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Clinicopathologic and prognostic features in
appendiceal malignancies: does tumor invasiveness
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ABSTRACT

Objective: To evaluate the survival rates of appendiceal tumors and prognostic factors affecting survival.

Material and Methods: Demographic features, tumor characteristics and pre- and post-operative outcomes of the patients were analyzed retrospec-
tively. The study was performed according to the Helsinki declaration.

Results: Twenty-three of the 2840 specimens were investigated prospectively. Median age of the patients was 28 (range: 1-89) years, with a male (n= 1730,
60.9%) to female (n= 1110, 39.1%) ratio of 1.55. Pediatric group did not present appendiceal malignancy. Carcinoid tumors were reported in 17 (0.59%)
and adenocarcinoma was reported in 6 (0.20%) patients. Multivariate analyses of the subtypes showed serosal invasion as an independent risk factor for
mucinous and non-mucinous adenocarcinoma (HR:-2.70, 95% Cl: 0.006-0.755, p= 0.029). Median follow-up time was 48 months (range: 28-61 months) and
disease specific survival rates of carcinoid tumors, mucinous- and non-mucinous adenocarcinomas were 36(95% Cl 32-40), 30 (95% Cl 13-46), 43 (95% CI 30-
55) months, respectively (p= 0.749). Factors affecting survival in the univariate analyses were advanced tumor stage, serosal invasion and tumor invasion
depth. In multivariate analyses, tumor invasion depth was the only independent prognostic factor with poor survival rates in all subtypes of appendiceal
malignancies (HR=1.31 (95% Cl: 1.01-13.5), p= 0.047).

Conclusion: Tumor subtype and tumor invasiveness are important risk factors for survival. Besides other treatment modalities, appendectomy still
remains the survival benefit with better clinical outcomes.
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INTRODUCTION

Acute appendicitis is still the most frequent abdominal pathology requiring emer-
gent surgery worldwide (1,2). Its approximate lifetime prevalence has been report-
ed as 8% (2). The annual incidence of this pathology is about 0.1% in Western coun-
tries (2-4).

The most common pathogenesis of acute appendicitis is the luminal obstruction
of the appendix by a fecalith (2). However, all causes which may —directly or indi-
rectly— obliterate the appendiceal cavity will lead the patient to an acute appen-
dicitis. Appendiceal tumors are relatively rare but, likely, malignant appendiceal
tumors may also obliterate the appendix lumen (5).
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Despite extensive usage of antibiotics, appendectomy has been considered the
standard treatment of appendiceal acute inflammation for decades (1,2). Nowa-
days, the primary treatment approach is still surgery. Generally, open or laparo-
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scopic removal of the appendix is the main aim of the surgical procedures. On the
other hand, regarding the literature, surgical management still remains unclear in
appendiceal malignancy (6).

This study aimed to discuss the management of malignant disease of the appendix
in the light of our case series data.
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MATERIAL and METHODS

This retrospective clinical study was conducted in the Depart-
ment of General Surgery, Bursa Yuksek lhtisas Training and Re-
search Hospital and Bursa State Hospital. Histopathological
examination of 2840 specimens obtained from patients who
had undergone appendectomy between January 2012 and De-
cember 2015 were investigated retrospectively. Twenty-three of
these 2840 specimens were diagnosed as appendiceal malig-
nancies. In total, the data of 23 patients were analyzed in terms
of age, gender, preoperative and postoperative clinical param-
eters. Overall survival rates of the patients and prognostic pa-
rameters affecting survival were also evaluated. The study was
performed according to the Helsinki Declaration.

Statistical Analysis

In descriptive analyses, mean + standard deviation was used
for data following normal distribution and median and mini-
mum-maximum values for non-parametric data. Non-parametric
values were compared using Mann-Whitney U test. Comparison
of categorical variables such as data of gender and histopathol-
ogy was conducted using Fisher's exact and chi-square tests.
Factors identified as significant in the univariate analyses were
included into the multivariate logistic regression analysis.

Patients were followed up for 5 years after surgery. Death re-
cords were completed until January, 2016. Overall survival (OS)
was measured until the date of death from any cause. The rela-
tionship between clinicopathological characteristics and OS was
examined by Kaplan-Meier log-rank survival analyses and uni-
variate Cox proportional hazards regression to calculate hazard
ratios (HR) and 95% confidence intervals (95% Cl). Variables sta-
tistically significant (p value < 0.20) were entered into a multivar-
iate model using an entered method. The relationship between
survival and prognostic parameters was examined using the X?
method for linear trend. In all statistical tests conducted as part
of the study, a value was taken as 0.05 and p< 0.05 was consid-
ered statistically significant. Statistical analyses were performed
using SPSS (Statistical Package for the Social Sciences ver. 21.0,
SPSS Inc, Chicago, lllinois, USA) computer program.

RESULTS

A total of 2840 patients’ demographic, clinical data and pathol-
ogy reports were analyzed retrospectively. Overall median age
of the patients was 28 years (range 1-89 years) with a male (n=
1730, 60.9%) to female (n= 1110, 39.1%) ratio of 1.55. Pediatric
group aged between 1-6 years (n= 73, 2.6%), late pediatric group
aged between 7-11 years (n= 146, 5.1%) and adolescents aged
between 12-17 years (n= 228, 8%) did not present appendix
tumors. Carcinoid tumors were reported in 17 (0.59%) patients.
Adenocarcinoma of the appendix was reported in 6 (0.20%)
patients, in whom 3 (0.1%) of the tumors were with mucinous
histology. Median age of the patients was 36 years (range: 19-71
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years) in the carcinoid group and 51 years (range: 41-68 years) in
the adenocarcinoma group. Patients with carcinoid tumors were
significantly younger than patients with adenocarcinoma (p=
0.01). Carcinoid tumors were mostly located on the apex of the
appendix in 9 (52.9%) patients while 5 (29.4%) tumors were lo-
cated at the base and 3 (17.6%) tumors were located at the body
of the appendix. Mean tumor size of the carcinoid group (9.47
+ 5.83 mm) was significantly smaller than the adenocarcinoma
group (16 £ 390 mm, p= 0.02). Histopathology revealed that
all of the adenocarcinomas were originated from adenoma. In
the adenocarcinoma group, except 1 (16.6%) submucosal mu-
cinous tumor (TTNOMO), 5 (83.3%) patients were presented with
serosal invasion (TANOMO). In the carcinoid group, mucosal and
sub-mucosal invasion was present in 2 (11.76%) patients, lamina
muscularis propria invasion was present in 5 (29.41%) patients
and sub-serosa and serosa invasion was present in 4 (23.52%)
patients. Patients with adenocarcinoma were significantly more
likely to have tumor extension beyond the appendix, whereas
patients with carcinoid tumors tended to be limited to the ap-
pendix (p= 0.05). Mucinous/non-mucinous adenocarcinoma
histology interpretations also showed significant serosal (p=
0.05) and mesoappendix invasion (p= 0.002). All patients in the
adenocarcinoma group and 4 (23.52%) patients in the carcinoid
group with mesoappendix invasion underwent right hemicol-
ectomy procedure (p= 0.002). Multivariate analyses of statis-
tically significant factors in the univariate analyses presented
serosal invasion as a sole independent risk factor for mucinous
and non-mucinous adenocarcinoma group (HR: -2.70, 95% Cl:
0.006-0.755, p= 0.029). Tumor characteristics of the patients are
summarized in Table 1 and Table 2.

Median follow-up time was 48 months (range: 28-61 months). All
patients were alive and disease free since the last follow-up. Esti-
mated median survival rates of the carcinoid tumors, mucinous
and non-mucinous adenocarcinomas were 48 (95% Cl: 44-52),
55 (95% Cl: 42-68), and 42 (95% Cl: 26-58) months, respectively.
Additionally, disease specific survival rates of carcinoid tumors,
mucinous and non-mucinous adenocarcinomas were 36 (95%
Cl: 32-40), 30 (95% Cl: 13-46), and 43 (95% Cl: 30-55) months, re-
spectively (p=0.748).

Univariate analyses demonstrated that serosal invasion (p=
0.129), advanced tumor stage (TNM) (p= 0.108) and tumor inva-
sion depth (p=0.179) were associated with poor survival rates. In
multivariate analyses, tumor invasion depth was the only inde-
pendent prognostic factor affecting survival (HR= 1.31 (95% Cl:
1.01-13.5), p=0.047). The relationship between clinicopathologi-
cal characteristics and survival is shown in Table 3.

DISCUSSION

Appendiceal tumors are broadly classified as epithelial and
non-epithelial tumors. Epithelial tumors include adenoma, mu-
cinous tumors with uncertain malignant potential and adeno-
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Table 1. Patient demographic and tumor characteristics with primary appendiceal malignancies
Tumor size Follow up
Case Gender Age | Operation (mm) Localization Pathology TNM (months) | Recurrence
1 Female 28 CA 5 Apex Carcinoid tumors Muscularis 59 None
2 Male 23 CA 10 Distal Carcinoid tumors Subserosa 58 None
3 Female 71 CA 11 Apex Carcinoid tumors Mucosa 53 None
4 Female 44 CA 7 Apex Carcinoid tumors Subserosa 52 None
5 Male 40 CA 2 Apex Carcinoid tumors Muscularis 47 None
6 Female 37 RHC 17 Distal Carcinoid tumors Subserosa 47 None
7 Female 34 CA 6 Apex Carcinoid tumors Subserosa 46 None
8 Male 23 CA 3 Distal Carcinoid tumors Submucosa 44 None
9 Male 19 CA 6 Apex Carcinoid tumors Submucosa 43 None
10 Female 24 CA 8 Apex Carcinoid tumors Muscularis 38 None
11 Male 36 CA 22 Body Carcinoid tumors Muscularis 35 None
12 Male 40 CA 4 Apex Carcinoid tumors Muscularis 31 None
13 Female 24 CA 3 Apex Carcinoid tumors Mucosa 26 None
14 Female 28 CA 12 Body Carcinoid tumors Serosa 59 None
15 Male 41 RHC 13 Distal Carcinoid tumor Serosa 57 None
16 Male 55 RHC 15 Distal Carcinoid tumor Serosa 42 None
17 Female 55 RHC 17 Body Carcinoid tumor Serosa 39 None
18 Male 68 RHC 21 Distal Non-Muscinous Serosa 55 None
AC
19 Male 54 RHC 17 Distal Non-Muscinous Serosa 53 None
AC
20 Female 48 RHC 13 Distal Non-Muscinous Serosa 45 None
AC
21 Female 41 RHC 12 Body Mucinous AC Submucosa 30 None
22 Female 60 RHC 20 Apex Mucinous AC Surrounding 55 None
tissue
23 Male 49 RHC 13 Apex Mucinous AC Serosa 40 None
CA: Complete appendectomy, RHC: Right hemicolectomy, AC: Adenocarcinom.

carcinoma (7). Appendiceal adenocarcinomas represent 4-6%
of the overall appendiceal malignancies and are notably rare
tumors (8). Primary appendiceal adenocarcinomas are mostly
seen in sixth and seventh decades of life with an equal male-fe-
male ratio (9). Presentation of appendiceal adenocarcinomas
differs in the clinical setting. The tumor should be presented
as an incidental finding following acute appendicitis, as a pel-
vic mass or as peritoneal carcinomatosis with or without ascites
(10). Acute appendicitis is the most common presentation (11).
Therefore, there have been difficulties to determine the most
appropriate classification system while defining appendiceal ad-
enocarcinomas (12). There is no designated WHO (World Health
Organization) and AJCC (America Joint Commission on Cancer)
staging systems for all subtypes of primary appendiceal carcino-
mas regarding to the rarity of the disease (5). Pai and Longacre

in 2005 classified appendiceal epithelial tumors into mucinous
and non-mucinous (intestinal and signet ring cell) types (13).
Mucinous adenocarcinoma represents 60% of all overall primary
appendiceal adenocarcinomas, followed by intestinal-type ade-
nocarcinomas and signet ring cell carcinomas (14). Whether the
differences in tumor characteristics, tumor progression and over-
all-disease free survival rates suggest that all subtypes of appen-
diceal adenocarcinomas are distinct pathologies, to achieve the
exact removal of the tumor with clear margins is determined as
curative therapy. While simple appendectomy is described as a
therapeutic method in local disease, adjunctive right hemicolec-
tomy presented better survival rates (6). In our study, all patients
in the adenocarcinoma group underwent right hemicolectomy
procedure, but there was no significant survival benefit in be-
tween groups even though the median survival rate of the mu-
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Table 2. The relationship between clinical parameters and subtypes of appendiceal malignancies

Mucinous/Non-mucinous
Carcinoid tumors adenocarcinoma P value, P value,
(n=17) (n=6) Univariate analyses Multivariate analyses

Age, years

Mean (SD) 36.59 (13.94) 53.33 (9.58) 0.01 i

Range 19-71 41-68
Gender (%)

Male 8(34) 3(13) 063 )

Female 9(39) 3(13)
Tumor size, mm (SD) 947 (5.83) 16 (3.90) 0.02 -
Tumor Location (%) -

Distal 5(21) 3(13) 035

Body 3(13) 14

Apex 9(39) 2(8)
Type of surgery (%)

Appendectomy 13 (76) - 0.002 B

Right hemicolectomy 4(23) 6 (100)
Tumor extension (No/Yes, %)

Limited to appendix 13/4 1/5 0.05 -

Serosa invasion 12/4 (23) 1/5(83) 0.05 0.029

Mesoppendix invasion 11/4 (23) 1/5(83) 0.02 -

Vascular invasion 11/6 (35) 2/4 (66) 0.19 -

Perineural invasion 9/6 (35) 2/4 (66) 0.26 -
Table 3. The relationship between prognostic factors and survival of patients with appendiceal malignancies following surgery

Univariate Analyses, Multivariate Analyses,

Variables HR (95% Cl) p HR (95% Cl) p
Age (15-40 y/40-65 y/> 65 y) 0.54 (0.36-8.05) 0489 - -
Gender (Male/Female) 0.21(0.52-2.92) 0.626 - -
Tumor type (carcinoid/adenocarcinoma) 0.12(0.42-2.98) 0.805 - -
Tumor site (base/body/apex) 0.27 (0.30-1.91) 0.560 - -
Tumor stage (TNM) 1.96 (0.64-7.86) 0.108 0.23(0.76-2.11) 0361
Tumor invasion depth 1.63(047-5.07) 0.179 1.31(1.01-13.5) 0.047
Meso-appendix invasion (no/yes) 0.26 (0.54-3.10) 0.558 - -
Vascular invasion (no/yes) 0.33 (0.60-3.21) 0430 - -
Perineural invasion(no/yes) 0.33(0.58-3.31) 0453 - -
Serosal invasion (no/yes) 0.70(0.81-5.04) 0.129 045 (0.33-7.36) 0.561
Tumor perforation (no/yes) 0.10 (0.13-9.44) 0.920 - -

cinous group was higher than the non-mucinous group. Similar
to our findings, McCuskey et al. have mentioned in a review of
1061 cases that patients with mucinous and intestinal-type ad-
enocarcinoma histology do not show any significant difference
in survival rates (9). In the literature, peritonitis on diagnosis,
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histologic subtype, tumor grade, extent of surgery and pre-or
per-operative peritoneal dissemination and intraperitoneal
chemotherapy are well defined prognostic factors affecting
survival and tumor recurrence (5,15-17). Besides these prog-
nostic factors, including extended disease and age, aggressive



tumor histology such as poorly differentiated adenocarcinomas
and signet ring-cell type carcinomas are associated with 5-year
survival rate of only 7% and worst prognosis (14,18).

Non-epithelial tumors of the appendix are endocrine-carcinoid
tumors, lymphoma and sarcoma. Unlike appendiceal adenocar-
cinomas, carcinoid tumors of the appendix are diagnosed at a
much younger age of 32-42 years with female predominance
(14,19). However, there have been reports regarding a decrease
of the overall percentage of appendiceal endocrine neoplasm
among all gastrointestinal neuroendocrine tumors, and the
prevalence of carcinoid tumors among all primary tumors of
the appendix ranges between 43 and 57% (20,21). WHO has
classified endocrine tumors according to histological differen-
tiation and graded the tumors as benign and malignant well
differentiated tumors and mixed exocrine-endocrine malignant
tumors (goblet cell carcinoid) (22). Goblet cell carcinoid (ade-
nocarcinoma) is also a rare tumor containing both epithelial
and neuro-endocrine features with progressive clinical course
in which 20-40% of the cases presented with early nodal in-
volvement (23). Appendectomy with clear margins is defined
as sufficient surgical option for early-stage tumors of primary
appendiceal malignancies except goblet cell adenocarcinoma.
Locally advanced adenocarcinoma or carcinoid tumors and
goblet cell adenocarcinoma have a relative indication for right
hemicolectomy with completion of tumor staging. Localization
and size of the carcinoid tumors are prognostic factors besides
tumor differentiation. AJCC staging system for carcinoid tumors
is based on tumor size but does not consider tumor invasion
depth and tumor grade. Mitotic activity, mesoappendix and
lymphovascular invasion are also independent prognostic fac-
tors for carcinoid tumors. Although serosal involvement is not
interpreted as a risk factor for carcinoid tumors, meso-appendix
invasion is presented with poor prognosis (24). ENETS (Europe-
an Neuroendocrine Tumor Society) defined a staging system
including these important histologic features, tumor grade and
meso-appendix invasion (25).

This study showed how the clinicopathological characteristics
of the tumor affect survival of the patients undergoing curative
resection of appendiceal malignancies. These data support the
routine histological sampling of the tumor, preoperative and
postoperative clinical outcomes of the patients. In this study,
surgical choice between tumor subtypes was not associated
with poor clinical outcomes. Statistical analyses between tumor
subtypes revealed that patients with adenocarcinoma present-
ed with an advanced age, larger tumor size and more extended
disease at diagnosis. Carcinoid tumors were mostly located at
the apex of appendix with local disease. As expected, presence
of serosal invasion was referred as an independent high-risk
factor for patients with adenocarcinoma of the appendix. Al-
though estimated median survival rates between tumor sub-
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types were in close range, there was no disease related death
and recurrence during the follow-up in all subtypes of appendi-
ceal malignancies. Survival rates of the patients between tumor
subtypes were not statistically significant. Among all clinical
and pathological parameters identified pre- and postoperative-
ly, tumor invasion depth was found as a sole risk factor affecting
survival. Increased tumor invasion was found to be associated
with the decreased disease specific survival rates.

There are several limitations regarding the multicenter and ret-
rospective nature of the study. Several surgeons and surgery
departments participated and provided invaluable clinical and
pathological data into the study. Interpretations of the patho-
logical specimens differed among centers and in between pa-
thologists. Unfortunately, there were no reports of signet ring
cell carcinoma and goblet cell carcinoid tumors. Therefore, this
study could not present the risk factors and survival rates of
these group of tumors. Our study also suggests that cooper-
ation between referral clinics in defining the confirmed histo-
logical outputs and processing the data prospectively should
be more effective to get better clinical outcomes with more
reliable data.

In conclusion, tumor subtype and tumor invasiveness is an im-
portant risk factor for survival in appendiceal malignancies. Be-
sides that, surgical choice is not presented as an effective factor
for improved clinical outcomes and survival rates. Appendec-
tomy alone presents satisfactory results but complete staging
of the tumor should always be considered. Further prospective
studies are needed to evaluate the proper staging of the tu-
mors.
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Apendiks tiimorlerinin klinikopatolojik ve prognostik 6zellikleri: tiimor invazyon durumu
onemli mi?
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OZET

Giris ve Amag: Apendiks timorlerinin sagkalim oranlarini ve sagkalimi etkileyen prognostik faktori degerlendirmektir.

Gereg ve Yontem: Olgularin demografik 6zellikleri, timor 6zellikleri ve ameliyat 6ncesi ve sonrasi sonuglari retrospektif olarak incelendi. Hasta-
larin sagkalimlari kaydedildi. Calisma Helsinki deklerasyonuna uygun olarak yapildi.

Bulgular: Prospektif olarak 2840 spesmenin 23'l incelendi. Hastalarin medyan yasi 28 (1-89) erkek (n= 1730, %60,9) ve kadin (n= 1110, %39,1)
orani 1,55 idi. Pediatrik hasta grubunda apandisyel malignite gézlenmedi. On yedi (%0,59) hastada karsinoid tiimorler, 6 (%0,20) hastada ade-
nokarsinom tespit edildi. Alt gruplarin tek degiskenli analizlerinde yas, timor boyutu, operasyon teknigi, lokal hastalik, seroza ve mezoapendiks
invazyonu gruplar arasinda anlamli derecede farkl bulundu. Subtiplerin cok degiskenli analizinde serozal invazyonun miisin6z ve non-musin6z
adenokarsinom icin bagimsiz bir risk faktort oldugu gosterildi (HR: -2,70, %95 GA: 0,006-0,755, p= 0,029). Medikal takip stresi 48 aydi (aralk:
28-61 ay) ve karsinoid tiimaorler, miisindz ve non-miisindz adenokarsinomlarin hastaliklara 6zgul sagkalim oranlari sirasiyla 36 (%95 GA: 32-40),
30 (%95 GA: 13-46) ve 43 (%95 GA: 30-55) ay arasinda degisti (p= 0,749). Tek degiskenli analizlerde sagkalimi etkileyen faktorler ilerlemis timor
evresi, serozal invazyon ve tiimor invazyon derinligi idi. Cok degiskenli analizlerde apandisyel malignitelerin tiim alt tiplerinde yetersiz sagkalim
oranlari olan tek timor invazyonu faktord [HR = 1,31 (%95 GA: 1,01-13,5), p= 0,047] idi.

Sonug: TUmor alt tipi ve timor invazyonu sagkalimi belirlemede 6nemli risk faktorleridir. Diger tedavi yontemlerine gore apendektomi, daha iyi
klinik sonuglara ve artmis sagkalim oranlarina sahiptir.

Anahtar Kelimeler: Apendektomi, apendisit, apendiks maligniteleri, apendiks timorleri

DOI: 10.5578/turkjsurg.4104

Turk J Surg 2019; 35 (4): 245-251



