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Ethnopharmacological relevance: Esophageal cancer is one of the most common human cancers, and its incidence is highly endemic in China. The combination of Chinese herbal injections (CHIs) and radiotherapy should be informed by the best available evidence.

Aim of the study: To update and expand on previous work in order to compare and rank the efficacy and safety of CHIs in combination with radiotherapy to treat esophageal cancer.

Materials and Methods: We searched several electronic databases to identify randomized controlled trials (RCTs) regarding CHIs to treat esophageal cancer from their inception to March 15, 2017. In a network meta-analysis (NMA), the bias of the included trials was assessed by two individuals independently in accordance with the Cochrane Handbook for Systematic Reviews of Interventions. Outcomes such as the clinical effectiveness rate, performance status, adverse reactions (ADRs), and survival rate were evaluated. We performed a random-effects NMA to obtain estimates of efficacy and safety outcomes, and we present these estimates as odds ratios (ORs) and corresponding 95% confidence intervals (CIs) calculated via Stata 13.1 and WinBUGS 1.4 software. Furthermore, the surface under cumulative the ranking curve (SUCRA) was used to rank the efficacy and safety of different CHIs in relation to each outcome.

Results: Of 685 identified trials, 55 were eligible for inclusion in the study. These 55 trials included 12 CHIs and 4,114 participants. The cluster analysis results suggested that Compound kushen injection therapy is the optimal CHI treatment for patients with esophageal cancer in terms of improving the clinical effectiveness rate and performance status. Huachansu and Kangai injection are superior in improving 1-year and 2-year survival rates. Lentinan injection may be considered a favorable choice for reliving ADRs, and Compound kushen injection may provide treatment benefits by reducing both gastrointestinal reaction and radiation esophagitis.

Conclusions: The current clinical evidence indicated that Compound kushen injection combined with radiotherapy is the most preferable and beneficial option for patients with esophageal cancer in terms of efficacy and safety. However, the results of our study should be interpreted with caution given the limitations of the sample size and the methodological quality of the included trials.
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INTRODUCTION

Esophageal cancer, the eighth most common cancer worldwide, is extremely aggressive and has a low survival rate (Pennathur et al., 2013; Zacherl, 2014). Esophageal cancer is the sixth leading cause of death among cancers, with an estimated 400,200 deaths, and ~49.35% of cases occur in China (197,500 deaths; Ferlay et al., 2015). Since the 1990s, esophageal cancer has ranked fourth in both the number of cancer diagnoses and cancer mortalities in China; thus, it represents a heavy disease burden (Wang et al., 2012; Lin et al., 2013). Although surgery remains the primary treatment for localized esophageal cancer, the majority of patients recur in regional or distant sites after radical resection, and the overall 5-year survival rate ranges from 15 to 25% (Cappetta et al., 2012; Zhang et al., 2016). An increasing number of patients are diagnosed with esophageal cancer at the advanced stages, and some cases can benefit from radiotherapy to improve overall and progression-free survival as well as locoregional control (Shridhar et al., 2013; Nguyen et al., 2014). However, studies have demonstrated that radiotherapy is often accompanied by serious adverse reaction (ADRs), further impairing the health-related performance status of cancer patients (Beukema et al., 2015). To address this relevant issue, traditional Chinese Medicine (TCM) as an adjuvant cancer treatment has exhibited increased efficacy and reduced side effects (Xu et al., 2015; Cai et al., 2017). In recent decades, inducing cancer apoptosis with TCM has become increasingly popular in the field of oncology (Zhang et al., 2016).

With the transformation of Chinese herbal treatment from traditional preparation to modern preparation, Chinese herbal injections (CHIs) are poised to be a considerable adjuvant treatment for esophageal cancer in combination with radiotherapy or chemotherapy; they have been shown to improve clinical symptoms and nutritional status, inhibit cancer progression, and offer manageable safety profiles (Chung et al., 2015; Wu et al., 2016; Zhang et al., 2017b). Numerous biological and pharmacological studies have been conducted to explain the mechanism of CHIs against cancer. For example, Aidi injection during radiotherapy can effectively inhibit the Th1/Th2 shift among patients with esophageal cancer (Wang and Chen, 2009). However, the types of CHI are various, and the optimal strategy for combining CHIs with radiotherapy to treat esophageal cancer remains inconclusive. Network meta-analysis (NMA) can integrate direct and indirect comparisons based on clinical trials and simultaneously pool evidence on various interventions to rank their comparative efficacy and safety (Salanti et al., 2014). Recently, NMA has been accepted as a key part of the health care decision-making process due to its superiority in drug evaluation (Laws et al., 2014). Given that CHIs combined with radiotherapy are available for esophageal cancer patients, and the absence of clinical trials that directly compare the different types of CHIs, an NMA was designed and implemented in the present study to fill this knowledge gap. The NMA compared the efficacy and safety of combining CHIs with radiotherapy to treat esophageal cancer by quantitatively synthesizing the evidence. The aim was to identify the optimal strategy for treating esophageal cancer and to strengthen inferences for clinical practice in future.

MATERIALS AND METHODS

The procedure of the current NMA was performed in agreement with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (Liberati et al., 2009).

Database and Retrieval Strategies

The consulted electronic databases included Embase, PubMed, the Cochrane Library, the China National Knowledge Infrastructure Database (CNKI), the Wan-fang Database, the Cqvip Database (VIP), and the China Biology Medicine disc (CBMdisc). The retrieval period was from inception to March 15, 2017. No limitations were placed on the publication year, language, or blinding methods. To identify relevant publications, search terms were constructed for three domains: (1) esophageal cancer, (2) CHIs, and (3) study type (randomized controlled trials). The following terms were used for esophageal cancer: “Esophageal Neoplasms [MeSH Terms],” “Esophageal Neoplasm,” “Esophagus Neoplasm,” “Esophagus Neoplasms,” “Cancer of Esophagus,” “Cancer of the Esophagus,” “Esophagus Cancer,” “Esophagus Cancers,” “Esophageal Cancer,” and “Esophageal Cancers.” More specific retrieval strategies are provided in the supplementary file, Table S1. The retrieval strategies were appropriately developed and adopted in consultation with a reference librarian at our university. The reference lists of identified systematic reviews and meta-analyses were further searched to locate potential RCTs (Tables S2, S3).

Inclusion and Exclusion Criteria

The PICOS (patients, intervention, comparison, outcome, and study design) framework was used to select potentially relevant studies. All articles were independently reviewed by two investigators (DZ, MN). RCTs were included if they satisfied the following criteria: (1) The study included patients affected by esophageal cancer, without limitations on gender, age, race, region, or nationality. (2) The interventions involved the administration of CHIs combined with radiotherapy in either arm of treatment, and the CHIs used (such as Aidi injection, Compound kushen injection, and Kangai injection) were authorized by the China Food and Drug Administration and applied in clinics for treating tumors. (3) The study performed a comparison with esophageal cancer patients receiving only radiotherapy, regardless of its course or dosage. (4) The study described efficacy outcomes, such as the clinical effectiveness rate, performance status, and 1-year and 2-year survival rate, and the safety outcomes were ADRs, such as leucopenia, gastrointestinal reactions, and radiation esophagitis. (5) The study was a RCT that compared the relative outcomes of CHIs combined with radiotherapy.

Two investigators (JW, SL) independently perused the titles and abstracts of the identified RCTs and excluded irrelevant clinical trials. The exclusion criteria were as follows: (1) Patients were with other tumors. (2) The interventions included surgery, chemotherapy or other cancer treatments; CHIs were not combined with radiotherapy in either arm; arms from the same trials were different in their therapy duration or drug administration. (3) Relevant outcome indexes were not reported or estimated. (4) The study designs and publication types were non-RCT (for example, qualitative studies, observational studies, meta-analyses, case reports, single-arm trials, pharmacological experiments, or reviews) or were duplicates, and or the full text was unavailable.

Data Extraction and Quality Assessment

All potential articles were managed and organized via EndNote X7 software (Thomson Reuters Crp.3 Times Square, New York, The United States). After removing duplicate records, two investigators (DZ, MN) independently screened the initial search results for potentially eligible studies. All identified articles were then retrieved in full, and the following data were extracted using Microsoft Excel (Microsoft Corp, Redmond, WA): (1) Publication information: the name of the first author and the publication year. (2) Characteristics of the enrolled patients with esophageal cancer: number, age, gender, and the type and stage of cancer. (3) Information on the intervention: dosage, duration, and treatment cycle. (4) Outcomes: the measured data on the efficacy and safety outcomes. These outcomes were calculated using the following formula: the clinical effectiveness rate = (number of complete response patients+number of partial response patients)/total number of patients × 100%) (World Health Organization, 1979). Performance status was evaluated by the Karnofsky performance score (KPS). An improvement in performance status was defined as a KPSs increase of more than 10 points. Survival rate = (number of surviving patients who were followed up with for 1 or 2 years/number of total patients) × 100%. With regard to ADRs, the incidence of ADRs = (number of patients with ADRs/total number of patients) × 100%. (5) Description of study design: blinding, randomized allocation methods, and other items for quality assessment.

Risk-of-bias assessments were completed by two investigators (JW and SL) independently for all individual studies using the Cochrane Risk of Bias Tool [Cochrane Handbook for Systematic Reviews of Interventions, version 5.1.0; (Higgins et al., 2011)] through Review Manager (RevMan) version 5.3 statistical software (The Cochrane Collaboration 2014, Nordic Cochrane Centre Copenhagen, Denmark). Discrepancies were resolved either by consensus or through adjudication by a third investigator (DZ). The quality evaluation of the included RCTs focused on several key domains: selection bias (random sequence generation and allocation concealment), performance bias (blinding of participants and personnel), detection bias (blinding of outcome assessment), attrition bias (incomplete outcome data), reporting bias (selective reporting) and other bias. Each of these items was assessed as high, low or unclear. Information on randomized methods, follow-up, blind methods, allocation concealment, reasons for withdrawal, inclusion and exclusion criteria, ADRs, statistical methods, foundations, and medical ethics for each RCT was also used for the quality evaluation.

The present NMA did not require ethical approval because it gathered data from previously published trials.

Statistical Analysis

We expressed the comparative efficacy and safety of the treatments as the relative risk for dichotomous outcomes with 95% confidence intervals (CIs). The differences between the compared groups were significant, as the 95% CIs did not contain 1. A Bayesian NMA was designed to effectively increase the sample size and provide valid pooled effect estimates for different types of CHIs combined with radiotherapy to treat esophageal cancer. WinBUGS 1.4.3 software (MRC Biostatistics Unit, Cambridge, UK) was utilized to perform a statistical analysis. The Bayesian approach provided probabilistic distributions of the estimates of interest through a large number of simulations and hence produced results with intuitive interpretations through the Markov Chain Monto Carlo method in the random-effects model (Achana et al., 2014; Stephenson et al., 2015; Greco et al., 2016). The choice of the random-effects model for outcomes was mainly driven by the within-study and between-study methodological and clinical variation in the current NMA (Jackson et al., 2014; Chan, 2016). The results of analysis procedure were based on 200,000 simulation iterations and 10,000 adaptation iterations. Additionally, Stata version 13.1 software (Stata Corp, College Station, TX) was adopted to present the results and graphs of the NMA (Shim et al., 2017). The network graph displayed the relationships in the observed comparisons. The thickness of the lines in the network graph was proportional to the number of trials used for the comparisons, and the node sizes corresponded to the total sample sizes for the treatments (Chaimani et al., 2013; Donegan et al., 2013). Moreover, the surface under the cumulative ranking (SUCRA) curve was employed to rank the different CHIs in relation to each outcome. The SUCRA value ranged from 0 to 100%, with a larger SUCRA value indicating a better treatment option (Rücker and Schwarzer, 2015; Trinquart et al., 2016). Publication bias was graphically assessed via a comparison-adjusted funnel plot (Trinquart et al., 2012; Krahn et al., 2014). In addition, if there were closed loops among the included RCTs, the inconsistency between indirect and direct comparisons was calculated with the inconsistency factors and their 95% CIs in a node-splitting analysis for each loop of evidence (Mavridis et al., 2014; Piepho, 2014). A cluster analysis was also performed to synthesize the efficacy and safety of each treatment (reporting two different outcomes) simultaneously. Interventions located in the upper-right corner were superior to others (Veroniki et al., 2015).

RESULTS

Literature Search and Study Characteristics

Initially, our above-described search strategy yielded 685 citations from electronic databases. After duplicates and irrelevant articles were removed, 282 studies remained, and through further inspection, a total of 55 RCTs involving 12 CHIs met our selection criteria. These RCTs were included in the current NMA, and their details are provided in File S1. The study identification, screening, and inclusion process is illustrated in Figure 1. The number of studies included for different CHIs was as follows: Aidi injection (15 trials), compound kushen injection (11 trials), Javanica oil emulsion injection (10 trials), Kangai injection (7 trials), Huachansu injection (4 trials), Elemene injection (2 trials), Astragalus polysaccharide injection (1 trial), Astragalus injection (1 trial), Lentinan injection (1 trial), Shenmai injection (1 trial), Disodium cantharidinate and vitamin B6 injection (1 trial), and Shenqifuzheng injection (1 trial).
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FIGURE 1. Flow chart of the search for eligible studies.



The baseline characteristics of each RCT included were summarized in Table 1. Overall, the 55 trials involved 4,114 patients with esophageal cancer; 2,073 of them received a combination of CHIs and radiotherapy in an experimental group, and 2,041 patients received only radiotherapy in a control group. All RCTs reported the sample size and the age of patients, and 49 trials (89.09%), 15 trials (27.27%), 17 trials (30.91%), and 39 trials (70.91%) provided information on gender, TNM stages, expected survival time, and KPS score before treatment, respectively. Figure 2 depicted the network plot of the interventions included in the Bayesian analysis.


Table 1. Basic Characteristics of the Included Studies.
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FIGURE 2. Network graph for different outcomes. Node sizes indicate total sample sizes for treatments. Line thicknesses correspond to the number of trials used for comparisons. (A) clinical effectiveness rate; (B) performance status; (C) leucopenia; (D) gastrointestinal reactions; (E) radiation esophagitis.



Quality Assessment

Regarding selection bias, 6 (10.91%) of 55 trials were rated as low risk because they adopted random number tables and stratified blocks, and 4 trials (7.27%) were regarded as high risk because they used the method of hospital time difference. The risk of remaining RCTs was deemed unclear. Not all of the included trials described the allocation concealment and blinding method, and not all of them provided information on the attrition bias and reporting bias.With respect to other bias, the included trials did not provide the messages; therefore, they were identified as unclear in this domain. A risk-of-bias graph is presented in Figure 3, and a risk-of-bias summary is shown in Figure S1.
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FIGURE 3. Risk-of-bias graph.



In addition, the results of quality evaluation for the included RCTs indicated that 10 RCTs (18.18%) reported the details on the randomized method, and 17 trials (30.91%), 47 trials (85.45%), 39 trials (70.91%), 1 trial (1.82%), and 9 trials (16.36%) provided information on follow-up, ADRs, statistical methods, foundations and medical ethics, respectively. All RCTs identified the inclusion and exclusion criteria for patients with esophageal cancer, whereas none of them described the impact of the blind method, allocation concealment, and reasons for withdrawal. In general terms, the overall quality of the studies included in this review can be considered moderate (File S2).

Outcomes

Efficacy Outcomes

A total of 38 RCTs with 11 types of CHIs contributed to the evidence network for the efficacy outcomes. The results suggested that 7 types of CHIs—Aidi, Disodium cantharidinate and vitamin B6, Compound kushen, Huachansu, Astragalus polysaccharide, Kangai, and Elemene injection—in combination with radiotherapy exhibited higher clinical effectiveness rates than radiotherapy alone. In addition, significant differences were detected across these 7 types of CHIs compared with radiotherapy, with ORs and 95% CIs of 0.57 (0.42, 0.78), 5.84 (1.02, 48.01), 5.21 (1.97, 15.43), 3.24 (1.83, 5.90), 3.36 (1.10, 11.84), 1.94 (1.20, 3.20), 4.00 (1.53, 11.18), respectively (Table 2). Figure 4A presents the cumulative probabilities (SUCRA values) that 11 types of CHIs combined with radiotherapy are the best option for improving the clinical effectiveness rate. The combination of Compound kushen injection and radiotherapy had the highest probability of being the best option for improving the clinical effectiveness rate (79.32%), followed by Disodium cantharidinate and vitamin B6 injection plus radiotherapy (76.26%) and Elemene injection plus radiotherapy (69.2%). The SUCRA values of each intervention in terms of different outcomes were summarized in Table 3.


Table 2. Results of the network meta-analysis of the clinical effectiveness rate (upper-right quadrant) and performance status (lower-left quadrant).
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FIGURE 4. SUCRA for the treatments of clinical effectiveness rate (A) and performance status (B).




Table 3. SUCRA values of different interventions for outcomes.
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A total of 19 RCTs reported information on performance status across the 6 types of CHIs. The results demonstrated that patients receiving 6 types of CHIs—Aidi, Compound kushen, Astragalus polysaccharide, Kangai, Lentinan, and Javanica oil emulsion injection—plus radiotherapy presented considerable improvements in performance status relative to those with radiotherapy alone. There were significant differences between these groups, with ORs and 95% CIs of 0.32 (0.18, 0.56), 4.84 (3.08, 7.77), 4.84 (1.40, 18.34), 3.75 (1.98, 7.12), 4.22 (1.21, 15.97), and 2.33 (1.25, 4.37), respectively (Table 2). The combination of Compound kushen injection and radiotherapy led to the best performance status, with a SUCRA value of 78.05% (Figure 4B). The SUCRA values of the other CHIs were listed in Table 3.

Additionally, 20 RCTs with 8 types of CHIs contributed to the evidence network for 1-year survival rate analysis. Aidi, Shenqifuzheng, Compound kushen, Huachansu, Kangai, and Javanica oil emulsion injection combined with radiotherapy were associated with a 1-year-longer survival rate than radiotherapy alone. Their ORs and 95% CIs were 0.40 (0.26, 0.60), 5.6 (1.67, 20.68), 2.04 (1.26, 3.30), 4.11 (1.32, 14.66), 3.77 (1.14, 14.34), and 2.52 (1.47, 4.32), respectively (Table 4). The SUCRA values suggested that Shenqifusheng injection (85.52%) was the best choice for this outcome. With regard to the 2-year survival rate, 9 RCTs with 5 types of CHIs described the data, and the combination of Huachansu, Kangai, Compound kushen, Javanica oil emulsion, and Elemene injection with radiotherapy had no corresponding benefit for improving the 2-year survival rate (Figure 5).


Table 4. Results of the network meta-analysis for 1-year survival rate (upper-right quadrant) and 2-year survival rate (lower-left quadrant).
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FIGURE 5. SUCRA for the treatments of 1-year survival rate (A) and 2-year survival rate (B).



Safety Outcome

A total of 18 RCTs with 9 CHIs were involved in the NMA concerning leucopenia. The results indicated a favorable trend for relieving leucopenia when Aidi, Shenqifuzheng, Compound kushen, Kangai, Lentinan, and Javanica oil emulsion injection were used during radiotherapy; their ORs and 95% CIs were 2.78 (1.42, 5.33), 0.13 (0.026, 0.63), 0.22 (0.078, 0.56), 0.15 (0.015, 0.96), 0.098 (0.014, 0.53), and 0.23 (0.10, 0.51), respectively. Compared with Elemene injection, Shenqifuzheng and Lentinan injection might hold greater potential for relieving leucopenia, with ORs and 95% CIs of 8.80 (1.04, 78.73) and 0.081 (0.0078, 0.77), respectively (Table 5). The results of the SUCRA analysis showed that Lentinan injection was superior to all other candidate interventions for decreasing the risk of leucopenia (Figure 6A).


Table 5. Results of the network meta-analysis for leucopenia (upper-right quadrant) and gastrointestinal reactions (lower-left quadrant).
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FIGURE 6. SUCRA for the treatments of ADRs. (A) leucopenia; (B) gastrointestinal reactions; (C) radiation esophagitis.



Ten RCTs with 6 CHIs were included in the NMA concerning gastrointestinal reactions. Table 5 presents evidence that the combination of different CHIs did not reduce the risk of gastrointestinal reactions compared with radiotherapy alone. The superiority of Shenqifuzheng injection over other types of CHIs in relieving gastrointestinal reactions was further confirmed via SUCRA analysis (Figure 6B).

Data on radiation esophagitis were available for 33 trials involving 8 CHIs. The results suggested that the combination of Aidi, Compound kushen, Astragalus polysaccharide, and Javanica oil emulsion injection with radiotherapy displayed a trend of being beneficial for relieving radiation esophagitis; their ORs and 95% CIs were 1.76 (1.23, 2.56), 0.24 (0.15, 0.38), 0.35 (0.13, 0.96), and 0.45 (0.27, 0.76). Among the CHIs, Compound kushen injection yielded the best result for reducing radiation esophagitis compared with Aidi and Elemene injection; the ORs and 95% CIs were 0.42 (0.23, 0.75) and 3.86 (1.48, 10.2) (Table 6). The SUCRA results showed that Compound kushen injection was regarded as more efficient in relieving radiation esophagitis than other types of CHIs (Figure 6C).


Table 6. Results of the network meta-analysis for radiation esophagitis.
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Publication Bias

As depicted in Figure 7, the publication bias of the included trials regarding the clinical effectiveness rate and performance status were measured by funnel plots. The results illustrated potential publication bias among included RCTs.
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FIGURE 7. Funnel plot of clinical effectiveness rate (A) and performance status (B).



Cluster Analysis

To categorize the different types of CHIs into distinctive groups and estimate the safest and most effective treatments, we conducted a cluster analysis for RCTs that described the details of several outcomes simultaneously. Regarding the efficacy outcomes, the results of the cluster analysis revealed (as shown in Figure 8) that Compound kushen injection was associated with the most favorable benefits in improving the clinical effectiveness rate and performance status compared with other CHIs. Huachansu and Kangai injection were superior in improving 1-year and 2-year survival rates. With respect to safety outcomes, Lentinan injection had a clear therapeutic advantage for reliving ADRs, and Compound kushen injection achieved superior effects for reducing both gastrointestinal reaction and radiation esophagitis among the CHIs. Overall, the combination of Compound kushen injection and radiotherapy had the potential to be the most preferable and beneficial option for patients with esophageal cancer in terms of efficacy and safety.
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FIGURE 8. Cluster analysis plot of outcomes. (A) clinical effectiveness rate (X axis) and performance status (Y axis); (B) 1-year survival rate (X axis) and 2-year survival rate (Y axis); (C) leucopenia (X axis) and gastrointestinal reactions (Y axis); (D) leucopenia (X axis) and radiation esophagitis (Y axis); (E) gastrointestinal reactions (X axis) and radiation esophagitis (Y axis).



DISCUSSION

To compare the efficacy and safety of different CHIs combined with radiotherapy to treat esophageal cancer, we adopt the NMA approach to analyze the overwhelming evidence in published RCTs. In summary, the results of the NMA indicated that the combination of Compound kushen injection and radiotherapy was the best choice for patients with esophageal cancer in terms of both efficacy and safety. Moreover, the choice of specific CHIs should rely on high-quality evidence-based research, the clinical practice of oncologists and the condition of patients with esophageal cancer.

It has been proven that esophageal cancer is still difficult to cure despite improved surgical techniques, reduced perioperative mortality, and the introduction of multimodality therapy (Dehdashti and Siegel, 2004; Kato et al., 2007; Kato and Nakajima, 2012). TCM is a widely popular treatment for esophageal cancer because of its benefits for syndrome differentiation, specimen and centralizer treatment. It had advantages in suppressing tumor progression, killing tumor cells, improving the sensitivity of chemotherapy or radiotherapy, and improving immunologic functions (Wang et al., 2014; Zhang et al., 2014). As a TCM preparation, Compound kushen injection is derived from Radix sophorae flavescentis and Rhizoma smilacis glabrae, and it has been approved for treating various types of solid tumors by the State Food and Drug Administration of China for over 20 years (Guo et al., 2015; Gao et al., 2018). It is well documented that Compound kushen injection can offer clear advantages for patients with liver cancer, colon cancer, lung cancer, and acute leukemia, according to several systematic reviews (Ma et al., 2016; Tu et al., 2016; Wang et al., 2016; Yu et al., 2017; Zhang et al., 2017a). The molecular mechanism of Compound kushen injection against esophageal cancer remarkably enhances the expression of pro-apoptotic gene TE-8 cells through increasing apoptosis and inhibiting cell proliferation (Yang et al., 2015). Huanchansu injection is the sterilized hot water extraction of dried toad skin. Previous studies have confirmed that its anticancer potentials inhibit the proliferation and differentiation of tumor cells and enhance immune responses (Qi et al., 2014; Wei et al., 2017). The main constituents of Kangai injection include Astragalus saponins, ginsenoside, and matrine that are isolated from Chinese herbs, namely, ginseng, Astragalus, and Sophora flavescens. These active constituents play an important regulatory role in the tumor development process (Auyeung et al., 2009; Yong et al., 2015). Lentinan injection, the backbone of β-(1, 3)-glucan with β-(1, 6) branches, has also been administered for antitumor therapy in China and Japan for decades. Correlative studies have revealed the properties of Lentinan injection in relation to immunomodulation and improvements in the response rate as well as adverse events in advanced cancer treatment (Ina et al., 2013; Wang et al., 2017). With regard to CHI safety, our results revealed that some types of CHIs elicited a greater beneficial impact on reliving ADRs (leucopenia, gastrointestinal reactions, and radiation esophagitis) than radiotherapy alone. However, the safety of CHIs should be adequately addressed and considered for safe practice in accordance with the specific environment, especially in developing countries, where the unsafe and excessive use of CHIs is common in health care systems.

Currently, only one published NMA has focused on CHIs combined with radiotherapy for treating esophageal cancer (Ge et al., 2015). The search period of the previous systematic review ended in September 2014, and it included 43 RCTs involving 3,289 participants. By contrast, the strengths of the present study include the comprehensive coverage of the current and latest research findings, and the inclusion criteria were formulated and established strictly through the selection process of potential RCTs. For example, the control group of the included RCTs was restricted to studies in which patients only received radiotherapy in order to reduce the interference of clinical heterogeneity. Meanwhile, the strong and robust Bayesian NMA statistical method was utilized to evaluate the different efficacy and safety outcomes. The efficacy outcomes in the present study involved the clinical effectiveness rate, performance status, and 1-year and 2-year survival rates; the safety outcomes were ADRs, such as leucopenia, gastrointestinal reactions, and radiation esophagitis. SUCRA was used to identify the optimal treatment for each outcome, and a cluster analysis was performed to estimate the superior CHIs in terms of efficacy and safety.

Several limitations of the current NMA should be noted. First, as mentioned above, there was a lack of head-to-head comparisons of different CHIs, although this limitation was addressed and overcome via NMA to a certain extent. More head-to-head comparisons for different types of CHIs are warranted to draw more robust and reliable conclusions. Second, the endpoint outcomes, such as overall survival and progression-free survival, play a vital role in identifying and judging the therapeutic effects among patients with tumors, while the majority of the included trials did not report long-term endpoint outcomes. Hence, clinical trials of patients with cancer should focus on more meaningful endpoints. Last, some confounding factors were inherent in the included trials; for instance, the cancer stages as well as the doses and courses of CHIs varied across the included RCTs. In addition, the majority of the included RCTs exhibited a high risk of bias, and the sample size in each study was relatively small. Another important limitation of the present meta-analysis relates to the methodological quality of the included RCTs. It would be desirable for trials to provide details in regard to the randomized method, allocation concealment, and blind methods used because the methodological quality of the included RCTs was closely associated with the credibility of the evaluation results in the systematic review. For this reason, we suggest that clinical trials should pay attention to improving the methodological quality in order to support and promote the appropriate use of CHIs. Given the limited quality and quantity of the included studies, more rigorous RCTs are needed to verify the beneficial role of CHIs combined with radiotherapy in patients with esophageal cancer.

In conclusion, the current evidence suggests that the combination of Compound kushen injection and radiotherapy is the most preferable and beneficial option for patients with esophageal cancer in terms of efficacy and safety, although additional results from multi-center trials and high-quality studies will be pivotal for supporting our findings.
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M, male; F; femele; E, experimental group; C, control group; NR, ot reported; EST, expected survival ime; m, month d, dey; c, cycle; ®, clinical effectiveness rate; @, performance
status, @, ADR; @, suvival rate; AD, Aidi injection; Al, Astragalus injection; AR, Astragalus polysaccharide injection; CKS, Compound kushen injection; DC, Disodium cantharidinate
and vitamin B injection; EL, Elemene injection; HCS, Huachansu injection; JOE, Jevanica oil emuision injection; KA, Kangai injection; LE, Lentinan injection; SM, Shenmai injection;

SQFZ, Shenqifuzheng injection; DT, radiation absorbed dose.
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