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Background: Muscle loss is a common characteristic of cancer-related malnutrition and a predictor of poorer prognosis in oncological patients. This study evaluated the association between altered body composition 6 months after surgery and the prognosis in patients with non-metastatic colorectal cancer.

Materials and methods: A total of 314 patients who underwent elective curative surgery were enrolled in the study. The third lumbar CT images on preoperative and 6-months postoperative were collected to calculate the skeletal muscle index (SMI), visceral adiposity index (VATI), and subcutaneous adiposity index (SATI). Sarcopenia was defined by the cut-off values reported in the literature, and risk factors affecting overall survival (OS) and disease-free survival (DFS) in CRC were analyzed using Cox regression models.

Results: Eighty-two of 314 patients (26.1%) with CRC were diagnosed with sarcopenia before surgery, the preoperative sarcopenia was not significantly associated with the prognosis of CRC patients. There were significant differences in frequency of complications between patient groups according to sarcopenia (41.5 vs. 21.4%, p = 0.004). The Postoperative LOS (11.21 ± 3.04 vs. 8.92 ± 2.84, p < 0.001) was longer in the sarcopenia group than in the non-sarcopenia group, and 30-d readmission (24.4 vs. 6.0%, p < 0.001) was higher in the sarcopenia group compared to the non-sarcopenia group. In multivariate analysis, 6-months SMI loss > 10% after surgery was independently associated with poorer OS [hazard ratio (HR) = 3.74; 95% confidence interval (CI) 1.96 to 7.12; P < 0.001] and DFS (HR = 3.33; 95% CI, 1.71 to 6.47; P < 0.001). SMI changes were moderately correlated with changes in body mass index (BMI) (R = 0.47, P < 0.001).

Conclusion: 6-months muscle loss after surgery may affect overall and disease-free survival and was an independent predictor of prognosis in patients with CRC.
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Introduction

Colorectal cancer (CRC) is one of the common malignancies of the gastrointestinal tract in China, with the third-highest incidence and the fifth-highest mortality rates among all cancers in China (1). Compared to the average population, the incidence of malnutrition in CRC patients is even higher at 40 to 80% (2). Cancer cachexia is defined as body weight loss of ≥ 5% during the previous 6 months, or ≥ 2% if body mass index < 20 kg/m2 (3). It’s a disease characterized by weight loss, specifically loss of skeletal muscle and adipose tissue, which may lead to weight loss and sarcopenia. Adipose tissue is strongly associated with the development of CRC, and obesity not only increases the risk of CRC but has also been shown to be an independent risk factor for CRC prognosis (4). In addition, some researchers have concluded that the presence of preoperative sarcopenia affects the prognosis of many malignancies, including CRC (5), but some studies (6, 7) have contradicted this finding and thus remains doubtful. This may be due to the fact that most of the previous studies were based on the body composition of the patients before treatment. However, the body composition in patients with malignancy is dynamic and skeletal muscle and adipose tissue may increase or decline as the disease progresses or treatment is administered. Therefore, it is worth considering whether body composition observations at a particular period are sufficiently descriptive or representative of predicting patient outcomes. However, there is a lack of data on the potential impact of changes in skeletal muscle and adipose tissue during treatment on the prognosis of CRC patients.

In terms of methods to assess the nutritional status of patients, studies have shown that the cross-sectional areas of skeletal muscle and adipose tissue at the level of the third lumbar vertebra (L3) on abdominal computed tomography (CT) are strongly correlated with the total body skeletal muscle and fat masses, and that CT images can provide objective qualitative and quantitative measurements of the patient’s body composition (8, 9). CT images are widely used in the diagnostic examination, radiotherapy (RT) planning and long-term follow-up of CRC patients; clinicians can easily access body composition change during treatment. The ease of use and safety of the method and no additional expenses to the patient has made CT-based measurement of body composition one of the most popular research methods in recent years.

We hypothesized that sarcopenia, skeletal muscle loss, and adipose tissue change during treatment would affect patient outcomes. Therefore, This study collected abdominal CT images data from CRC patients before and after surgery to assess the impact of skeletal muscle and adipose tissue changes on clinical outcomes in CRC patients.



Patients and methods

We retrospectively analyzed a total of 514 patients with CRC who underwent surgical resection with curative intent at Xuzhou Central Hospital from January 2015 and May 2017. Patients were excluded if they were died within 6 months after surgery (n = 21), did not have a preoperative or postoperative CT scan (n = 81), or if they had metastatic disease (n = 26), or missing visit (72). The final sample size was 314 patients. The study was conducted after review and approval by the Ethics Committee of Xuzhou Central Hospital.

The same board-certified colorectal surgeons treated all patients, and all enrolled patients underwent radical surgery. We obtained data regarding patients’ sex, age, height, weight, pathological TNM stage, and CT images from medical records. These were used to calculate BMI and body composition. A routine preoperative CT image was obtained before surgery, and a postoperative CT image was obtained close to 6 months after surgery.


Body composition measurement and data collection

The third lumbar (L3) vertebra was selected as a standardized landmark. Preoperative and postoperative CT scans were extracted from each patient. Each image was segmented in MATLAB software for analysis. Skeletal muscle area in this plane was calculated by using Hounsfield unit (HU) thresholds of −29 and + 150, the subcutaneous fat area was calculated from extra muscular tissue with a density between −190 and −30 HU and visceral adipose tissue from non-subcutaneous tissue with a density between −150 and −50 HU. For assessment of inter-rater reliability, a random sample of 20 patients selected from this cohort was performed by two independent researchers. The intraobserver coefficients of variation were 0.6, 1.0, and 0.8% for the skeletal muscle area, and VAT area, SAT area respectively, which is regarded to be low. The cross-sectional skeletal muscle area (SMA), subcutaneous adipose tissue area (SATA), and visceral adipose tissue area (VATA) were measured in cm2 and normalized by the patient’s height (m2) to calculated indexes (cm2/m2) for skeletal muscle (SMI), subcutaneous adipose tissue (SATI), and visceral adipose tissue (VATI).



Definitions of skeletal muscle index, subcutaneous adiposity index, and visceral adiposity index

The optimal cut-off values for SMI, SATI, and VATI have not been clearly defined, and in this study, sarcopenia was defined as an SMI of < 41.0 cm2/m2 according to the definition of Martin et al. (10). The cut-off values for SATI and VATI were set at the highest tertile for SATI and VATI as performed by other studies with similar population sizes (6, 11). We assessed the magnitude of change in skeletal muscle and adipose tissue before and after surgery, and patients with an increase or reduction in SMI, SATI, and VATI of > 10% were classified as having “SMI gain,” “SATI gain,” “VATI gain” or “SMI loss,” “SATI loss,” “VATI loss,” respectively.



Outcome parameters

The primary endpoints of the study were OS and DFS. Overall survival was defined as the time from surgery to death from any cause for expired patients or the last follow-up for live patients. Disease-free survival was defined as the time from surgery to the time of recurrence. Secondary endpoints were postoperative complications (Clavien-Dindo Surgical Complication classification system) and hospital length of stay.



Method of follow-up

Patients are followed up from the end of treatment until September 2020. The main components of the follow-up are: whether the patient is surviving, whether the tumor has recurred, their living status and whether they have any discomfort or complications arising from the treatment received. The duration of follow-up ranged from 0.6 to 6.75 years, with a median duration of 3.9 years.



Statistical analysis methods

All data was statistically processed with R.4.1.0 software. The measurement data were expressed according to the type of data, with mean ± standard deviation if normally distributed and median and interquartile spacing when not normally distributed. The t-test was used for measurement data, the χ2 test was used to compare count data, and the rank-sum test was used for rank data. Survival curves were plotted using the Kaplan-Meier method, and differences were analyzed using the log-rank test (Log-Rank). Survival analyses were first performed using one-way analysis of variance. Single factors with P < 0.05 or substantiated by evidence were further included in Cox regression for multi-factor analysis. For testing correlations between BMI changes and body composition changes, Pearson correlation and one-way analysis of variance (ANOVA) were used, where appropriate. Pearson correlation factors of > 0.7 were considered a good correlation between datasets. A correlation was considered moderate at 0.4–0.7, and poor at < 0.4. The test level was set as a two-sided test, and differences were considered statistically significant at P < 0.05.




Results


Patient characteristics

In total, 314 patients with biopsy-proven AJCC stage I-III colorectal cancer who had received surgical resection with curative intent were enrolled. Clinical characteristics and perioperative outcomes according to the preoperative SMI category are summarized in Table 1. The mean age of all patients was 58.91 ± 11.48 years. Eighty-two patients (26.1%) had preoperative sarcopenia. The preoperative BMI (21.19 ± 2.81 vs. 24.16 ± 3.07, p < 0.001) were significantly lower in the sarcopenia group than in the non-sarcopenia group. Sarcopenia was noted more frequently in female patients (70.7 vs. 22.8%, p < 0.001) than in male patients.


TABLE 1    Clinical characteristics and perioperative outcomes according to the preoperative SMI category (n = 314).
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Body composition change during treatment

The body composition changes during 6 months after surgery were summarized in Table 2. Forty-nine (15.6%), 213 (67.8%), and 52 (16.6%) patients were diagnosed with SMI loss, stable SMI, or SMI gain, respectively. VATI stable, VATI loss, VATI gain was seen in 96 (30.6%), 117 (37.3%), and 101 (32.1%) patients, respectively. SATI stable, SATI loss, SATI gain occurred in 108 (34.4%), 90 (28.7%), and 116 (36.9%) patients, respectively. The prevalence of SMI loss (19.0 vs. 6.1%, p < 0.05) was higher in patients with non-sarcopenia than in patients with sarcopenia. The prevalence of SATI and VATI changes were not significantly different between sarcopenia and non-sarcopenia groups. Patients in the sarcopenia group had a lower SMI than the non-sarcopenia group (36.58 ± 3.38 vs. 50.21 ± 7.07, p < 0.05), while VATI and SATI was higher in the non-sarcopenia group, with a statistically significant difference (43.21 ± 23.55 vs. 37.08 ± 21.80, p < 0.05; 43.93 ± 19.70 vs. 34.53 ± 17.93, p < 0.001). The changes in BMI were correlated to the changes in SMI (R = 0.47, P < 0.001), SATI (R = 0.4, P < 0.001), VATI (R = 0.33, P < 0.001) (Figure 1).


TABLE 2    The body composition changes during 6 months after surgery (n = 314).
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FIGURE 1
Scatter plots showing a correlation between the changes in body mass index (BMI) and body composition parameters from baseline to 6 months after treatment completion. (A) Skeletal muscle index (SMI) changes were moderately correlated with changes in body mass index (BMI) (R = 0.47, P < 0.001). (B) Subcutaneous adiposity index (SATI) changes were weakly correlated with changes in body mass index (BMI) (R = 0.4, P < 0.001). (C) Visceral adiposity index (VATI) changes were weakly correlated with changes in body mass index (BMI) (R = 0.33, P < 0.001).




Body composition change and postoperative recovery

The association between body composition and perioperative outcomes according to the preoperative SMI category were shown in Table 1. A total of 90 postoperative complications occurred in this study, of which 20 (6.4%) cases of moderate to severe (Clavien-Dindo grade III-V) complications occurred. There were significant differences in frequency of complications between patient groups according to sarcopenia (41.5 vs. 21.4%, p = 0.004). The Postoperative LOS (11.21 ± 3.04 vs. 8.92 ± 2.84, p < 0.001) was longer in the sarcopenia group than in the non-sarcopenia group, and 30-d readmission (24.4 vs. 6.0%, p < 0.001) was higher in the sarcopenia group compared to the non-sarcopenia group. Clinical characteristics and perioperative outcomes according to muscle change are shown in Supplementary Table 1. No significant differences were found between patients according to skeletal muscle loss in terms of postoperative outcomes, including complications, length of postoperative stay and readmission after discharge. Patients with SMI loss seemed to be more likely to have experienced incisional hernia (18.4 vs. 2.6%, p < 0.001) after surgery than the patients with non-SMI loss, and the results were statistically significant.



Body composition change and survival

The length of follow-up ranged from 0.6 to 6.75 years, with a median duration of 3.9 years. The 5-year overall survival (OS) and disease-free survival (DFS) rates for overall patients were 75.4 and 74.8%, respectively. No significant difference in 5-year OS (77.7 vs. 74.7%, respectively; p = 0.90) and DFS (72.1 vs. 76.0%, respectively; p = 0.99) rate between the preoperative sarcopenia and the non-sarcopenia groups (Supplementary Figures 1A,B). The 5-year OS and DFS in SMI loss, SMI stable and SMI gain groups were 52.2, 79.5, and 80.1% (Figure 2A, p < 0.001) and 54.8, 78.5, and 85.5% (Figure 2B, p < 0.001), respectively. There were no significant differences in OS and DFS between the two groups according to preoperative SATI (5-year OS: 76.1 vs. 75.1%, p = 0.87; 5-year DFS: 74.8 vs. 78.2%, p = 0.52) (Supplementary Figures 1C,D). Grouped by preoperative VATI, we found no significant difference in OS (5-year OS: 73.8 vs. 78.6%, p = 0.41) and DFS (74.8 vs. 78.1%, p = 0.46) (Supplementary Figures 1E,F). In a subgroup analysis, patients with SMI loss had worse OS and DFS in both the preoperative sarcopenia and non-sarcopenia groups (Figures 2C–F). The change in VATI, SATI and BMI were not associated with survival (Supplementary Figure 2).
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FIGURE 2
Kaplan–Meier curve demonstrating overall survival and disease-free survival according to skeletal muscle index (SMI) change. The 5-year overall survival (OS) and disease-free survival (DFS) in stocktickerSMI loss, stocktickerSMI stable, and stocktickerSMI gain groups were 52.2, 79.5, and 80.1% [(A), p < 0.001] and 54.8, 78.5, and 85.5% [(B), p < 0.001], respectively. In a subgroup analysis, patients with stocktickerSMI loss had worse OS and stocktickerDFS in both the preoperative sarcopenia [(C,D) and non-sarcopenia groups (E,F)].


Skeletal muscle index (SMI) change, TNM stage as risk factors for OS and DFS in the univariate analysis (Supplementary Table 2). After multivariate analysis, SMI change and TNM stage were independently associated with OS (HR: 3.74, 95% CI: 1.96 to 7.12, p < 0.001; HR: 3.08, 95% CI: 1.87 to 5.06, p < 0.001) and DFS (HR = 3.33; 95% CI, 1.71 to 6.47, P < 0.001; HR: 3.05, 95% CI: 1.82 to 5.09, p < 0.001) (Table 3). The preoperative BMI, SATI, VATI, and changes in VATI during treatment were not associated with OS or DFS.


TABLE 3    Multivariate analysis for overall survival and disease-free survival (n = 314).
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Discussion

In the present study, we demonstrated that skeletal muscle loss negatively impacted oncological outcomes by decreasing OS and DFS in patients with CRC. Patients who had both preoperative sarcopenia and subsequent skeletal muscle loss had the worst OS and DFS. However, preoperative sarcopenia was not a prognostic factor of worse OS and DFS. Which, in line with the recent studies (12, 13), suggesting progressive skeletal muscle loss may be a more potent prognostic factor than a single pre-treatment measurement and highlighting the importance of preserving skeletal muscle mass during treatment in patients with CRC. According to our results, sarcopenic patients were more often readmission after discharge and with a longer length of postoperative LOS than patients without sarcopenia. However, sarcopenia did not increase the rates of Major complications (Clavien Dindo III-V). It suggested that sarcopenia have a negative impact on recovery after colorectal cancer surgery, which is in line with the previous results (14, 15).

In terms of body composition change, we found non-sarcopenic patients were more likely to exhibit skeletal muscle loss during treatment. Because skeletal muscle area changes were used primarily to evaluate skeletal loss in this study, there was a lack of evaluation of skeletal muscle density changes, and in related studies it was also found that patients with sarcopenia were more likely to have decreased skeletal muscle density and fat infiltration. We also found a similar situation in our clinical study. We therefore hypothesize that the reduction in skeletal muscle area precedes the decline in skeletal muscle density and is followed by fatty infiltration. This is an interesting point for subsequent study. Therefore, In addition to advocating skeletal muscle protection for patients with sarcopenia, it is essential to preserve skeletal muscle in patients with non-sarcopenia to minimize the rate of skeletal muscle loss, thereby further blocking the change in skeletal muscle density. Though nutritional intervention combined with physical training programs is broadly accepted as therapeutic options (16) to prevent sarcopenia. The CRC patient’s cohort almost consists of older patients who are not able, sometimes only for a certain period, to be included in physical activity programs. Thus, new pharmaceutical and nutritional interventions and tailor-made physical training for older people need to be explored.

Sarcopenia is considered by most to be an inevitable part of aging. However, the quality and quantity of muscle are dependent upon various factors (17, 18). Such as disease, inactivity, and poor nutrition. Our analysis found no significant differences between patients with SMI loss and non-SMI loss in terms of postoperative outcomes, including complications, length of postoperative stay, and readmission after discharge. Though preoperative sarcopenia has a negative impact on recovery after colorectal cancer surgery, the postoperative skeletal muscle loss does not appear to be related to postoperative recovery in our study. This implies that there are factors other than the postoperative recovery that impact skeletal muscle loss. However, as the interval between pre-and post-treatment CT scans was 6 months, without additional measurements during this interval, it is difficult to assess the exact relationship between postoperative recovery and skeletal muscle loss.

In addition, Ji-Bin Li et al. (19) suggested that a decrease in BMI of more than 5% showed a significantly increased risk of all-cause mortality among CRC patients. In our study, we found the same results. However, we also found that changes in BMI were much less effective in responding to patients’ long-term survival prognosis compared to changes in skeletal muscle, especially with regard to DFS. In the correlation analysis, changes in BMI were moderately correlated with changes in SMI but weakly correlated with changes in SATI and VATI. It may suggest that change in BMI is not sufficiently sensitive to identify clinically meaningful alteration in body composition promptly. There is an emerging viewpoint (20–22) that sarcopenia may be obscured within the bulk of body weight, the patients with identical BMI can have various skeletal muscle. Thus, Body composition quantified using clinically acquired CT images may provide a vital sign to identify patients at increased risk of death.

Higher adiposity increases the risk of colorectal cancer (CRC) and has a negative impact on overall survival (OS) and progression-free survival (PFS) (23, 24). However, in our study, the preoperative SATI and VATI have no association with OS. Although the patients lost SATI and VATI during treatment, the adipose change was not associated with OS and DFS. This discrepancy may be attributed to the small size of our sample, the lack of an optimal cut-off value and the different treatment modalities.

In addition, this study focused on changes in skeletal muscle mass and the absence of the assessment of skeletal muscle strength and function. The lack of consideration of data such as mean skeletal muscle radial decay, patient walking speed, grip strength, and the small sample size are shortcomings of this study. Despite these limitations, the power of this study is that the included cases with detailed treatment and follow-up records, tumors were treated consistently according to clinical treatment guidelines and we conducted a multi-subgroup analysis of the data. Some of our findings are consistent with those of previous studies. Taken together, our results add to the body of evidence linking postoperative skeletal muscle loss to reduced survival.



Conclusion and implications

In summary, this retrospective study showed that 6-months muscle loss after surgery might affect overall survival and disease-free survival and was an independent predictor of prognosis in patients with CRC. Muscle loss after surgery may be a potential risk factor for incisional hernia. Adequate knowledge of changes in patient body composition by CT during CRC treatment can help clinicians predict outcomes and target nutritional interventions, which may be beneficial in improving the prognosis of CRC patients.
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SUPPLEMENTARY FIGURE 1
Kaplan–Meier curve demonstrating overall survival and disease-free survival according to preoperative skeletal muscle index (SMI) (A,B), subcutaneous adiposity index (SATI) (C,D), and visceral adiposity index (VATI) (E,F).

SUPPLEMENTARY FIGURE 2
Kaplan–Meier curve demonstrating overall survival and disease-free survival according to the change in visceral adiposity index (VATI) (A,B), subcutaneous adiposity index (SATI) (C,D), and body mass index (BMI) (E,F).



References

1. Chen HD, Dai M. On prevention and control strategy of colorectal cancer in China. Zhonghua Liu Xing Bing Xue Za Zhi. (2020) 41:1627–32.

2. Illa P, Tomiskova M, Skrickova J. Nutritional risk screening predicts tumor response in lung cancer patients. J Am Coll Nutr. (2015) 34:425–9. doi: 10.1080/07315724.2014.938789

3. Nishikawa H, Goto M, Fukunishi S, Asai A, Nishiguchi S, Higuchi K. Cancer cachexia: its mechanism and clinical significance. Int J Mol Sci. (2021) 22:8491. doi: 10.3390/ijms22168491

4. Caan BJ, Cespedes Feliciano EM, Prado CM, Alexeeff S, Kroenke CH, Bradshaw P, et al. Association of muscle and adiposity measured by computed tomography with survival in patients with nonmetastatic breast cancer. JAMA Oncol. (2018) 4:798–804. doi: 10.1001/jamaoncol.2018.0137

5. Prado CM, Lieffers JR, McCargar LJ, Reiman T, Sawyer MB, Martin L, et al. Prevalence and clinical implications of sarcopenic obesity in patients with solid tumours of the respiratory and gastrointestinal tracts: a population-based study. Lancet Oncol. (2008) 9:629–35. doi: 10.1016/S1470-2045(08)70153-0

6. Lee J, Chang CL, Lin JB, Wu MH, Sun FJ, Jan YT, et al. Skeletal muscle loss is an imaging biomarker of outcome after definitive chemoradiotherapy for locally advanced cervical cancer. Clin Cancer Res. (2018) 24:5028–36. doi: 10.1158/1078-0432.CCR-18-0788

7. Siegal SR, Dolan JP, Dewey EN, Guimaraes AR, Tieu BH, Schipper PH, et al. Sarcopenia is not associated with morbidity, mortality, or recurrence after esophagectomy for cancer. Am J Surg. (2018) 215:813–7. doi: 10.1016/j.amjsurg.2017.12.017

8. Shen W, Punyanitya M, Wang Z, Gallagher D, St-Onge MP, Albu J, et al. Total body skeletal muscle and adipose tissue volumes: estimation from a single abdominal cross-sectional image. J Appl Physiol. (2004) 97:2333–8. doi: 10.1152/japplphysiol.00744.2004

9. Mourtzakis M, Prado CM, Lieffers JR, Reiman T, McCargar LJ, Baracos VE. A practical and precise approach to quantification of body composition in cancer patients using computed tomography images acquired during routine care. Appl Physiol Nutr Metab. (2008) 33:997–1006. doi: 10.1139/H08-075

10. Martin L, Birdsell L, Macdonald N, Reiman T, Clandinin MT, McCargar LJ, et al. Cancer cachexia in the age of obesity: skeletal muscle depletion is a powerful prognostic factor, independent of body mass index. J Clin Oncol. (2013) 31:1539–47. doi: 10.1200/JCO.2012.45.2722

11. van Dijk DP, Bakens MJ, Coolsen MM, Rensen SS, van Dam RM, Bours MJ, et al. Low skeletal muscle radiation attenuation and visceral adiposity are associated with overall survival and surgical site infections in patients with pancreatic cancer. J Cachexia Sarcopenia Muscle. (2017) 8:317–26. doi: 10.1002/jcsm.12155

12. Hopkins JJ, Reif RL, Bigam DL, Baracos VE, Eurich DT, Sawyer MB. The impact of muscle and adipose tissue on long-term survival in patients with stage I to III colo-rectal cancer. Dis Colon Rectum. (2019) 62:549–60. doi: 10.1097/DCR.0000000000001352

13. Caan BJ, Meyerhardt JA, Kroenke CH, Alexeeff S, Xiao J, Weltzien E, et al. Explaining the obesity paradox: the association between body composition and colorectal cancer survival (C-SCANS study). Cancer Epidemiol Biomarkers Prev. (2017) 26:1008–15. doi: 10.1158/1055-9965.EPI-17-0200

14. Pędziwiatr M, Pisarska M, Major P, Grochowska A, Matłok M, Przęczek K, et al. Laparoscopic colorectal cancer surgery combined with enhanced recovery after surgery protocol (ERAS) reduces the negative impact of sarcopenia on short-term outcomes. Eur J Surg Oncol. (2016) 42:779–87. doi: 10.1016/j.ejso.2016.03.037

15. Chen WZ, Chen XD, Ma LL, Zhang FM, Lin J, Zhuang CL, et al. Impact of visceral obesity and sarcopenia on short-term outcomes after colorectal cancer surgery. Dig Dis Sci. (2018) 63:1620–30. doi: 10.1007/s10620-018-5019-2

16. Fiatarone MA, O’Neill EF, Ryan ND, Clements KM, Solares GR, Nelson ME, et al. Exercise training and nutritional supplementation for physical frailty in very elderly people. N Engl J Med. (1994) 330:1769–75. doi: 10.1056/NEJM199406233302501

17. Bowen TS, Schuler G, Adams V. Skeletal muscle wasting in cachexia and sarcopenia: molecular pathophysiology and impact of exercise training. J Cachexia Sarcopenia Muscle. (2015) 6:197–207. doi: 10.1002/jcsm.12043

18. Kim TN, Choi KM. Sarcopenia: definition, epidemiology, and pathophysiology. J Bone Metab. (2013) 20:1–10. doi: 10.11005/jbm.2013.20.1.1

19. Li JB, Luo S, Wong MCS, Li C, Feng LF, Peng JH, et al. Longitudinal associations between BMI change and the risks of colorectal cancer incidence, cancer-relate and all-cause mortality among 81,388 older adults. BMC Cancer. (2019) 19:1082. doi: 10.1186/s12885-019-6299-4

20. Bruggeman AR, Kamal AH, LeBlanc TW, Ma JD, Baracos VE, Roeland EJ. Cancer cachexia: beyond weight loss. J Oncol Pract. (2016) 12:1163–71. doi: 10.1200/JOP.2016.016832

21. Strulov Shachar S, Williams GR. The obesity paradox in cancer- moving beyond BMI. Cancer Epidemiol Biomarkers Prev. (2017) 26:13–6. doi: 10.1158/1055-9965.EPI-16-0439

22. Brown JC, Caan BJ, Cespedes Feliciano EM, Xiao J, Weltzien E, Prado CM, et al. Weight stability masks changes in body composition in colorectal cancer: a retrospective cohort study. Am J Clin Nutr. (2021) 113:1482–9. doi: 10.1093/ajcn/nqaa440

23. Sakai T, Maekawa T, Mikami K, Kuramochi H, Noda S. Visceral fat volume and surgical outcomes of colorectal resection. Int Surg. (2009) 94:370–2.

24. Watanabe J, Tatsumi K, Ota M, Suwa Y, Suzuki S, Watanabe A, et al. The impact of visceral obesity on surgical outcomes of laparoscopic surgery for colon cancer. Int J Color Dis. (2014) 29:343–51. doi: 10.1007/s00384-013-1803-9


OPS/images/fnut-09-1047029-g002.jpg
<
> > =m SMI stable
% == SMI loss
'8 == SMI gain
o
o' OO
©
=
c
|
w
®
E-J 25.
>
(@)

», p<0.0001

0 12 24 36 48 60 72

Number at risk: n (%) Time in months

SMi stable ' 213 (100) 211 (99) 194 (91) 155(73) 116 (54) 69(32) 21 (10)

SMI loss 49 (100) 44 (90) 36(73) 29(59) 17(35) 5(10) 1(2)
SMI gain 52 (100) 52 (100) 50 (96) 46(88) 32(62) 18(35) 6 (12)
0 12 24 36 48 60 72
Time in months
C

004

3
= 75!
g == SMI stable | bt
§ == SMI loss
g == SMigain
§ 504 sl
E N X
S
7]
©
5 254
>
O

. p=0.042

0 12 24 60 72

36 48
: Time in months
Number at risk: n (%)

SMi stable 59 (100) 59 (100) 55(93) 43(73) 35(59) 22(37) 4(7)
SMiloss  5(100) 4(80) 3(60) 3(60) 2(40) 1(20)  0(0)

SMI gain 18 (100) 18 (100) 17 (94) 17(94) 12(67) 8 (44) 5 (28)
0 12 24 36 48 60 72
Time in months
E

004

=i TN

e
2 " == SMistable
§ == SMI loss
= == SMI gain
E- 504
3
S
s |
w
©
'q_) 254
>
(@]
. p=0.00041
0 12 24 60 72

36 48
Number at risk: n (%) N Bl
SMi stable 157 (100) 155 (99) 142 (90) 113 (72) 80(51) 45(29) 16(10)
SMI loss 44 (100) 40(91) 33(75) 26(59) 15(34) 4 (9) 1(2)
SMI gain 31(100) 31(100) 30(97) 28(90) 21(68) 12(39) 2 (6)

0 12 24 36 48 60 72
Time in months

Disease-free survival probability (%)

_.
=)
=

AAAAAAAAAAAAAAAAAA
nnnnnnnnnnnnnnnnn

\,
A

== SMIl stable
== SMI loss
== SMI gain

N
o

o, p<0.0001
0 12 24 36 48 60 72

Number at risk: n (%) Time in months

SMi stable ' 213 (100) 203 (95) 184 (86) 146 (69) 110 (52) 68 (32) 20 (9)

SMI loss
SMI gain

49 (100) 41(84) 34(69) 28(57) 18(37) 5(10) 1(2)
52 (100) 50 (96) 49(94) 43(83) 28(54) 18(35) 6 (12)
Time in months

=
o
o

&
>
= 75
% == SMI stable
Qo
<) == SMlloss
2 | == SMigain
2 %
e
a & R
(0]
o
T3
@ 25-
0
@
()]
R
o
. p=0.044
()] 12 24 36 48 60 72

Time in mnantha

Number at risk: n (%)

SMistable ' 59 (100) 58 (98) 53(90) 41(69) 33(56) 22 (37) 3 (5)
SMI loss 5(100) 4 (80) 3 (60) 2 (40) 2 (40) 1(20) 0(0)

SMI gain

18 (100) 17 (94) 16(89) 15(83) 10(56) 7(39) 5(28)

0 12 24 60 72

36 48
Time in months

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

~
O,

| =m SMI stable
== SMI| loss
== SMI gain

Disease-free survival probability (%)

.. p=0.00032
0 12 24

Number at risk: n (%)

36 48
Time in months

SMi stable |157 (100) 148 (94) 134 (85) 105 (67) 76 (48) 45(29) 16 (10)
SMiloss 44 (100) 37(84) 31(70) 26(59) 16(36) 4(9)  1(2)
SMigain | 31(100) 30(97) 30(97) 28(90) 19(61) 12(39) 2(6)

0 12 24 36 48 60 72
Time in months





OPS/images/fnut-09-1047029-g001.jpg
20

SMI change(%)

R=0.47 p <2.2e-16

0
BMI change(%)

SATI change(%)

R = 0‘}p =2e-13

0
BMI change(%)

VATI change(%)

R=0.33 p=3.6e-09

0
BMI change(%)





OPS/images/cross.jpg
@ Check for updates.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Muscle loss 6 months after surgery predicts poor survival of patients with non-metastatic colorectal cancer



		Introduction



		Patients and methods



		Body composition measurement and data collection



		Definitions of skeletal muscle index, subcutaneous adiposity index, and visceral adiposity index



		Outcome parameters



		Method of follow-up



		Statistical analysis methods







		Results



		Patient characteristics



		Body composition change during treatment



		Body composition change and postoperative recovery



		Body composition change and survival







		Discussion



		Conclusion and implications



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		Supplementary Material



		References

















OPS/images/cover.jpg
& frontiers | Frontiers in Nutrition












OPS/images/fnut-09-1047029-t003.jpg
SMI change

SMI stable
(£ 10.0%)

SMI loss

(> -10.0%)
SMI gain
(> +10.0%)
TNM stage
I-11

111

BMI chang
BMI stable
(£ 10.0%)
BMI loss
(> -10.0%)
BMI gain
(> +10.0%)

(4

Overall survival

Disease-free survival

HR and
95% CI

Reference

3.74 (1.96-7.12)

0.60 (0.27-1.35)

Reference

3.08 (1.87-5.06)

Reference

2.04 (1.03-4.05)

1.23 (0.59-2.58)

P-value

< 0.001

0.22

< 0.001

0.04

0.58

HR and
95% CI

Reference

3.33 (1.71-6.47)

0.39 (0.16-0.89)

Reference

3.05 (1.82-5.09)

Reference

1.72 (0.34-3.52)

1.15 (0.52-2.53)

P-value

< 0.001

0.06

< 0.001

0.14

0.73






OPS/images/fnut-09-1047029-t002.jpg
SMI

SMI change

SMI stable (410.0%)
SMI loss (> -10.0%)
SMI gain (> +10.0%)
SATI

Pre-treatment
SATI, categorical

<47.28

> 47.28
SATI change
SATI stable
(£ 10.0%)
SATTI loss

(> -10.0%)
SATI gain

(> +10.0%)
VATI

Pre-treatment
VATI, categorical

< 47.54

> 47.54
VATI change
VATI stable
(£ 10.0%)
VATI loss

(> -10.0%)

VATI gain
(> +10.0%)

Pre-treatment BMI
BMI change

BMI stable

(£ 10.0%)

BMI loss

(> -10.0%)

BMI gain

(> +10.0%)

Overall
(n=314)

46.65 £ 8.71

213 (67.8%)
49 (15.6%)
52 (16.6%)

41.484+19.69

207 (65.9%)
107 (34.1%)

108 (34.4%)

90 (28.7%)

116 (36.9%)

41.614+£23.27

207 (65.9%)
107 (34.1%)

96 (30.6%)

117 (37.3%)

101 (32.1%)

23.36 £3.28

221 (70.4%)

49 (15.6%)

44 (14.0%)

Sarcopenia
(82)

36.58 £ 3.38

56 (68.3%)
5(6.1%)
21 (25.7%)
34.53+17.93

66 (80.5%)
16 (19.5%)

27 (32.9%)

23 (28.0%)

32 (39.1%)

37.08 +21.80

65 (79.3%)
17 (20.7%)

28 (34.0%)

23 (28.0%)

31 (38.0%)

21.19+ 281

53 (64.6%)

13 (15.9%)

16 (19.5%)

Non-
sarcopenia
(232)

p-value

50.21£7.07 < 0.001

157 (67.7%)
44 (19.0%)
31 (13.3%)

0.0019

4393+£19.70 < 0.001

141 (60.8%)
91 (39.2%)

81 (34.9%)

67 (28.9%)

84 (36.2%)

43.21+£23.55

142 (61.2%)
90 (38.8%)

68 (29.3%)

94 (40.5%)

70 (30.2%)

0.012

0.89

0.04
0.005

0.13

24.16 £3.07 < 0.001

168 (72.4%)

36 (15.5%)

28 (12.1%)

0.23





OPS/images/logo.jpg
P frontiers | Frontiers in Nutrition







OPS/images/fnut-09-1047029-t001.jpg
Sex
Female
Male

Age

BMI

CRP (mg/L)
>10

<10
Missing
ALB (g/L)
>35

<35

ASA score
I

I

30-d Any
complications
No

YES

30-d Major
complications
(Clavien Dindo

score)

I-11

I-1v
Operation
Right
hemi-colectomy
LEFT
hemi-colectomy
Dixon

Miles

TNM stage

I

I

111

Neoadjuvant
therapy
afterpreoperative

scan
No

Yes

Postoperative LOS,
days

<7

>7

30-d Readmission
No

Yes

Incisional hernia
No

Yes

Overall
(n=314)

111 (35.4%)
203 (64.6%)
5891411.48

23.36 £3.28

36 (11.5%)
262 (83.4%)
16 (5.1%)

301 (95.9%)
13 (4.1%)

178 (56.7%)
102 (32.5%)
34 (10.8%)

224 (71.3%)
90 (28.7%)

70 (22.2%)
20 (6.4%)

28 (8.9%)

62 (19.7%)

204 (65.0%)
20 (6.4%)

46 (14.6%)
150 (47.8%)
118 (37.6%)

206 (95.1%)
108 (4.9%)
9.71 £2.41

165 (52.5%)
149 (47.5%)

280 (89.2%)
34 (10.8%)

298 (94.9%)
16 (5.1%)

Sarcopenia
(n=282)

58 (70.7%)
24 (29.3%)
60.87 £+ 11.58

21.19 £2.81

14 (17.1%)
65 (79.3%)
3 (3.6%)

74 (90.2%)
8 (9.8%)

43 (52.4%)
30 (36.6%)
9 (11.0%)

48 (58.5%)
34 (41.5%)

27 (32.9%)
6(7.3%)

11 (13.4%)

12 (14.6%)

51 (62.2%)
8 (9.8%)

15 (18.3%)
34 (41.5%)
33 (40.2%)

53 (91.8%)
29 (8.2%)
11.21 £3.04

30 (36.6%)
52 (63.4%)

62 (75.6%)
20 (24.4%)

78 (95.1%)
4(4.9%)

Non- p-value
sarcopenia

(n=232)

< 0.001
53 (22.8%)
179 (79.2%)
58.224+11.55 0.07
2416 £3.07 < 0.001
0.11
22 (9.5%)
197 (84.9%)
13 (5.6%)
0.006
227 (97.8%)
5(2.1%)
0.63
135 (58.2%)

72 (31.0%)

25 (10.8%)

0.004
176 (75.9%)

56 (24.1%)

43 (18.5%) 0.66

14 (6.0%)

0.32

17 (7.3%)

50 (21.6%)

153 (65.9%)

12 (5.2%)

0.341

31 (13.3%)

116 (50.0%)

85 (36.7%)

0.009
185 (96.8%)

47 (3.2%)
892+£284 < 0.001
135 (58.2%)

97 (41.8%)

218 (94.0%) < 0.001

14 (6.0%)

220 (94.8%)

12 (5.

2%)





