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Abstract
BACKGROUND
Collision carcinoma is a rare histological pattern, and includes two or more different types of tumors coexisting in the same organ as one neoplasm. Different to the combined type, the two adjacent tumors of collision carcinoma are histologically distinct. Collision carcinoma may occur from any origin or organ, including the cecum, liver, cervix, thyroid, stomach, kidney, and esophagus. In the rectum, adenocarcinoma is the most common pathological type, the combined type is rare, and collision tumors are even rarer. To date, only a limited number of collision carcinoma cases originating from the rectum have been reported. Due to the scarcity of rectal collision carcinoma, more cases need to be reported to fully understand the clinico-pathological features and biological behavior of the tumor.

CASE SUMMARY
Here we report a 40-year-old female who presented with the chief complaints of persistent changes in bowel habits and hematochezia for 10 d. She underwent Miles' operation which revealed a collision carcinoma of the rectum, showing a “side by side” pattern, composed of a high grade neuroendocrine carcinoma, (small cell carcinoma) and moderately differentiated adenocarcinoma, based on its clinico-pathological features and biological behavior. The patient remained disease-free at 12 mo follow-up. We also focused on the related literature and expert opinion.

CONCLUSION
Collision carcinoma is a rare tumor with ambiguous biological behavior. Greater attention should be paid to its clinico-pathologic diagnosis. Regular and adequate follow-up is essential to help rule out metastasis and assess the prognosis.
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[bookmark: OLE_LINK20][bookmark: OLE_LINK21]Core Tip: Combined small cell carcinoma is a rare type of tumor, which has an additional component that consists of any histological type of non-small cell carcinoma, usually adenocarcinoma, squamous cell carcinoma, or large cell carcinoma. Collision carcinoma is even rarer because of the strict diagnostic criteria. To the best of our knowledge, the present case represents the tenth case of primary collision carcinoma of the rectum, consisting of neuroendocrine carcinoma and adenocarcinoma. Moreover, more cases are necessary to understand the prognosis and treatment of collision carcinoma.

INTRODUCTION
[bookmark: OLE_LINK24][bookmark: OLE_LINK25]Rectal cancer is the most common type of gastrointestinal cancer, and adenocarcinoma is the most common pathological type. Collision tumor refers to a tumor, composed of two components, which are difficult to distinguish from each other[1]. It represents a tumor, which includes two adjacent tumors but these tumors are histologically distinct. Collision carcinoma is a rare malignancy of the rectum, due to the low incidence of this tumor in the literature, its pathogenesis, treatment and prognosis are ambiguous. Simultaneous high grade neuroendocrine carcinoma and moderately differentiated adenocarcinoma is a very rare pathology. Some gene mutations have been recognized to cause adenocarcinoma of the rectum; however, no explicit gene mutation has been reported to cause collision carcinoma[2]. Treatment protocols for rectal collision carcinoma are usually complex because of the presence of different histologic types; thus, individualized treatment strategies are required[3]. In this report, we describe a case of neuroendocrine carcinoma and adenocarcinoma (NEC-ACC) of the rectum and discuss its clinico-pathological features in order to provide a reference and improve our understanding of collision carcinoma.

CASE PRESENTATION
Chief complaints
A 40-year-old female presented to the outpatient clinic of Gastrointestinal Surgery in our hospital, with the chief complaints of persistent changes in bowel habits and hematochezia for 10 d in January 2019.

History of present illness
The patient complained of a history of hematochezia and considerable changes in her daily bowel habits for 10 d.

History of past illness
The patient had no previous medical history.

Personal and family history
Personal and family history was not contributory.

Physical examination
Rectal palpation demonstrated the presence of a hard painful mass on the wall of the rectum 2 cm proximal to the dentate line in the chest-knee position. 

Laboratory examinations
Routine laboratory tests were unremarkable.

Imaging examinations
[bookmark: OLE_LINK86][bookmark: OLE_LINK87]The patient underwent total colonoscopy which confirmed the presence of an ulcerated lesion located in the rectum 6 cm proximal to the anal verge (Figure 1). B ultrasonography was advised which indicated the presence of a mass 21.1 mm × 10.0 mm in size.

[bookmark: OLE_LINK26][bookmark: OLE_LINK27]Pathologic evaluation
[bookmark: OLE_LINK28][bookmark: OLE_LINK29][bookmark: OLE_LINK30]Biopsy was performed during colonoscopy and histology showed adenocarcinoma.

FINAL DIAGNOSIS
[bookmark: OLE_LINK31][bookmark: OLE_LINK32]Miles' operation was performed immediately. The specimen was routinely fixed in 10% buffered formalin for 12 h. Macroscopically, the rectal segment with overlying fatty tissue measured 12 cm in length. A neoplastic lesion measuring 2.0 cm × 2.0 cm × 1.0 cm in maximum dimensions was detected 4 cm proximal to the anal verge. The rectal mucosa was gray in color and several necrotic and hemorrhagic areas were observed. Most of the surface was solid. The neoplastic lesion extended around the circumference of the rectum. Two components of the tumor were not identified on gross observation. The specimen was embedded in paraffin and cut into 4-μm-thick sections. Hematoxylin and eosin staining was performed, and the sections were examined by microscopic examination in the Pathology Department of the Affiliated Hospital of Chengde Medical College. Histologically, two coexisting distinct tumor types were noted in separate areas and without cross-growth, separated from each other by fibrous septae. In low-power view, the ratio of neuroendocrine carcinoma to adenocarcinoma was 3: 1 (Figure 2). The fact that they intermixed minimally at the interface was consistent with the diagnosis of a true "collision tumor" (Figure 3). The collision tumor had invaded the muscularis mucosae into the muscularis and fibrous tunica. One component was a typical moderately differentiated adenocarcinoma. The other component was high grade neuroendocrine carcinoma, which displayed an organoid structure with prevalent large trabeculae, and a rosette-like and palisading pattern. Necrosis was found in the center of solid nests. The tumor cells were small with atypical mitoses. 
Immunohistochemical staining of cytokeratin (CK), chromogranin A (CgA), synaptophysin (Syn), and CD56, β-Catenin, CK7, CK20, CD10, MSH2, MSH6, PMS2, and MLH1was performed. All monoclonal antibodies used were purchased from OriGene Technologies, Inc. The adenocarcinoma cells were strongly positive for CK, β-Catenin (in the cell membrane), CK20, MSH2, MSH6, PMS2, MLH1, and the Ki-67 proliferation index was 60%. These cells were negative for CgA, Syn, CD56, CK7, and CD10. The neuroendocrine carcinoma cells were weekly positive for CK, positive for CgA, Syn, CD56, and β-Catenin (in the cell nucleus), MSH2, MSH6, PMS2, MLH1, and the Ki-67 proliferation index was 40%. These cells were negative for CK7, CK20 and CD10 (Figures 4 and 5).
The histologic features and immunohistochemical profile supported the diagnosis of collision carcinoma of the rectum consisting of neuroendocrine carcinoma (small cell carcinoma) and moderately differentiated adenocarcinoma. No metastatic lymph nodes were found. Based on the pathological information obtained from the histopathology specimens, the tumor, node and metastasis stage of the rectal cancer was classified as pT3N0M0 stage IIA.
Furthermore, mutation of theBRAFV600Eoncogeneand KRAS was identified by genetic testing (competitive blocker quantitative polymerase chain reaction), which showed a KRAS (c.34G>C) mutation (Figure 6).

TREATMENT
[bookmark: OLE_LINK33][bookmark: OLE_LINK34]Following surgery, the patient underwent routinechemotherapy.

OUTCOME AND FOLLOW-UP
[bookmark: OLE_LINK35][bookmark: OLE_LINK36]Post-operation, the patient had a favorable recovery without complications. Routine chemotherapy and regular follow up were undertaken after the operation. Hepatic and adrenal gland metastases were detected 12 mo after surgery. In March, 2021, the patient is still alive with tumor.

DISCUSSION
[bookmark: OLE_LINK37][bookmark: OLE_LINK38]Colorectal cancer is the second most common carcinoma in women and the third most common in men worldwide according to the 2018 statistics[4]. The highest incidence is seen in developed countries. In recent years, the incidence has increased rapidly and younger patients in developing countries have been identified[5]. The most important risk factor is genetic predisposition depending on the type of mutation, in addition, red meat, alcohol, smoking and excess body fat are also risk factors. Dietary fiber and physical activity may decrease the incidence of colorectal cancer[6].
Approximately 90% of rectal cancers are adenocarcinomas, and NOS (non-specified) is the most common subtype. In addition, several histopathological subtypes can be distinguished, such as mucinous adenocarcinoma, signet–ring cell carcinoma, medullary carcinoma and serrated adenocarcinoma. Neuroendocrine neoplasms of the rectum are rectal epithelial neoplasms with neuroendocrine differentiation, including well-differentiated neuroendocrine tumors, poorly-differentiated neuroendocrine carcinomas (NECs), and mixed neuroendocrine-non-neuroendocrine neoplasms, for example mixed adeno-neuroendocrine carcinoma (MANEC)[7], which accounts for approximately 3% to 9.6% of all rectal carcinomas. According to the boundary line of the mixed component, MANECs are classified into composite and collision carcinomas.
There are two types of tumors in collision carcinoma, of different histological types and adjacent to each other. This tumor type is different from the combined or mixed tumors which are independent and never intermix leading to the “one upon another” and “side by side” pattern. Collision carcinomas originating from the rectum are uncommon, with a small number of cases reported in the literature. To the best of our knowledge, the mixtures in collision carcinomas include lymphoma and adenocarcinoma, squamous cell carcinoma and adenocarcinoma, and so on[8]. Here we report a case of collision carcinoma of the rectum, which showed the “side by side” pattern, and was composed of high grade NEC (small cell carcinoma) and moderately differentiated ACC, based on its clinico-pathological features, biological behavior, related literature and expert opinion.
The clinical biological behavior of these tumors is unclear, because of their rarity and histological heterogeneity. Reports on MANECs of the digestive system are limited, and the biological behavior and clinico-pathologic features obtained from publications on MANECs derived from the rectum are limited and most are from isolated case reports. The mean age of patients with mixed tumors of the rectum is 65 years[9], and gender predominance is not reported in the literature. The incidence of mixed tumors may be higher, as many patients may be misdiagnosed or never diagnosed. Most MANECs are clinically silent, sometimes with bleeding and pain or widespread metastases[10].
The pathogenesis of these tumors is unclear and debated, multiple hypotheses have been suggested as to the origin of collision tumors: (1) Some researchers[11] suggest that the components of the mixed tumor arise from different precursor cells independently, as metachronous or synchronous carcinoma. During their development, they may contact each other by accident; (2) A number of other researchers[12] regard a type of pluripotent stem cell as the progenitor of collision tumor, which has bidirectional differentiation under the action of carcinogenesis; (3) Another hypothesis is similar to the above assumption, that neuroendocrine neoplasms develop from an epithelial phenotype, which is supported by molecular and genetic aberrations; and (4) The last hypothesis suggests that they occur contiguously. The microenvironment is altered by the first neoplasm, leading to the development of an adjacent second neoplasm. As far as we know[13], endocrine cells are derived from multipotent stem cells in the gastrointestinal tract, which supports the second and third assertions.
MANECs are mostly composed of a poorly differentiated neuroendocrine carcinoma and an adenocarcinoma. Low grade neuroendocrine tumors are rare. The tumor often has a background of long-term inflammation. In rare cases, adenomas can be found together with neuroendocrine carcinoma. During our literature search, Roh et al[14] reported a rare collision tumor of the rectum that was composed of a rectal adenocarcinoma within a metastatic gastric adenocarcinoma. The two different components could not be identified macroscopically. Microscopically, most of the tumor was composed of poorly differentiated adenocarcinoma, while well-differentiated tubular adenocarcinoma was the smaller component. The results of immunohistochemical staining confirmed the two components of the tumor. The poorly differentiated adenocarcinoma was positive for MUC2 but negative for CK7, whereas the tumor cells of the well-differentiated tubular adenocarcinoma were positive for CK7 but negative for MUC2. In consideration of this proportion, it was suggested that the microenvironment was changed by the metastatic gastric adenocarcinoma leading to the development of rectal carcinoma. Choi et al[15] presented a case of synchronous rectal small cell carcinoma and adenocarcinoma in a 45-year-old man. Lymph node metastasis and lymphovascular invasion were found, and the clinical stage was T3N2b. The patient received surgery and chemotherapy, developed local recurrence, and died of multiple metastatic diseases.
Collision carcinoma of the rectum consisting of neuroendocrine carcinoma and adenocarcinoma is rare, and the pathogenesis, features and prognosis are still unclear, and there is still a lack of effective clinical evidence. We report this case in the hope of increasing awareness of this enigmatic tumor and avoiding diagnostic pitfalls.

CONCLUSION
[bookmark: OLE_LINK39][bookmark: OLE_LINK40]Collision carcinoma (neuroendocrine carcinoma and adenocarcinoma) is one of the most uncommon lesions encountered by surgeons and pathologists. Due to their rarity, it is easy to miss the correct pathological diagnosis, and the tumor is usually misdiagnosed as neuroendocrine carcinoma or adenocarcinoma. Herein, we report a patient with collision carcinoma derived from stage IIA (pT3N0M0) rectal cancer, the difference in treatment between collision carcinoma and neuroendocrine carcinoma or adenocarcinoma is undefined. Understanding collision carcinoma is important for accurate diagnosis and appropriate management.
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Figure Legends
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[bookmark: OLE_LINK43][bookmark: OLE_LINK44]Figure 1 Colonoscopy showing a lesion located in the rectum 6 cm proximal to the anal verge.
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[bookmark: OLE_LINK45][bookmark: OLE_LINK46]Figure 2 In low-power view, the ratio of neuroendocrine carcinoma to adenocarcinoma was 3:1 (hematoxylin and eosin: 10 ×).
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[bookmark: OLE_LINK47]Figure 3 Two coexisting distinct histological types in separate areas and without cross-growth (hematoxylin and eosin: 100 ×).
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[bookmark: OLE_LINK48][bookmark: OLE_LINK49][bookmark: OLE_LINK50]Figure 4 Immunohistochemical staining of cytokeratin, chromogranin A, synaptophysin, and CD56, β-Catenin and CK20. A: Adenocarcinoma cells were strongly positive for cytokeratin (CK), while neuroendocrine carcinoma cells were weakly positive [immunohistochemistry (IHC) 200 ×]; B: Adenocarcinoma cells were negative for chromogranin A, while neuroendocrine carcinoma cells were positive (IHC 100 ×); C: Adenocarcinoma cells were negative for synaptophysin, while neuroendocrine carcinoma cells were positive (IHC 200 ×); D: Adenocarcinoma cells were negative for CD56, while neuroendocrine carcinoma cells were positive (IHC 200 ×); E: Adenocarcinoma cells were strongly positive for β-Catenin (in the cell membrane) and positive in the cell nucleus of neuroendocrine carcinoma cells (IHC 40 ×); F: Adenocarcinoma cells were strongly positive for CK20, while neuroendocrine carcinoma cells were positive (IHC 100 ×).
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[bookmark: OLE_LINK51][bookmark: OLE_LINK52]Figure 5 Immunohistochemical staining of MSH2, MSH6, PMS2, MLH1, andKi-67. A: MSH6 was positive in both adenocarcinoma and neuroendocrine carcinoma cells [immunohistochemistry (IHC) 100 ×]; B: MSH2 was positive in both adenocarcinoma and neuroendocrine carcinoma cells (IHC 40 ×); C: PMS2 was positive in both adenocarcinoma and neuroendocrine carcinoma cells (IHC 100 ×); D: MLH1 was positive in both adenocarcinoma and neuroendocrine carcinoma cells (IHC 100 ×); E: Ki-67 proliferation index was 60% in adenocarcinoma cells and 40% in neuroendocrine carcinoma cells (IHC 200 ×).
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[bookmark: OLE_LINK53][bookmark: OLE_LINK54]Figure 6 Competitive blocker quantitative polymerase chain reaction showed a KRAS (c.34G>C) mutation.
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KRAS exon2 ( ¢.34G>C) mutation test result
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