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Abstract
Esophageal squamous cell carcinoma is one of the most common malignant tumors in the digestive system in China and the world. Most patients are diagnosed as locally advanced or advanced stage. Concurrent chemoradiotherapy is the standard treatment for locally advanced esophageal squamous cell carcinoma. This study intends to summarize the evidence-based medical evidence of the treatment principle of locally advanced esophageal squamous cell carcinoma, the selection of radiotherapy dose, the outline of radiotherapy target and the selection of chemotherapy scheme. As a result, the effect of radiotherapy and chemotherapy is equivalent to that of surgery for the radical treatment of esophageal squamous cell carcinoma. In the era of immunization, it is recommended to use involved field irradiation. Fluorouracil plus cisplatin regimen is the standard chemotherapy regimen. FOLFOX regimen and paclitaxel plus fluorouracil regimen are optional concurrent chemotherapy regimens. The toxic and side effects of different chemotherapy regimens are different, which can be selected according to the actual situation of patients.
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Core Tip: For the radical treatment of esophageal squamous cell carcinoma, the effect of radiotherapy and chemotherapy is equivalent to that of surgery. In the era of immunization, it is recommended to use involved field irradiation. Fluorouracil plus cisplatin regimen is the standard chemotherapy regimen, FOLFOX regimen and paclitaxel plus fluorouracil regimen are optional concurrent chemotherapy regimens. The toxic and side effects of different chemotherapy regimens are very different, which can be selected according to the actual situation of patients.

INTRODUCTION
Esophageal squamous carcinoma is the most common tumor in China[1,2]. The diagnosis of esophageal squamous carcinoma needs to be made by gastroscopic biopsy, and there is no effective and rapid screening method, therefore, most patients are diagnosed at advanced stage. Concurrent chemoradiotherapy is the standard treatment for locally advanced esophageal squamous carcinoma[3,4]. In this study, we intend to summarize the evidence-based clinical principles for radical treatment of locally advanced esophageal squamous carcinoma, including the choice of treatment modality for radical treatment, the dose selection of radical radiotherapy, the target delineation and the choice of chemotherapy regimen combined with radical radiotherapy for esophageal squamous carcinoma.

RADICAL SURGERY VS RADICAL RADIOTHERAPY FOR LOCALLY ADVANCED ESOPHAGEAL SQUAMOUS CARCINOMA
Radical treatment for locally advanced esophageal squamous carcinoma includes radical surgery and radical radiotherapy. Patients with staging of T1b stage (AJCC 8th) or above must undergo radical treatment. The following conditions should be met to enable radical surgery: T0-4aN0-1M0 stage and the distance from the lesion to the esophageal inlet is greater than 5 cm[5-7]. Other than this, locally advanced squamous esophageal cancer requires radiotherapy treatment[8,9].
The FFCD9102 study showed that even if surgery could be performed, the efficacy of concurent chemoradiotherapy vs surgery was comparable[10]. The study enrolled 444 patients with squamous esophageal cancer in the thoracic segment of T3N0-1M0, with a 8:1 ratio of squamous to adenocarcinoma, with the data suggest that, in patients with locally advanced thoracic esophageal cancers, especially epidermoid, who respond to chemoradiation, there is no benefit for the addition of surgery after chemoradiation compared with the continuation of additional chemoradiation.
In other studies[11,12], Adding surgery to chemoradiotherapy improves local tumor control but does not increase survival of patients with locally advanced esophageal squamous cell carcinoma. A randomized controlled study of surgery and radiotherapy for operable esophageal cancer showed that the curative effect of late course accelerated hyperfractionation conformal radiotherapy for operable esophageal cancer was equivalent to that of surgery[13].
Another CURE study is a prospective randomized controlled study of concurrent radiotherapy and chemotherapy vs surgery for potentially resectable esophageal cancer. Eighty patients with potentially resectable squamous cell carcinoma of the middle and lower thoracic esophagus were randomly assigned to radiotherapy and chemotherapy group and surgical treatment group. The study concluded that progression-free survival (PFS) and overall survival (OS) are similar between standard resection and radiotherapy and chemotherapy for potentially resectable esophageal squamous cell carcinoma. The recurrence rate in the mediastinum was slightly higher in the operation group, and the recurrence rate in the neck or abdomen was higher in the radiotherapy and chemotherapy group[14].
Therefore, even for patients with locally advanced squamous esophageal cancer who can undergo radical surgery, the efficacy of treatment with radical radiotherapy is comparable to that of surgery, so radiotherapy is important for the treatment of locally advanced squamous esophageal cancer.

DOSE SELECTION OF RADICAL RADIOTHERAPY FOR LOCALLY ADVANCED ESOPHAGEAL SQUAMOUS CARCINOMA
According to evidence-based medical evidence, 50-50.4 Gy is the standard dose for radical radiotherapy and chemotherapy of locally advanced esophageal squamous cell carcinoma. Sixty Gy to seventy Gy is mainly used in China, and 61.2 Gy is mostly used in our center. The main basis is as follows.
The study of RTOG8501 compared radiotherapy alone at 64 Gy/32 Fx/44 d and radiotherapy at 50 Gy/25 Fx/38 d with a chemotherapy regimen of cisplatin 75 mg/m2 /d, d1, and fluorouracil 1000 mg/m2/d, 96h, for four courses. The study included 106 (88%) squamous carcinomas and 15 (12%) adenocarcinomas. The included stages were T1-2 = 98 (81%), T3 = 23 (19%), N0 = 91 (75%), and N1 = 30 (25%), respectively. The results showed that the 3-, 5-year OS, local failure and distant metastasis rates were superior in the 50 Gy than in the 60 Gy radiotherapy alone group, but the side effect rate was higher in the 50 Gy radiotherapy group[3]. Based on the above results of RTOG8501 study, the efficacy of radiotherapy was not satisfying, therefore, RTOG9405 study was proposed with increased dose. The radiation doses of the two groups were 50.4 Gy and 64.8 Gy respectively, and with same chemotherapy regimen of fluorouracil plus cisplatin. The results showed that the 2-year OS and 3-year OS of the low-dose group compared with the high-dose group was 40% vs 31% and 33% vs 25%. The results suggest that the 50.4 Gy dose group has better efficacy[4].
However, the 2-year OS rates for esophageal cancer range from 36% to 56% and the 3-year OS rates range from 20% to 33% at the above dose conditions[4]. Since three-dimensional radiotherapy techniques such as intensity-modulated conformal radiotherapy and three-dimensional conformal radiotherapy techniques have advantages over two-dimensional radiotherapy techniques in terms of tumor dose uniformity and protection of normal tissues, it is uncertain whether the results of evidence-based medicine under two-dimensional radiotherapy technology are suitable for the era of three-dimensional intensity modulated radiotherapy. In 2019, Fudan University Cancer Hospital published a study on esophageal squamous cancer comparing the efficacy of different chemotherapy regimens in radical simultaneous radiotherapy which showed that a radiotherapy dose of 61.2 Gy/34 F plus chemotherapy had a 3-year OS rate of more than 50%[15]. At present, many centers around the world are conducting prospective multicenter randomized controlled studies to compare the efficacy of high-dose and low-dose radiotherapy for esophageal squamous cell carcinoma. Xu et al[16] Compared the efficacy of 60 Gy radiotherapy dose and 50 Gy radiotherapy dose on esophageal squamous cell carcinoma. Preliminary results showed no statistically significant differences between the two groups in terms of survival endpoints.
ARTDECO study, radiation dose escalation up to 61.6 Gy to the primary tumor did not result in a significant increase in local control over 50.4 Gy[17].
Therefore, based on the above, for the dose of radical radiotherapy for esophageal squamous carcinoma, 50-50.4 Gy is recommend for concurrent chemoradiotherapy and 60-61.2 Gy (1.8-2.0 Gy per fraction a day) is mostly used for radiotherapy alone in China[15].

THE TARGET DELINEATION OF RADICAL RADIOTHERAPY FOR LOCALLY ADVANCED ESOPHAGEAL SQUAMOUS CARCINOMA
The target area of radical radiotherapy for locally advanced esophageal squamous cell carcinoma was treated with involved field irradiation in our center. The gross tumor volume (GTV) includes the visible lesions of the tumor including the primary esophageal foci plus metastatic lymph nodes. The clinical target volume (CTV) is to put the GTV up and down for 3 cm without putting it outside and the planning target volume (PTV) is 1cm outside the CTV (1.5 cm outside if the target area is located in the cardia), as in Figure 1.
For GTV outline, CT, esophagogram, gastroscopy, intraluminal ultrasound, and positron emission computed tomography (PET-CT) need to be consulted. The distance between the esophageal lesion and the surrounding anatomical landmarks is first assessed by gastroscopy and esophageal film to understand the general location of the lesion, and CT has advantages in the display of intramural invasive lesions. In addition, PET-CT can improve the accuracy of GTV outline[18,19]. It should be noted that if the above imaging can not see the primary focus, you can first place the silver clip mark under the esophagoscope, determine the position under the simulator, and then outline the target area. The criteria for confirming lymph node metastasis of esophageal squamous cell carcinoma on CT images are: the short diameter of cervical and supraclavicular lymph nodes ≥ 5 mm, and the short diameter of mediastinal and hilar lymph nodes ≥ 10 mm[20]. For tracheoesophageal groove lymph nodes, Gu et al's study on the clinical significance of CT observation of tracheoesophageal groove lymph node metastasis of thoracic esophageal squamous cell carcinoma shows that each lymph nodes in tracheoesophageal groove are considered to be positive[21]. In this study, each tracheoesophageal groove lymph node has postoperative pathology as the gold standard for diagnosis.
The determination of CTV is based on the following studies. A study published in 2006 analyzed the pathologic features of squamous esophageal cancer, defined as normal esophageal mucosal coating epithelium, but the presence of cancer cells or cancer nests can be seen under the mucosa or muscle. In this study, the incidence of intramural infiltration was found to be 78.8%, and for 95% of intramural infiltrates, a 5 cm proximal and distal resection was required, and for 90% of intramural infiltrates, a 4.7 cm and 3.9 cm proximal and distal resection were required[22]. Another study also showed that for squamous esophageal carcinoma, a 3-cm proximal and distal margin could cover 94% and 97% of the proximal and distal microinfiltrates[23]. Based on the above, the GTV is placed up and down for 3 cm and not placed around to form a CTV. Attention should be paid to the following matters. GTV is placed 3 cm up and down and drawn layer by layer manually along the esophageal wall, which is not a direct external placement. If GTV is in the cardia, it should be manually outlined layer by layer along the gastric wall. In addition, relevant studies show that different filling degrees of the stomach have little effect on the target dose. Therefore, we do not limit the filling degree of the stomach in patients with esophageal squamous cell carcinoma during radiotherapy[24].

EVIDENCE-BASED MEDICAL EVIDENCE FOR INVOLVED FIELD IRRADIATION
Currently, both involved field and prophylactic field irradiation are used in l clinical practice. RTOG0436 study used the prophylactic irradiation[25], while RTOG0246 and SCOPE1[26,27] studies used involved field irradiation. Pooling RTOG8501, RTOG9405, and Prof. Zhao's studies[28,29], the 3-year OS of prophylactic field irradiation study was 25%-27%, compared with 33%-44% in involved field study. This proves the comparable efficacy of the irradiation range of involved field irradiation. Four studies on involved field irradiation compared to prophylactic field irradiation suggest comparable efficacy of the involved field vs the preventive field for the cervical and upper thoracic esophageal cancer and for people older than 70 years[30-33]. In conclusion, we suggest involved field irradiation be used to protect normal tissues.
We analyzed the pattern of failure after the involved field irradiation, which included 53 patients, 26% survived tumor-free and 74% failed treatment. Of the total failure population, 41% had distant metastases, 8% had outfield lymph node recurrence, 5% had distant metastases and local recurrence, and 44% had in-field recurrence. Therefore, the proportion of field recurrence in this study is low, indicating that the radiation range of the involved field is sufficient[28].

CHOICE OF CHEMOTHERAPY REGIMEN OF CONCURRENT CHEMORADIOTHERAPY FOR LOCALLY ADVANCED SQUAMOUS ESOPHAGEAL CANCER
Based on the results of the RTOG8501 study, fluorouracil plus cisplatin is the standard chemotherapy regimen for concurrent chemoradiotherapy, but 42% of patients in this study experienced grade 3 acute toxicity, 25% experienced grade 3 distant toxicity, and the 5-year OS rate was 26%, so this regimen still needs to be optimized[3]. A randomized study in France comparing the efficacy of the FOLFOX (oxaliplatin combined with fluorouracil and calcium folinate) with the standard fluorouracil combined with cisplatin regimen for concurrent chemoradiotherapy showed comparable efficacy of both regimens, but the FOLFOX regimen was administered in a more convenient manner than the fluorouracil combined with cisplatin regimen[8]. Several studies have demonstrated the use of docetaxel in locally advanced esophageal cancer. Font et al[34] evaluated the efficacy and tolerability of docetaxel concurrent with radiotherapy in inoperable esophageal cancer patients showing a better toxicity profile compared to standard cisplatin/5-FU-based chemoradiotherapy. KDOG 0501 trial reported the optimal dose of definitive chemoradiotherapy with docetaxel in patients with advanced esophageal carcinoma.The main toxicities were myelotoxicity and esophagitis, which was tolerable[35]. Spigel et al[36] reported that chemoradiotherapy with docetaxel was safe, with a high pathological curative effect. Previous studies also have shown that the paclitaxel plus fluorouracil is better tolerated in radiotherapy for esophageal squamous cancer[15].
The Chinese ESO-Shanghai1 study was a phase III study evaluating patients receiving paclitaxel combined with fluorouracil vs the standard fluorouracil combined with cisplatin regimen in concurrent chemoradiotherapy for esophageal squamous carcinoma[15]. Patients in both groups received the same radiotherapy regimen with a total dose of 61.2 Gy/34 F (1.8 Gy/1 F, five times a week). The primary endpoint was the 3-year OS rate, and secondary study endpoints included PFS and safety. This study showed that fluorouracil combined with cisplatin remains the standard chemotherapy regimen for radical radiotherapy of locally advanced esophageal squamous carcinoma, and the OS of the radiotherapy regimen of paclitaxel combined with fluorouracil was comparable to that of standard fluorouracil combined with cisplatin. With regard to safety, the paclitaxel combined with fluorouracil regimen had a higher incidence of severe leukopenia, radiation dermatitis, and radiation pneumonitis, and a lower incidence of anemia, thrombocytopenia, gastrointestinal toxicity, and malaise. It should be noted that the intensity of radiation dose using fluorouracil combined with cisplatin in this study was lower than in the RTOG8501 study and the PRODIGE study[3,8], but the radiation dose was higher than in these two studies. In conclusion, the standard chemotherapy regimen for radical concurrent radiotherapy for esophageal squamous carcinoma remains fluorouracil combined with cisplatin. All in ALL, FOLFOX regimen and paclitaxel combined with fluorouracil regimen are optional chemotherapy regimens, and the toxic effects of different chemotherapy regimens are different and can be chosen clinically according to the actual situation of patients.

CURRENT STATUS OF IMMUNOTHERAPY FOR LOCALLY ADVANCED ESOPHAGEAL CANCER
Immunotherapy has made rapid progress in the treatment of esophageal cancer. The field of esophageal cancer is no exception. At present, a number of prospective RCT studies of immunization combined with concurrent radiotherapy and chemotherapy are being carried out[37,38]. However, there is still no final conclusion on how to arrange troops for immunization and concurrent radiotherapy and chemotherapy. At present, both concurrent and sequential modes are optional.

CONCLUSION
For radical treatment of esophageal squamous carcinoma, concurrent chemoradiotherapy is comparable to surgery. 50-50.4 Gy is the standard dose, and 60 Gy is mainly used in China. the efficacy of involved field and prophylactic irradiation is comparable. With the advent of the immune era, we suggest that the involved field irradiation should be used to preserve the immune protective function of normal lymph nodes. Fluorouracil combined with cisplatin regimen is the standard chemotherapy regimen, and FOLFOX regimen and paclitaxel combined with fluorouracil regimen are optional chemotherapy regimens. The toxic effects of different chemotherapy regimens are very different and can be chosen clinically according to the patient's actual situation.
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Figure 1 Involved field irradiation. A: Red represents gross tumor volume; B: Green represents clinical target volume; C: Orange represents planning target volume.
image1.jpeg




