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Abstract
BACKGROUND
[bookmark: _Hlk33185867][bookmark: OLE_LINK1394][bookmark: OLE_LINK1395]Carcinosarcoma (spindle cell carcinoma) of the esophagus is an extremely rare event; the etiology and origins of this neoplasm have not yet been determined. Epithelial-mesenchymal transition (EMT) has been associated with invasion and metastasis, and may be related to the generation of a stem cell population within this tumor.

CASE SUMMARY
[bookmark: _Hlk33185999]We present the case of a 61-year-old male with nausea and fever. Upper gastrointestinal endoscopy revealed the presence of type 1 and 0-IIc lesions located 35 cm from the incisors toward the esophago-gastric junction. Thoracoscopic esophagectomy was performed. Macroscopic analysis revealed three polypoid lesions in the abdominal esophagus that accompanied the main lesion in the lower thoracic esophagus and 0-IIc lesions that spread continuously with them. Histologically, the lesions included proliferating spindle cells. Adeno-carcinomatous components were detected in a section near the foot, and squamous cell carcinoma was identified in the mucosa at the base of the tumor. The patient was diagnosed with multiple carcinosarcomas, staged at pT1b (SM3), pN1 (#110, #7), cM0, Stage II (sarcomatous metastasis to the lymph nodes). Spindle cells did not express E-cadherin but were positive for EMT markers, including zinc finger E-box-binding homeobox 1, TWIST, and snail family transcriptional repressor 2. The patient has experienced no recurrence at 5 years and 2 mo after surgery.

CONCLUSION
This report suggests that multiple sarcomatous tumors may be generated from primary squamous cell carcinoma via mechanisms related to EMT.
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[bookmark: OLE_LINK1439][bookmark: OLE_LINK1440]Core tip: Epithelial-mesenchymal transition (EMT) has been associated with cancer invasion and metastasis as epithelial cells acquire the ability to migrate and invade; these observations have been related to the generation of a stem cell population within the neoplasm. We report here a resected case of multiple carcinosarcomas with adeno-carcinomatous components that may have developed secondary to EMT. Detailed elucidation of the relationship between the pathogenesis of carcinosarcoma and EMT are among the future challenges in this field.


INTRODUCTION
[bookmark: OLE_LINK1396][bookmark: OLE_LINK1397]Esophageal carcinosarcoma (spindle cell carcinoma) represents only 0.2%-2.3% of all esophageal malignant tumors[1,2]; detection of multiple esophageal carcinosarcomas in a single patient is an extremely rare event. Although the origins and details of this process are not fully clear, the sarcomatous component of esophageal carcinosarcoma may result from conversion of the epithelial components to mesenchymal or spindle cell metaplasia [i.e., the epithelial-mesenchymal transition (EMT)][3,4].
EMT and mesenchymal–epithelial transition (the reverse process of EMT) play important roles in embryonic development and are critical for processes including gastrulation and neural crest formation; secondary EMT promotes differentiation of somites, palate, pancreas, liver, and reproductive tracts, and tertiary EMT is critical for development of the heart[5,6]. In these processes, epithelial cells lose their polarity and junctions and acquire motility and the capacity to dissolve the extracellular matrix. This is associated with diminished expression of E-cadherin and increased expression of the mesenchymal marker, vimentin. These events have been associated with the cancer invasion and metastasis as epithelial cells acquire the ability to migrate and to invade[7]. Furthermore, several groups have reported that EMT may relate to the generation of stem cell population within the tumor[7,8]. EMT has been associated with the development of undifferentiated cells with sarcomatous morphology[9]; in a previous study of esophageal cancer, the sarcomatous elements were reported to express specific EMT markers[10]. We report here a case of resected multiple carcinosarcomas with adeno-carcinomatous components with developmental features associated with EMT.

CASE PRESENTATION
Chief complaints
The patient presented with nausea and a fever of over 38 °C with weight loss of 10 kg during the previous 3 mo.

History of present illness
A 61-year-old male visited nearby clinic with complaint of heartburn which was treated as esophageal reflux. Three months later, he returned with nausea and a fever of over 38 °C and reported a weight loss of 10 kg. Laboratory values at this time were notable for a high white blood cell count (18800/μL) and elevated serum C-reactive protein at 15.9 mg/dL. He was referred to the Department of Gastroenterology at our hospital.

History of past illness
His past medical history included glaucoma, depression, and smoking. He reported smoking 1.5 packs of cigarettes per day for 36 years until he was 55 years old. He reported daily use of alcohol.

Physical examination
The patient was 171.8 cm tall and weighed 58 kg. Blood pressure was 104/66 mmHg and heart rate was 120/min. He had a mild fever of over 37.3 °C. All other vital signs were stable.

Laboratory examinations
[bookmark: OLE_LINK1398][bookmark: OLE_LINK1399][bookmark: OLE_LINK1400][bookmark: OLE_LINK1401]Abnormal laboratory findings at time of the referral included a white blood cell count of 18800/μL with 82% neutrophils, serum C-reactive protein at 14.8 mg/dL, hemoglobin at 11.8 g/dL, a platelet count of 42.7/µL, serum albumin at 3.1 g/mL, and serum interleukin-6 (IL-6) at 138 pg/mL (normal range, ≤ 4.0 pg/mL). Other laboratory examinations including serum levels of squamous cell carcinoma antigen (SCC-Ag), carcinoembryonic antigen, and carbohydrate antigen 19-9 were within normal limits at 0.5 mg/mL, 0.7 ng/mL, < 2 ng/mL, respectively.

Imaging examinations
Upper gastrointestinal series revealed stenosis due to the lesion protruding from the lower esophagus (Figure 1A). Upper gastrointestinal endoscopy revealed the presence of type 1 and 0-IIc lesions at a point 35 cm from the incisors toward the esophago-gastric junction (Figure 1B). At biopsy, the type 1 lesion was diagnosed as suspicious for carcinosarcoma; the type 0-IIc lesion was diagnosed as SCC. The major axis of the main tumor was 42 mm and maximum standardized uptake value of the lesion was determined to be 13.9 by computed tomography and 18F-2-fluoro-2-deoxy-D-glucose positron-emission tomography (Figure 2A and B). While paraesophageal lymph node metastasis was suspected, there was no evidence suggesting more distant metastases.

FINAL DIAGNOSIS
[bookmark: OLE_LINK1402][bookmark: OLE_LINK1403]The final preoperative diagnosis was esophageal carcinosarcoma classified as T2N1M0, Stage IIB according to the seventh edition of the Union for International Cancer Control system[11] and T2N1M0, Stage III according to the 11th edition of Japanese classification for esophageal cancer[12,13].

TREATMENT
The patient was referred to our department for surgical treatment. Thoracoscopic esophagectomy and gastric tube reconstruction was performed via posterior mediastinal route.

OUTCOME AND FOLLOW-UP
[bookmark: OLE_LINK1429][bookmark: OLE_LINK1430][bookmark: OLE_LINK1431][bookmark: OLE_LINK1404][bookmark: OLE_LINK1405][bookmark: OLE_LINK1406][bookmark: OLE_LINK1407]Macroscopic findings included three polypoid lesions located in the abdominal esophagus in addition to the main lesion in the lower esophagus (Figure 3A). Iodine staining revealed a large unstained zone spreading out from the base of the main tumor (Figure 3B). Histologically, dense proliferation and infiltration of spindle cells mixed with giant cells with large atypical nuclei and polynuclear cells were observed (Figure 4A). Histology consistent with adenocarcinoma was also detected in section near the root of the tumor (Figure 4B). SCC in situ was identified in the mucosa at the base of the tumor (Figure 4C). Immunostaining revealed the following antigen profile: cytokeratin AE1/AE3, partial positive; CAM 5.2, partial positive; vimentin, positive; α-smooth muscle actin, negative; muscle actin (HHF35), weak positive; c-kit, negative; discovered on gastrointestinal stromal tumors protein (DOG)-1, weak positive; CD34, negative; S100, partial weak positive for the spindle cells. Taken together, these findings supported the final diagnosis of multiple carcinosarcoma. Spindle cells did not express E-cadherin and but were positive for EMT-related markers, including zinc finger E-box-binding homeobox 1 (ZEB-1), TWIST, and snail family transcriptional repressor 2 (SNAIL 2; Figure 4D-G). We also observed relatively mild intravenous and lymphatic invasion. The final classification was pT1b (SM3), pN1 (one paraesophageal and one along left gastric artery), cM0, Stage IIB as per the Union for International Cancer Control criteria, and pT1b, pN2, cM0, Stage II as per the Japanese classification system. All lymph node metastases were sarcomatous in nature (Figure 4H).
The initial recovery period was uneventful. He was able to take food and drink orally on postoperative day (POD) 5 and was discharged on POD 18. Inflammatory responses declined and serum levels of IL-6 gradually decreased to 16.4 pg/mL, 7.1 pg/mL and 3.0 pg/mL on POD 10, 1 mo after the procedure, and 2 mo after the procedure, respectively. He received one course of combination chemotherapy consisting of continuous infusion of 5-fluorouracil; cisplatin was administered as adjuvant therapy, but it was stopped as per patient request. There has been no evidence of recurrence of disease for 5 years and 2 mo since the surgery.

DISCUSSION
Multiple esophageal carcinosarcomas in a single patient is an extremely rare event. Lymph node metastases are typically in evidence in SCC, but in this case the lesions were clearly sarcomatous. To the best of our knowledge, this is the first published report of multiple carcinosarcomas with adeno-carcinomatous components in a single patient. Although collision cancer can be considered as a differential diagnosis, we do not consider the condition to be collision cancer owing to its morphological findings.
[bookmark: OLE_LINK1408][bookmark: OLE_LINK1409]Elements of the fibrotic and tumor-related microenvironment, including hypoxia and inflammation, can activate EMT-promoting transcription factors by via induction of transforming growth factor β and hypoxia inducible factor. Among these, members of the TWIST, SNAIL, and ZEB transcription factor families have characterized activities and can promote EMT. As a group, they inhibit tumor suppressive programs (p53/RB pathways) and allow the tumor cells to escape cell cycle arrest, apoptosis and/or senescence. They also can have a profound impact on the differentiation of tumor cells by promoting the acquisition of stem-cell-like properties[14]. Expression of ZEB1, TWIST and SNAIL2 within the sarcomatous tissue suggested that EMT may be a factor underlying the generation of multiple sarcomas (spindle cell carcinoma), which may have all been derived from the original SCC. Although the limited amount of sample available precluded a detailed evaluation of this possibility, the adenomatous tissue may also be subjected to this mechanism. Considering the diversified differentiation pattern and the unusual nature of the lymph node metastases, the tumor may have high potential for generating stem cells. Presuming that this is in fact the case, it is also not clear why the cells underwent this specific differentiation pathway. The emergence of stem cells is frequently related to drug resistance and this population represents an important therapeutic target. As such, a focus on cases such as these may also lead to the treatment of carcinosarcoma.
Surgical treatment for esophageal cancer is based on results from cases of SCC. Although esophageal cancer patients with lymph node metastases at the time of surgery have a poor prognosis[1], this patient responded to surgery and chemotherapy with prolonged survival. Notably, postoperative adjuvant chemotherapy in addition to esophagectomy with lymph node dissection, was successful in this one patient; it is not clear whether this reflects the typical course for this disease.
[bookmark: OLE_LINK1410][bookmark: OLE_LINK1411]The laboratory data at the time of diagnosis revealed an elevated inflammatory response. Of interest, carcinoma of the esophagus has been associated with the production of both granulocyte colony-stimulating factor (G-CSF) and IL-6, although these findings are also rare[15,16]. Serum IL-6 levels decreased gradually after surgery; unfortunately, we did not evaluate serum G-CSF levels in this case. We now recognize that it will be important to consider both G-CSF and IL-6 in the patient with high fever and elevated white blood cell count. As mentioned above, inflammation is one of the factors that activates EMT-promoting transcription factors. However, whether such inflammation serves to activate EMT requires further study.

CONCLUSION
[bookmark: _Hlk33185932][bookmark: OLE_LINK1412][bookmark: OLE_LINK1413]We report a rare case of mixed esophageal carcinosarcoma with adenocarcinoma in multiple lesions and sarcomatous lymph node metastases. We suggest that the sarcomatous lesions may have arisen from SCC via EMT. Elucidation of the pathogenesis of carcinosarcoma and the potential role of EMT in this process will be addressed in future studies.
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Figure Legends
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Figure 1 Upper gastrointestinal series and upper gastrointestinal endoscopy. A: Upper gastrointestinal series reveals stenosis due to the protruding lesion in the lower esophagus (yellow arrow); B: Type 1 and 0-IIc lesions at from 35 cm from the incisors toward the esophago-gastric junction.
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[bookmark: OLE_LINK1424][bookmark: OLE_LINK1425]Figure 2 Enhanced computerized tomography and 18F-2-fluoro-2-deoxy-D-glucose positron-emission tomography. A: Enhanced computerized tomography; B: 18F-2-fluoro-2-deoxy-D-glucose positron-emission tomography. The major axis of the main tumor was 42 mm and maximum standardized uptake value of the lesion was 13.9 at the white arrow. There suspected paraesophageal lymph node metastasis is indicated by the yellow arrow.
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Figure 3 Macroscopic findings. A: Three polypoid type lesions (yellow arrowheads) were identified in the abdominal esophagus in addition to the main 60 mm × 40 mm lesion in the lower esophagus; B: Iodine staining; an unstained zone was detected at the base of the main tumor.
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[bookmark: OLE_LINK1426][bookmark: OLE_LINK1427][bookmark: OLE_LINK1428][bookmark: OLE_LINK1443][bookmark: OLE_LINK1444][bookmark: _GoBack]Figure 4 Histopathological and immunohistochemical findings. A: Dense proliferation and infiltration of spindle cells mixed with giant cells with large atypical nuclei and polynuclear cells were observed (hematoxylin–eosin staining, × 200); B: Adeno-carcinomatous components were detected in a section near the root (hematoxylin–eosin staining, × 100; inserted figure: immunohistochemical expression of CAM 5.2, × 100); C: Squamous cell carcinoma in situ was found in the mucosa of the basal part of the tumor (hematoxylin–eosin staining, × 100); D: E-cadherin was not detected in spindle cells but was detected in the regions of squamous cell carcinoma (× 100); E-G: Epithelial-mesenchymal transition-related markers, zinc finger E-box-binding homeobox 1 (E, × 100), TWIST (F, × 100), and snail family transcriptional repressor 2 (G, × 100) were detected in spindle cells; H: Lymph node metastases with sarcomatous components (hematoxylin–eosin staining, × 40).
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