCUSSION
The present study, which presented the clinical character-
istics and oncological outcomes of appendiceal neoplasms 
in a cohort of appendectomy cases, identified NETs as the 
most common type of tumor. In our female-predominant 
population, adenocarcinoma patients had an advanced age 
and underwent appendectomy mostly under elective con-
ditions. This group also had a high rate of mesoappendiceal 
invasion and therefore required additional surgical interven-
tions. This group of patients tended to be metastatic and 
after a median follow-up of 44.4 months (95%CI 18.6–
70.1), the mean survival rate was 55% in appendiceal ade-
nocarcinoma patients compared to 100% in NET patients. 
We found appendiceal adenocarcinoma to have aggressive 
biology and exhibit poor oncological outcomes compared 
to other appendiceal tumor types.

The incidence of incidental appendiceal neoplasms is 
increasing. This may be due to the increased use of new imaging 

Table 1. Demographic and clinical characteristics of patients who underwent appendectomy between 2011 and 2021 according to the classification 
of appendiceal neoplasms.

CEA: carcinoembryonic antigen. Post hoc pair-group analysis was performed using Bonferroni correction. *b–d, p=0.048; **a–d, p=0.015. Bold values indicate 
statistical significance at the p<0.05 level.

Low grade Adenocarcinoma Cystadenoma
Neuroendocrine 

tumor
Total p-value

Gender n (%) 

Male 3 (60) 2 (22.2) 3 (33.3) 7 (63.6) 15 (44.1)
0.223

Female 2 (40) 7 (77.8) 6 (66.7) 4 (36.4) 19 (55.9)

Age, Med (95%CI) 50 (50–50) 60 (46–84) 54 (54–84) 35 (30–55) 50.5 (38–70) 0.021*

Emergency/elective, n (%)

Emergency 4 (80)a,b 3 (33.3)b 6 (66.7)a,b 10 (90.9)a 23 (67.6)
0.048

Elective 1 (20)a,b 6 (66.7)b 3 (33.3)a,b 1 (9.1)a 11 (32.4)

Intraoperative perforation, n (%)

Yes 0 (0) 0 (0) 2 (22.2) 1 (9.1) 3 (8.8)
0.339

No 5 (100) 9 (100) 7 (77.8) 10 (90.9) 31 (91.2)

Diagnosis, n (%)

Intraoperitive 1 (20) 3 (33.3) 2 (22.2) 0 (0) 6 (17.6)

0.119Perioperitive 1 (20) 0 (0) 0 (0) 0 (0) 1 (2.9)

Postoperitive 3 (60) 6 (66.7) 7 (77.8) 11 (100) 27 (79.4)

CEA, Med (95%CI) 4.38 (4.38–4.38) 15.75 (2.04–37.2) 18.04 (1.89–34.19) 0.92 (0.59–1.77) 2.09 (1.53–26) 0.020**

CEA, 19.9 Med (95%CI) 12.6 (12.6–12.6) 35.5 (2.7–70) 3.15 (0.8–5.5) 6.7 (2.4–22.5) 7.65 (3.5–32) 0.419
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Table 2. Comparison of pathological data and operation techniques in groups.

Bold values indicate statistical significance at the p<0.05 level.

Low-grade Adenocarcinoma Cystadenoma
Neuroendocrine 

tumor
Total p-value

Tumor size 2.5 (1.5–3.0) 3.1 (2.5–10.8) 6.4 (2–20) 6 (2–12) 4 (1.5–20) 0.274

Mesoappendiceal invasion, n (%)

Yes 0 (0)a 3 (33.3)b 0 (0)a 0 (0)a 3 (8.8)
0.027

No 5 (100)a 6 (66.7)a 9 (100)a 11 (100)a 31 (91.2)

R0/R1 n (%)

R0 5 (100) 7 (77.8) 9 (100) 10 (90.9) 31 (91.2)
0.339

R1 0 (0) 2 (22.2) 0 (0) 1 (9.1) 3 (8.8)

T stage, n (%)

T0 5 (100)a 0 (0)b 9 (100)b 1 (9.1)a 15 (44.1)

<0.001

T1 0 (0)a 3 (33.3)a 0 (0)a 2 (18.2)a 5 (14.7)

T2 0 (0)a 1 (11.1)a 0 (0)a 2 (18.2)a 3 (8.8)

T3 0 (0)a 0 (0)a 0 (0)a 4 (36.4)a 4 (11.8)

T4 0 (0)a 5 (55.6)a 0 (0)a 2 (18.2)a 7 (20.6)

N stage n (%)

N0 5 (100) 5 (55.6) 9 (100) 11 (100) 30 (88.2)

0.050N1 0 (0) 2 (22.2) 0 (0) 0 (0) 2 (5.9)

N2 0 (0) 2 (22.2) 0 (0) 0 (0) 2 (5.9)

M stage, n (%)

M0 5 (100)a,b 4 (44.4)b 9 (100)a,b 11 (100)a 29 (85.3)
0.001

M1 0 (0)a,b 5 (55.6)b 0 (0)a,b 0 (0)a 5 (14.7)

Ki-67, n (%)

1–2% 0 (0) 0 (0) 0 (0) 1 (9.1) 1 (2.9)

0.148<1% 0 (0) 0 (0) 0 (0) 3 (27.3) 3 (8.8)

No 5 (100) 9 (100) 9 (100) 7 (63.6) 30 (88.2)

Advanced surgery for cancer, n (%)

Yes 0 (0)a,b 6 (66.7)b 0 (0)a 3 (27.3)a,b 9 (26.5)
0.006

No 5 (100)a,b 3 (33.3)b 9 (100)a 8 (72.7)a,b 25 (73.5)

Surgery, n (%)

Right hemicolectomy NA 3 NA 3 6

Cytoreductive surgery NA 2 NA 0 2

Cytoreductive surgery+HIPEC NA 1 NA 0 1

Table 3. Comparison of mean monthly overall survival in groups.

Bold value indicates statistical significance at the p<0.05 level.

Mean SD
95%CI

p-value
Lower bound Upper bound

Low-grade mucinous neoplasm 22.7 12.4 0.0 46.9

0.011
Mucinous adenocarcinoma 43.6 11.3 21.3 65.8

Mucinous cystadenoma 55.6 14.1 27.9 83.3

Neuroendocrine tumors 49.1 7.9 33.7 64.5
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modalities in health screening in relatively recent times11. Our 
appendix neoplasia rate was slightly higher than 1–2%, which 
is the rate in the literature. We attribute this to the fact that we 
are a tertiary university hospital and therefore a center where 
patients are referred. Appendiceal cancer is rare; however, pre-
operative diagnosis is difficult due to limited preoperative diag-
nostic tests. Furthermore, the diagnosis may be missed when 
some patients are treated without surgery. Previous studies 
have failed to identify radiological factors that may predict the 
presence of underlying malignancy in patients presenting with 
acute appendicitis12,13. The rate of appendiceal neoplasms in 
our series was 2.38%, which did not include the patients who 
were followed up non-operatively. The diagnosis was postop-
eratively established in 79% of the patients. We found results 
that support the literature.

The serum tumor markers CEA, CA19-9, and CA125 
are frequently obtained in the diagnosis of appendiceal 
mucinous neoplasms and are routinely monitored to assess 
disease remission or progression. Although the individ-
ual predictability of disease recurrence has not been well 
characterized, most high-volume institutions routinely 
combine tumor markers with imaging at baseline, during 
chemotherapy, and after surgery, if present. Elevated base-
line CA19-9 has also been identified as an independent 
predictor of worse progression-free survival and may be 
useful in diagnosing disease relapse after cytoreductive 
surgery (CRS) and HIPEC2. Taflampas et al. showed that 
disease-specific survival was significantly longer in treated 
patients with normal preoperative markers and suggested 
that tumor marker elevation may help tailor the need for 
perioperative systemic chemotherapy. However, surveillance 
imaging appears to be more sensitive than tumor markers 
alone for detecting peritoneal disease recurrence14. In our 
series, we found increased tumor marker levels in adeno-
carcinoma and cystadenoma.

Previous studies have identified several factors associated 
with malignancy, including female gender and age. It has 
been argued that malignancies should also be suspected in all 
patients presenting with an underlying inflammatory mass or 
abscess15-17. Our series also supports the literature; we found a 
higher rate of female gender and higher age, especially in the 
appendiceal adenocarcinoma subgroup, than in other groups. 
Accordingly, we believe that more common use of perioper-
ative imaging methods in advanced-age patients will increase 
the success of the treatment.

Survival has improved in patients with pseudomyxoma 
peritoneii or peritoneal metastases with the introduction of 
cytoreductive surgery and HIPEC. Right hemicolectomy is 

indicated for invasive adenocarcinoma that allows regional 
lymph node resection, but this should be done at the same 
time as HIPEC18. In our series, two-thirds of the patients 
with adenocarcinoma required advanced surgical proce-
dures. We also had patients who applied HIPEC within 
the indication.

According to the National Comprehensive Cancer Network 
and ENETS protocols, many factors affect the selection of 
treatment in appendiceal tumors, including but not limited 
to tumor size, tumor location, and mesoappendiceal inva-
sion19,20. NENs also metastasize to the peritoneal cavity. As 
are other causes of carcinomatosis, CRS with or without 
HIPEC may improve disease control and survival in well-se-
lected patients21. Adjuvant therapy should be considered in 
patients with surgically resected neuroendocrine carcinoma. 
Neoadjuvant therapy may be considered for patients with 
locally advanced or metastatic, resectable disease20. In our 
series, the rate of additional surgical interventions for cancer 
was 26%. Considering available guidelines, we determined 
that additional surgical intervention was required, especially 
in appendiceal adenocarcinoma.

The limitations of our study were the limited number 
of patients and its retrospective design. In addition, there 
may be overlooked data in the follow-up of patients. There 
are also problems such as ignoring poor oncological results. 
However, considering the scarcity of comparative studies in 
the literature, we believe that the present study contributes 
to the literature.

Appendiceal neoplasms are a rare group of malignancies 
with a wide variety of biological characteristics and malig-
nant behaviors. Appendiceal adenocarcinomas are associ-
ated with poorer oncological outcomes compared to other 
neoplasms. Our understanding of these tumors and treat-
ment options has enhanced dramatically in recent years, 
and many patients have improved survival as a result of 
more aggressive surgical treatments and improved systemic 
treatment options.
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