

[image: image1]
Comparison of the cachexia index based on hand-grip strength (H-CXI) with the original CXI for the prediction of cancer cachexia and prognosis in patients who underwent radical colectomy for colorectal cancer









 


	
	
ORIGINAL RESEARCH
published: 20 February 2024
doi: 10.3389/fnut.2024.1290299








[image: image2]

Comparison of the cachexia index based on hand-grip strength (H-CXI) with the original CXI for the prediction of cancer cachexia and prognosis in patients who underwent radical colectomy for colorectal cancer

Xia-Lin Yan1†, Lian-Ming Wu2†, Xiu-Bo Tang3, Zong-Ze Li4, Zhao Zhang5, Hao-Jie Jiang4, Zhang-Tao Chen3, Ding-Hao Chen3, Jiang-Yuan Li3, Xian Shen4* and Dong-Dong Huang4*


1Department of Colorectal Anal Surgery, The First Affiliated Hospital of Wenzhou Medical University, Wenzhou, China

2Department of General Surgery, Yuhuan Second People 's Hospital, Taizhou, China

3School of Clinical Medicine, Wenzhou Medical University, Wenzhou, China

4Department of Gastrointestinal Surgery, The First Affiliated Hospital of Wenzhou Medical University, Wenzhou, China

5Radiology Imaging Center, The First Affiliated Hospital of Wenzhou Medical University, Wenzhou, China

Edited by
 Barbara Perez Vogt, Federal University of Uberlandia, Brazil

Reviewed by
 Dra. Livia De Oliveira, National Cancer Institute (INCA), Brazil
 Guo-Tian Ruan, Capital Medical University, China

*Correspondence
 Xian Shen, shenxian@wmu.edu.cn 
 Dong-Dong Huang, hdd0577@163.com

†These authors have contributed equally to this work

Received 07 September 2023
 Accepted 31 January 2024
 Published 20 February 2024

Citation
 Yan X-L, Wu L-M, Tang X-B, Li Z-Z, Zhang Z, Jiang H-J, Chen Z-T, Chen D-H, Li J-Y, Shen X and Huang D-D (2024) Comparison of the cachexia index based on hand-grip strength (H-CXI) with the original CXI for the prediction of cancer cachexia and prognosis in patients who underwent radical colectomy for colorectal cancer. Front. Nutr. 11:1290299. doi: 10.3389/fnut.2024.1290299
 

Background and aims: The cachexia index (CXI) is a novel biomarker for estimating cancer cachexia. The cachexia index based on hand-grip strength (H-CXI) has been recently developed as a simple proxy for CXI. The present study aims to compare both the H-CXI and CXI for the prediction of cancer cachexia and postoperative outcomes in patients who underwent radical colectomy for colorectal cancer.

Methods: Patients who underwent radical operations for colorectal cancer were included in this study. Cancer cachexia was diagnosed according to the international consensus outlined by Fearon et al. The cachexia index (CXI) was calculated as [skeletal muscle index (SMI) × serum albumin/neutrophil-to-lymphocyte ratio (NLR)]. The H-CXI was calculated as [hand-grip strength (HGS)/height2 × serum albumin/NLR]. The SMI was measured based on the preoperative CT images at the third lumbar vertebra (L3) level. HGS was measured before surgery.

Results: From July 2014 to May 2021, a total of 1,411 patients were included in the present study, of whom 361 (25.6%) were identified as having cancer cachexia. Patients with cachexia had a lower CXI (p < 0.001) and lower H-CXI (p < 0.001) than those without cachexia. A low CXI but not low H-CXI independently predicted cancer cachexia in the multivariate analysis (OR 1.448, p = 0.024). Both a low CXI (HR 1.476, p < 0.001 for OS; HR 1.611, p < 0.001 for DFS) and low H-CXI (HR 1.369, p = 0.007 for OS; HR 1.642, p < 0.001 for DFS) were independent predictors for overall survival (OS) and disease-free survival (DFS) after adjusting for the same covariates. A low H-CXI but not low CXI was an independent risk factor for postoperative complications (OR 1.337, p = 0.044). No significant association was found between cancer cachexia and postoperative complications.

Conclusion: The CXI and H-CXI exhibited better prognostic value than cancer cachexia for the prediction of postoperative outcomes in patients who underwent radical colectomy for colorectal cancer. The H-CXI was a superior index over the CXI in predicting short-term clinical outcomes, whereas the CXI demonstrated a closer correlation with Fearon’s criteria for cancer cachexia. Ideal tools for the assessment of cancer cachexia should incorporate not only weight loss but also muscle mass, physical function, and inflammatory state.
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1 Introduction

Cancer cachexia is a multifactorial syndrome characterized by the ongoing loss of skeletal muscle mass that cannot be fully reversed by conventional nutritional support (1). Cancer cachexia is associated with impaired physical function (2), more treatment-related toxicity (3), and reduced survival (4). As indicated by a review from Haehling et al., cancer cachexia is believed to be the direct cause of mortality in more than 30% of patients with cancer, and more than 50% of patients with cancer may have died with cachexia being present (5). Colorectal cancer is the third most common malignancy and ranks second in cancer mortality worldwide (6). Cancer cachexia was detected in 55% of patients with stage IV colorectal cancer and was significantly associated with worse overall survival (7). Therefore, the early identification and management of cancer cachexia are significant, which could provide a potential strategy to improve the prognosis of patients with colorectal cancer.

The diagnostic criteria for cancer cachexia varied in the literature (1, 8, 9). In 2011, the international consensus for the definition of cancer cachexia was published by Fearon et al., and it has become the most accepted criteria so far (1). Weight loss was the most important element in the diagnosis of cancer cachexia shared by these criteria. However, several previous studies have found that cancer cachexia diagnosed by weight loss is not an optimal index for the prediction of clinical outcomes (7, 10). Cancer cachexia diagnosed by the Fearon criteria has been reported to have a low agreement with the clinical presentation of cachexia in patients with colorectal cancer (11). Reduced muscle mass and function and increased systemic inflammation are also significant characteristics of cancer cachexia. Therefore, new tools incorporating muscle mass/function and inflammatory indices are needed for the better monitoring of cachexia and prognosis in patients with cancer.

The cachexia index (CXI) was originally developed by Jafri et al. in 2015 to assess the degree of cachexia in patients with advanced non-small-cell lung cancer (NSCLC) (12). The CXI is an objective index calculated as skeletal muscle index (SMI) × serum albumin/neutrophil lymphocyte ratio (NLR). Jafri et al. reported that patients with a low CXI exhibited worse overall survival and progression-free survival (12). Subsequently, several studies from other groups demonstrated that CXI was significantly associated with prognosis in patients with malignancies, such as lung cancer (13) and lymphomas (14). A recent study showed that the CXI was better than the Fearon criteria for cancer cachexia in predicting overall survival in patients with colorectal cancer (15).

However, the measurement of the SMI is complex, and abdominal CT scans are not routinely performed for many types of malignancies, which impedes the clinical application of the CXI. In 2022, Xie et al. developed a hand-grip strength (HGS)-based cancer cachexia index (H-CXI) as a potential predictor of cancer cachexia and prognosis in patients with cancer. The H-CXI was calculated as [HGS (kg)/height (m)2 × serum albumin (g/L)]/NLR. The authors included a nationwide cohort of 14,682 patients with cancer from 41 Chinese medical institutions and found that a low H-CXI was an independent risk factor predicting adverse short-term outcomes and cancer cachexia in patients with cancer (16). The H-CXI is a simple index that has an advantage over the CXI in clinical applications. However, no evidence proves the superiority of the H-CXI over CXI in terms of the prognostic value for clinical outcomes, which is partially due to the lack of high-quality studies investigating the two indices. The present study aims to compare the H-CXI and CXI for the prediction of cancer cachexia and postoperative outcomes in patients who underwent radical colectomy for colorectal cancer.



2 Materials and methods


2.1 Patients

Patients who underwent radical operations for colorectal cancer at the Gastrointestinal Surgical Department, The First Affiliated Hospital of Wenzhou Medical University, China, were included in this study from July 2014 to May 2021. This study included patients who (1) were ≥ 18 years old, (2) had an American Society of Anesthesiologists (ASA) grade not more than III, (3) planned to receive operations for colorectal cancer with curative intent, (4) had abdominal computed tomography (CT) scans available for review within 1 month before surgery, (5) had a blood routine examination within 1 week before surgery, and (6) agreed to take part in the study and sign an informed consent form. Patients with situations of emergency, such as acute abdomen, intestinal obstruction, and acute inflammation, were not included in the present study. We excluded patients who were unable to be measured for hand-grip strength before surgery and those who were confirmed with cancer metastasis during surgery or underwent palliative surgery. All patients were informed that their clinical information would be used anonymously for research purposes and signed a consent form. This study protocol has been approved by the ethics review board of the First Affiliated Hospital of Wenzhou Medical University. The present study was part of a large-scale prospective study registered in the China Clinical Trial Registry (No. ChiCTR1800019717).



2.2 Data collection

The following data were prospectively collected by specialized investigators: (1) preoperative patient demographic and clinical features, including age, sex, body mass index (BMI), Nutritional Risk Screening 2002 (NRS2002) scores, an American Society of Anesthesiologists (ASA) grade, comorbidity, a previous abdominal operation, tumor location, hemoglobin and serum albumin concentration, and neutrophil and lymphocyte counts; (2) operative details, including laparoscopic surgery and combined organ resection; (3) postoperative pathological characteristics of tumor, including histopathology differentiation and tumor-node-metastasis (TNM) stage; (4) short-term postoperative outcomes, including postoperative complications within 30 days of surgery, length of postoperative hospital stay, and costs during hospitalization; and (5) long-term survival obtained by a follow-up after surgery. Postoperative complications classified as grade II or above according to the Clavien–Dindo classification were analyzed (17).



2.3 Diagnosis of cancer cachexia and the calculation of the cachexia index

Patients who met one of the three following criteria were diagnosed with cancer cachexia according to the international consensus by Fearon et al. (1): (1) weight loss >5% over the past 6 months; (2) BMI <20 and any degree of weight loss >2%; or (3) low skeletal muscle index (SMI) and any degree of weight loss >2%. A cutoff value for low SMI was referenced from the study by Zhuang et al. (18) based on the Chinese population, which was 34.9 cm2/m2 for women and 40.8 cm2/m2 for men. The cachexia index (CXI) was calculated based on the SMI (12) or hand-grip strength (HGS) (16) and was referred to as the CXI or H-CXI, respectively. The CXI was calculated as SMI (cm2/m2) × serum albumin (g/L)/neutrophil-to-lymphocyte ratio (NLR) (12). The H-CXI was calculated as HGS (kg)/height (m)2 × serum albumin (g/L)/NLR (16). The cutoff values for a low CXI and H-CXI were defined using the sex-specific lower quartile, which were 483.25 for the CXI and 98.51 for the H-CXI in males, and 372.96 for the CXI and 66.32 for the H-CXI in females. To measure the SMI, CT images at the third lumbar vertebra (L3) level were analyzed using the image processing system (version 3.0.11.3 BN17 32 bit; INFINITT Healthcare Co., Ltd). To reduce the bias in the measurement of muscle mass, one specialized investigator (Z-Z Li) was trained to analyze the muscle mass under the supervision of an experienced radiologist (Z Zhang). Representative CT images of patients with and without skeletal muscle atrophy are shown in Supplementary Figure S1. Skeletal muscle was identified by Hounsfield unit (HU) thresholds within a range from −29 to +150 and normalized for height (m2) to calculate the SMI. HGS was measured using electronic hand-grip dynamometers (EH101, Camry, China) before surgery. Patients were guided to grip the hand-grip dynamometers with the dominant hand with all their strength. The maximum value from three consecutive tests was recorded.



2.4 Follow-up

All patients were followed up 1 month after surgery, then every 3 months for the first 2 years, and every 6 months thereafter. The patients were kept in contact with specialized investigators through telephone calls. The patients were scheduled for outpatient visits on the dates of their follow-ups. The follow-up programs included physical examinations, laboratory tests, and radiological examinations such as CT, ultrasonography, and endoscopy as needed. The last follow-up date was January 2022. Overall survival (OS) was calculated from the date of surgery to the date of death from any cause. Disease-free survival (DFS) was calculated from the date of surgery to the date of cancer recurrence or death from any cause, whichever came first.



2.5 Statistical analysis

Continuous data were presented as medians with interquartile ranges (IQR). Categorical variables were presented as numbers and percentages. Differences between groups were analyzed using the Mann–Whitney U test or Kruskal–Wallis test for continuous variables and Pearson’s chi-squared tests or Fisher’s exact tests for categorical variables. Survival curves were estimated using the Kaplan–Meier method. Log-rank tests were used to test the difference between the groups for the survival data. Logistic regression analysis was conducted to identify risk factors for postoperative complications and cancer cachexia. Cox proportional hazards models were constructed to identify risk factors for OS and DFS. Variables that were considered clinically relevant and candidate variables with P of <0.1 in the univariate analysis were entered into multivariate analysis to identify independent risk factors. We conducted two separate multivariable analyses for complications, OS, DFS, and cancer cachexia including a low CXI or H-CXI, respectively. The cutoff values for the CXI and H-CXI were defined based on the sex-specific lower quartile. All variables were examined for their multicollinearity before inclusion in the multivariate analyses by calculating the variance inflation factor (VIF). Factors with variance inflation factors (VIF) ≥10 were excluded from the multivariate analysis (19). Post-hoc analysis for the sample size and power of the study was conducted based on postoperative complications as the main event using PASS software version 11.0. Based on our sample size, the power for a chi-squared test was 0.837 for a low CXI and 0.962 for a low H-CXI. The data were analyzed using SPSS statistics version 22.0 (IBM, United States) and Empower Stats software (version 2.0). p-values of <0.05 were considered statistically significant.




3 Results


3.1 Baseline characteristics

A total of 1,411 patients were included in the study, including 539 women and 872 men. The median age of the patients was 66 years. Based on the sex-specific lower quartile of the cachexia index, there were 353 patients who were classified as low CXI and low H-CXI groups. Specifically, 255 patients had both a low CXI and low H-CXI, 98 patients had only a low CXI but not a low H-CXI, and 98 patients had only a low H-CXI but not a low CXI. The CXI and H-CXI showed a good agreement (kappa = 0.822, p < 0.001). Patients with a low CXI or low H-CXI were older, had a lower BMI, SMI, and HGS, lower levels of albumin and hemoglobin and higher NLR, and had a higher incidence of nutritional risk (NRS2002 ≥ 3) than patients with a high CXI or high H-CXI (Table 1).



TABLE 1 Baseline characteristics of the patients.
[image: Table1]



3.2 Short-term postoperative outcomes

Of the 1,411 patients, postoperative complications occurred in 347 (24.6%) of them. Both a low CXI and low H-CXI showed a significant correlation with a higher incidence of postoperative complications. Details of short-term postoperative outcomes are listed in Supplementary Table S1. Patients with a low H-CXI had significantly longer postoperative hospital stays and more costs than those with a high H-CXI. However, no significant association was found between a low CXI and length of postoperative hospital stay or costs. The univariate analysis showed that a low CXI, a low H-CXI, age ≥ 75 years, ASA grade III, and TNM stage III were associated with the occurrence of postoperative complications, whereas laparoscopic surgery was negatively associated with postoperative complications. The multivariate analysis showed that age ≥ 75 years (p < 0.001) and ASA grade III (p = 0.010) were independent risk factors for postoperative complications, whereas laparoscopic surgery was an independent protective factor (p = 0.032). Notably, when a low H-CXI was included in the multivariate model instead of a low CXI, a low H-CXI was identified as a significant risk factor for postoperative complications in the multivariate analysis (p = 0.044) after adjusting for the same covariates (Table 2). Moreover, a low H-CXI showed better sensitivity (32.3% vs. 30.5%), specificity (77.3% vs. 76.8%), accuracy (66.5% vs. 65.4%), positive predictive value (PPV, 31.7% vs. 30.0%), negative predictive value (NPV, 77.8% vs. 77.2%), and larger area under the ROC curve (AUC, 0.548 vs. 0.537) in the prediction of postoperative complications (Table 3).



TABLE 2 Univariate and multivariate analyses of factors associated with postoperative complications.
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TABLE 3 Sensitivity and specificity of a low CXI and low H-CXI for the prediction of postoperative complications.
[image: Table3]



3.3 Long-term survival

The median follow-up period was 50.1 months. Among 1,411 patients in this cohort, 365 had died and 92 were lost to follow-up during this period. The deceased cohort was older than those lost to the follow-up, which is reasonable because age is the most significant risk factor for death. There was no significant difference between the two cohorts in the other baseline characteristics (Supplementary Table S2). Survival curves showed that both a low CXI and low CXI were significantly associated with worse OS and DFS (Figures 1A–D). When stratified by different TNM stages, a low CXI and low H-CXI were significantly associated with worse OS and DFS in patients with TNM stage II or stage III (Supplementary Figures S2, S3). The univariate analysis showed that age ≥ 75 years, a low CXI, a low H-CXI, cachexia, ASA grade III, low differentiation of tumor, and TNM stage III were associated with worse OS. The multivariate analysis including a low CXI showed that age ≥ 75 years (p < 0.001), low CXI (p = 0.001), ASA grade III (p = 0.004), low tumor differentiation (p = 0.004), and TNM stage III (p = 0.032) were independent prognostic factors for OS. When a low H-CXI was included in the multivariate model instead of a low CXI, the former remained a significant risk factor (p = 0.007). Other independent risk factors remained the same in both multivariate models (Table 4). The univariate analysis for DFS showed that age ≥ 75 years, a low CXI, a low H-CXI, cachexia, NRS2002 ≥ 3, ASA grade III, low differentiation of tumor, and TNM stage III were associated with worse DFS, whereas laparoscopic surgery was associated with better DFS. The multivariate analysis including a low CXI showed that age ≥ 75 years (p < 0.001), a low CXI (p = 0.001), ASA grade III (p = 0.021), low tumor differentiation (p = 0.003), and TNM stage III (p < 0.001) were independent prognostic factors for DFS. When a low H-CXI was included in the multivariate model instead of a low CXI, a low H-CXI remained a significant prognostic factor (p < 0.001) for DFS (Table 5).

[image: Figure 1]

FIGURE 1
 Kaplan–Meier survival curves for associations between survival and the CXI, H-CXI, or cancer cachexia. (A) Overall survival and (B) disease-free survival of patients with a high CXI and low CXI; (C) overall survival and (D) disease-free survival of patients with a high H-CXI and low H-CXI; and (E) overall survival and (F) disease-free survival of patients with and without cancer cachexia.




TABLE 4 Univariate and multivariate analyses of factors associated with overall survival#.
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TABLE 5 Univariate and multivariate analyses of factors associated with disease-free survival#.
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3.4 Cancer cachexia

Cancer cachexia was identified in 361 (25.6%) of all the patients using Fearon’s criteria. Patients with cachexia had a lower CXI (p < 0.001) and lower H-CXI (p < 0.001) than those without cachexia. Moreover, a higher TNM stage was associated with a lower CXI (p = 0.015) and lower H-CXI (p = 0.006). The univariate analysis showed that both a low CXI (p = 0.001) and low H-CXI (p = 0.039) were associated with cancer cachexia (Table 6). The multivariate analysis showed that a low CXI was an independent risk factor for cachexia (p = 0.024), whereas a low H-CXI cannot independently predict cachexia after adjusting for the same covariates (p = 0.944). Survival curves showed a worse OS and DFS in patients with cancer cachexia than those without cachexia (Figures 1E,F). Cancer cachexia was associated with worse OS and DFS in the univariate analyses but did not remain a significant risk factor in the multivariate analyses (Tables 4, 5). Moreover, no significant association was found between cancer cachexia and postoperative complications (p = 0.192) (Table 2).



TABLE 6 Univariate and multivariate analyses of factors associated with cancer cachexia.
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4 Discussion


4.1 H-CXI vs. CXI for detecting baseline characteristics and cancer cachexia

The present study showed that both a low CXI and low H-CXI were associated with older age, a lower BMI, SMI, and HGS, lower levels of albumin and hemoglobin, and higher NLR, which indicated that both the CXI and H-CXI reflect body nutritional and functional status as well as systemic inflammation. However, a low CXI but not a low H-CXI was identified as an independent risk factor for cancer cachexia in the present study. Low skeletal muscle mass was one of the diagnostic criteria for cancer cachexia according to the international consensus, whereas HGS was not included in the current diagnostic criteria for cancer cachexia (1). The skeletal muscle index is a parameter in the calculation of CXI (12), which can explain the better predictive value of the CXI for cancer cachexia over the H-CXI. Our results indicated that HGS cannot fully substitute SMI in the detection of cancer cachexia. The measurement of skeletal muscle mass is still imperative for an accurate assessment of cachexia state based on the current diagnostic criteria for cancer cachexia.



4.2 The H-CXI and CXI rather than cancer cachexia predicted clinical outcomes

Several previous studies have investigated the influence of cancer cachexia on postoperative outcomes in colorectal cancer, and the results were inconsistent (7, 10, 20). The present study showed that the CXI and H-CXI rather than cancer cachexia predicted worse postoperative outcomes. Our finding was consistent with a previous study, which showed that a low CXI instead of cachexia was associated with a decreased OS after surgery for colorectal cancer (15). The diagnosis of cancer cachexia requires the estimation of weight loss, which might be influenced by the subjectivity of patients’ recall. On the contrary, the CXI and H-CXI were calculated based on objective parameters such as SMI, HGS, and the results of hematological examinations. The SMI and HGS were key elements for the diagnosis of sarcopenia, serum albumin reflected the nutritional status, and higher NLR indicated higher levels of systemic inflammation (12). Moreover, these three factors were closely correlated with each other. The chronic inflammatory state was the most important feature shared by sarcopenia and malnutrition (21). Both malnutrition and systemic inflammation played a key role in the development of sarcopenia (22). Sarcopenia (18), nutritional status (23), and systemic inflammation (24) were all associated with worse prognosis in patients with cancer. The CXI and H-CXI incorporated all three factors, which can explain their superior prognostic value for postoperative outcomes over cancer cachexia. Previous studies have indicated that current pharmacologic agents used in cancer cachexia may improve weight but not the prognosis (25, 26). The superior prognostic value of the CXI and H-CXI over Fearon’s criteria for cancer cachexia recommended we recognize cachexia beyond weight loss alone, focusing more on muscle mass, physical function, and inflammatory state (25).



4.3 H-CXI vs. CXI for the prognostic value

The present study showed that both a low CXI and low H-CXI were independently associated with worse OS and DFS after surgery. Moreover, patients with a higher TNM stage had a lower CXI and lower H-CXI, indicating that both the CXI and H-CXI were good indicators for tumor progression in colorectal cancer. Notably, a low H-CXI but not a low CXI was identified as an independent risk factor for postoperative complications in the present study. Moreover, a low H-CXI but not a low CXI was associated with a longer hospital stay after surgery and costs. This finding indicated that the H-CXI was a better predictive factor for short-term postoperative outcomes than the CXI. Hand-grip strength is the most common measure for the assessment of muscle function (27), which has been proven to be an appropriate proxy for muscle status in many situations (27, 28). Some previous studies have demonstrated the superior prognostic value of HGS over skeletal muscle mass for the prediction of clinical outcomes (29, 30). The procedure for the measurement of the skeletal muscle index by CT scans is relatively complicated, requiring experienced technicians to determine the border of muscle mass with the assistance of specialized image processing software. The measurement of the skeletal muscle index is not a routine clinical practice in most medical centers, except for research purposes. The skeletal muscle index is not included in the formal report of CT examinations in routine clinical work. Moreover, abdominal CT scans were not routinely performed in many other types of cancers, except for gastrointestinal cancers. All the abovementioned factors impede the generalization of the skeletal muscle index in clinical practice. On the contrary, hand-grip strength can be easily measured in various types of patients. The results of hand-grip strength tests can be immediately acquired to promote rapid preoperative assessment and risk stratification. Therefore, the H-CXI is the most readily usable measure among the above three tools. Our study indicated that the H-CXI is a superior biomarker over the original CXI in terms of its better prognostic value for short-term postoperative outcomes and its convenience in clinical applications.



4.4 Advantages and limitations

Our present study was the first to compare the prognostic value between the CXI and H-CXI. The advantages of our study are the large sample size and the prospective data collection. However, the single-center study design may impede the generalization of our conclusion, which is a limitation of the present study. In addition, we determined the cutoff value for the cachexia index based on the sex-specific lower quartile. Therefore, our cutoff values may not be feasible for other studies, which is also a limitation of our study. However, there was no consensus on the optimal cutoff for the cachexia index. Previous studies set the cutoff values either by the receiver operating characteristic (ROC) curves (13, 15) or by the median CXI of men and women, respectively (31). Since the present study aimed to compare the prognostic value between the CXI and H-CXI, the same proportion of patients (1/4) below the cutoff values could make a rational comparison.




5 Conclusion

In conclusion, the present study showed that the CXI and H-CXI exhibited better prognostic value than cancer cachexia for the prediction of postoperative outcomes in patients who underwent radical colectomy for colorectal cancer. The H-CXI had a similar predictive value for long-term survival and a better predictive value for short-term postoperative outcomes than the original CXI, whereas the CXI had a closer correlation with Fearon’s criteria for cancer cachexia. Ideal tools for the assessment of cancer cachexia should incorporate not only weight loss but also muscle mass, physical function, and inflammatory state.
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