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Objective

To investigate the predictive value of Controlling Nutritional Status (CONUT) score and systemic inflammation (SIS) score in the prognosis, short-term efficacy, and immune-related side effects of patient with recurrent or metastatic esophageal squamous cell carcinoma (R/M ESCC) receiving immunotherapy as second line therapy combined with or without radiotherapy.





Methods

Forty-eight patients with R/M ESCC who received second-line therapy with Camrelizumab were retrospectively studied. They were divided into the high and low score groups according to the CONUT and SIS score. Univariate and multivariate analyses were used to analyze factors that might affect patient prognosis and the effects of different CONUT score and SIS on the short-term efficacy and immune-related toxic and side effects of patients.





Results

The 1- and 2-year overall survival (OS) and progression-free survival (PFS) rates were 42.9% and 22.5%, and 29.0% and 5.8%, respectively. The CONUT score ranged from 0 to 6 (3.31 ± 1.43), whereas the SIS score ranged from 0 to 2 (1.19 ± 0.73). Multivariate analysis showed that treatment related toxicity, number of cycles of Camrelizumab used, short-term effect and SIS score were independent prognostic factors for OS (P=0.044, 0.021, 0.021, 0.030, respectively), whereas SIS and CONUT scores were independent prognostic factors for PFS (P=0.005, 0.047, respectively). Patients with low CONUT/SIS score had a low incidence rate of immune-related adverse reactions (X2 = 9.735, 5.693; P=0.002, 0.017) and better short-term efficacy (X2 = 4.427, 7.438; P=0.035, 0.006).





Conclusion

R/M ESCC patients with low CONUT/SIS score have better prognosis, higher objective response rate, lower incidence of immune-related toxic and side effects after receiving immunotherapy as second-line therapy. CONUT scores and SIS scores may be reliable prognostic indicators for patient receiving immunotherapy as second-line therapy for R/M ESCC.
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Introduction

Esophageal cancer (EC) is one of the most prevalent and malignant tumors worldwide. Esophageal squamous cell carcinoma (ESCC) is the globally predominant pathological type of EC, which accounts for 90% of all ECs in China (1). Esophageal cancer is often diagnosed at an advanced stage, although the treatment modalities of ESCC have greatly improved, its 5-year survival rate is still low because of high local recurrence and distant metastasis (2).

The best treatment modality for patient with recurrent or metastatic ESCC after first-line radical treatment remains controversial. Recently, various targeted drugs and immune checkpoint inhibitors (ICIs) have achieved certain efficacy in the treatment of ESCC, with the latter greatly promoting the prognosis of ESCC patients (3–5). The ICIs always applied combined with chemoradiotherapy, which sometimes lead to serious side effects including pneumonia or cardiovascular injury. Thus, developing ICIs that can target ESCC and exploring reliable indicators to predict the treatment outcomes of ICIs are important. Previous studies have shown that systemic inflammation and malnutrition are significant factors influencing prognosis in patients with malignant tumors (6, 7). The Controlling Nutritional Status (CONUT) score consists of serum albumin (ALB), peripheral lymphocyte (PLM) count, and total cholesterol (TC). Meanwhile, the systemic inflammation (SIS) score comprises ALB levels and lymphocyte-to-monocyte ratio (LMR). The validity of these tools in predicting prognosis and treatment-related complications has been reported in various cancers including ESCC (8–12). The components of COUNT and SIS reflect the inflammatory responses and nutritional status of human body, which might correlate with the treatment efficacy and prognosis for ESCC receiving immunotherapy. There were already studies showing the prognostic value of CONUT for ESCC patients who were treated with neoadjuvant immunotherapy (13). However, the prognostic value of the CONUT and SIS score in patients with recurrent and/or metastatic ESCC (R/M ESCC) after first-line treatment failure treated with immunotherapy has not been investigated. The main objective of this study was to investigate the clinical significance of the CONUT and SIS score in patient with R/M ESCC treated with immunotherapy as second-line treatment.





Materials and methods




Patient selection

A cohort of patients treated at the Radiotherapy Department of the Fourth Hospital of Hebei Medical University from January 2018 to March 2021 were retrospectively collected. The inclusion criteria were as follows: (1) patients aged 18–80 years old, (2) histologically or cytologically diagnosed with ESCC, (3) experienced recurrence or metastasis after first-line treatment, (4) receiving Camrelizumab alone or in combination with chemo-/radiotherapy for more than two cycles as second-line treatment, (5) having Eastern Cooperative Oncology Group (ECOG) Performance Status score between 0 and 2, and (6) having accessible peripheral hematologic parameters and complete imaging data with at least one measurable lesion. The exclusion criteria were as follows: (1) ICIs were used during first-line treatment; (2) combination of malignancies other than ESCC; (3) patients with acute inflammatory, hematologic, or autoimmune diseases; and (4) incomplete clinical or pathological data. Finally, 48 patients were included in this study. Because of the retrospective nature of this study, informed consent from patients was waived. Ethical approval was obtained from the Ethics Committee of the Fourth Hospital of Hebei Medical University before the start of the study.





Data collection

General clinical information, including age, gender, ECOG score, pathological type, first-line treatment modality, interval between recurrence/metastasis and first-line treatment, second-line treatment regimen, number of Camrelizumab cycles, efficacy of Camrelizumab after 3 months of treatment, incidence of side effects associated with ICIs, and peripheral blood information (including ALB, PLM, TC, and monocyte [MC] values within 1 week prior to ICI treatment) was collected.





Outcome

Assessment was based on immune-related Response Evaluation Criteria In Solid Tumor (irRECIST) and confirmed by two independent radiologists through computed tomography (CT) or magnetic resonance imaging (MRI). To avoid the effect of pseudo-progression of immunotherapy, the efficacy of ICIs at 3 months after treatment was evaluated. The short term effect was classified as complete response (CR), partial response (PR), stable disease (SD), and progressive disease (PD). The overall response rate (ORR) was calculated based on the percentage of patients who achieved CR and PR. The disease control rate (DCR) was calculated based on the percentage of patients who achieved CR, PR, and SD. Treatment-related toxic and side effects were evaluated using the Common Terminology Criteria for Adverse Events version 5.0. Immune-related adverse events (irAEs) were used to record toxic and side effects associated with immunotherapy.





Follow-up

Follow-up was performed for patients from the beginning of treatment until the date of death from all causes or until the last approachable follow-up. It was conducted every two to three cycles during treatment and every 1–3 months thereafter, mainly through visit, telephone interview, or Internet. Immune-related hematological tests; imaging and pathological examinations such as ultrasound, CT, or MRI; and cytological examination were mainly performed. The final follow-up date was June 30, 2022.





Statistical analysis

SPSS 26.0 and GraphPad Prism 9.3.1 software were applied for statistical analysis. The enumeration data were expressed as a rate or constituent ratio and statistically analyzed using X2 test or Fisher test; The Kaplan–Meier survival curve was used for the comparison of overall survival (OS) and progression-free survival (PFS). Multifactorial analysis was performed using the Cox regression model for factors with P<0.1 in univariate analysis, LR backward method was utilized. The corresponding 95% confidence intervals (CIs) were calculated. Receiver operating characteristics (ROC) curve analyses were utilized to calculate area under the curve, statistical significance was considered at P<0.05. PFS was defined as the time from the beginning of treatment to imaging-documented disease progression, death, or last follow-up. OS was defined as the time from the first treatment with ICIs to death or last patient contact.






Results




Clinical characteristics

Forty-eight patients with R/M ESCC after first-line treatment failure (including 32 males and 16 females) met the inclusion criteria. The median age was 65 years old. Twenty-two patients were receiving radical surgical resection as the first-line treatment modality. Meanwhile, 18 and 8 patients were receiving radical chemoradiotherapy and radical radiotherapy as first-line treatment, respectively. Among the patients, 31 cases experienced locoregional recurrence, 3 cases experienced distant metastasis, and 14 cases experienced both after first-line treatment failure. The ECOG scores were 0, 1, and 2 for 5, 18, and 25 cases, respectively. The PFS for first-line treatment was 3–114 months, of which 15 and 33 cases had a PFS of ≤12 and >12 months, respectively. Camrelizumab was used in combination with chemoradiotherapy for 26 patients, chemotherapy for 14 patients, radiotherapy for 4 patients and as monotherapy for 4 patients. Intensity-modulated radiation therapy was applied to irradiate the involved field of malignancy, with an equivalent biological dose of 45–66 Gy, 1.8–5.0 Gy per fracture, and 2.0 Gy per fracture as the median.





Results of CONUT score and SIS analysis

In the whole group, the ALB value ranged from 3.14 to 4.74 g/dl (4.10 ± 0.35), the lymphocyte count was 230–2060/mm3 (971.3 ± 460.16), the TC was 129.7–438.0 mg/dl (170.13 ± 44.36), and the LMR ranged from 0.15 to 6.94 (3.09 ± 1.72). The CONUT score ranged from 0 to 6 (3.31 ± 1.43), with 1, 4, 10, 15, 12, 1, and 5 patients having a score of 0, 1, 2, 3, 4, 5, and 6, respectively. The SIS ranged from 0 to 2 (1.19 ± 0.73), with 9, 21, and 18 patients having a score of 0, 1, and 2, respectively (see Table 1 for details).


Table 1 | The CONUT and SIS scoring criteria.



The patients were divided into two groups according to the CONUT and SIS score to explore their relationship with general clinical characteristics and treatment outcomes. The results showed a significant difference between the use of chemoradiotherapy as combination therapy and patients with CONUT score ≤3 and >3 (see Table 2 for details).


Table 2 | The constitution of clinicopathologic features in different CONUT and SIS groups.







Short-term efficacy and prognosis

The short-term efficacy of Camrelizumab was evaluated 3 months after treatment completion. The ORR and DCR were 35.4% (17/48) and 91.7% (44/48), respectively. 0, 17, 27, and 4 cases achieved CR, PR, SD, and PD, respectively. The 1- and 2-year OS and PFS rates after immunotherapy were 42.9% and 22.5%, and 29.0% and 5.8%, respectively. The median OS and PFS were 9.0 months (95% CI: 6.4–11.7) and 8.5 months (95% CI: 1.5–5.6), respectively. The survival curve is shown in Figure 1.




Figure 1 | The overall survival time (A) and progression free survival time (B) of the whole cohort.



Univariate analysis showed that Camrelizumab combined with chemoradiotherapy, toxic and side effects, Number of cycles of Camrelizumab used, short-term efficacy, SIS, and CONUT scores were significant factors influencing OS (X2 = 3.821, 7.529, 13.144, 8.112, 14.354, 11.623; P=0.047, 0.006, 0.000, 0.004, 0.000, 0.001, respectively). Meanwhile, Camrelizumab combined with chemoradiotherapy, number of cycles of Camrelizumab used, short-term efficacy, SIS and CONUT scores were significant factors influencing PFS (X2 = 4.426, 6.100, 3.803, 14.812, 10.018; P=0.035, 0.014, 0.048, 0.000, 0.002, respectively).

Multivariate analysis showed that treatment related toxicity, number of cycles of Camrelizumab used, short-term effect and SIS score were independent prognostic factors for OS (P=0.044, 0.021, 0.021, 0.030, respectively), whereas SIS and CONUT scores were independent prognostic factors for PFS (P=0.005, 0.047, respectively). See Table 3 for details. The effects of CONUT and SIS score on OS and PFS were further analyzed using the survival curve, as shown in Table 4 and Figures 2A–D.


Table 3 | Univariate and multivariate analysis of the whole cohort.




Table 4 | Survival analyses according to CONUT score and SIS score.






Figure 2 | The effects of SIS (A, B) and COUNT (C, D) score on overall survival time and progression free survival time.







Toxic and side effects

There were 26 patients with possible treatment-related toxic and side effects. Among them, there were 6 cases of myelosuppression (1 case of grade II, 4 cases of grade III, and 1 case of grade IV), 6 cases of pneumonia (2 cases of grade II and 4 cases of grade III), 4 cases of hematemesis or hemoptysis, 4 cases of reactive cutaneous capillary endothelial proliferation (1 case of grade I, 3 cases of grade II), 1 case of grade II gastrointestinal reaction combined with grade III myelosuppression, 2 cases of thyroid dysfunction (all performed as hypothyroidism), 1 case of pneumonia with esophageal fistula (grade II), 1 case of hemolytic anemia, and 1 case of liver dysfunction (grade III). A total of 16 patients discontinued immunotherapy for various reasons, including 6 cases of pneumonia, 4 cases of hematemesis or hemorrhage, 2 cases of refusal, 1 case of thyroid dysfunction, 1 case of pneumonia with esophageal fistula, 1 case of hemolytic anemia, and 1 case of liver dysfunction. A total of 10 cases discontinued treatment due to toxicity of immunotherapy, see Table 5 for details.


Table 5 | Toxic and side effects of the whole cohort.







Prognostic value of CONUT and SIS

The patients were divided into two groups according to the CONUT and SIS score. Patients with CONUT score ≤3 were included in the CONUT low group, and those with CONUT score >3 were included in the CONUT high group. Patients with SIS ≤1 were included in the SIS low group, and those with SIS >1 were included in the SIS high group. The results showed that patients with low CONUT score had lower incidence of immune-related adverse reactions (X2 = 9.735, P=0.002) and better short-term effect (X2 = 4.427, P=7.438) than those with high CONUT score. While in the SIS group, a lower SIS score related to a low incidence of immune-related adverse reactions (X2 = 5.693, P=0.002) and improved short term effect (X2 = 7.438, P=0.006). See Table 6 for details.


Table 6 | Chi-square test of CONUT scores and SIS scores and treatment-related factors.







Comparison of COUNT and SIS score with other hematology indexes

We collected Peripheral blood and performed Receiver operating characteristics (ROC) curve analyses of 1-year survival rate for associated hematology indexes that had been reported to been related to prognosis, including neutrophil, monocyte, lymphocyte, platelet, albumin (ALB), total cholesterol (TC), neutrophil to lymphocyte ratio (NLR), neutrophil to monocyte ratio (NMR), platelet to lymphocyte ratio (PLR), and prognostic nutritional index (PNI), the results were shown in Table 7. It was shown that COUNT score and SIS scores had significant power for predicting prognosis, besides, the area under the curve for COUNT score and SIS score were higher than other hematology indexes.


Table 7 | Comparison of COUNT and SIS score with other haematology indexes.








Discussion

To the best of our knowledge, this is the first study to examine the association of nutritional immune-inflammatory indexes with the prognosis, efficacy, and toxicity of ICIs as second-line therapy in patient with R/M ESCC.

In this study, for R/M ESCC patient, the OS and PFS were significantly better in low CONUT score (≤3) group compared with those in high CONUT score (>3) group, Similarly, SIS score(≤ 1) group had significantly prolonged OS and PFS compared with SIS score (>1) group. Multivariate analysis showed that SIS was an independent predictors of OS and PFS, besides, COUNT was an independent predictors for PFS. Therefore, CONUT and SIS can be used as biomarkers to predict the prognosis of patient with R/M ESCC receiving ICIs as second-line therapy.

CONUT and SIS mainly comprise peripheral blood indexes including serum ALB, PLM, TC, and MC. Serum ALB mainly reflects the ability of the body to synthesize protein, serum TC reflects the ability to metabolize lipids, and PLM and MC reflect human immune function (14, 15). A subjective assessment of patients’ nutritional immune-inflammatory status is inaccurate and complex. Thus, CONUT/SIS can provide an easier and more objective method to comprehensively evaluate the nutritional immune-inflammatory status of patients. High CONUT/SIS can not only reflect malnutrition, but also reflect systemic inflammation and impaired immune response. In this study, we retrospectively analyzed the prognostic value of CONUT and SIS and found that patients with low CONUT/SIS score had significantly lower incidence of ICI-related toxic and side effects than those with high CONUT/SIS. Moreover, the low CONUT/SIS group had significantly better short-term efficacy compared with the high CONUT/SIS group. To the best of our knowledge, no studies have used CONUT and SIS in predicting ICI toxicity and short-term efficacy for patients with R/M ESCC receiving ICIs as second-line therapy. This study found that CONUT and SIS score had a clinical value in predicting the effect and possible toxic and side effects of patient with R/M ESCC receiving second-line immunotherapy, which had better power for predicting prognosis than other hematology indexes like albumin, total cholesterol and prognostic nutritional index (PNI). Thus, the utility of CONUT and SIS before second-line immunotherapy should be further investigated.

Previous studies mainly focused on the prognostic value of CONUT score for patient with ESCC receiving esophagectomy. Takagi et al. (16) conducted a meta-analysis on the effect of preoperative CONUT score on postoperative prognosis in patients with EC receiving esophagectomy. A total of 952 patients were included. The results showed that the CONUT score was significantly correlated with OS, cancer-specific survival, and relapse-free survival (hazard ratio [HR]=2.51, 2.60, 2.08, P<0.001, respectively). Thus, the CONUT score is an independent predictor of prognosis in patients undergoing esophagectomy.

The relationship between CONUT score and patients with EC receiving ICIs has only been reported recently. For example, Chang et al. (17) retrospectively analyzed the clinical data of 69 patients with advanced EC treated with ICI and evaluated the relationship between nutritional immune-inflammatory indexes including CONUT score and prognosis. The results showed that high CONUT score was significantly correlated with poorer PFS and OS compared with low CONUT score. The authors believe that the CONUT score can be used as an effective index to predict the prognosis of patients with EC treated with ICIs. In addition, Feng et al. (18) confirmed the predictive value of the CONUT score in predicting recurrence in patients with EC who received neoadjuvant immunochemotherapy (nICT). They retrospectively analyzed 216 patients with ESCC who received nICT and found that patients with high CONUT score (≥3) had a significantly higher recurrence rate (24.2% versus 9.3%, P=0.004) and lower 1-year DFS (75.8% versus 90.7%) compared to those with low CONUT score (≤2) (P=0.004). Multivariate analysis showed that CONUT score was an independent predictor of DFS (HR=2.221, P=0.033). Although these studies did not focus on R/M ESCC, they proved the value of the CONUT score in predicting the prognosis of patients with EC receiving immunotherapy to some extent.

SIS is a new grading system based on serum ALB and LMR. According to literature, no studies used SIS to evaluate the efficacy of immunotherapy for EC. Chang (19) first used SIS in predicting the prognosis of patients with renal clear cell carcinoma, which was based on preoperative serum ALB and median LMR. SIS also showed prognostic value in patients with lung cancer treated with ICIs (20).

Studies of SIS in ESCC mainly focus on patients receiving esophagectomy. For example, Aoyama (21) reported that the 3- and 5-year OS rates of patients with low SIS (≤1) and high SIS (2) were 61.9% and 33.3%, and 52.4% and 26.6%, respectively (P<0.001). The incidence of postoperative grade 2 anastomotic leakage in the high SIS group was 61.5%, whereas that in the low SIS group was only 30.3%. The authors believed that SIS may be an important prognostic factor for patients with ESCC after esophagectomy. Nomoto (10) retrospectively analyzed 509 patients after ESCC. The results showed that the 3-year OS rates of patients with an SIS of 0, 1, and 2 were 84.1%, 74.6%, and 57.3%, respectively (P<0.001). Thus, SIS could be an independent risk factor for predicting OS (HR=1.76, P=0.013). Meanwhile, SIS was found to be more sensitive than other nutritional immunological prognostic factors (e.g., CONUT, systemic immune-inflammation index, and neutrophil–lymphocyte ratio), which could be used as a promising prognostic factor for patients with ESCC after surgery.

Malnutrition and nutritional deficiency are common problems for patients with malignant tumors, and most patients gradually progress to cachexia, which is significantly associated with treatment-related toxic effects and influences tolerance and efficacy of therapy, thus lowering patients’ quality of life and survival time (22). At present, there are many tools for screening patients with high risk of malnutrition. However, a precise assessment of the nutritional status of patients with malignant tumors is still needed (23, 24). The CONUT score and SIS are related to the immunonutrition and inflammatory state of patients. Previous studies indicated that the CONUT score was not only related to the incidence of postoperative complications in patients with gastrointestinal cancer (16), but also significantly related to the recurrence rate of patients with EC after surgery (18). While SIS was significantly related to the occurrence of pneumonia and anastomotic leakage in patients after esophagectomy (21), the CONUT and SIS score before second-line immunotherapy were significantly correlated with toxicity and short-term efficacy, indicating that these two indexes can predict the tolerance and response of patients receiving ICIs, so as to guide clinicians to develop treatment programs according to the individual situation of patients.

The limitations of this study are as follows: first, this study is limited by its retrospective nature and small sample size, there are some confounding factors like different immunotherapy combined modalities, which may affect the robustness of the results. Larger prospective randomized clinical trials are needed to draw the final conclusion. Second, our study was limited to patient with ESCC and may not be representative for patient with esophageal adenocarcinoma. In addition, the benefits and toxicities of ICI treatment for R/M ESCC are affected by several factors, and there may be some unknown and underlying factors that were not included in our analysis.

In conclusion, this study indicated that patient with R/M ESCC who have low CONUT/SIS score before second-line treatment with ICIs have better short-term efficacy and prognosis compared to those with high CONUT/SIS score. CONUT and SIS can be used as biomarkers to predict the prognosis of patient with R/M ESCC receiving second-line immunotherapy, thereby helping to guide clinicians to make better treatment decisions.
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