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Objectives

To investigate the tumor volume and its change on short-term outcome in esophageal squamous cell carcinoma (ESCC) patients who underwent definitive radiotherapy or chemoradiotherapy.



Methods and Materials

All data were retrospectively collected from 418 ESCC patients who received radiotherapy or chemoradiotherapy at our institution between 2015 and 2019. Short-term outcome using the treatment response evaluation was assessed according to the RECIST 1.1. The tumor volume change rate (TVCR) was defined as follows: TVCR = {1 − [gross tumor volume (GTV) at shrinking irradiation field planning)]/(GTV at the initial treatment planning)} ×100%. Chi square test was used to compare the clinic characteristics in different TVCR groups, and the difference between initial GTV (GTVi) and shrinking GTV (GTVs) was compared using Wilcoxon’s sign rank test. Logistic regression analysis and Spearman correlation was performed.



Results

There was a significant decrease in GTVi compared to GTVs (P < 0.001). In univariate analysis, age, cT-stage, TNM stage, treatment modality, GTVi, and TVCR were associated with short-term outcome (all P < 0.05). In multivariate analysis, gender and TVCR were statistically significant (P = 0.010, <0.001) with short-term outcome, and the combined predictive value of gender and TVCR exceeded that of TVCR (AUC, 0.876 vs 0.855).



Conclusions

TVCR could serve to forecast short-term outcome of radiotherapy or chemoradiotherapy in ESCC. It was of great significance to guide the individualized treatment of ESCC.
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Introduction

Esophageal cancer (EC) has become the seventh most common tumor and the sixth leading cause of cancer death in 2018 worldwide (1). About 90% of its pathological type is esophageal squamous cell carcinoma (ESCC) in China (2). Generally speaking, surgical treatment is the best choice for early EC patients, but because of the incidence of EC is relatively not known, the early symptoms are not obvious, and it is often detected at the advanced clinical stage once patient with the obvious symptom of dysphagia. So, about 40 to 60% of the patients lose the opportunity of operation, and these patients can be only treated with radiotherapy and chemotherapy (3). Radiation sensitive patients can achieve the same survival time as surgery, especially due to the continuous improvement of the radiotherapy technology in recent years, maximize the appropriate target area, improve the target dose, and effectively protect organs at risk (OARs) and normal tissues, and significantly improve the local control rate (4).

However, because of the tumor heterogeneity, differences in tumor gene expression and tumor microenvironment, it is clinically observed that even if the EC patients have the same clinical stage, pathological type and degree of differentiation, they are also given the same radiotherapy method and dose, but the curative effect may be very different (5). Even receiving standard treatment, about 27–50% of the patients would have local recurrence and distant metastasis or both (6). Furthermore, the survival time of patients who were resistant to radiotherapy could not benefit or even be significantly shortened, and they had to bear many side effects of radiotherapy, including ulcer, esophageal fistula, pulmonary fibrosis, radiation cardiotoxicity and so on (7). Therefore, it is very necessary to predict the short-term outcome (STO) of radiotherapy in EC patients. This can help us to find potential sensitive or insensitive patients and carry out personalized and accurate treatment according to individual sensitivity in order to improve the curative effect, the local control rate and prolong the survival time.

The gross tumor volume (GTV) defined on radiotherapy planning refers to the range of tumor lesions with certain shape and size displayed by existing auxiliary examination methods including computed tomography (CT) and esophagography, and its stereoscopic imaging reflects the actual shape of the tumor. With the improvement of radiotherapy technology, we have ability to routinely evaluate GTV during radiotherapy, and it has been confirmed as a predictor in non-small cell lung cancer (8, 9) and nasopharyngeal carcinoma (10, 11). Although GTV as a prognostic factor has been studied in EC treated by surgery alone, no studies investigated the tumor volume change rate (TVCR) during radiotherapy (12, 13). In clinical work, we found that STO after treatment was the important guiding significance for indicating tumor recurrence, metastasis. So, in this study, we conducted GTV and TVCR in ESCC patients during radiotherapy and investigate whether it is a predictor of STO with the aim of making individualized treatment as soon as possible.



Methods and Materials


Characteristics of Patients

This retrospective study included 418 cases of ESCC patients who received radiotherapy or chemoradiotherapy (CRT) in Shandong Cancer Hospital between October 2015 and May 2019. Inclusion criteria include the following: (1) patients were aged 18 years or older; (2) new diagnosed ESCC and confirmed by histopathology; (3) receipt of ≥50Gy radiotherapy with or without chemotherapy, and a repeated computed tomography (CT) scan was performed before and follow 40Gy for shrinking irradiation field; (4) availability of dosimetry, radiotherapy planning evaluation system and imaging data; (5) the local focus could not be resected; (6) Karnofsky performance status ≥70; (7) no past history of malignant tumors, no intolerable serious medical diseases. The exclusion criteria included: (1) distant metastasis; (2) esophagography showed signs of esophageal perforation; (3) active esophageal bleeding; (4) complete esophageal obstruction. This was a retrospective study, and it was approved by the Ethics Committee of Shandong Cancer Hospital, and informed consents were obtained from all included individuals.



Radiotherapy

The GTV was identified by diagnostic and radiotherapy planning CT images and esophagography. All patients were treated with 3-dimensional conformal radiotherapy or intensity-modulated radiotherapy. Radiotherapy alone, radical simultaneous or sequential CRT was performed according to the clinical stage. The delineation of target volumes and OARs referred to the Radiotherapy and Oncology Group (RTOG) guidelines. All radiotherapy plans were generated in the Eclipse system (Varian Medical Systems, Palo Alto, CA, Version 13.5.35), and delivered with 6 MV photons beams. The prescribed doses of radiotherapy were 45–66 Gy at 1.8–2.0 Gy per fraction once daily and five fractions per week. Plans were normalized to 95% of the plan tumor volume received 100% of the prescribed dose. The dose of all OARs was controlled below the safe range.



Chemotherapy

Some patients underwent concurrent or sequential CRT based on individualized treatment strategy. The regimens mainly consisted of two kinds of platinum-based chemotherapy. One was cisplatin with fluorouracil, one was cisplatin with paclitaxel. The doses of chemotherapy regimens followed the guidelines of Chinese Society of Clinical Oncology and National Comprehensive Cancer Network for EC.



Response Evaluation

All patients performed esophagography and enhanced CT of chest, abdomen and neck before and at 1 month after radiotherapy or CRT. The imaging data were analyzed and the STO of all patients were assessed by an imaging deputy chief physician and a radiotherapy deputy chief physician according to Response Evaluation Criteria in Solid Tumor 1.1 (RECIST 1.1) without knowledge of the results of TVCR studies. Patients with an outcome of complete response (CR) or partial response (PR) were subsequently classified as responders according to RECIST 1.1. Meanwhile, those who had an outcome of stable disease (SD) or progressive disease (PD) were defined as non-responders.



TVCR Calculation

We defined GTV including the primary tumor and involved lymph nodes at initial treatment planning as GTVi, at shrinking irradiation field planning as GTVs. All GTVi and GTVs were extracted from the Varian treatment planning system. The TVCR were calculated as follows:

	



Statistical Analysis

Using receiver operating characteristic (ROC) curve to convert continuous variables into binary variables. Chi square test was used to compare the clinic characteristics in different TVCR, and the difference between GTVi and GTVs was compared using Wilcoxon’s sign rank test. Univariate logistic regressions analysis was performed to estimate the odds ratio (OR) and confidence interval (CI) to evaluate the effect of independent variables on STO. In order to avoid omitting indicators that might be of clinical significance, factors that had P <0.1 in univariate analyses were subjected to multivariate analysis. Spearman’s rank correlation coefficient (r) values were calculated to analyze how other independent variables related to TVCR. A significant difference was considered if a P value was <0.05 in two-sided. And all statistical analyses were conducted with IBM SPSS Statistics 25.0 software (SPSS Inc., Chicago, IL).




Results


Clinical Parameters of the Patients

The median age and radiation dose were 70 years (range, 45–92 years) and 60 Gy (range, 50–66 Gy), respectively. The optimal cut-off values of GTVi, GTVs, and TVCR were 59.45 (range, 5.4–312.0 cm3; sensitivity 51.4%; specificity 51.4%; 95%CI, 0.526–0.644), 55.78 (range, 5.7–338.0 cm3; sensitivity 64.7%; specificity 54.1%; 95%CI, 0.526–0.644) and 6.155% (range, −29.3 to 90.0%; sensitivity 68.8%; specificity 92.5%; 95%CI, 0.819–0.891), respectively. 227 patients (54.3%) underwent concurrent or sequential CRT, and 191 patients (45.7%) only received radiotherapy. All patient characteristics were listed in Table 1. The tumor volume changes in all patients at shrinking irradiation field planning were as follows: 217 patients (51.9%) had a decrease (mean ± standard deviation, 50.91 ± 56.82); 139 patients (33.3%) showed no change; and 62 patients (14.8%) demonstrated an increase (mean ± standard deviation, 6.635 ± 7.116). There was a significant decrease in GTVi (mean ± standard deviation, 100.5 ± 79.54) compared to GTVs (mean ± standard deviation, 75.03 ± 63.52), with GTVi decreasing by a median of 1.67% (range −29.3 to 90.4%; P<0.001) (Figure 1). At 1 month after radiotherapy or CRT, 272 patients (65.1%) were assessable for responders, 146 patients (34.9%) were assessable for non-responders. And individual change rate in tumor volume at shrinking irradiation field planning were shown in Figure 2. According to cut-off values, we also divided all patients into high TVCR group (≥6.155%) and low TVCR group (<6.155%). There was significant correlation between the GTVi with high and low TVCR groups (χ2 = 24.435, P < 0.001), which was shown in the Table 2.


Table 1 | Baseline characteristics of all patients.






Figure 1 | Boxplot of GTV at initial treatment planning (GTVi) and GTV at shrinking irradiation field planning (GTVs). Wilcoxon’s signed rank test, P < 0.001.






Figure 2 | Individual changes in tumor volume at shrinking irradiation field planning. Bar length indicates the tumor volume change rate. Patients with responder (red) or non-responder (green).




Table 2 | Comparison of tumor volume change rate (TVCR) and clinical characteristics.





Univariate and Multivariate Analyses for Short-Term Outcome

In univariate analysis, age [OR, 1.572; 95% CI, 1.049–2.358; P = 0.029], cT-stage [OR, 0.548; 95% CI, 0.322–0.933; P = 0.027], TNM stage [OR, 0.576; 95% CI, 0.381–0.870; P = 0.009], treatment modality [OR, 1.547; 95% CI, 1.032–2.318; P = 0.035], GTVi [OR, 0.463; 95% CI, 0.307–0.697; P < 0.001], and TVCR [OR, 0.037; 95% CI, 0.019–0.072; P < 0.001] were significantly associated with STO (Table 3). The variables with P <0.1 in univariate analysis were subjected to multivariate analysis. In addition to TVCR [OR, 0.036; 95% CI, 0.018–0.071; P < 0.001], gender [OR, 0.469; 95% CI, 0.264–0.835; P = 0.010] was also a potential factor which could predict STO (Figure 3). And the combined predictive value (AUC, 0.876; 95%CI, 0.843–0.910; P < 0.001) of gender and TVCR is exceeded of TVCR (AUC, 0.855; 95%CI, 0.819–0.891; P < 0.001) (Figure 4).


Table 3 | Univariate logistic analysis for short-term outcome.






Figure 3 | The forest plot of the multivariate analysis of clinical, and tumor volume in predicting the short-term outcome.






Figure 4 | Receiver operator characteristic (ROC) curves for tumor volume change rate (TVCR) and multivariate.





Spearman Correlation Coefficient in Tumor Volume Change Rate

Further correlation studies indicated that TVCR was positively correlated with GTVi (r = 0.413, P < 0.001). The P value of TVCR with age, location, cT-stage, and TNM stage were all <0.05, but r value of them were <0.2 (Table 4).


Table 4 | Correlation analysis between clinical factors and tumor volume change rate (TVCR).





Subgroup Analysis

Gender [OR, 0.287; 95% CI, 0.107–0.768; P = 0.013] and TVCR [OR, 0.042; 95% CI, 0.015–0.116; P < 0.001] were independent predictors of STO in multivariate analysis for patients with big GTVi (≥59.45 cm3) (Table 5).


Table 5 | Univariate and multivariate logistic regressions analysis for short-term outcome (STO) in big GTVi group (≥59.45 cm3).






Discussion

At present, the standard treatment scheme recommended by the guidelines for inoperable patients with locally advanced EC is concurrent or sequential CRT. But it is not clear whether further consolidation therapy is needed after CRT. How to select patients who need further consolidation therapy after CRT has become an urgent problem to be solved in clinical work. Furthermore, the main evaluation criteria of RECIST 1.1 is to measure changes in the longest diameter of assessable lesions, while ignoring short diameter and tumor volume. So, we assessed the relationship with GTVi, TVCR and STO, demonstrating that TVCR was a strong prognostic factor for unresectable ESCC patients who underwent radiotherapy or CRT. Moreover, patients with TVCR ≥6.155% during radiotherapy or CRT could have better STO. This was the first time to report the significance of TVCR during radiotherapy or CRT for ESCC. And TVCR would be a feasible predictive factor to find patients who are not sensitive to radiotherapy and develop individualized treatment as soon as possible.

GTV changes during radiotherapy or CRT differ widely in different studies. In our study, there were 62 patients (14.8%) whose GTVs were bigger than GTVi. Similar to our study, Wang et al. have reported that some patients (four of 11, 36.4%) with EC demonstrated an increase in GTV at week 2 during radiotherapy, and there were still some patients (three of 11, 27.3%) demonstrated an increase in GTV at week 4 (14). Christina et al. have also found that some patients (three3 of 19, 15.8%) with high grade glioma demonstrated an increase in GTV at week 3 during radiotherapy (15). One reason was the surrounding of the tumor might be edema after radiotherapy that made it difficult to identify whether it is the tumor invasion or the acute radiation reaction of the normal esophageal mucosa during radiotherapy, or be further enlarged without obvious retraction at the initial stage of radiotherapy. Barker et al. have also reported that tumor growth would accelerate at the initial stage of radiotherapy (16). Another reason might be the error by CT image parameters, which was compared with enhanced CT for localization, the image of tumor tissue on plain scan CT, was similar to that of surrounding normal tissue, which lead to the increase of GTV.

GTVi as a predictive factor has been confirmed in many studies. Bradley et al. reported that GTV had a high prognostic value in patients with unresectable non-small cell lung cancer (8). Chua et al. also reported that larger GTV are also associated with inferior local control rates in malignancies of the nasopharynx, larynx, and hypopharynx (10). In general, larger GTV means a heavier tumor load, more radiation-resistant hypoxic tumor cells and clonal cells, and greater restrictions on related organs that could lead to poor survival. Meanwhile, our study showed that GTVi was significant with STO in univariate analyses. Similar to our results, Chen et al. found that GTV could serve as a good prognostic factor for ESCC patients underwent radiotherapy, and Créhange et al. reported that tumor volume affected outcomes of EC (17, 18). But it was not an independent factor in our study. This might be that 54.3% of the patients in our study received CRT. So, the predictive value of GTVi still needs to be further explored.

Tumor is constantly changing during treatment and it seems that the rate of change between GTVs and GTVi which we defined as TVCR is more reasonable than GTVi in predicting effect. From disease regression, one potential advantage of quantifying TVCR during radiotherapy was to redefine the tumor volume to assess curative effect. Previous studies in other primary sites found that the larger reduction in tumor volume resulted in better local control, better disease-free survival, and better OS in cervical, non-small-cell lung and head-and-neck cancers, but some studies believed that tumor regression rate was not a predictor of survival (19–22). In our study, TVCR was a powerful predictor for STO. Similar with our result, Yang et al. have found TVCR during radiotherapy could be used as an independent factor affecting survival rate in head-and-neck cancer (21). As expected, our data demonstrated a significant correlation of GTVi with tumor volume (r = 0.413). However, GTVi was not independent predictors of STO in our study, suggesting that TVCR may be a more sensitive indicator. The TVCR showed a better predictive value (AUC, 0.855; 95% CI, 0.819–0.891; P < 0.001) on STO in this study. All GTVi and GTVs parameters came from the evaluation system after the target area was sketched. But, at present, the target and OARs are still sketched manually by doctors in clinical radiotherapy, while many factors such as doctors’ clinical knowledge, experience, energy and status determine that there are great differences in drawing quality between different doctors and different patients (23). With the development of artificial intelligence (AI) in the field of precision radiotherapy, it is possible to solve these problems. Pinnacle et al. initially realized the automatic delineation of regions of interest using atlas template library; Google developed a set of AI target delineation system based on atlas, which automatically delineated head and neck tumor lesions through machine learning (24); Sims et al. used the atlas tool to automatically draw the brainstem, parotid gland, and mandible of patients, and compared the results with the results of manual sketching (25); Lin et al. used AI technology to automatically draw nasopharyngeal tumors on magnetic resonance images, which provided a solution for accurate and efficient delineation of radiotherapy targets for nasopharyngeal carcinoma (26). All these show that AI plus radiotherapy can improve the accuracy radiotherapy and promote the automation and intelligence of radiotherapy.

Many prognostic factors achieved significance in our study, but TVCR still maintained significance for STO in multivariate analysis. Meanwhile, gender was also significant for STO in multivariate analysis. Similar with our results, Pierre et al. have found that gender is an independent prognostic factor for patients with ESCC, and female gender was a positive prognostic factor (27). In addition, studies have shown that tumor location was also related to prognosis, but in this study, tumor location was very weakly negative correlated with TVCR (r = −0.150). This was might be that thoracic EC spread unnoticed before the appearance of the first symptom. Créhange et al. have reported that tumor volume was correlated with tumor location, and tumors below the carina had a worse prognosis (18). They all indicated that the individualized treatment was becoming more and more important. And the combined predictive value of gender and TVCR exceeded that of TVCR (AUC 0.876 vs 0.855).

Several limitations would be addressed here. First, this was a retrospective, single-center study that was inevitably affected by a number of confounding factors. Second, although esophagography, CT and other auxiliary examinations were used, compared with pathological TNM staging, clinical TNM staging was still not accurate. Last, the combined of gender and TVCR had a good predictive value, but it was not tested in clinic, and its clinical application value remained to be determined.

In conclusion, our study confirmed that STO could be predicted by the changes of GTV before and during radiotherapy or chemoradiotherapy for ESCC, which had an important clinical significance for adjusting the treatment strategy and guiding individualized treatment.
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