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Background

Sarcopenia has been associated with treatment-related toxicities and poor survival in cancer patients. Our aim was to investigate the prevalence of sarcopenia in postoperative recurrent esophageal squamous cell carcinoma (ESCC) patients receiving chemoradiotherapy (CRT) and evaluate associations with treatment-related toxicity and prognosis.



Methods

One hundred and eighty-four patients with postoperative locoregional recurrent ESCC receiving CRT between January 2014 and December 2016 were included. The skeletal muscle area (SMA) was measured at the third lumbar vertebra level. Sarcopenia was defined as skeletal muscle index (SMI = SMA/height2) less than 47.24/cm2/m2 for men and 36.92/cm2/m2 for women. Association of sarcopenia with overall survival (OS) was analyzed using univariate and multivariate cox regression models.



Results

Sarcopenia was observed in 94 of 184 (51.1%) patients. Sarcopenic patients had significantly higher rates of grade 3-4 toxicities compared to those without sarcopenia (36.2% vs 21.1%, p = 0.034). The survival rate at 12 and 24 months was 36.2% and 3.2% in the sarcopenic patients and 57.8% and 17.8% in the non-sarcopenic patients (p < 0.001). Multivariate cox regression analysis showed that sarcopenia was significantly associated with decreased OS (HR = 1.729, 95% CI 1.231-2.428, p = 0.002).



Conclusions

Sarcopenia is an independent indicator of poor survival in postoperative locoregional recurrent ESCC patients treated with CRT. Early nutritional interventions before treatment may improve the prognosis.
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Introduction

Esophageal cancer (EC) is one of the most common cancers worldwide and esophageal squamous cell carcinoma (ESCC) accounts for about 70% of all cases (1). ESCC is highly prevalent in China, and approximate 90% of new cases are ESCC (2). Radical esophagectomy with two-field or three-field lymph node dissection is the primary treatment in locally advanced ESCC. However, the survival of patients treated with surgery alone is poor, with 5-year survival rates of only 25%-39% (3, 4). After surgery, 43%-53% of patients develop locoregional recurrence or distant metastasis (5). For these patients, palliative chemotherapy or chemoradiotherapy (CRT) are commonly used to control cancer-related symptoms and prolong survival. Although these approaches have been demonstrated to be effective in around 50% of patients (6), it is also associated with severe hematological and gastrointestinal toxicities. Thus, discovering factors that could predict CRT-related toxicity and survival in ESCC patients are urgent needs.

Sarcopenia is a common geriatric syndrome, which is initially defined by Baumgartner et al. to describe age-related loss of skeletal muscle mass and skeletal muscle strength (7). Age is the main cause, but not the sole cause of sarcopenia. Malnutrition, low levels of physical activity, several chronic diseases and cancer also induce sarcopenia (8). Many studies have demonstrated that systemic inflammation, inadequate energy and protein intake, as well as increased metabolic rate are independent risk factors for sarcopenia (9). These risk factors are prevalent in ESCC. In a recent study by Anandavadivelan P. et al, sarcopenia and sarcopenic obesity was observed in 43% and 14% of EC patients, and the presence of sarcopenic obesity was a risk factor for developing dose limiting toxicity during neoadjuvant chemotherapy (10). Currently, skeletal muscle area (SMA) on abdomen CT imaging at the level of third lumbar vertebra is widely used for detection of sarcopenia, and it has been demonstrated as a reliable method for whole body muscle mass assessment (11). Sarcopenia is frequently seen in patients with advanced tumor. Prior studies have demonstrated that sarcopenia is associated with poorer overall survival (OS) for a number of malignancies, such as pancreatic cancer, renal cell carcinoma, colorectal cancer (12–14). In an Asian study of ESCC patients receiving neoadjuvant CRT, Ozawa Y et al. found that pretherapeutic sarcopenia was significantly correlated with treatment response and worse disease free survival (15). However, its impact on patients with recurrent or metastatic ESCC remains largely unknown. Thus far, only one study investigated sarcopenia in advanced esophagogastric cancer patients and reported that there was no association between sarcopenia and survival and treatment-related toxicity during palliative chemotherapy (16). However, that study comprised a limited number of patients (only 88 patients included) and the majority of patients were adenocarcinoma (83%). The effect of sarcopenia remains unclear in patients with postoperative locoregional recurrent ESCC.

Therefore, the current study aimed to determine the incidence of sarcopenia in patients with postoperative locoregional recurrent ESCC and to evaluate the relationship between sarcopenia on treatment-related toxicity and OS in patients treated with CRT.



Materials and Methods


Patients and Study Design

In this retrospective analysis, patient with ESCC who were treated at our institution from January 1, 2014, to December 31, 2016, for locoregional recurrences after surgery were screened. This time period was chosen in order to have adequate follow-up time for analysis of OS. Postoperative recurrences were confirmed by biopsy, CT, and/or positron emission tomography (PET)/-CT fusion scans. Eligible patients were less than 75 years old; Karnofsky performance status (KPS) score ≥ 70; had histopathologically confirmed ESCC; had local postoperative recurrence (anastomotic recurrence and/or locoregional lymph node metastasis); had upper abdominal CT scan within 3 weeks of treatment start. Patients were excluded if they had incomplete resection, were treated with neoadjuvant or postoperative radiotherapy, had distant metastasis (other than metastasis to supraclavicular or celiac lymph node), or with severe comorbidities. The 7th edition of tumor-node-metastasis (TNM) classification for esophageal carcinoma (UICC, 2009) was used to stage the primary disease after surgery. This study was approved by the institutional review board of Huai’an First Hospital. Informed consent was exempted due to the retrospective nature of the study.



Treatment Details

Radiotherapy: Patients received either 3-dimensional conformal radiation therapy or intensity modulated radiation therapy. Treatment-planning CT scans (16-slice Philips Brilliance Big Bore CT) using intravenous contrast with a slice thickness of 5 mm were performed for all patients in the supine position. In the present study, all patients were treated with involved field radiotherapy. The gross tumor volume (GTV) included the recurrent tumor or the metastatic lymph nodes. The clinical target volume (CTV) was generated by using 0.8-1 cm radial margin and 1.5-2.0 cm longitudinal margins to the GTV. The planning target volume (PTV) was defined as the CTV plus a 0.5 cm margin in all directions. The prescribed dose was 50 to 66Gy (1.8-2.0 Gy/fraction, 5 days a week) for PTV.

Chemotherapy regimens: Most patients received docetaxel and cisplatin (DP) based chemotherapy in our institution. Among them, 71 patients received concurrent chemotherapy comprising docetaxel (25 mg/m2) and cisplatin (25 mg/m2) weekly for 5-6 weeks. Another 42 patients received docetaxel and cisplatin regimen consisted of 75 mg/m2 docetaxel on days 1 and 22, and 25 mg/m2 cisplatin on days 1-3 and 22-24. Approximately 4 to 5 weeks after completion of radiotherapy, at least 2 cycles of adjuvant chemotherapy (docetaxel 75 mg/m2 on day 1, cisplatin 25 mg/m2 on days 1-3) were given to patients who still have sufficient performance status.

From January 2016, patients aged older than 70 years were treated with S-1 (70 mg/m2, twice per day, on days 1–14 and days 22–36) based concurrent chemotherapy to avoid the severe adverse events. In these patients, adjuvant chemotherapy with S-1 (70 mg/m2, on days 1-21 every 4 weeks) was done after radiotherapy if possible.



Body Composition Analysis

Regional muscle tissues were measured by the upper abdominal CT from electronically stored images, which has been done within 3 weeks of radiotherapy. The third lumbar vertebra (L3) was selected as the landmark. Two consecutive CT images extending from L3 were used to measure total muscle cross-sectional area and the mean cross-sectional area (cm2) was calculated from each patient. The total SMA including psoas, paraspinal and the abdominal wall muscles (Figure 1) were hand-drawn by a senior radiotherapy oncologist. Skeletal muscle was identified and quantified within a Hounsfield unit (HU) range of -29 to +150 HU (17) using the Monaco TPS software (Elekta). The mean cross-sectional areas were normalized to the square of body height (cm2/m2) and presented as skeletal muscle index (SMI). Sarcopenia was defined as SMI less than 47.24/cm2/m2 for men and 36.92/cm2/m2 for women, using previously published cut-off values associated survival in patients with EC (18).




Figure 1 | Axial computed tomography (CT) images at the level of L3 with skeletal muscle highlighted in red. Representative CT images in patients with (A, a-67-year-old male patient, SMA =122.85 cm2, BMI = 21.38 kg/m2, SMI=41.04 cm2/m2) and without sarcopenia (B, a-62-year-old male patient, SMA =158.64 cm2, BMI = 21.51 kg/m2, SMI=56.88 cm2/m2). SMA, skeletal muscle area; BMI, body mass index; SMI, skeletal muscle index.





Patient Data

The present study collected pre-treatment data including patient demographics, serum albumin, weight, height, and body mass index (BMI). The BMI was calculated as weight (kg)/height (m2). Underweight, normal weight and overweight were defined as BMI < 18.5, 18.5-24.9, and ≥ 25 kg/m2, respectively (19).



Toxicity Assessment and Follow-up

Toxicity was classified according to the National Cancer Institute Common Toxicity Criteria for Adverse Events (NCI-CTCAE) version 4.0. In the first 2 years after treatment, patients were followed every 3 months, and every 4-6 months thereafter. The final data collection was May, 2020.



Statistical Analysis

Statistical analysis was performed using SPSS 20.0. Continuous variables are presented as median and range, and categorical variables are presented as number and percentage. For continuous variables, differences between groups were performed using Student’s t test or the Mann–Whitney U test. Categorical variables were compared using Chi-square test or Fisher’s exact test. OS was calculated as the time from the last date of radiotherapy to the date of death due to any cause or last follow-up. Data from patients that had not died by the time of analysis were censored. The Kaplan-Meier method was used to determine effects of each variable on OS, and log-rank test was used to compare survival between groups. Univariate and multivariate cox proportional hazards regression models were used to identify prognostic factors of survival. Any factors with p value less than 0.10 in the univariate analysis were included in the multivariate analysis. All p values were two sided, and level of significance was p less than 0.05.




Results


Patient and Treatment Characteristics

Between January 1, 2014, and December 31, 2016, 215 patients with postoperative locoregional recurrent ESCC who had received radiotherapy were retrospectively reviewed. Seventeen patients were excluded because the pretreatment CT images were not available for body composition analysis, 14 were excluded due to the lack of complete clinical data. Therefore, a total of 184 patients met inclusion criteria in the final analysis.

Baseline characteristics are displayed in Table 1. Of the 184 patients, 141 (76.6%) were male, and the median age was 63 (range, 54-75 years). Almost 90% of patients (166/184) had KPS score ≥ 80. Fifty-seven (31.0%) patients had anastomotic recurrence +/- regional lymph node metastasis, and 127 (69.0%) had only lymph node recurrence (supraclavicular in 28, mediastinal in 39, celiac in 14, and multiregional lymph node metastasis in 46). The diagnosis of recurrence was based on biopsies in 64 patients (34.8%). Follow-up CT and the clinical course were sufficient for diagnosis in the other 120 patients (65.2%). The median time between CT scan and the start of radiotherapy was 7 days (range, 5-21 days).


Table 1 | Patient and treatment characteristics.



All patients were treated with local radiotherapy, and only 4 patients (2.2%) received less than 40Gy because of treatment-related toxicities. Finally, 171 patients (92.9%) completed radiotherapy as planned. The majority of patients (89.1%, 164/184) were treated with concurrent chemotherapy, 113 (61.4%) received concurrent DP and 51 (27.7%) received S-1. Reasons for not received concurrent chemotherapy were KPS score < 80 in 9 patients, refusal in 6, and other reasons in 5.

Before radiotherapy, approximately 34.8% of patients (64/184) had lost ≥ 5% of their body weight in the previous 6 months. The median BMI was 20.35 kg/m2 (range, 15.26-27.40 kg/m2), and 36 patients (19.6%) were underweight. Overall, the median SMI in all cases was 46.26 cm2/m2 (range, 28.62-65.84 cm2/m2).



Prevalence of and Factors Associated With Sarcopenia

Overall, sarcopenia was found in 94 patients (51.1%). Patients with sarcopenia had worse KPS (p = 0.024, Table 2) and lower mean BMI (p < 0.001, Table 2) than those without sarcopenia. Moreover, weight loss ≥ 5% in the previous 6 months (46.8% versus 22.2%, p = 0.001, Table 2) and serum albumin < 35 g/L (23.4% vs 11.1%, p = 0.033, Table 2) were more frequently observed in the sarcopenic patients than in non-sarcopenia patients. With regard to tumor stage and patterns of recurrence, there was no significant difference between the two groups. Patients older than 70 years had a slightly higher prevalence of sarcopenia than those < 70 years (58.5% vs 47.1%, p = 0.166, Table 2), but the difference was not statistically significant.


Table 2 | Comparisons between patients with and without sarcopenia.





Sarcopenia and Treatment-Related Toxicities

Grade 3-4 treatment-related toxicities are shown in Table 3. Patients with sarcopenia had significantly higher rates of grade 3-4 toxicities compared to those without sarcopenia (36.2% vs 21.1%, p = 0.034). The main treatment-related toxicities of grade 3-4 were leukopenia (sarcopenic vs non-sarcopenic: 25 [26.6%] vs 14 [15.6%], p = 0.074), neutropenia (19 [20.2%] vs 8 [8.8%], p = 0.037), esophagitis (13 [13.8%] vs 10 [11.1%], p = 0.828), and anorexia (13 [13.8%] vs 4 [4.4%], p = 0.040).


Table 3 | Comparisons of treatment-related toxicities between patients with and without sarcopenia.



With regard to treatment-related death, 2 patients (1 from trachea-esophageal fistula, and 1 from pulmonary embolism) died in the sarcopenic group versus 1 (gastrointestinal bleeding) in the non-sarcopenic group.



Prognostic Significance of Sarcopenia in ESCC Patients

As of May 18, 2020, median follow-up in this study was 11 months (range, 1-50 months), and 8 patients remained alive at the time of analysis. As observed in the Kaplan-Meier curve, patients with sarcopenia had worse survival compared to those without sarcopenia (p < 0.001, Figure 2). Kaplan-Meier estimated 12-month OS rate was 36.2% in the sarcopenic patients versus 57.8% in the non-sarcopenic patients. The 24-month OS rate for sarcopenic patients was 3.2% compared to 17.8% for non-sarcopenic patients. In univariate analysis, KPS, the use of chemotherapy, weight loss in 6 months, BMI and sarcopenia were significantly associated with poor OS (Table 4).




Figure 2 | Sarcopenia at presentation and overall survival (OS). Patients with sarcopenia had worse OS than those without sarcopenia (p < 0.001).




Table 4 | Univariate and multivariate cox regression analysis for predictors of overall survival.



Variables with p < 0.10 in univariate analysis were included in the multivariate logistic regression analysis. In multivariate model, the presence of sarcopenia was the most significant independent prognostic factor of poor OS (p = 0.002) followed by worse KPS and advanced tumor stage (Table 4).




Discussion

It is well established that sarcopenia is a significant factor of poor survival across various cancer types (20–22). However, to our knowledge, there are no reports discussing the relationship between sarcopenia and survival in postoperative locoregional recurrent ESCC patients. Thus, in the present study, we first investigated the incidence of sarcopenia in 184 patients with postoperative locoregional recurrent ESCC and then evaluated associations with treatment toxicity and survival. Our results confirmed that over 50% of patients had sarcopenia. These patients were more likely to present grade ≥ 3 toxicities compared with non-sarcopenic patients. In addition, the multivariable analysis showed that sarcopenia was a significant independent prognostic factor for poor survival.

The prevalence of sarcopenia in patients with ESCC fluctuates significantly, with reports ranging from 16% to 75% (23). However, these studies vary in the definition of sarcopenia, tumor stage and histological type. In this study, inclusion criteria were limited to patient with postoperative locoregional recurrent diseases, and 51.1% (94/184) of patients had sarcopenia at presentation, which is higher than a prior study (16%) involving patients with locally advanced EC (9). However, because the majority of patients (81.2%) in that study were esophageal adenocarcinoma and 43% was visceral obesity, direct comparison with the current study is difficult. To date, the optimal cut-off values chosen to diagnose sarcopenia remain a matter of debate. In western countries, the sex-specific cut-off values for L3 SMI (52.4/cm2/m2 for men and 38.5/cm2/m2 for women) proposed by Prado et al. are most commonly used to evaluate sarcopenia in patients with cancer (24). Using the Prado’s criteria, the population of sarcopenia in the present study would increase to 129 (70.1%), which was consistent with that in Siegal SR study in patients with EC (25). However, this criteria might not be applicable to Chinese ESCC patients because the BMI differs considerably between Asian and western populations. In the present population, we diagnosed sarcopenia according to the cut-off values proposed by Nakashima Y (18). As the population of that study is very similar to our population. In ESCC, the nutritional impairment due to dysphagia, pain, systemic inflammation and increased metabolic rate may have promoted the development of sarcopenia.

Several studies have reported that patients with sarcopenia had higher rates of treatment-related toxicity in various malignancies (26). In a study on patients with metastatic breast cancer, chemotherapy toxicity was more commonly observed among sarcopenic patients (27).. In locally advanced EC patients treated with neoadjuvant radiochemotherapy, Panje CM et al. showed that the incidence of grade ≥ 3 toxicity was significantly higher in sarcopenic compared with non-sarcopenic patients (28). In EC patients treated by esophagectomy, Ida S et al. revealed that sarcopenia was closely associated with higher rates of respiratory complications (29). In our study, patients with sarcopenia had greater risk of grade 3-4 CRT-related toxicity, so we believe that the clinical management of patients with sarcopenia before CRT, such as physical exercise, nutrition management, as well as pharmacologic treatment, could prevent toxicity.

Sarcopenia has been correlated with shorter survival in certain solid cancers such as oropharyngeal squamous cell carcinoma, non-small cell lung cancer, and nasopharyngeal carcinoma (30–32). Currently, to our knowledge, 6 studies investigated the effect of sarcopenia on survival in EC patients who received surgical resection (9, 18, 33–36). Three of these studies reported that sarcopenia was significantly associated with poor survival. However, the impact of sarcopenia on survival after CRT has not been clearly established in patients with postoperative locoregional recurrent ESCC. In the current study, we found that the 12-month and 24-month OS were significantly lower for patients with sarcopenia compared to those without, which is consistent with 2 recent studies on patients with unresectable advanced EC treated with CRT (37, 38). In contrast, in another study of 300 patients who treated with trimodality therapy, sarcopenia was not associated with poor OS in a subset of 61 patients who underwent neoadjuvant radiochemotherapy (28). This may be because the numbers of patients were relatively small and the cut-off values used for sarcopenia were looser than ours. Furthermore, differences in treatments and stage of disease may also affect the results.

Our study has several limitations. Firstly, the conclusions are drawn from a sing-institute retrospective analysis and the sample size was small. Secondly, given its retrospective design, evaluation of muscle strength and physical activity were not available. Thirdly, a small proportion of patients (21.7%) received anlotinib-targeted therapy or PD-1 inhibitor after tumor progression. This may have affected our results. Thus, further multi-institutional prospective clinical trials are needed to confirm our results.

In conclusion, our results show that sarcopenia is significantly associated with treatment-related toxicity and poorer outcomes in postoperative locoregional recurrent ESCC patients receiving CRT.
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