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Background: Adipose tissue reduction is one of the features in patients with cancer cachexia. However, it remains unclear whether visceral fat area (VFA) and subcutaneous fat area (SFA) contribute differently to the progression of cancer cachexia in colon cancer patients. This study aims to investigate the prognostic impact of VFA and SFA in stage I-III colon cancer patients with cachexia.

Methods: Patients diagnosed with stage I-III colon cancer were preoperatively measured for VFA and SFA and then divided into VFA-high (VFA-H) and VFA-low (VFA-L) groups, as well as SFA-high (SFA-H) and SFA-low (SFA-L) groups. The prognostic impact of VFA and SFA for colon cancer patients with cachexia were analyzed using the Kaplan–Meier method and Cox regression analysis.

Results: A total of 916 colon cancer patients (377 with cachexia and 539 without) were included in the study. In patients with cachexia, the estimated five-year overall survival (OS) was higher in the VFA-H group compared to the VFA-L group (p < 0.001). There was no significant difference in five-year OS between the SFA-L and SFA-H groups (p = 0.076). Cox regression analysis indicated that VFA (hazard ratio [HR] = 0.55, 95% confidence interval [CI] 0.40 to 0.76; p < 0.001) was an independent prognostic factor for patients with cachexia. SFA (HR = 0.78, 95% CI 0.59 to 1.03; p = 0.076) was not an independent prognostic factor for patients with cachexia.

Conclusion: Preoperative VFA, but not SFA was a useful prognostic factor for long-term outcomes in stage I-III colon cancer patients with cachexia. More attention should be paid to VFA in colon cancer patients with cachexia.
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Introduction

According to the global cancer data of 2023, colorectal cancer (CRC) ranks third in both incidence and mortality among all malignant tumors (1). The incidence of cancer cachexia varies across various cancer types, with its prevalence in CRC approaching approximately 50% (2). Cancer cachexia represents a high metabolic state in cancer patients, characterized by significant muscle atrophy and the loss of adipose tissue, conditions not fully reversed through standard nutritional support (3). The progression of cancer cachexia significantly decreases both the efficacy of therapeutic interventions and overall survival, and is identified as the direct cause of death in 25% of cancer patients (2). However, cancer cachexia is often underrecognized and inadequately treated (4, 5). Although previous studies have primarily focused on the effects of muscle atrophy in this condition (2, 6), emerging evidence suggests that the loss of adipose tissue also plays a significant role in the progression of cancer cachexia (7).

Adipose tissue, characterized by its functional and histological heterogeneity, is distributed throughout the body. White adipose tissue, functioning primarily as an energy reservoir, is anatomically categorized into visceral adipose tissue and subcutaneous adipose tissue (8). These adipose tissue types are marked by their unique variations, with differences extending across anatomical, cellular, molecular, physiological, clinical, and prognostic aspects (9). Adipose tissue reduction also contributes to the devastating impact of cancer cachexia, manifested by increased energy expenditure, decreased quality of life, and shortened survival duration (10, 11).

However, the effect of adipose tissue reduction, specifically subcutaneous fat area (SFA) and visceral fat area (VFA), on the prognosis of cancer patients with cachexia remains unknown. In this study, we conducted a comparative analysis of SFA, VFA, and body mass index (BMI) in colon cancer patients with cachexia to assess their respective prognostic implications on the outcome of these patients.



Methods


Ethical issue

This study was conducted with the approval of the ethics committees of Haikou Hospital and the ethics committees of Chengdu Second People’s Hospital and adhered to the STROBE guidelines for observational studies (12). Due to the retrospective design, the patient data were anonymized prior to analysis, and the requirement for individual informed consent was exempted.



Study population

Between January 2013 and December 2018, a total of 916 patients underwent radical colectomy for colon cancer at Central South University Xiangya School of Medicine Affiliated Haikou Hospital (Haikou Hospital), and Chengdu Second People’s Hospital were included in the study (Supplementary Figure S1). These cases were identified from prospective databases. Participants were included based on the following criteria: (1) age ≥ 18 years; (2) histological confirmation of colon cancer through biopsy; (3) underwent radical colectomy; and (4) with abdominal CT scans conducted within 1 month before surgery and measurements of VFA and SFA available. The exclusion criteria were: (1) with any preoperative oncologic treatments; (2) palliative surgery; (3) synchronous colorectal carcinoma; (4) incomplete medical records; and (5) loss to follow-up.

Each patient was followed up periodically through outpatient visits, phone interviews, and in hospital settings, every 3 months in the first 2 years, every 6 months during the third to fifth years, and annually after 5 years. The study also recorded patients who were lost to long-term follow-up, mainly due to their inability to return for outpatient visits or issues with their contact information that prevented further contact. As of December 2023, out of 992 patients, 916 (92.3%) had complete follow-up data. The median follow-up period was 73 months. The primary outcome of the study was overall survival (OS) after surgery.



Clinicopathological characteristics and definition

The clinicopathologic data reviewed included preoperative parameters: age, sex, BMI (kg/m2), American Society of Anesthesiology (ASA) score, pre-existing co-morbidities (including heart disease, hypertension requiring medication, chronic pulmonary disease, diabetes mellitus), preoperative albumin (g/L), CEA level (ng/ml), tumor location (right-sided, left-sided), SFA (cm2), and VFA (cm2). Operative parameters included surgical approach (laparoscopy, laparotomy). Postoperative parameters included pathological TNM stage (pTNM), lymphovascular invasion, neural invasion, and tumor differentiation.

The TNM stage was determined according to the eighth edition of the American Joint Committee on Cancer (AJCC) Staging Manual (13). Right-and left-sided colon cancer were defined as proximal and distal to the splenic flexure, respectively, (14). Cancer cachexia was diagnosed based on the 2011 Fearon Consensus (3). A diagnosis of cancer cachexia can be made if the patient meets any of the following criteria: (1) unintentional weight loss exceeding 5% in the past 6 months; (2) BMI lower than 20 kg/m2 accompanied by any degree of unintentional weight loss exceeding 2% in the past 6 months; (3) the presence of sarcopenia along with any degree of unintentional weight loss exceeding 2% in the past 6 months.



Fat area measurement and cut-off point

All patients in the study received abdominal computed tomography (CT) scans as a preoperative evaluation. SFA and VFA were measured using a cross-sectional image from CT scan of the abdomen at the level of umbilicus (15, 16). On CT scans, the identification of adipose tissue was achieved by setting the attenuation values within the range of −190 to −30 Hounsfield units (HU) (17, 18). The contour of the subcutaneous fat tissue and the outline of the visceral fat tissue were obtained by a fat assessment tool (19) (Siemens Healthineers Syngo via Frontier, USA), as shown in Figure 1. The measurements were conducted by a radiologist blinded to patient information. These data acquisitions were all achieved within Siemens Healthineers Syngo software application.
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FIGURE 1
 The measurement of the visceral fat area (VFA) and subcutaneous fat area (SFA). Light green represents VFA, dark green represents SFA.


Patients were categorized into two groups based on their VFA, SFA, and BMI. Patients were classified into a VFA-L group (VFA < 100 cm2) and a VFA-H group (VFA ≥ 100 cm2) using 100 cm2 as the cut-off value for VFA according to the Japan Society for the Study of Obesity (20). Several earlier studies have also adopted this cut-off point (18, 21–23). To the best of our knowledge, there has been no classification based on SFA values. Following a methodology from a previous study (16), SFA were dichotomised using the median as the cut-off point, resulting in an SFA-L group (SFA < the median) and an SFA-H group (SFA ≥ the median). BMI were dichotomised using the Asian-Pacific standard (24), resulting in a BMI-L group (BMI < 25 kg/m2) and a BMI-H group (SFA ≥ 25 kg/m2).



Statistical methods

The normality tests of the data were performed routinely before statistical analysis by parametric tests. Continuous variables were represented by median and interquartile range (IQR) and categorical variables were expressed as number and percentage. Continuous data were compared with independent sample t test or Mann–Whitney U test, and categorical data were compared with Fisher’s exact test or Pearson χ2 test. OS was calculated according to Kaplan–Meier method and compared by the log-rank test. The survival curves were constructed by the packages of “ggplot2,” “survminer,” and “survival” in R. The correlation analysis was constructed by the packages of “ggplot2” in R. The Cox proportional hazard regression model with conditional backward stepwise analysis was conducted to perform univariate and multivariate survival analysis. Statistical analysis was performed using SPSS 19.0 (SPSS®, Chicago, IL, USA) and R (Version 4.3.2).1 A two-tailed p < 0.05 was considered statistically significant.




Results


Baseline characteristics

This study included 916 colon cancer patients. The baseline characteristics are detailed in Supplementary Table S1. Patients were classified into non-cachexia (n = 539) and cachexia (n = 377) groups. The comparisons of characteristics between these two groups are shown in Table 1. Cachexia was significantly associated with older age, higher ASA score, elevated CEA levels, decreased albumin, chronic pulmonary disease, diabetes mellitus, BMI, reduced VFA and SFA, and higher tumor, node, and TNM stages.



TABLE 1 Characteristics of colon cancer patients with and without cachexia.
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Fat parameters and their correlations

As shown in Supplementary Table S1, median BMI was 22.4 kg/m2 (IQR, 20.4–24.3), VFA was 83.1 cm2 (IQR, 52.8–114.8), and SFA was 103.6 cm2 (IQR, 72.9–152.1), establishing an SFA cutoff value at 103.6 cm2. Correlation analysis showed significant correlations between BMI and VFA (r = 0.615, p < 0.001), BMI and SFA (r = 0.661; p < 0.001), and SFA and VFA (r = 0.552; p < 0.001).



Survival analysis of patients with cachexia

As depicted in Supplementary Figure S2, the estimated five-year OS was significantly higher in the non-cachaxia group compared with the cachexia group in the present study (p<0.001; Supplementary Figure S2). Patients with cachexia were categorized based on their BMI, VFA, and SFA. As depicted in Figure 2, the five-year OS showed no significant difference between the BMI-L and BMI-H groups (p = 0.210; Figure 2A). Conversely, the estimated five-year OS was higher in the VFA-L group compared to the VFA-H group (p<0.001; Figure 2B). The five-year OS showed no significant difference between the SFA-L and SFA-H groups (p = 0.076; Figure 2C).
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FIGURE 2
 Kaplan–Meier survival curves for colon cancer patients with cachexia. (A) Stratification by BMI (BMI-L vs. BMI-H); (B) Stratification by VFA (VFA-L vs. VFA-H); (C) Stratification by SFA (SFA-L vs. SFA-H).




Cox multivariate survival analysis

As shown in Table 2, the Cox univariate and multivariate analysis indicated that TNM stage (hazard ratio [HR] = 1.60, 95% confidence interval [CI] 1.23 to 2.21; p = 0.001), and VFA (HR = 0.55, 95% CI 0.40 to 0.76; p < 0.001) were independent prognostic factors for colon cancer patients with cachaxia. SFA (HR = 0.78, 95% CI 0.59 to 1.03; p = 0.076) was not independent prognostic factor for colon cancer patients with cachaxia.



TABLE 2 Univariate and multivariate survival analysis of patient with cachexia by Cox proportion hazard model.
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Discussion

Previous studies have highlighted the limitations of using BMI as a prognostic indicator in cancer patients (25–27). The discrepancies observed in these studies can be attributed to BMI’s inability to accurately reflect an individual’s body composition. In this study, we explore the relationship between body composition, specifically VFA and SFA, and the survival of colon cancer patients. This study indicated that preoperative VFA was found to be a useful prognostic factor for long-term outcomes in stage I-III colon cancer with cachexia. Preoperative CT measurement of VFA could aid in identifying and stratifying patients with poor prognoses, which might be beneficial for improving the prognosis in colon cancer patients with cachexia. To the best of our knowledge, this was the first study to investigate the prognostic value of VFA and SFA in colon cancer patients with cachexia.

Previous studies on the prognostic impact of VFA in colorectal cancer patients have yielded divergent outcomes (28–31). However, approximate 50% of colon cancer patients may develop cachexia (2), and cancer cachexia is often underrecognized and inadequately treated (4). The estimated five-year OS was significantly higher in the non-cachaxia group compared with the cachexia group in the present study (Supplementary Figure S2). Therefore, the identification of colon cancer patients with cachexia becomes particularly important. Identifying prognostic factors related to these patients is of great value in guiding their treatment.

Previous studies have suggested that visceral adipose tissue and subcutaneous adipose tissue have distinct characteristics and functional roles in metabolic regulation (9, 32). There are likely intrinsic differences between them. Previous studies have also shown that higher VFA is associated with an increased risk of postoperative complications in various cancers (18, 33, 34). In this study, we found that colon cancer patients with cachexia had lower VFA and SFA compared with those without cachexia. We also found that VFA, rather than SFA, emerged as an independent prognostic indicator for colon cancer patients with cachexia. Our results are in contrast to another study (23), which found that the prognosis of gastric cancer patients with cachexia was related to SFA. This might attribute to the different cancer types.

The reason why VFA, rather than SFA, emerged as a significant prognostic factor in our study may be explained by the unique biological and metabolic roles of visceral fat. VFA is more metabolically active than SFA and plays a central role in inflammation, metabolic dysregulation, and energy homeostasis (9). In particular, VFA is a key source of pro-inflammatory cytokines and adipokines, which are closely associated with the development and progression of cancer cachexia. The accumulation of visceral fat can exacerbate systemic inflammation, a hallmark of cachexia, and negatively impact cancer prognosis (35). These inflammatory markers may influence tumor behavior, treatment response, and overall survival.

In contrast, SFA, while still important for energy storage and metabolic regulation, is less metabolically active and typically has fewer direct associations with inflammation and systemic metabolic changes associated with cachexia (36). This could explain why it did not emerge as a significant prognostic factor in our study.

A previous study on gastric cancer have shown that SFA may be a prognostic indicator. This difference could stem from the distinct metabolic and inflammatory profiles of gastric cancer. Gastric cancer patients may exhibit a different pattern of fat distribution compared to colon cancer patients (37). In gastric cancer, SFA may have a more pronounced relationship with cachexia due to its interactions with other specific metabolic pathways and tumor behavior (23), which might not be as prominent in colon cancer. These differences underline the importance of considering cancer-specific contexts when interpreting the role of adipose tissue in prognosis.

Furthermore, the radiological assessment of VFA and SFA provides additional insights into their prognostic value. VFA reduction may be associated with specific imaging features such as increased intraperitoneal tumor burden, tumor infiltration, or organ involvement. These changes could indicate more advanced disease progression and greater systemic metabolic impact, reinforcing the prognostic significance of VFA. While our study did not focus on detailed radiological correlations, the potential link between visceral fat loss and tumor burden suggests that incorporating imaging-based assessments could further enhance prognostic stratification in clinical practice. Future studies utilizing radiomics and texture analysis may provide a more comprehensive understanding of how body composition changes reflect disease severity and treatment response in colon cancer patients with cachexia.

The findings of this study highlight the significance of assessing and monitoring VFA in clinical practice. Future research should further investigate strategies to improve the prognosis of colon cancer patients with cachexia, including management of VFA loss and its potential impact on therapeutic interventions and quality of life enhancement.

This study is inherently limited by its retrospective design, including potential selection bias and detection bias. Additionally, it lacks critical information, such as disease-free survival (DFS). We did not specifically validate the cachexia definition based on weight loss and BMI metrics across other patient subgroups or in populations with atypical presentations of cachexia. Moreover, we did not investigate whether inflammatory markers might influence patient survival, which could provide valuable insights into the complex mechanisms of cachexia. Notably, our study was conducted exclusively among a Chinese patient population, characterized by a lower average BMI compared to the global average. This characteristic further highlights the potential limitations in the generalizability of our findings. To address these limitations, multicentric international standardized studies and long-term follow-up are needed to assess local recurrence, long-term survival outcomes in diverse populations.

In conclusion, preoperative VFA, but not SFA was a useful prognostic factor for long-term outcomes in stage I-III colon cancer with cachexia. More attention should be paid to VFA in colon cancer patient with cachexia.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary material, further inquiries can be directed to the corresponding author.



Ethics statement

The studies involving humans were approved by the ethics committees of Haikou Hospital and the ethics committees of Chengdu Second People’s Hospital. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.



Author contributions

X-wL: Funding acquisition, Writing – original draft. JW: Data curation, Formal analysis, Methodology, Validation, Writing – review & editing. BL: Data curation, Writing – review & editing. S-zW: Data curation, Writing – review & editing. J-cW: Formal analysis, Supervision, Validation, Writing – review & editing. TP: Formal analysis, Project administration, Supervision, Validation, Visualization, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research, authorship, and/or publication of this article. This study was funded by Natural Science Foundation of Hainan Province, No. 823MS168.



Acknowledgments

We thank who have devoted a lot to this study, including radiologists, pathologists, nurses, further-study doctors, reviewers and editors.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The authors declare that no Generative AI was used in the creation of this manuscript.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fnut.2025.1538285/full#supplementary-material


SUPPLEMENTARY FIGURE S1 | The flow chart of patients enrolled in the study.



SUPPLEMENTARY FIGURE S2 | Kaplan-Meier survival curve for colon cancer patients stratified by cachexia (cachexia vs. non-cachexia).




Abbreviations


CRC, colorectal cancer; SFA, subcutaneous fat area; VFA, visceral fat area; BMI, body mass index; OS, overall survival; ASA, American Society of Anesthesiology; AJCC, American Joint Committee on Cancer; CT, computed tomography; HU, Hounsfield units; IQR, interquartile range; HR, hazard ratio; CI, confidence interval; DFS, disease-free survival.




Footnotes

1   http://www.Rproject.org/



References

 1. Siegel, RL, Miller, KD, Wagle, NS, and Jemal, A. Cancer statistics, 2023. CA Cancer J Clin. (2023) 73:17–48. doi: 10.3322/caac.21763 

 2. Baracos, VE, Martin, L, Korc, M, Guttridge, DC, and Fearon, KCH. Cancer-associated cachexia. Nat Rev Dis Primers. (2018) 4:17105. doi: 10.1038/nrdp.2017.105

 3. Fearon, K, Strasser, F, Anker, SD, Bosaeus, I, Bruera, E, Fainsinger, RL , et al. Definition and classification of cancer cachexia: an international consensus. Lancet Oncol. (2011) 12:489–95. doi: 10.1016/S1470-2045(10)70218-7 

 4. Hamauchi, S, Furuse, J, Takano, T, Munemoto, Y, Furuya, K, Baba, H , et al. A multicenter, open-label, single-arm study of anamorelin (ONO-7643) in advanced gastrointestinal cancer patients with cancer cachexia. Cancer. (2019) 125:4294–302. doi: 10.1002/cncr.32406 

 5. Muscaritoli, M, Rossi Fanelli, F, and Molfino, A. Perspectives of health care professionals on cancer cachexia: results from three global surveys. Ann Oncol. (2016) 27:2230–6. doi: 10.1093/annonc/mdw420 

 6. Kurk, SA, Peeters, PHM, Dorresteijn, B, de Jong, PA, Jourdan, M, Kuijf, HJ , et al. Impact of different palliative systemic treatments on skeletal muscle mass in metastatic colorectal cancer patients. J Cachexia Sarcopenia Muscle. (2018) 9:909–19. doi: 10.1002/jcsm.12337 

 7. Sun, X, Feng, X, Wu, X, Lu, Y, Chen, K, and Ye, Y. Fat wasting is damaging: role of adipose tissue in Cancer-associated Cachexia. Front Cell Dev Biol. (2020) 8:33. doi: 10.3389/fcell.2020.00033 

 8. Vaitkus, JA, and Celi, FS. The role of adipose tissue in cancer-associated cachexia. Exp Biol Med (Maywood). (2017) 242:473–81. doi: 10.1177/1535370216683282 

 9. Ibrahim, MM. Subcutaneous and visceral adipose tissue: structural and functional differences. Obes Rev. (2010) 11:11–8. doi: 10.1111/j.1467-789X.2009.00623.x 

 10. Tsoli, M, Swarbrick, MM, and Robertson, GR. Lipolytic and thermogenic depletion of adipose tissue in cancer cachexia. Semin Cell Dev Biol. (2016) 54:68–81. doi: 10.1016/j.semcdb.2015.10.039 

 11. Kays, JK, Shahda, S, Stanley, M, Bell, TM, O'Neill, BH, Kohli, MD , et al. Three cachexia phenotypes and the impact of fat-only loss on survival in FOLFIRINOX therapy for pancreatic cancer. J Cachexia Sarcopenia Muscle. (2018) 9:673–84. doi: 10.1002/jcsm.12307 

 12. von Elm, E, Altman, DG, Egger, M, Pocock, SJ, Gøtzsche, PC, and Vandenbroucke, JP. The strengthening the reporting of observational studies in epidemiology (STROBE) statement: guidelines for reporting observational studies. Int J Surg. (2014) 12:1495–9. doi: 10.1016/j.ijsu.2014.07.013

 13. Weiser, MR. AJCC 8th edition: colorectal Cancer. Ann Surg Oncol. (2018) 25:1454–5. doi: 10.1245/s10434-018-6462-1 

 14. Cremolini, C, Antoniotti, C, Lonardi, S, Bergamo, F, Cortesi, E, Tomasello, G , et al. Primary tumor sidedness and benefit from FOLFOXIRI plus bevacizumab as initial therapy for metastatic colorectal cancer. Retrospective analysis of the TRIBE trial by GONO. Ann Oncol. (2018) 29:1528–34. doi: 10.1093/annonc/mdy140 

 15. Tsujinaka, S, Konishi, F, Kawamura, YJ, Saito, M, Tajima, N, Tanaka, O , et al. Visceral obesity predicts surgical outcomes after laparoscopic colectomy for sigmoid colon cancer. Dis Colon Rectum. (2008) 51:1757–67. doi: 10.1007/s10350-008-9395-0 

 16. Guiu, B, Petit, JM, Bonnetain, F, Ladoire, S, Guiu, S, Cercueil, JP , et al. Visceral fat area is an independent predictive biomarker of outcome after first-line bevacizumab-based treatment in metastatic colorectal cancer. Gut. (2010) 59:341–7. doi: 10.1136/gut.2009.188946 

 17. Clark, W, Siegel, EM, Chen, YA, Zhao, X, Parsons, CM, Hernandez, JM , et al. Quantitative measures of visceral adiposity and body mass index in predicting rectal cancer outcomes after neoadjuvant chemoradiation. J Am Coll Surg. (2013) 216:1070–81. doi: 10.1016/j.jamcollsurg.2013.01.007 

 18. Yang, SJ, Li, HR, Zhang, WH, Liu, K, Zhang, DY, Sun, LF , et al. Visceral fat area (VFA) superior to BMI for predicting postoperative complications after radical gastrectomy: a prospective cohort study. J Gastrointest Surg. (2020) 24:1298–306. doi: 10.1007/s11605-019-04259-0 

 19. Chen, S, Ma, D, Su, D, Li, Y, Yu, X, Jiang, Y , et al. The optimal axial anatomical site for a single-slice area to quantify the Total volume of visceral adipose tissue in quantitative CT. Front Endocrinol. (2022) 13:870552. doi: 10.3389/fendo.2022.870552 

 20. Japan Society for the Study of Obesity. The examination Committee of Criteria for obesity disease in Japan. Circ J. (2002) 66:987–92. doi: 10.1253/circj.66.987 

 21. Liu, Y, Guo, D, Niu, Z, Wang, Y, Fu, G, Zhou, Y , et al. Prediction of the risk of laparoscopy-assisted gastrectomy by comparing visceral fat area and body mass index. Gastroenterol Res Pract. (2018) 2018:1–7. doi: 10.1155/2018/1359626

 22. 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 

 23. Han, J, Tang, M, Lu, C, Shen, L, She, J, and Wu, G. Subcutaneous, but not visceral, adipose tissue as a marker for prognosis in gastric cancer patients with cachexia. Clin Nutr. (2021) 40:5156–61. doi: 10.1016/j.clnu.2021.08.003 

 24. World Health Organization. Regional Office for the Western Pacific. The Asia-Pacific perspective: Redefining obesity and its treatment. Sydney: Health Communications Australia (2000).

 25. McQuade, JL, Daniel, CR, Hess, KR, Mak, C, Wang, DY, Rai, RR , et al. Association of body-mass index and outcomes in patients with metastatic melanoma treated with targeted therapy, immunotherapy, or chemotherapy: a retrospective, multicohort analysis. Lancet Oncol. (2018) 19:310–22. doi: 10.1016/S1470-2045(18)30078-0 

 26. Kichenadasse, G, Miners, JO, Mangoni, AA, Rowland, A, Hopkins, AM, and Sorich, MJ. Association between body mass index and overall survival with immune checkpoint inhibitor therapy for advanced non-small cell lung Cancer. JAMA Oncol. (2020) 6:512–8. doi: 10.1001/jamaoncol.2019.5241 

 27. Di Filippo, Y, Dalle, S, Mortier, L, Dereure, O, Dalac, S, Dutriaux, C , et al. Relevance of body mass index as a predictor of systemic therapy outcomes in metastatic melanoma: analysis of the MelBase French cohort data☆. Ann Oncol. (2021) 32:542–51. doi: 10.1016/j.annonc.2020.12.012 

 28. Kim, KE, Bae, SU, Jeong, WK, and Baek, SK. Impact of preoperative visceral fat area measured by bioelectrical impedance analysis on clinical and oncologic outcomes of colorectal Cancer. Nutrients. (2022) 14:1513–21. doi: 10.3390/nu14193971 

 29. Park, SW, Lee, HL, Doo, EY, Lee, KN, Jun, DW, Lee, OY , et al. Visceral obesity predicts fewer lymph node metastases and better overall survival in Colon Cancer. J Gastrointest Surg. (2015) 19:1513–21. doi: 10.1007/s11605-015-2834-z 

 30. Heus, C, Cakir, H, Lak, A, Doodeman, HJ, and Houdijk, AP. Visceral obesity, muscle mass and outcome in rectal cancer surgery after neo-adjuvant chemo-radiation. Int J Surg. (2016) 29:159–64. doi: 10.1016/j.ijsu.2016.03.066 

 31. Kamada, T, Ohdaira, H, Takahashi, J, Aida, T, Nakashima, K, Ito, E , et al. Effect of low visceral fat area on long-term survival of stage I-III colorectal cancer. Nutrition. (2024) 118:112302. doi: 10.1016/j.nut.2023.112302 

 32. Hwang, I, and Kim, JB. Two faces of white adipose tissue with heterogeneous Adipogenic progenitors. Diabetes Metab J. (2019) 43:752–62. doi: 10.4093/dmj.2019.0174 

 33. Yoshikawa, K, Shimada, M, Kurita, N, Iwata, T, Nishioka, M, Morimoto, S , et al. Visceral fat area is superior to body mass index as a predictive factor for risk with laparoscopy-assisted gastrectomy for gastric cancer. Surg Endosc. (2011) 25:3825–30. doi: 10.1007/s00464-011-1798-7

 34. Zhai, TS, Kang, Y, Ren, WH, Liu, Q, Liu, C, and Mao, WZ. Elevated visceral fat area is associated with adverse postoperative outcome of radical colectomy for colon adenocarcinoma patients. ANZ J Surg. (2019) 89:E368–72. doi: 10.1111/ans.15283 

 35. Crudele, L, Piccinin, E, and Moschetta, A. Visceral adiposity and Cancer: role in pathogenesis and prognosis. Nutrients. (2021) 13:2101. doi: 10.3390/nu13062101 

 36. Dahlman, I, Mejhert, N, Linder, K, Agustsson, T, Mutch, DM, Kulyte, A , et al. Adipose tissue pathways involved in weight loss of cancer cachexia. Br J Cancer. (2010) 102:1541–8. doi: 10.1038/sj.bjc.6605665 

 37. Freisling, H, Arnold, M, Soerjomataram, I, O'Doherty, MG, Ordóñez-Mena, JM, Bamia, C , et al. Comparison of general obesity and measures of body fat distribution in older adults in relation to cancer risk: meta-analysis of individual participant data of seven prospective cohorts in Europe. Br J Cancer. (2017) 116:1486–97. doi: 10.1038/bjc.2017.106 


Copyright
 © 2025 Liang, Wen, Liu, Wang, Wu and Pan. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fnut-12-1538285-t001.jpg
Clinicopathologic characteristics Non-cachexia Cachexia

n =539 n=377
Male 306 (56.8) 234 (62.1)
Female 233 (43.2) 143 (37.9)
Age (year)* 60.0 (505, 68.0) 61.0(540,69.0) 0.003¢
ASA score <0.001
12 439 (81.4) 151 (40.1)
3-4 100 (18.6) 226 (59.9)
Hypertension 099
No 449 (83.3) 314(83.3)
Yes 90 (16.7) 63(16.7)
Heart disease 0659
No 522(96.8) 367 (97.3)
Yes 17(3.2) 10(27)
Chronic pulmonary disease 0031
No 509 (94.4) 342(90.7)
Yes 30(5.6) 35(9.3)
Diabetes mellitus 0010
No 497 (92.2) 328 (87.0)
Yes 42(78) 49(13.0)
CEA level (ng/ml)* 24(14,48) 30(17,92) <0.001%
Albumin (g/L)* 40.1(37.9,42.0) 349 (327,37.7) <0.001%
BMI (kg/m?)* 228(1.1,247) 219(196,235) <0.001%
VFA (em?)* 889 (6.6, 125.0) 645 (339, 104.6) <0.001%
SEA (cm?)* 1163 (807, 158.9) 883 (613, 121.0) <0.001%
Surgical approach 0.883
Laparoscopy 342(63.5) 241(639)
Laparotomy 197 (36.5) 136 (36.1)
Pathologic tumor category <0001
TI-2 74(13.7) 18 (4.8)
T34 465 (86.3) 359.(95.2)
Pathologic node category <0001
NO 380 (70.5) 187 (49.6)
N1-2 159 (29.5) 190 (50.4)
AJCC 8th staging <0001
1 64(119) 7(19)
1 316(58.6) 180 (47.7)
1 159 (29.5) 190 (50.4)
Perineural invasion 0088
No 465 (86.3) 305 (80.9)
Yes 62(115) 59 (156)
Not reported 1222 1364
Lympho-vascular invasion 0375
No 436 (809) 291(77.2)
Yes 97 (18.0) 80(21.2)
Not reported 6(11) 6(1.6)
Tumor differentiation o
Well 167 (31.0) 93 (24.7)
Moderate 309(57.3) 234 (62.1)
Poor 63(11.7) 50(133)
Adjuvant chemotherapy 0834
No 304 (56.4) 210(55.7)
Yes 235 (43.6) 167 (443)

Values in parentheses are percentages unless indicated otherwise; *values are median (interquartile range). 72 or Fisher's exact test, except #Student’ t test, ASA, American Socity of
Anesthesiology; BMI, body-mass index; VFA, visceral fat area; SFA, subcutaneous fat area,





OPS/images/fnut-12-1538285-t002.jpg
Univariate analysis Multivariate analysis

Hazard ratio Hazard ratio
Sex 0332
Male 1.00 (reference)
Female 0.88 (067, 1.15)
Age (years) 0.066
<60 1.00 (reference)
260 1.28(0.98,1.67)
Hypertension 061
No 1.00 (reference)
Yes 1.02 (061, 156)
Heart disease 0123
No 1.00 (reference)
Yes 111 (081,139)
Chronic pulmonary disease 0.061
No 1.00 (reference)
Yes 131(097,141)
Diabetes mellitus 0.056
No 1.00 (reference)
Yes 1.39(0.99,151)
BMI (kg/m?) 0.494
<25 1.00 (reference)
225 0.87(057,1.31)
VA <0.001 <0.001
VFAL 1.00 (reference) 1.00 (reference)
VFAH 0.57 (0.42,0.78) 055 (0.4, 0.76)
SEA 0076
SEA-L 1.00 (reference)
SEAH 0.78 (059, 1.03)
AJCC 8th staging <0.001 0001
[ 1.00 (reference) 1.00 (reference)
m 1.61(1.24,2.10) 1.60(1.23,2.21)
Perineural invasion 0042 0.226
No 1.00 (reference) 1.00 (reference)
Yes + Not reported 140 (1.01,192) 123 (0.88,1.70)
Lympho-vascular invasion 0072
No 1.00 (reference)
Yes + Not reported 1.31(0.98,1.77)
Tumor differentiation |
Well 1.00 (reference)
Moderate + Poor 1.05 (0.70, 1.57)
Adjuvant chemotherapy 0.666
No 1.00 (reference)
Yes 0.94(073,1.23)

Values in parentheses are 95% confidence intervals. BMI, body-mass index; VEA, visceral fat area; SFA, subcutaneous fat area.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Prognostic impact of visceral and subcutaneous fat area in stage I-III colon cancer patients with cachexia: a population-based multicenter study



		Introduction



		Methods



		Ethical issue



		Study population



		Clinicopathological characteristics and definition



		Fat area measurement and cut-off point



		Statistical methods









		Results



		Baseline characteristics



		Fat parameters and their correlations



		Survival analysis of patients with cachexia



		Cox multivariate survival analysis









		Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Generative AI statement



		Publisher’s note



		Supplementary material



		Abbreviations



		Footnotes



		References



















OPS/images/fnut-12-1538285-g001.jpg





OPS/images/fnut-12-1538285-g002.jpg
Al s & s g T B =






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

Prognostic impact of visceral and
subcutaneous fat area in stage
I-11l colon cancer patients with
cachexia: a population-based

multicenter study












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Nutrition






