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Abstract
BACKGROUND
The effectiveness of neoadjuvant therapy in esophageal cancer (EC) treatment is still a subject of debate.

AIM
[bookmark: _Hlk149162405]To compare the clinical efficacy and toxic side effects between neoadjuvant chemoradiotherapy (nCRT) and neoadjuvant chemotherapy (nCT) for locally advanced EC (LAEC).

METHODS
A comprehensive search was conducted using multiple databases, including PubMed, Embase, MEDLINE, Science Direct, The Cochrane Library, China National Knowledge Infrastructure, Wanfang Database, Chinese Science and Technology Journal Database, and Chinese Biomedical Literature Database Article. Studies up to December 2022 comparing nCRT and nCT in patients with EC were selected.

RESULTS
The analysis revealed significant differences between nCRT and nCT in terms of disease-free survival. The results indicated that nCRT provided better outcomes in terms of the 3-year overall survival rate (OSR) [odds ratio (OR) = 0.95], complete response rate (OR = 3.15), and R0 clearance rate (CR) (OR = 2.25). However, nCT demonstrated a better 5-year OSR (OR = 1.02) than nCRT. Moreover, when compared to nCRT, nCT showed reduced risks of cardiac complications (OR = 1.15) and pulmonary complications (OR = 1.30).

CONCLUSION
Overall, both nCRT and nCT were effective in terms of survival outcomes for LAEC. However, nCT exhibited better performance in terms of postoperative complications.
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Core Tip: Neoadjuvant chemoradiotherapy (nCRT) significantly improves the overall survival rate, pathological complete response rate, and R0 clearance rate for esophageal cancer. However, neoadjuvant chemotherapy (nCT) offers advantages in reducing postoperative cardiopulmonary complications and perioperative mortality. Esophageal squamous cell carcinoma patients benefit more from nCRT in terms of survival rates. The choice between nCRT and nCT should consider the patient's individual conditions and sensitivity to radiotherapy and chemotherapy. Careful consideration is necessary to achieve optimal long-term survival outcomes while minimizing complications.

INTRODUCTION
Esophageal cancer (EC) is one of the eight most common malignant tumors worldwide, ranking sixth in terms of incidence and exhibiting a low survival rate alongside high invasiveness[1]. In China, the incidence and mortality rates of EC rank sixth and fourth globally, with adenocarcinoma and squamous cell carcinoma accounting for over 95% of cases[1]. Early stages of EC often lack noticeable symptoms, and patients may only experience mild dysphagia or significant unexplained weight loss, leading to underdiagnosis of locally advanced disease or distant metastases in more than two-thirds of cases. Precancerous lesions and early EC are generally addressed through endoscopic procedures or simple surgeries[2]. While simple surgical interventions are suitable for early EC, patients with locally advanced disease have an average five-year overall survival rate (OSR) of just 25% and a bleak prognosis. Notably, surgical treatment alone often results in high local recurrence rates and increased distant metastasis, particularly when cervical or mediastinal lymph nodes are involved, with a local failure rate of up to 60%[3]. Consequently, a simple surgical approach does not suffice for locally advanced EC (LAEC), necessitating a multimodal combination approach for improved outcomes.
With prolonged survival among tumor patients, the side effects of treatment become more apparent. Domestic and international studies have substantiated the superior prognosis associated with preoperative neoadjuvant therapy for advanced EC, which encompasses preoperative chemotherapy and preoperative radiochemotherapy, compared to traditional postoperative radiochemotherapy[4]. Specifically, neoadjuvant chemoradiotherapy (nCRT) has demonstrated long-term survival advantages over surgical treatment alone and included triple therapy as the standard treatment[5]. In the case of LAEC, nCRT enhances efficacy and prognostic outcomes[6]. Another neoadjuvant therapy modality is neoadjuvant chemotherapy (nCT), which, when combined with surgery, significantly improves survival rates for patients with operable EC compared to surgery alone[7].
This study was designed to comprehensively investigate the efficacy and safety of these two neoadjuvant therapies in EC patients by conducting a meta-analysis of relevant data. The findings will provide an evidence-based medical basis for the treatment of EC patients.

MATERIALS AND METHODS
Methods to screen the needed literature
PubMed, Embase, MEDLINE, Science Direct, The Cochrane Library, China National Knowledge Infrastructure, Wanfang Database, Chinese Science and Technology Journal Database, and Chinese Biomedical Literature Database were searched for published studies on the efficacy of nCRT vs nCT in EC patients from inception to December 1, 2022. The search keywords included "esophageal or esophageal or gastro-esophageal junction" and "cancer or carcinoma or neoplasm" and "neoadjuvant or preoperative or induction" and "chemoradiotherapy or radiotherapy or radiation" and "chemotherapy". The search strategies were determined after multiple studies, and professional journals were searched manually to avoid omissions. In addition, the research objects of literature retrieval were all human. The search process used the combination of subject words and free words for multiple searches to obtain the references that could be included and then used the search engine to track down each document. The literature quality was assessed using RevMan 5.3.

Criteria based on which the literature was excluded or enrolled
Criteria for enrolling related literature: (1) There was a clear pathological diagnosis; (2) Prospective randomized controlled trials, case control study and cohort study, which were divided into two groups: nCRT and nCT; (3) Advanced radiotherapy techniques were used: three-dimensional conformal or IMRT; and (4) The primary study endpoints were included. Criteria for excluding related literature: (1) The patients were found to be conjunction with other therapeutic interventions; (2) The patients suffered from severe aphasia or cognitive impairment; (3) The baseline was not comparable or the baseline was not reported; (4) We were unable to extract valid outcome data from the literature, or unable to obtain the full text after contacting the author; (5) The studies were poorly designed or involved incorrect statistical methods; (6) The articles with undefined diagnostic criteria and duration of intervention; and (7) The articles which were case reports, protocols, conference abstracts, animal experiments and reviews, etc.

How to extract the needed data
Two professionals used unified Microsoft Excel to screen the relevant literature independently and extract the data in strict accordance with the included and excluded annotations. They cross-checked the inclusion of the results and discussed the differences to obtain agreement. Data extraction mainly included the nationality and name of the first author, publication year of the literature, study time, number of patients in the nCT group and the nCT radiotherapy group, tissue type and percentage, stage, radiotherapy technique, radiotherapy dose, target range, and chemotherapy regimen. Primary and secondary endpoints were extracted, including overall survival, progression-free survival, R0 clearance rates (CR), p CR, postoperative mortality, and cardiopulmonary complications.

Quality assessment
[bookmark: _Hlk149162557]The Cochrane risk bias assessment tool was used to assess the risk of bias in data from randomized controlled studies included in the literature. First, two researchers independently assessed the bias risk of each literature study, and then a third researcher was added. A total of three researchers finally resolved the dispute through discussion. The sources of bias included (1) selection bias; (2) implementation bias; (3) tracking bias; (4) measurement bias; and (5) reporting bias and other biases. Deviation risk was divided into low risk, unclear risk, and high risk. The Newcastle Ottawa Scale (NOS) was used to assess the risk of bias in data from case-control studies (CCSs) and cohort studies. Three aspects were used to evaluate the risk of bias in CCSs and cohort studies: (1) selection of study population; (2) comparability of study groups; and (3) the result of measurement. The total score was 9 points. If the final score was greater than or equal to 7 points, the risk of bias was low; results with a score of 4 to 6 had a moderate risk of bias; and studies that end up with a score of less than 4 had a high risk of bias.

Methods for statistics
RevMan5.3 and Stata software were employed. The mean difference was selected as an indicator of the effect of the continuity variable. Each effect indicator gave a point estimate and a 95% confidence interval (95%CI). Heterogeneity was analyzed by the X2 test (test level  = 0.1) and quantitatively determined by I2. P ≥ 0 and I2 ≤ 50% indicated no obvious heterogeneity, and a fixed effects model could be adopted for analysis. If P < 0.05 and I2 > 50%, the heterogeneity was remarkable, and a random effects model was utilized. In addition, subgroup analyses were utilized to explore the possible sources of heterogeneity. The meta-analysis test level was set at  = 0.05. The forest plot and asymmetric linear regression funnel plot are given. Funnel plots of different treatment indices were utilized to test publication bias and analyze it.

RESULTS
Search results and brief literature information
A total of 513 Literature sources were initially obtained from the aforementioned database search. First, 76 duplicate publications, 69 irrelevant studies, and 88 articles with other reasons for exclusion were removed, resulting in a preliminary selection of 280 sources. Through the assessment of abstracts and titles, 113 articles were excluded, leaving 167 articles for further evaluation. Following the exclusion of 44 research reports and review articles, 123 articles remained. The full text of all the remaining articles was thoroughly reviewed, leading to the exclusion of 57 studies that focused on other types of research. Moreover, 45 articles were excluded due to incomplete or unobtainable treatment results. One publication included nonhuman subjects, leaving 20 articles that met the criteria for inclusion in this study. The retrieval process for the relevant literature is depicted in Figure 1.
The relevant information from the literature was extracted upon thorough reading. The 20 included publications had varying sample sizes, ranging from 38 to 7388 participants. Specifically, three papers[8-10] utilized randomized controlled trials (RCTs), while the remaining 17 papers[11-27] employed CCSs and cohort studies. These papers provided detailed descriptions of the treatment process involving nCRT and nCT, documenting the changes in patients before and after treatment. The specific characteristics of the RCTs can be found in Table 1, while those of the CCSs and cohort studies are presented in Table 2.
For the assessment of bias risk, the Cochrane risk Bias Assessment tool table was implemented in the analysis of RCTs. Among the three RCTs included in this study, low bias was observed. The NOS was employed to evaluate the bias risk in the CCSs and cohort studies. All 17 studies were found to have evaluation scores greater than 5 points, with 6 categorized as having a moderate bias risk and 11 classified as having a low bias risk. The risk bias evaluation charts for the RCTs are presented in Figure 2, while the summary charts of the risk bias are illustrated in Figure 3. A comprehensive quality evaluation of the CCSs and cohort studies can be found in Table 3.

Three-year disease-free survival
Using the OR as a clinical outcome indicator as depicted in Figure 4A, the OR scores of the three included RCTs were 0.78 with a 95%CI of 0.46 to 1.35. The P value was 0.23, and the I2 statistic indicated a low heterogeneity of 33%. The odds ratio (OR) values suggested no significant difference in the 3-year disease-free survival (DFS) among the various studies, with low heterogeneity observed. The lowest and highest OR values were 0.38 and 1.05, respectively, and their corresponding 95%CI values were 0.12 to 1.15 and 0.66 to 1.68, respectively.
The literature included a total of 1143 patients with EC, with 503 patients in the nCRT group and 640 patients in the nCT group. Using the OR as a clinical outcome indicator as illustrated in Figure 4B, the aggregated OR score from four CCSs was 1.44, with a 95%CI of 1.13 to 1.83. The corresponding p value was 0.18, and the I2 statistic indicated a heterogeneity of 39%. The OR values indicated no significant difference in the 3-year DFS among the different studies, with low heterogeneity observed. The lowest and highest OR values were 1.13 and 2.14, respectively, with 95%CI values of 0.72 to 1.77 and 1.31 to 3.50, respectively.
A comprehensive analysis of the 3-year DFS after treatment was performed to provide a better understanding of treatment efficacy. Funnel plots for the two types of research are displayed in Figures 5. These plots indicated that all studies demonstrated minimal bias risk and no research deviation. Based on these findings, both nCRT and nCT showed improvements in the 3-year DFS. In RCTs, nCT had a superior effect compared to nCRT, while in CCSs, the effect was reversed.

Five-year DFS
Using the OR as an indicator of clinical outcome, displayed in Figure 6A, the aggregated OR score from three RCTs was 0.75, with a 95%CI of 0.47 to 1.20. The corresponding P value was 0.21, and the I2 statistic indicated a heterogeneity of 35%. The OR values suggested no substantial difference in the 5-year DFS among the studies, with low heterogeneity observed. The lowest and highest OR values were 0.40 and 0.96, respectively, with 95%CI values of 0.16 to 1.01 and 0.66 to 1.39, respectively.
The mentioned studies included a total of 1143 patients with EC, with 503 patients in the nCRT group and 640 patients in the nCT group. Taking OR as a clinical outcome indicator as depicted in Figure 6B, the aggregated OR score from four CCSs was 1.26, with a 95%CI of 1.10 to 1.44. The corresponding P value was 0.21, and the I2 statistic indicated a heterogeneity of 34%. The OR values suggested that the difference in 5-year DFS was not significant, indicating low heterogeneity. The lowest and highest OR values were 1.07 and 1.52, respectively, with 95%CI values of 0.84 to 1.36 and 1.21 to 1.91, respectively.
A systematic analysis of the 5-year DFS after treatment was conducted to better understand treatment efficacy. Funnel plots for the two types of studies are displayed in Figure 7. These plots indicated a small bias risk, and the research deviation could be ignored. Based on these results, both nCRT and nCT were found to enhance 5-year DFS. Specifically, nCRT demonstrated superior efficacy in RCTs, while the opposite trend was observed in CCSs.

Three-year OSR
Figure 8A demonstrates the enrollment and analysis of 4337 patients with EC, with 186 patients in the nCRT group and 189 patients in the nCT group within the RCTs. Utilizing the OR as a clinical outcome indicator, the combined OR score from three RCTs was 0.81, with a corresponding 95%CI of 0.54 to 1.22. The resulting p value was 0.13, and the I2 statistic indicated a moderate heterogeneity of 50%. The OR values indicated no significant difference in the 3-year OSR among all the studies, with moderate heterogeneity observed. Within the CCS, a total of 2352 cases in the nCRT group and 1566 cases in the nCT group were analyzed. OR was again selected as a clinical outcome indicator. The combined OR score from eleven CCSs was 0.96, with a resulting 95%CI of 0.83 to 1.12. The corresponding P value was less than 0.05, and the I2 statistic indicated a moderate heterogeneity of 60%. Thus, moderate heterogeneity was observed in the 3-year OSR.
To better understand the treatment effect, a comprehensive analysis of the 3-year OSR after treatment was conducted. Figure 8B displays the funnel plot of the 3-year OSR. The results suggested that the bias risk was not evident, and the research deviation could be disregarded. Based on the above results, nCRT showed improvement in the 3-year OSR compared to nCT.
Five-year OSR
Figure 9A illustrates the enrollment of 4337 patients with EC, with 185 patients in the nCRT group and 190 patients in the nCT group within the RCTs. Employing the OR as a clinical outcome indicator, the combined OR score from three RCTs was 0.41, with a 95%CI of 0.26 to 0.64. The corresponding P value was 0.11, and the I2 statistic indicated a moderate heterogeneity of 55%. The OR values indicated that the reviewed literature exhibited no significant difference in the 5-year OSR, with moderate heterogeneity observed.
Within the CCS, a total of 2,617 cases were analyzed in the nCRT group, and 1345 cases were mentioned in the nCT group. The combined OR score from twelve CCSs was 1.14, with a 95%CI of 0.83 to 1.12. The resulting p value was less than 0.05, and the I2 statistic indicated a moderate heterogeneity of 68%. Therefore, moderate heterogeneity was observed among all the included studies in the 5-year OSR.
A comprehensive analysis of the 5-year OSR after treatment was conducted to observe the treatment effect. Figure 9B displays the funnel plot of the 5-year OSR subgroup analysis. The enrolled literature exhibited a low bias risk. Based on the above results, nCT was found to improve the 5-year OSR compared to nCRT.

R0 CR
As shown in Figure 10A, 10185 patients with EC were enrolled, with 156 patients in the nCRT group and 160 patients in the nCT group within the RCTs. The OR score from three RCTs was 3.04, with a corresponding 95%CI of 1.50 to 6.16. The resulting P value was 0.561, and the I2 statistic indicated no heterogeneity with a value of 0%. The OR value indicated no observable difference in R0 CR among the different studies, and no heterogeneity was observed. Within the CCS, there were 7801 cases in the nCRT group and 2068 cases in the nCT group. The combined OR score from ten CCSs was 2.20, with a 95%CI of 1.83 to 2.65. The corresponding P value was less than 0.05, and the I2 statistic indicated a moderate heterogeneity of 60%. The OR values suggested moderate heterogeneity in R0 CR within each study.
To gain a clearer understanding of the treatment effect, a comprehensive analysis of R0 CR was conducted. Figure 10B displays the funnel plot of the R0 CR subgroup analysis. The bias risk in all the studies was small, with only two studies deviating from the expected results. Based on the above results, it can be concluded that nCRT had a higher R0 removal rate than nCT.

Postoperative p CR
Figure 11A illustrates the enrollment of 9459 patients with EC, with 156 patients in the nCRT group and 160 patients in the nCT group within the RCTs. The OR score from three RCTs was 5.21, with a corresponding 95%CI of 2.34 to 11.61. The resulting p value was 0.63, and the I2 statistic indicated no heterogeneity with a value of 0%. The OR values revealed no significant difference in pCR among the different studies, and no heterogeneity was observed. Within the CCS, there were 7197 cases in the nCRT group and 1946 cases in the nCT group. The combined OR score from nine CCSs was 3.04, with a 95%CI of 2.45 to 3.78. The corresponding p value was less than 0.05, and the I2 statistic indicated a moderate heterogeneity of 58%. The OR values showed moderate heterogeneity in p CR among all the enrolled studies.
A comprehensive analysis of p CR was performed to gain a clearer understanding of the treatment effect. Figure 11B displays the funnel plot of the p CR subgroup analysis. The bias risk in each study was minimal, and no study deviation was observed. Based on the above results, it can be concluded that nCRT significantly improved the pathological complete response rate compared to nCT.

Postoperative mortality
In Figure 12A, the enrollment involved 10604 patients with EC, with 122 patients in the nCRT group and 127 patients in the nCT group within the RCTs. The OR score from two RCTs was 2.78, with a 95%CI of 0.85 to 9.14. The resulting P value was 0.93, and the I2 statistic indicated no heterogeneity with a value of 0%. The OR values suggested no significant difference in postoperative mortality among the studies, indicating no heterogeneity. Within the CCS, there were 7982 cases in the nCRT group and 2373 cases in the nCT group. The combined OR score from twelve CCSs was 1.18, with a corresponding 95%CI of 0.86 to 1.61. The p value was 0.53, and the I2 statistic indicated no heterogeneity.
A comprehensive analysis of postoperative mortality was conducted to observe the efficacy more effectively. Figure 12B displays the funnel plot of the postoperative mortality subgroup analysis. This indicated a small bias risk in all the studies, with no research deviation. Based on the above results, there was no significant difference in mortality between nCT and nCRT.

Cardiac complications
A total of 2085 patients with EC were enrolled, with 918 patients in the nCRT group and 1167 patients in the nCT group. As shown in Figure 13A, the OR score from eight CCSs was 1.15, with a 95%CI of 0.91 to 1.46. The resulting P value was 0.06, and the I2 statistic indicated a moderate heterogeneity of 49%. Based on the OR values, there was no significant difference in cardiac complications among the different studies, and a low level of heterogeneity was observed. The OR values ranged from 0.86 to 6.46, with corresponding 95%CI values of 0.47 to 1.59 and 1.81 to 23.07, respectively.
A comprehensive analysis of cardiac complications after treatment was performed. Figure 13B displays the funnel plot, showing a small bias risk in all the studies, with only one study deviating. Based on the above results, it can be concluded that nCRT increased the incidence of cardiac complications compared to nCT.

Lung complications
A total of 1990 patients with EC were enrolled, with 881 patients in the nCRT group and 1109 patients in the nCT group. As shown in Figure 14A, the OR score from eight CCSs was 1.30, with a corresponding 95%CI of 1.05 to 1.61. The resulting p value was less than 0.05, and the I2 statistic indicated a moderate heterogeneity of 75%. The OR values suggested no significant difference in lung complications among the studies, with a moderate level of heterogeneity. The OR values ranged from 0.21 to 6.58, with corresponding 95%CI values of 0.02 to 2.20 and 2.89 to 14.96, respectively.
A comprehensive analysis of lung complications after treatment was conducted to gain a clearer understanding of the treatment efficacy. Figure 14B displays the funnel plot of the complications. It revealed a small bias risk in all the studies, with only one study deviating. Based on the above results, it can be concluded that nCRT increased the incidence of lung complications compared to nCT.

Reliability analysis
A sensitivity analysis was carried out, and the results indicated no significant change in the outcomes of different analysis models, demonstrating the stability of the enrolled literature. The funnel asymmetric linear regression analysis also showed better consistency in the verification.

DISCUSSION
The present meta-analysis was designed to compare the efficacy and reliability of nCRT and nCT in the prevention and treatment of EC. Among the 20 included studies, the sample sizes of EC ranged from 38 to 7388. The analysis incorporated three RCTs and 17 case-control and cohort studies, reports from which provided a detailed description of the treatment course with nCRT and nCT and documented changes in patients pre- and posttreatment. The meta-analysis findings revealed that nCRT outperformed nCT in terms of the 3-year OSR, pathological complete response rate, and R0 clearance rate for EC. In particular, the improvement in the 3-year OSR was more pronounced in cases of esophageal squamous cell carcinoma. On the other hand, patients receiving nCT experienced a lower incidence of postoperative cardiopulmonary complications and perioperative mortality than those undergoing nCRT, while other indicators showed no statistically significant differences.
Scholars in several studies have suggested that neoadjuvant therapy holds theoretical advantages in controlling the micrometastasis of the disease[28,29]. It can reduce the tumor stage, thus increasing the success rate of focal excision for curable patients. Furthermore, research has consistently shown that the outcomes of neoadjuvant therapy combined with surgery are significantly superior to those of simple surgical excision[30,31]. However, it is worth noting that neoadjuvant treatments may also have detrimental effects on the body's immune system. Additionally, radiotherapy and chemotherapy may lead to body edema, inflammation, and even irreversible fibrosis, resulting in increased postoperative complications and potential mortality[32,33]. The combined application of radiotherapy and chemotherapy, although synergistic in enhancing local efficacy and addressing micrometastasis, increases the toxicity burden associated with both treatments[34]. Recent studies have highlighted that while nCRT significantly improves the R0 removal rate and achieves more pathological complete responses than nCT, it lacks clear survival advantages and may contribute to more postoperative complications.
Therefore, the optimal choice for neoadjuvant therapy remains a subject of debate[35,36]. From previous meta-analyses, scholars have also concluded that nCRT provides a statistically significant survival advantage over nCT. However, some researchers have argued that although nCRT offers advantages in terms of tumor growth control, the difference is not significant[37,38]. Furthermore, data have shown that compared to patients with esophageal adenocarcinoma, those with esophageal squamous cell carcinoma demonstrate greater lesion complete remission and longer average survival rates with adjuvant chemotherapy[39]. In summary, when compared to other traditional adjuvant chemotherapy options for EC, nCRT exhibits certain survival advantages, particularly in cases of squamous cell carcinoma, while nCT performs better in mitigating postoperative complications. This meta-analysis also uncovered the favorable performance of nCT in terms of 5-year overall survival, which differs from prior studies, possibly due to inadequate inclusion of subgroup analysis or a limited number of studies[40,41]. Ultimately, the selection of appropriate neoadjuvant therapy for achieving long-term survival outcomes while reducing perioperative mortality and postoperative complication rates depends on the patient's specific systemic conditions and sensitivity to radiotherapy and chemotherapy.
Of course, this meta-analysis has a few limitations. Most of the included studies involved observational designs spanning a considerable timeframe, potentially introducing variations in surgical selection, dose selection, race, and timing. In addition, all 20 included studies were in English, and some indices in these studies may not have been completely referenced, which could have influenced the results.

CONCLUSION
[bookmark: _Hlk151372793]No significant difference was observed in 3-year DFS or 5-year DFS when comparing the two treatment approaches and the nCT approach. On the other hand, nCRT showed improved outcomes in terms of the 3-year OSR, lesion complete response rate, and R0 CR for EC. Conversely, better 5-year OSR results were exhibited with nCT. Furthermore, compared to other nCRT, nCT demonstrates a lower incidence of cardiopulmonary complications and perioperative mortality.

ARTICLE HIGHLIGHTS
Research background
Esophageal cancer (EC) treatment using neoadjuvant therapy has shown potential advantages in controlling micrometastasis and improving surgical outcomes. However, the optimal choice between neoadjuvant chemoradiotherapy (nCRT) and neoadjuvant chemotherapy (nCT) remains debated.

Research motivation
The study aimed to compare the efficacy and reliability of nCRT and nCT in the prevention and treatment of EC, addressing the lack of consensus in the literature and providing guidance for future research in this field.

Research objectives
The study aimed to analyze various outcomes such as overall survival rates (OSR), pathological complete response rates, R0 clearance rates (CR), and the incidence of complications to determine the advantages and disadvantages of nCRT and nCT in EC treatment.

Research methods
A comprehensive meta-analysis was conducted, incorporating three randomized controlled trials and 17 case-control and cohort studies. The analysis involved statistical calculations, including odds ratios, confidence intervals, P values, and I2 statistics, to assess the differences and heterogeneity among the studies.

Research results
The study found that nCRT outperformed nCT in terms of the 3-year OSR, pathological complete response rate, and R0 CR. However, nCT showed a lower incidence of postoperative cardiopulmonary complications and perioperative mortality. Other outcomes did not show statistically significant differences.

Research conclusions
The study concludes that nCRT is more effective in terms of 3-year survival outcomes and tumor response, particularly in esophageal squamous cell carcinoma cases. On the other hand, nCT is associated with lower postoperative complications and mortality rates. The choice of neoadjuvant therapy should consider the patient's specific conditions and treatment sensitivities.

Research perspectives
Future research should focus on comparing specific subgroups, such as esophageal squamous cell carcinoma, and explore tailored approaches to neoadjuvant therapy to optimize survival outcomes while minimizing complications. Additionally, further investigation is needed to address the limitations of the included studies, such as observational designs and potential variations in surgical selection and dosing.
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Figure 1 The methods for retrieving the literature.
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Figure 2 Reference risk bias assessment.
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Figure 3 Summary of risk bias. +: Low risk, -: High risk; ?: Unclear risk.
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Figure 4 Forest plot of neoadjuvant chemoradiotherapy vs neoadjuvant chemotherapy in 3-year disease-free survival. A: Randomized controlled trials; B: Case-control studies). 95%CI: 95% confidence interval.
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Figure 5 Funnel plot of 3-year disease-free survival. A: Randomized controlled trials; B: Case-control studies. OR: Odds ratio.
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Figure 6 Forest plot of neoadjuvant chemoradiotherapy and neoadjuvant chemotherapy in 5-year disease-free survival. A: Randomized controlled trials; B: Case-control studies. 95%CI: 95% confidence interval.
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Figure 7 Funnel plot of 5-year disease-free survival. A: Randomized controlled trials; B: Case-control studies. OR: Odds ratio; RR: Relative risk.
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Figure 8 Three-year overall survival rate between neoadjuvant chemotherapy and neoadjuvant chemoradiotherapy. A: Forest plot; B: Funnel plot. 95%CI: 95% confidence interval; OR: Odds ratio; RCT: Randomized controlled trial; RS: Retrospective study.
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Figure 9 Five-year overall survival rate between neoadjuvant chemotherapy and neoadjuvant chemoradiotherapy. A: Forest plot; B: Funnel plot. 95%CI: 95% confidence interval; OR: Odds ratio; RCT: Randomized controlled trial; RS: Retrospective study.
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Figure 10 R0 clearance rate between neoadjuvant chemotherapy and neoadjuvant chemoradiotherapy. A: Forest plot; B: Funnel plot. 95%CI: 95% confidence interval; OR: Odds ratio; RCT: Randomized controlled trial; RS: Retrospective study.
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Figure 11 Postoperative complete response rate between neoadjuvant chemotherapy and neoadjuvant chemoradiotherapy. A: Forest plot; B: Funnel plot. 95%CI: 95% confidence interval; OR: Odds ratio; RCT: Randomized controlled trial; RS: Retrospective study.
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Figure 12 Postoperative mortality between neoadjuvant chemotherapy and neoadjuvant chemoradiotherapy. A: Forest plot; B: Funnel plot. A: Forest plot; B: Funnel plot. 95%CI: 95% confidence interval; OR: Odds ratio; RCT: Randomized controlled trial; RS: Retrospective study.
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Figure 13 Cardiac complications. A: Forest plot; B: Funnel plot. A: Forest plot; B: Funnel plot. 95%CI: 95% confidence interval; OR: Odds ratio; RCT: Randomized controlled trial; RS: Retrospective study.
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Figure 14 Lung complications. A: Forest plot; B: Funnel plot. A: Forest plot; B: Funnel plot. 95%CI: 95% confidence interval; OR: Odds ratio; RCT: Randomized controlled trial; RS: Retrospective study.
[bookmark: _Hlk151383593]
Table 1 Basic introduction of literature included in randomized controlled trials
	Ref.
	Case
	TNM

	Burmeister et al[8], 2011
	75
	Stage I-III

	Stahl et al[9], 2017
	119
	Stage II-III

	von Döbeln et al[10], 2019
	181
	Stage II-IV



[bookmark: _Hlk151383614]Table 2 Basic data of literature included in case-control studies and cohort studies
	Ref.
	Case
	TNM

	Anderegg et al[11], 2017
	313
	Stage I-III

	Esophageal Cancer Study Group Participating Centers[12], 2019
	268
	Stage I-III

	Gawad et al[13], 2015
	370
	Stage II-IV

	Markar et al[14], 2017
	608
	Stage II-III

	Tian et al[15], 2020
	827
	Stage I-IV

	Nakashima[16], 2018
	120
	Stage II-IV

	Park et al[17], 2020
	38
	Stage II-III

	Pucher et al[18], 2020
	284
	Stage I-III

	Samson et al[19], 2016
	7388
	Stage I-III

	Spicer et al[20], 2016
	214
	Stage IIIA

	Stiles et al[21], 2019
	338
	Stage I-IV

	Swisher et al[22], 2010
	157
	Stage I-III

	Tang et al[23], 2023
	264
	Stage II-IV

	Tercioti et al[24], 2011
	97
	Stage I-III

	Tiesi et al[25], 2017
	297
	Stage II-IV

	Jiang et al[26], 2022
	299
	Stage II-III

	Zhou et al[27], 2020
	423
	NA


NA: Not available.

Table 3 Quality of case-control studies and cohort studies
	Ref.
	Research type
	Study endpoint
	NOS scoring

	Anderegg et al[11], 2017
	CCS
	1-9
	7

	Esophageal Cancer Study Group Participating Centers[12], 2019
	CCS
	3, 4, and 6
	7

	Gawad et al[13], 2015
	CCS
	4
	6

	Markar et al[14], 2017
	CCS
	3, 5, 7, 8, and 9
	7

	Tian et al[15], 2020
	CCS
	3, 4, 5, and 7
	7

	Nakashima[16], 2018
	CCS
	3-8
	7

	Park et al[17], 2020
	CCS
	5, 7, 8, 9
	6

	Pucher et al[18], 2020
	CCS
	1-7 and 9
	6

	Samson et al[19], 2016
	CCS
	5, 6, and 7
	6

	Spicer et al[20], 2016
	CCS
	1-5, 7, 8, and 9
	7

	Stiles et al[21], 2019
	CCS
	1-4, 6-9
	7

	Swisher et al[22], 2010
	CCS
	3, 4, and 6-9
	7

	Tang et al[23], 2023
	CCS
	5
	6

	Tercioti et al[24], 2011
	CCS
	6, 7, and 9
	6

	Tiesi et al[25], 2017
	CCS
	3-8
	7

	Jiang et al[26], 2022
	CCS
	4
	7

	Zhou et al[27], 2020
	CS
	3 and 4
	7


CCS: Case-control study; CS: Cohort Study; NOS: Newcastle Ottawa Scale.
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