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This study was aimed to evaluate the clinical values of single markers and combination in the diagnosis, short-term efficacy and recurrence risk assessment of esophageal squamous cell carcinoma (ESCC).


Methods

Totally 50 patients with I-IVa stage ESCC, 50 healthy controls and 11 patients with recurrent esophageal cancer after comprehensive treatment were enrolled. Serum biomarkers were collected and evaluated. Serum concentrations of carcinoembryonic antigen (CEA), cytokeratin 19 fragment antigen 21-1 (CYFRA21-1) and neuron specific enolase (NSE) were measured by enzyme-linked immunosorbent assay before and after treatment.



Results

The diagnostic efficacy ROC curve area of CEA, CYFRA21-1 and NSE in esophageal cancer was 0.70, 0.71 and 0.64(all P <0.05), respectively, the sensitivity was 80%, 88.89% and 60% respectively, and the specificity was 53%, 58.5% and 58% respectively. The sensitivity and specificity of the combined detection were 68% and 78% respectively. The area under ROC curve was 0.75. CEA, CYFRA21-1 and NSE were significantly higher than the healthy control group and thus can be used as diagnostic markers of esophageal cancer (all P <0.05). After standard treatment, the clinical CR and PR rate of patients with positive CYFRA21-1 or NSE before treatment was significantly lower than that of patients with negative CYFRA21-1 or NSE (X2 = 4.52,P =0.03). A significant negative correlation was found between N stage and clinical efficacy (HR 2.48, 95%CI 1.07-5.73). After comprehensive treatment, the serum CYFRA21-1 and NSE levels in recurrent patients also increased significantly(all P<0.05), indicating these two markers play obvious roles in recurrence monitoring.



Conclusion

CYFRA21-1 and NSE may help to predict the response of ESCC to CRT, and play important roles in the diagnosis and recurrence monitoring of esophageal cancer. These markers have a diagnostic value of esophageal cancer when combined with CEA.
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Introduction

The incidence and mortality rates of esophageal cancer, one common gastrointestinal tumor, rank seventh and sixth respectively among all malignant tumors, according to a global cancer report (1). These two rates increase year by year, and the 5-year survival rate of esophageal cancer is less than 20%, according to data of sexually transmitted diseases. Compared with developed countries, the incidence and mortality of esophageal cancer in developing countries are higher. Especially, the incidence rate and mortality of this disease are the highest in China, accounting for 54.1% of total cases and 56% respectively (2). Esophageal squamous cell carcinoma (ESCC) and esophageal adenocarcinoma are two major pathological types. ESCC accounts for more than 90% of esophageal cancer patients in China. ESCC usually presents with occult attack, high degree of malignancy, and rapid progression. Therefore, most patients with ESCC are at the middle and advanced stages, resulting in poor treatment effect and poor prognosis. At present, surgery, radiotherapy and chemotherapy are the main treatment methods of ESCC, but most patients have lost the opportunity of surgery. Radical radiotherapy and chemotherapy are used as the main treatment methods of locally advanced ESCC. Some esophageal cancer patients who have reached CR or PR after comprehensive treatment still suffer recurrence within 1 year (1). The heterogeneity of prognosis suggests it particularly important to evaluate the risk of patients and find reliable evaluation indicators. Use of imaging methods is still a challenge for the diagnosis and efficacy evaluation of ESCC. Therefore, in clinical practice, finding non-invasive detection methods to evaluate the treatment effect, monitor tumor recurrence, and even screen out high-risk recurrence groups is urgent.

Tumor markers are substances produced by the synthesis and release of tumors or by the stimulation response of tumor cells to the body. They have certain specificity for various tumors and are widely used in the diagnosis and treatment of some tumors. It is considered that the increase of alpha feto protein (AFP) level is closely related to liver cancer, and the significant rise of carcinoembryonic antigen (CEA) level is linked with digestive system tumors. Similarly, significant elevation of CA153 level, and CA125/CA72-4 levels are associated with breast cancer and ovarian cancer respectively. Pancreatic cancer is more frequent when chain antigen 19-9 (CA19-9) level is elevated. Finally, when neuron specific enolase (NSE) level significantly elevates, it often indicates neuroendocrine tumors or small cell lung cancer. However, there are few studies on tumor markers specific for esophageal cancer. Reportedly, cytokeratin protein fragment 19 (CYFRA21-1), CEA and sugar CA19-9 are commonly-used tumor markers of ESCC, and can help to judge the curative effect and prognosis of ESCC (3, 4), but are all limited by low specificity. In addition, few studies involve the changes of tumor markers in peripheral blood of esophageal cancer patients before and after treatment, or before and after radical radiotherapy and chemotherapy.

We included 50 ESCC patients who underwent radical radiotherapy and chemotherapy in the treatment center to detect tumor markers in peripheral blood, mainly including AFP, CEA, CA19-9, CA72-4, NSE and CYFRA21-1. By evaluating the dynamic changes of these tumor markers before and after radiotherapy and chemotherapy, we analyzed the relationship between the positive rate of tumor markers and clinicopathological factors. Then the relationship between tumor marker concentrations and clinical efficacy was analyzed. At the same time, the changes of tumor markers in the serum of a healthy control group and a recurrent esophageal cancer group were evaluated to further clarify the roles of tumor markers in the diagnosis and recurrence monitoring of esophageal cancer.



Methods


Case Data

The 50 ESCC patients underwent radical radiotherapy and chemotherapy between March 2018 and December 2020, including 43 males and 7 females. Their ages ranged from 47 to 81 years, with an average of 67.06 years. At the same time, 11 patients with recurrent esophageal cancer were included, including 10 males and 1 female, who were aged 48-75 years (mean 64.9 years). A healthy control group including 25 males and 25 females was set, who were aged 29-83 years (mean 55.6 years).

Inclusion criteria were: (1) esophageal cancer confirmed as ESCC by histopathological biopsy; (2) All no reception of any treatment before radiotherapy and chemotherapy; (3) no cognitive impairment and ability of normal communication. The healthy controls had no malignant tumor, benign tumor or other benign diseases. Exclusion criteria were: (1) abnormal liver and kidney function; (2) immune and nervous system disorders; (3) serious noncooperation and withdrawal from the researcher; (4) other malignancies. All patients signed informed consent before treatment.



Experimental Methods


Grouping

Peripheral blood samples of the 50 ESCC patients undergoing radical radiotherapy and chemotherapy within 1 week before treatment and 1 month after treatment were collected and recorded as Pretreatment and Posttreatment Groups respectively. At the same time, the peripheral blood of recurrent esophageal cancer patients within 1 week before treatment was collected and recorded as a Recurrence Group. Similarly, peripheral blood samples from a number of 50 healthy people at the same time were collected and recorded as Healthy Controls. The changes of tumor markers in peripheral blood samples of each group before and after treatment were analyzed to clarify the types of markers with obvious changes before and after treatment, and to further clarify the types of markers for efficacy evaluation in esophageal cancer treatment.



Detection of Tumor Markers

The concentrations of serum AFP, CEA, CA72-4, CYFRA21-1, CA19-9 and NSE were detected by enzyme-linked immunosorbent assay (ELISA) using an Au5800 automatic biochemical instrument (Beckman Kurt company, USA). Specifically, 5 ml of fasting elbow venous blood was extracted, centrifuged at 3500 r/min for 20 min, and then the upper serum was taken and put into a - 70°C low-temperature refrigerator for use. The instrument and detection kits (Shanghai Taikang Biotechnology Co., Ltd.) were operated in strict accordance with the instructions. According to the instructions of the kits and the data of our institution, the cut-off values of the tumor markers were set as AFP < 20 ng/ml, CEA < 4.7 ng/ml, CA19-9 < 39 u/ml, CA72-4 < 6.9 u/ml, CYFRA21-1 < 3.3 ng/ml and NSE < 16.3 ng/ml. If a marker is greater than the corresponding cut-off value, it is considered positive.



Observation Indexes

(1) Serum concentrations of the five tumor markers were compared. (2) Diagnostic values of the five tumor markers in esophageal cancer were analyzed. (3) Relationship between the tumor marker concentrations and clinicopathological features in the pretreatment group was tested. (4) Relationship between the positive rate of serum tumor markers before treatment and the short-term clinical efficacy was studied to further clarify the types of tumor markers with monitoring values. (5) Imaging evaluation: chest and abdomen enhanced computed tomography (CT) or positron emission tomography (PET)-CT was performed 1 month after radical radiotherapy and chemotherapy to evaluate the curative effect.

The four Recist1.1 evaluation criteria were adopted.

Complete response (CR): all target lesions disappeared completely, and the short axis value of lymph nodes was < 15 mm.

Partial response (PR): the sum of ‘the maximum length and diameter of the target lesions’ continually decreased by more than 30% within 4 weeks.

Disease progression (PD): the above sum increased by more than 20.0%, or new lesions appeared.

Stable disease (SD): the sum decreased by less than 30.0% or increased by less than 20.0%.

CR and PR indicate ‘effective’, but SD and PD suggest ‘ineffective’.



Treatment Plan

Intensity-modulated radiation therapy was selected as the radiotherapy technology. The prescribed dose of radiotherapy was 50-66 Gy/25-33f/1.8-2 Gy. The treatment plan was 95% PTV/PGTV/PGTVnd get 50-66Gy irradiation dose, and the limits of endangering organs, lungs, heart and spinal cord were within the normal ranges. The chemotherapy regimen was: one cycle every 21 days, a total of two cycles of chemotherapy during radiotherapy. The specific chemotherapy regimen was paclitaxel liposome 135 mg/m2 combined with 100 mg/m2 nedaplatin.




Statistical Processing

Statistical analysis of data was conducted Graphpad 8.0.2. The measured data were expressed as (x ± s). The measured data that did not conform to the normal distribution were displayed as the median. The changes of tumor markers before and after treatment were evaluated by Kruskal Wallis nonparametric rank sum test. Inter-group and multigroup comparisons were examined by Mann Whitney u test and by one-way analysis of variance (ANOVA) or Chi-square test respectively. Relationship between the changes of tumor markers and clinicopathological factors was tested by logistic regression analysis. The differences were significant at P < 0.05.




Results


Patient Situation

The 50 esophageal cancer patients receiving radical radiotherapy and chemotherapy all completed the treatment, and 100 peripheral blood samples were obtained before and after treatment. At the same time, 50 peripheral blood samples from the control group and 11 samples from the recurrent group were acquired. The 50 esophageal cancer patients were divided into four clinical stages, including 2, 19, 18 and 11 patients at stages I, II, III and IVA respectively, according to the 7th edition of the American Joint Commission on cancer (AJCC). The tumors were located in the cervical segment in 10 cases, the thoracic segment in 24 cases and the lower thoracic segment in 16 cases. There were 10, 1, 4, 3, 31 and 1 patient receiving 50 Gy, 56 Gy, 58 Gy, 59.92 Gy, 60 Gy and 66 Gy doses respectively. All patients with radical radiotherapy and chemotherapy underwent imaging examination to evaluate their conditions one month after treatment, mainly including chest and abdomen enhanced CT or PET-CT. The examination results were independently evaluated by two radiologists & imaging doctors with senior years or above. When the evaluation results of the two evaluators were inconsistent, they decided after discussion. After radical radiotherapy and chemotherapy according to Recist1.1 evaluation standard, 4, 26, 14 and 6 cases reached clinical CR, PR, SD, and PD respectively (Table 1).


Table 1 | Clinical pathology data of patients with esophageal cancer.





Plasma Tumor Markers Levels in All the Samples

First, we analyzed the serum concentrations of AFP, CEA, CA72-4, CYFRA21-1, CA19-9 and NSE in each group. The positive detection rates of tumor markers in each group were calculated according to the reference values of all reagents. Results showed AFP, CA72-4 and CA19-9 concentrations in the pretreatment and control groups. The positive rates in the controls were very low (Table 2).


Table 2 | Positive rate of tumor markers in each group.





Diagnostic Value of Plasma Tumor Markers Levels in Patients With ESCC

To determine whether the tested tumor markers are valuable for diagnosis of esophageal cancer, we analyzed the data of the pretreatment group and the control group. No significant difference was found in the CA19-9 concentration between the two groups, and levels of the other tumor markers were higher in the pretreatment group than in the control group. Although the levels of AFP and CA72-4 were significantly different between the two groups (both P < 0.05), considering the very low positive detection rates of the two groups, we believe they had no diagnostic values for ESCC and thus did not further study. When the cut-off value of CEA was 4.7 ng/ml, the fluctuation range of CEA was 2.35 ± 2.0 ng/ml in the control group and was 3.5 ± 3.03 ng/ml in the pretreatment group, which were significantly lower than in the esophageal cancer group (P < 0.05). The fluctuation range of CYFRA21-1 was 1.9 ± 0.74 ng/ml in the healthy control group and was 3.85 ± 3.8 ng/ml in the pretreatment group, which were significantly lower than in the esophageal cancer group (P < 0.05). Similarly, when the cut-off value of NSE was 16.3 ng/ml, the change range of NSE was 16.1 ± 4 ng/ml in the control group and was 18.2 ± 5.2 ng/ml in the pretreatment group, with significant difference (P < 0.05) (Figure 1).




Figure 1 | Comparison of Tumor Markers between Pretreatment Group and Healthy Controls.



The receiver’s operating curves (ROCs) of CEA, CYFRA21-1 and NSE in the diagnostic efficacy of ESCC were further studied. The areas under the curves of CEA, CYFRA21-1 and NSE were 0.70, 0.71 and 0.64 respectively (all P < 0.05), the sensitivity was 80%, 88.89% and 60% respectively, and the specificity was 53%, 58.5% and 58% respectively, indicating that the above three tumor markers have obvious diagnostic values in esophageal carcinoma, especially CYFRA21-1. Interestingly, when the cut-off value of NSE was set at 16.3 ng/ml, the positive rate in the control group was up to 42%. Therefore, analysis of the detection value of NSE in ESCC found that when the cut-off value of NSE was 17.5 ng/ml, the Yoden index was 0.40. At this time, the diagnostic efficiency of NSE is the highest, with diagnostic sensitivity of 50% and specificity of 87.6% (Figure 2A).




Figure 2 | The receiver operating curves were used to assess the dignostic value of plasma tumor marker's levels.



Obviously, it is not a proper choice to use a single positive tumor marker for diagnosis and prognosis. To identify an effective diagnostic profile with an improved discriminative accuracy between ESCC and non-ESCC patients, we set a 3-step diagnostic procedure. First, plasma levels of CEA were taken into account. If such levels were found to be equal or above the detection threshold of 4.7 ng/mL, the diagnosis of ESCC was retained. On the contrary, if plasma CEA levels were negative, the diagnosis relied on the plasma concentration of CYFRA21-1, which accounted for the detection threshold of 3.3 ng/mL. At last, with the threshold of 16.3 ng/ml, plasma levels of NSE played a significant diagnostic role if both CEA and CYFRA21-1 levels were normal (Figure 3).




Figure 3 | A 3-step diagnostic work flow based on tumor markers for patients in ESCC.



The receiver operator characteristic analysis accounting for the 3-step diagnostic procedure afforded an area under the curve of 0.75 for the diagnosis of patients with ESCC, with a sensitivity of 68% and a specificity of 78% (Figure 2B).



Prognostic Value of Plasma Tumor Markers Levels in Patients With ESCC

We compared the data of the pretreatment group and the posttreatment group. Results showed significant differences in the changes of tumor markers before and after treatment. The serum CA72-4 level in the posttreatment group was higher than that in the pretreatment group, but not significantly (P > 0.05). The serum levels of CEA, CA-199, CYFRA21-1 and NSE in the posttreatment group were significantly lower, and the decrease of CYFRA21-1 and NSE was significant (P < 0.05) (Figure 4).




Figure 4 | Comparison of Tumor Markers between Pretreatment and Posttreatment Group.



Therefore, we studied the relationship between the two significant markers and clinicopathological factors. When the cut-off value of CYFRA21-1 was set at 3.3 ng/ml, the positive rate of CYFRA21-1 before treatment was significantly correlated with patient gender, tumor location, T stage, N stage, and tumor, node, metastasis (TNM) stage, but not with age or body mass index (BMI) (P > 0.05). The positive rate at a later stage was higher (all P < 0.05). Similarly, the diagnostic efficiency was the highest when the cut-off value of NSE was 17.5 ng/ml. Therefore, we studied the cut-off value of NSE at 17.5 ng/ml and found the positive rate of NSE before treatment was not significantly correlated with age, gender, BMI, T stage, N stage, TNM stage or tumor location (all P > 0.05) (Table 3).


Table 3 | Assessment of plasma tumor markers’ levels by multivariate analysis.



To further clarify the relationship of clinical efficacy with the positive rates of NSE and CYFRA21-1 before treatment, we recorded as tumor maker positive TM(+) when neither NSE or CYFRA21-1 was positive before treatment, and as TM(-) when both were negative. Before radical radiotherapy and chemotherapy, the TM(+) rate was 64% (32/50), and the TM(-) rate was 36% (18/50). After radiotherapy and chemotherapy, the clinical CR + PR rate was 46.9% (15/32) in the TM (+) patients and 72.2% (13/18) in the TM (-) patients. The positive rate of tumor markers before treatment significantly and directly affected the CR + PR rate (x2 = 4.52, P = 0.03). Thus, pretreatment TM(-) patients benefited more from the treatment and were more likely to achieve clinical CR or PR. In addition, the serum TM level of esophageal cancer patients was significantly decreased after treatment (P = 0.03). We then analyzed the clinicopathological factors affecting the short-term efficacy through logistic regression. It was found that none of gender, age, BMI, tumor location, T stage or radiotherapy dose was significantly correlated with the short-term efficacy of radiotherapy and chemotherapy, while the main influence factor on the efficacy of was lymph node metastasis (P = 0.03, HR 2.48, 95%CI 1.07-5.73). At the same time, we studied 20 patients who were determined to be ineffective after radiotherapy and chemotherapy. The rates of TM(+) and TM(-) were 80% (16/20) and 20% (4/20), respectively, and 50% (10/20) and 50% (10/20) respectively after treatment (Table 4 and Figure 5).


Table 4 | Logistic regression analysis of the relationships between effectiveness of chemoradiotherapy (CRT) and serum levels of CYFRA21-1 and NSE.






Figure 5 | Relationship between clinical parameters and efficacy.





Recurrence Monitoring Value of Plasma Tumor Markers Levels in Patients With ESCC

Some studies point out that some esophageal cancer patients will suffer tumor recurrence within one year after comprehensive treatment. Therefore, it is very important to find out tumor markers that can help monitor the risk of recurrence. We analyzed the tumor markers in the recurrent group and the posttreatment group. Results showed that except AFP, the positive rates of other tumor markers in the serum of esophageal cancer patients in the recurrent group increased to varying degrees. NSE and CYFRA21-1 levels increased significantly (P < 0.05). Moreover, regular examination of CYFRA21-1 and NSE in esophageal cancer patients after treatment can effectively monitor recurrence. If CYFRA21-1 and NSE levels elevated, the patient should be highly vigilant against the risk of tumor recurrence (Figure 6).




Figure 6 | Comparison of Tumor Markers between Pretreatment and Recurrence Group.






Discussion

ESCC has a hidden onset and no obvious symptoms in early stage. It is often diagnosed at the middle and late stage and thus loses the opportunity of operation. Radical radiotherapy and chemotherapy become the primary treatments for esophageal cancer. However, radiotherapy shows great individual differences. The clinical effects of radiotherapy on ESCC patients with similar or the same pathological stages are different. At present, CT is often used for efficacy evaluation. However, based on radiation and delay, CT is unsuitable for repeated use as efficacy evaluation (5). Therefore, selecting non-invasive and highly repetitive methods that can effectively evaluate the short-term efficacy and recurrence monitoring is very important. Reportedly, tumor markers are potential for screening, diagnosis, prognosis establishment, treatment monitoring and recurrence detection (6). However, it is unclear whether the pretreatment serum levels of tumor markers are important predictors of prognosis and whether clinicopathological factors are independent of the TNM staging system, for esophageal cancer patients with concurrent radiotherapy and chemotherapy.

Through detecting tumor markers in peripheral blood of 50 ESCC patients before and after radiotherapy and chemotherapy, we found the sensitivity of tumor markers before treatment was 0% (AFP), 0% (CA19-9), 33% (CA72-4), 80% (CEA), 88.9% (CYFRA21-1) and 60% (NSE). Especially, AFP, CA19-9 and CA72-4 all had low sensitivity in diagnosis of esophageal cancer, which is consistent with previous studies (7–9). Further research found no significant difference in the changes of AFP, CA19-9 or CA72-4 in peripheral blood after treatment. Therefore, we believe these marks have no significant value in monitoring the short-term efficacy, diagnosis and treatment of esophageal cancer, which were not further studied. CEA was first isolated from colon cancer in 1965, and its diagnostic and prognostic roles in esophageal cancer were confirmed (9). However, its diagnostic and monitoring values after concurrent radiotherapy and chemotherapy were rarely studied. In this study, the diagnostic sensitivity of CEA for esophageal cancer is up to 80%, higher than those of AFP, CA19-9 and CA72-4. The high diagnostic value of CEA in esophageal cancer is consistent with a previous study (10). After further comparing the CEA levels among the pretreatment group, recurrent group and posttreatment group, we found no significant changes in CEA after treatment (P > 0.05), and no significant difference in serum CEA between the posttreatment group and the recurrence group (P > 0.05). Therefore, we believe CEA plays a poor role in the prediction of short-term curative effect and recurrence monitoring after treatment, which is consistent with a previous study (11).

Reportedly, CYFRA21-1 is produced by tumor cells. In a cancerous body, tumor cells can release CYFRA21-1 soluble fragments into the blood circulation (12), and its numerical change is positively correlated with tumor size and disease progression (13). CYFRA21-1 was first found as a tumor marker of lung cancer, and its role in the diagnosis and monitoring of lung cancer and head and neck squamous cell carcinoma was confirmed (13–15). Recently, the role of CYFRA21-1 in evaluating the efficacy of esophageal cancer after chemotherapy was also validated (16, 17). Reportedly, CYFRA21-1 was significantly and positively correlated with esophageal cancer regression, tumor invasion depth and TNM stage (16, 18). We obtained similar results. The pretreatment positive rate of CYFRA21-1 was correlated with gender, tumor location, T stage, N stage and TNM stage. The positive rate of CYFRA21-1 was higher at deeper tumor invasion and later stage (all P < 0.05) and was higher at higher N stage (Fisher = 12.25, P = 0.003), which are consistent with another study (17). In terms of genders, the positive rate of CYFRA21-1 in male patients was higher than in female patients (X2 = 8.05, P = 0.005). In addition, CYFRA21-1 level increased significantly in the recurrent group, which is consistent with previous research that the CYFRA21-1 level elevation in ESCC patients is related to the poor prognosis caused by tumor progression (19), and reflects its role in the monitoring of esophageal cancer recurrence. Furthermore, the experiments on the changes of CYFRA21-1 level after treatment of esophageal cancer found that the positive rate of CYFRA21-1 significantly declined after treatment (P < 0.05), and the changes are consistent with the clinical efficacy.

NSE is an acidic protease expressed in neural tissues, and a specific marker of neuroendocrine tumors. Since 80% of lung cancer cases are neuroendocrine derived tumors, NSE is considered to be a highly sensitive tumor marker of lung cancer (20–22). It also plays an important role in early prediction of lymph node metastasis of lung cancer (23). However, the significance of NSE in esophageal cancer is not much concerned yet. As we know, this is the first time to study the values of NSE in the diagnosis and efficacy prediction of radical radiotherapy and chemotherapy for esophageal cancer. Results show NSE has important value in the diagnosis, short-term efficacy evaluation and recurrence monitoring of esophageal cancer. Moreover, NSE level before treatment is significantly higher than that in the control group. NSE level is significantly reduced after treatment (P<0.05). The serum NSE levels of recurrent patients also significantly rose, reflecting its role in the monitoring of esophageal cancer recurrence. There are few studies on the values of NSE in esophageal cancer. This study demonstrates that the clinical CR or PR rate of pretreatment NSE-positive patients is significantly lower after radiotherapy and chemotherapy compared with pretreatment NSE-negative patients, and the short-term curative effect is poor. Similarly, NSE value is positively correlated with the load of Merkel cell carcinoma (24). Furthermore, small cell lung cancer patients with high NSE level have poor prognosis (25). Although it is concluded that both positive and negative NSE affects the short-term curative effect of patients and is related to the early recurrence, NSE content is not significantly related to clinical stage, tumor location, or T, N or TNM stage at the clinicopathological level, which is inconsistent with other research (24). The inconsistency may be related to the cut-off value of NSE. In addition, our sample size is relatively small, which needs to be verified by further large-sample research. When the routine cut-off value of NSE is adopted, the positive rate of NSE in the serum of the control group is also high (42%), the cut-off value of NSE with the most diagnostic efficacy in ESCC is 17.5 ng/ml and the area of AUC is 0.64 (P < 0.05). However, the best cut-off value was not obtained in predicting the curative effect, which still needs to be verified by a large-sample prospective study.

In fact, due to the low sensitivity, it is difficult to use a single positive tumor marker for diagnosis and prognosis (26). In this study, CEA, CYFRA21-1 and NSE all significantly changed in the diagnosis of esophageal cancer. The value of these tumor markers in the diagnosis of esophageal cancer was further verified by ROC curves. The sensitivity and specificity of the three markers were 80%, 88.89%, 58.5% and 53%, 60% and 58% respectively. The AUC areas were 0.70, 0.70 and 0.64 respectively (all P < 0.05). With the combined detection, the sensitivity and specificity were 68% and 78% respectively. In terms of prognosis prediction, CYFRA21-1 and NSE are better. Therefore, to more accurately evaluate the prognostic values of these two markers, the levels of serum NSE and CYFRA21-1 may be combined to improve the sensitivity, which will become a useful predictor. After comparing the TM(+) rates before treatment with a recent efficacy study, we found a significant correlation between the serum TM(+) rate before treatment and the efficacy (P = 0.03). The CR + PR rate in the TM(+) group was significantly lower than that in the TM(-) group. With a higher TM (+) rate before treatment, the probability of patients to reach clinical CR/PR was lower and the prognosis was worse, which is consistent with previous studies (27, 28). Therefore, we believe that ESCC with higher TM(+) rate is less sensitive to radiotherapy and chemotherapy. However, this conclusion should be confirmed by further studies with larger and more uniform samples. The detection of serum NSE and CYFRA21-1 levels is cheap, noninvasive and suitable for routine clinical use. Although the use of more sensitive SCCmRNA and other methods to predict the prognosis of esophageal cancer was investigated (29), this molecular detection method is very expensive and cannot be used routinely in clinic. Our results show that the short-term clinical efficacy of ESCC patients based on serum TM(+) is worse than that of TM(-). TM(+) combined with serum NSE and CYFRA21-1 can be used as a new variable to predict the prognosis of ESCC patients.

Previous articles also focused on other prognostic biomarkers for ESCC, such as SCC-Ag and HER-2 (30, 31). An earlier published study showed that high preoperative SCC-Ag concentrations (> 1.1 ng/ml), which were significantly associated with more aggressive tumor phenotypes and shorter disease-free survival, were identified as an independent prognostic factor in the multivariable analysis (30). Reportedly, the expressions of HER-2 mRNA was related to the lymph node metastasis in ESCC and pathologic differentiation degree (32).

There are still some limitations in the current study. First of all, this study is based on a single treatment center, which may have bias and thus calls for multicenter collaborative research to verify our results. Secondly, this retrospective study involves a small number of patients, so the results still need further verification. At last, no long-term follow-up was conducted. The effects of the pretreatment positive rates of tumor markers on the overall survival and progression-free survival of esophageal cancer patients are unknown.



Conclusion

The values of CYFRA21-1 and NSE hematological indexes before CRT in the diagnosis and short-term efficacy monitoring of ESCC were studied. CEA, CYFRA21-1 and NSE have certain values in the diagnosis of esophageal cancer, while CYFRA21-1 and NSE have obvious values and can be combined in the efficacy evaluation and recurrence monitoring of ESCC. However, unconventional cut-off values may limit the interpretability and extrapolation of the research results. We expect large-sample prospective studies to further evaluate the application values and clinical significance of CYFRA 21-1 and NSE in ESCC patients.
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