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Abstract 
Neoplasms of the vermiform appendix represent 1% of all gastrointestinal 
tumors, with epithelial and neuroendocrine histological subtypes being the 
most frequent. When two or more neoplasms with different components ori-
ginate synchronically in the appendix with clear margin between them, it is 
called a collision tumor, with exceptional cases being reported in literature. The 
purpose is to present two new cases of collision tumors of the appendix and 
perform a review of the published literature. Two cases of an 82-year-old fe-
male and a 41-year-old male with collision tumors of the vermiform appendix 
are presented, with clinical presentation, radiological evaluation and surgical 
treatment exposed. Our results are compared with other published reports. In 
accordance with the other reported cases, both patients presented with 
low-grade appendiceal mucinous neoplasm (LAMN). Female patient with 
synchronous goblet cell carcinoma managed with a completion right colect-
omy and Hyperthermic intraperitoneal chemotherapy (HIPEC) and the other 
patient with well-differentiated neuroendocrine (NET) tumor managed with 
laparoscopic appendectomy without adjuvant treatment. Since very few cases 
have been reported, no diagnostic and therapeutic consensus and guidelines 
exist up to date. We agree that local, regional, and systemic therapies should 
be chosen according to the tumor that represents the worst prognosis. 
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1. Introduction 

Appendiceal neoplasms are uncommon, representing less than 0.5% to 1% of all 
gastrointestinal tumors [1]. Appendix tumors include a heterogenous group of 
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epithelial and nonepithelial neoplasms with the 2 main histopathologic types 
being, 1) neuroendocrine tumors (NETs) in 0.3% - 0.9% of appendectomies, 
followed by 2) epithelial neoplasms, in 0.2% - 0.3%, according to incidence re-
ports [2] [3] [4]. Other rare neoplasms may be found, including an atypical hy-
brid tumor known as goblet cell carcinoma (formerly known as goblet cell car-
cinoids), which accounts for less than 5% of all appendiceal primary tumors [5]. 

The terms composite and collision tumors have been used interchangeably 
throughout the medical literature. Both composite and collision tumors involve 
two morphologically and immunohistochemically distinct neoplasms coexisting 
within a single organ [6] [7]. Composite tumors often arise from a common 
driver mutation that induces a divergent histology from a common neoplastic 
source and are characterized by histological cellular intermingling within the 
same tumor mass or in adjacent tumors with continued growth [7] [8] [9]. 

A collision tumor refers to the presence of two or more neoplasms of different 
histology that originate synchronously in one organ as a result of a bi-clonal 
transformation of two distinct cellular lines at the same time [10] [11] [12] [13]. 
Different hypotheses have emerged to elucidate the pathogenesis of collision 
tumors. The most accepted theory is the differentiation of two different cell 
types from a common progenitor cell. The second theory suggests that pro-
longed exposure and stimulus from carcinogens in the mucosal layer affect dif-
ferent regions of adjacent tissue and promote the coexistence of two or more 
distinct neoplasms [14] [15]. One important characteristic, is the absence of a 
transition zone, showing distinct borders between both lesions. Collision tu-
mors, which are rare but well documented, can be composed of two benign tu-
mors, a benign and a malignant tumor, or two malignant tumors [7] [8]. 

This infrequent phenomenon has been observed in almost every organ, in-
cluding the gastrointestinal system. In one of the few existing series published, 
authors found that anatomical location from most to least frequent was the sto-
mach (37.7%), the esophagus (32%), the large intestine (26%), and the small in-
testine (3.7%), respectively [14] [15] [16]. 

The first published series describing collision tumors of the vermiform ap-
pendix was in 1995 by Carr et al. [17] from the USA-AFIP (Armed Forces Insti-
tute of Pathology 1862-2011) reporting 13 patients with dual carcinoid and epi-
thelial neoplasia of the appendix, with predominance of insular subtype and 
mucinous cystadenocarcinoma. Since then, less than 14 additional cases have 
been reported in the English literature (Table 1). All cases demonstrate a similar 
histologic pattern, showing predominance for the concomitance of mucinous 
neoplasms and neuroendocrine tumors [18] [19] [20] [21] [22]. 

With so few cases reported, well defined strategies to determine the optimal 
treatment of these patients are lacking. Debate exists whether management 
should be centered on the tumor with the highest pattern of invasion or if it 
should be based on the most aggressive histology present. 

The purpose of this study is to provide an overview of collision tumors of the 
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Table 1. Summary 29 case reports in literature collision tumors of the vermiform appendix. 

Author/Year N˚ 
cases 

Sex/Age 
(years) 

Presentation Histology Treatment Follow-up (months) 

Carr et al. 
1995 [17] 

13 F (53%) 
49 (22 - 92) 

Acute 
appendicitis 
(30%) 

Mucinous 
cystadenocarcinoma 
(46.1%)/Carcinoid 
(76%) 

Not specified OS 57 months: 100% 
(Only 7 patients 
followed) 

Alsaad et al. 
2009 [18] 

1 F 
46 

Acute right iliac 
fossa pain 

Goblet cell 
carcinoma/Mucinous 
cystadenoma 

Right colectomy Not specified 

Singh et al. 
[19] 
2010 

1 M 
52 

Chronic pain in 
right lower 
quadrant, 
palpable mass 

Carcinoid/Mucinous 
adenocarcinoma 

Right colectomy + omental 
deposit excision/Adjuvant 
ChT (6 months) 

DFS 6 months: 
Peritoneal 
carcinomatosis, liver, 
omentum and rectus 
muscle metastases. 
OS: 14 months 

Dellaportas et 
al. [20] 
2014 

1 F 
57 

Mass in right 
iliac fossa 

Well-differentiated 
NET/mucinous 
cystadenoma 

Laparoscopic appendectomy 
and right oophorectomy + 
complementary right 
colectomy 

DFS 12 months 

Villa et al. [21] 
2021 
 

10 F (63.6%) 
37.8 (23 - 60) 

Acute 
appendicitis 
(63.6%) 

LAMN/ANET Appendectomy 
(90%)/Complementary right 
colectomy (63.6%)/CRS + 
HIPEC (45.5%) 

DFS 18.5 months 
(6 - 60) 
1 (9.09%) perihepatic 
and pleural 
recurrence 

Ruiz et al. [22] 
2021 

1 M 
54 

Acute right iliac 
fossa pain 

LAMN/well-different
iated ANET 

Laparoscopic appendectomy 
and partial cecectomy 

Not specified 

Melendez, 
Esquivel et al. 
2022 

2 F 
82 

Acute right iliac 
fossa pain 

Goblet cell 
adenocarcinoma/LA
MN 

Laparoscopic appendectomy/ 
Complementary right 
colectomy + CRS + 
HIPEC/Adjuvant ChT (6 
months) 

Starting surveillance 

  M 
41 

Acute right iliac 
fossa pain 

Goblet cell 
adenocarcinoma/LA
MN 

Laparoscopic appendectomy DFS 6 months 

 
vermiform appendix, discuss the hallmark of clinical, radiographic, and patho-
logical presentations of two new cases, and conduct an analysis of the published 
literature. In addition, we will present our suggestions on how to counsel these 
patients regarding treatment. 

2. Material and Methods 
2.1. Patient Nº 1 

An 82-year-old female presented with signs and symptoms of acute appendicitis. 
A CT scan of the abdomen and pelvis was compatible with acute appendicitis 
with an associated peri appendiceal collection. A laparoscopic appendectomy 
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was performed in September 2021 with intraoperative findings of mucinous ma-
terial localized in the pelvis and right flank, associated with an enlarged and 
edematous appendix. 

Pathology Description 
Grossly, the appendix measured 5.6 cm in length by 1.0 to 1.8 cm in diameter with 
attached mesoappendix. Located 0.9 cm from the proximal margin is a transmural 
defect (0.5 cm in diameter) with leaking clear mucinous material. Microscopically, 
the low-grade appendiceal mucinous neoplasm (LAMN) is seen throughout the 
luminal epithelium from the distal tip to approximately 1 cm from the proximal 
margin. The acellular mucin invades the visceral peritoneum associated with per-
foration (pT4a). Additionally, a moderately differentiated invasive adenocarcino-
ma with goblet cell morphology (small, compressed nuclei with intracytoplasmic 
mucin) was identified only microscopically (Figure 1 and Figure 2). It arises 
from the appendiceal orifice, infiltrating circumferentially and distally, mostly 
through the muscularis propria. The tumor extends to the subserosa (pT3). Sep-
arate borders between both neoplasms are observed. The LAMN tumor has only 
infiltrating acellular mucin seen, without infiltrating glandular component. 

 

 
Figure 1. (a) Circumferential infiltration of the appendiceal wall by small tubules and clusters of 
tumor cells as well as single cells with goblet cell morphology at the appendiceal orifice. H & E 40×. 
(b) The tumor cells are diffusely positive for CK20 (shown here) and CDX2 and are negative for 
CK7 by immunohistochemistry. 20×. (c) Similar infiltrating tumor cells with goblet cell morpholo-
gy are present within the cecal wall in the subsequent right hemicolectomy specimen. H & E 20×. 

 

 
Figure 2. Low-grade appendiceal mucinous neoplasm at the distal tip of the appendix. H 
& E. 
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2.2. Patient Nº 2 

A 41-year-old male presented to the emergency room complaining of anorexia, 
low grade fever and localized right lower quadrant abdominal pain. A CT scan of 
the abdomen and pelvis confirmed the clinical suspicion of acute appendicitis. A 
laparoscopic appendectomy was performed in November 2021 without incidents 
and the patient was sent home. 

Pathology Description 
Grossly, the appendix measured 7.5 cm in length by 0.7 to 1.5 cm in diameter 
with attached mesoappendix. The lumen is filled with clear mucinous material, 
which appears to extend into the surrounding mesoappendix. Microscopically, 
the dilated lumen is filled with mucin and is lined by glandular epithelium with 
low-grade atypia, consistent with low-grade appendiceal mucinous neoplasm 
(LAMN). The acellular organizing mucin is present at the serosa (pT4a). Ap-
proximately 90% of the appendix is involved by LAMN from the distal tip to the 
proximal portion. A 5 mm well-differentiated neuroendocrine tumor, WHO 
grade 1, was incidentally identified in the submucosa microscopically near the 
proximal margin but was separated from the proximal portion of the LAMN 
with a distinct border. Immunohistochemical stains were positive for pancyto-
keratin, synaptophysin and chromogranin, with a low Ki-67 proliferation index 
(<5%) (Figure 3). 

3. Ethical Statement 

This review was conducted in accordance with the amended Declaration of Hel-
sinki, and the guidelines of our local institutional review board at Beebe´s Ethics 
Committee. 

4. Results 
4.1. Subsequent Management Patient Nº 1 

Appendiceal tumors are associated with a higher chance of having colonic polyps.  
 

 
Figure 3. (a) Well-differentiated goblet cell carcinoma, present in submucosa. Uniform glands with 
clear to granular cytoplasm, round nuclei, and small nucleoli. H & E 20×. (b) The tumor cells are 
diffusely positive for neuroendocrine markers of chromogranin (shown here) and synaptophysin by 
immunohistochemistry. 20×. (c) Low-grade appendiceal mucinous neoplasm: An irregular neop-
lastic glandular structure with low-grade cytologic atypia in the subserosa and acellular organizing 
mucin at the serosa. H & E 4×. 
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As the patient had not had a recent colonoscopy, one was performed prior to her 
next treatment. The colonoscopy was negative. The patient was discussed at our 
multidisciplinary tumor board and because of her T3 high grade tumor (goblet 
cell carcinoma), the recommendation was to proceed with a right colectomy. 
Due to the presence of extra-appendiceal mucin and the fact that she was going 
to have surgery, a laparoscopy omentectomy and hyperthermic intraperitoneal 
chemotherapy (HIPEC) were also recommended. 

The histopathologic report identified residual microscopic foci of infiltrating 
goblet cell carcinoma within the cecal wall adjacent to the previous surgical site 
in the subsequent right hemicolectomy specimen. No primary cecal tumor is 
identified. The tumor was confirmed as goblet cell carcinoma of an appendiceal 
primary (WHO Classification of Tumors 2019) based on morphology and im-
munohistochemistry. Fourteen benign lymph nodes were identified (pN0). 

The patient had an excellent postoperative recovery. She was considered a 
candidate for adjuvant chemotherapy with Capecitabine for 6 months. As of 
March 2022, she is currently under surveillance, with no clinical or radiological 
evidence of recurrence. 

4.2. Subsequent Management Patient Nº 2 

The patient had a colonoscopy to rule out additional pathology. The study was 
negative for polyps. No additional surgical interventions were recommended. He 
is under surveillance and will be followed with a peritoneal metastases protocol 
MRI every 6 months for two years and then every year for three more years. 

5. Discussion 

Neoplasms of the vermiform appendix occur infrequently. Their incidence is es-
timated at 1% of the incidence of colorectal cancers. This is surprising as the en-
tire surface area of the appendiceal mucosa is far less than 1% of the surface area 
of the colon and rectum. The two most common histological types include neu-
roendocrine tumors and epithelial mucinous neoplasms [23] [24] [25]. 

A collision tumor refers to the presence of two or more separated neoplasms 
of different histology that originate synchronously in one organ as a result of a 
bi-clonal transformation of two distinct cellular lines at the same time. Different 
hypotheses have emerged to elucidate the pathogenesis of collision tumors. The 
most accepted theory is the differentiation of two different cell types from a 
common progenitor cell. And the second one, the prolonged exposure and sti-
mulus from carcinogens in the mucosal layer affecting different regions of adja-
cent tissue and promoting the coexistence of two or more distinct neoplasms. 
This latter theory could be more significant in the appendix as the appendix is a 
tubular structure with a blind end which would facilitate a prolonged exposure 
to retained intestinal carcinogens [4] [12] [13]. 

There are 25 cases of LAMN/mucinous cystadenocarcinoma with ANET/car- 
cinoid, 1 case of LAMN/mucinous cystadenocarcinoma with goblet cell carci-
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noma, and 1 case of mucinous adenocarcinoma with carcinoid out of the 27 case 
reports in the literature (Table 1). One of our two case reports confirms the 
most common histologic type of collision tumor (LAMN/mucinous cystadeno-
carcinoma with ANET/carcinoid) and the other case report of ours contributes 
to the second common one (LAMN/mucinous cystadenocarcinoma with goblet 
cell carcinoma). The histologic types of collision tumors in the vermiform ap-
pendix are consistent with the two most common histologic types of individual 
appendiceal tumors (neuroendocrine tumor and epithelial mucinous neoplasm) 
[24] [25]. No poorly differentiated neuroendocrine carcinomas (small cell and 
large cell neuroendocrine carcinomas) have been reported in the appendiceal 
collision tumors in the literature yet. Two distinct histologic epithelial tumors 
with no neuroendocrine component nor related to neuroendocrine component 
(goblet cell carcinoma) have not been reported in the appendiceal collision tu-
mors, either (for example, LAMN and medullary carcinoma). 

How to counsel a patient diagnosed with an appendiceal neoplasms remains 
an unmet need in oncology. Since very few cases have been reported, no diag-
nostic and therapeutic consensus has been achieved. There are no National 
Comprehensive Cancer Network (NCCN) guidelines [26] [27]. Treatment is 
based on existing recommendations for individual primary vermiform appendix 
tumors [18] [19] [20] [21] [28]. 

Due to the overall good prognosis of many of these patients, a prospective 
randomized clinical trial with a risk stratified cohort of patients would require 
substantial accrual and a very long follow up, making such a study not feasible. 
Therefore, a decision-analysis modeling approach based on clinical and patho-
logical variables commonly described by the healthcare providers seeing these 
patients is preferred. 

With over 20 years of experience treating appendiceal tumors, we have identi-
fied that the two most important prognostic indicators are the grade of the tu-
mor and the extent of peritoneal dissemination [29] [30] [31] [32]. As such, 
when a collision tumor of the vermiform appendix is identified, we suggest pro-
posing a treatment plan based on the tumor with the most aggressive histology. 
In those patients without peritoneal dissemination, a simple appendectomy 
would be enough for small, well-differentiated NETs with a low Ki67 percentage 
and for low grade appendiceal mucinous neoplasms (LAMN) even if they are 
T4a lesions. A completion right colectomy would be recommended for those pa-
tients whose primary tumor has a potential for lymph node involvement, like in 
larger and proximal carcinoids, high-grade adenocarcinomas, or goblet cell car-
cinomas. If there is evidence of peritoneal dissemination, then the extent of the 
peritoneal dissemination along with the grade of the tumor would determine if a 
patient should go directly to cytoreductive surgery and HIPEC like in LAMNs, 
even with extensive peritoneal implants, and well-differentiated mucinous ade-
nocarcinomas with a low peritoneal cancer index (PCI), or if a patient should 
receive first neo-adjuvant systemic therapies, like in a signet ring cell carcinoma 

https://doi.org/10.4236/ojgas.2022.1210031


A. P. Melendez et al. 
 

 

DOI: 10.4236/ojgas.2022.1210031 314 Open Journal of Gastroenterology 
 

with a very high PCI. 

6. Conclusions 

The presence of a collision tumor in the vermiform appendix represents a chal-
lenge in the diagnosis and management of this pathology; however, we agree 
with other authors in guiding definitive surgical management according to the 
tumor that represents the worst prognosis in consistence with the high-risk cha-
racteristics of each neoplasm. This also applies for choosing the best adjuvant 
management with local, regional, and systemic therapies according to each indi-
vidual case. 

Most of these cases will present with none to limited peritoneal dissemination. 
For this reason, when additional surgery and/or Hyperthermic intraperitoneal 
chemotherapy (HIPEC), are indicated, minimal invasive approaches, including 
laparoscopic cytoreductive surgery and HIPEC should be considered in favor of 
open procedures. 
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