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Body composition performed by computed tomography (CT) impacts on cancer patients’ prognoses and responses to treatment. Myosteatosis has been related to overall survival (OS) and disease-specific survival in colorectal cancer (CRC); however, the independent impact of the association of myosteatosis with prognosis in colon cancer (CC) and rectal cancer (RC) is still unclear. CT was performed at the L3 level to assess body composition features in 227 patients with CRC. Clinical parameters were collected. Overall survival (OS) was the primary outcome, and the secondary outcome was disease-free survival (DFS). Skeletal muscle attenuation and intramuscular adipose tissue area were associated with DFS (p = 0.003 and p = 0.011, respectively) and OS (p < 0.001 and p < 0.001, respectively) in CC patients but not in RC patients. Only the skeletal muscle area was associated with better prognosis related to OS in RC patients (p = 0.009). When CC and RC were analyzed separately, myosteatosis influenced survival negatively in CC patients, worsening DFS survival (hazard ratio [HR], 2.70; 95% confidence interval [CI], 1.07–6.82; p = 0.035) and OS (HR, 5.76; 95% CI, 1.31–25.40; p = 0.021). By contrast, the presence of myosteatosis did not influence DFS (HR, 1.02; 95% CI, 0.52–2.03; p = 0.944) or OS (HR, 0.76; 95% CI, 0.33–1.77; p = 0.529) in RC patients. Our study revealed the interference of myosteatosis in the therapy and survival of patients with CC but not in those with RC, strengthening the value of grouping the two types of cancer in body composition analyses.
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Introduction

Cancer is a condition that affects millions of people and is among the leading causes of death worldwide, with increasing number of cases each year. In 2020, the estimated number of new cases was 19.3 million, with a forecast of up to 30.2 million by 2040 (1). Colorectal cancer (CRC) is among the most incident types of the disease, occupying the third position of highest incidence in both sexes (1, 2).

Body composition impacts cancer patients’ prognosis, the response to treatment, and consequently, the survival of these individuals (3–5). Computed tomography (CT) is an effective and accurate method for identifying body features that may interfere with patient treatment and prognosis (3); indeed, CT scanning is the most suitable method for assessing body composition in cancer patients (6) to predict toxicity, tolerance to treatment, and survival (7, 8). One of the body composition features that can be identified through CT scan is loss of muscle tissue, which can be caused by reduced muscle fiber number and diameter as well as by fat infiltration and collagen deposit into the muscle (9, 10). Intramuscular fat invasion is known as myosteatosis and determines low muscle radiodensity on CT scan (4, 11); this feature can occur in patients with different body mass indexes (12). Importantly, myosteatosis is strongly related to shorter survival in certain cancer patients (5, 13, 14).

Relevant to oncological patients’ survival outcomes, myosteatosis in CRC is also related to patients’ disease-free survival (DFS) and overall survival (OS) (15–18); studies showed that this disorder is related to patients’ postoperative results and treatment (19–22). Notably, McSorley et al. identified that among the parameters of body composition by CT—sarcopenia, myosteatosis, and visceral obesity—only myosteatosis was associated with OS and disease-specific survival, but not independently of inflammatory parameters (15), indicating that the effects of covariables may strongly impact the influence of myosteatosis on survival outcomes. Along these lines, some studies do not take into consideration the cancer clinical stage (CS), generalizing the findings to varying times of the diseases and outcomes (23–25). Furthermore, body composition studies in non-metastatic CRC rarely distinguish colon cancer (CC) and rectal cancer (RC) (15–17, 21, 26).

Although CC and RC have similar pathophysiology, the chemotherapy and radiotherapy approaches for these entities are strikingly different. Therefore, the present study aimed to assess the association of myosteatosis in DFS and OS of patients with non-metastatic CC and RC and how this body composition feature may influence the patients’ therapy.



Material and Methods


Study Population

This retrospective–observational cohort involved patients diagnosed with non-metastatic CRC between January 2010 and December 2017 at the University of Campinas (UNICAMP University Hospital). Information was gathered from electronic or physical medical records from the diagnosis period until the last day of follow-up or death. Inclusion criteria were as follows: histologically confirmed CRC adenocarcinoma; patients submitted to curative-intent surgery; clinical stages (CS) I to III according to the 8th AJCC cancer manual (27); abdominal CT scans performed 3 months before or after the diagnosis and available electronically in the picture archiving and communication system; and availability of key clinical, demographic, and anthropometric data of interest. Patients diagnosed with cancer other than adenocarcinoma or primary cancer at other concomitant sites, patients for whom only low-quality CT was available or contrast CT was unavailable, those in stage IV, those for whom treatment data were not reported, and those with CRC in situ were excluded. The local Institutional Review Board approved this study (CAAE number: 84469318.2.0000.5404), as principles recommended by the Declaration of Helsinki have been respected and obtained a waiver for the consent form.



Body Composition Evaluation

Computed tomography images were evaluated to obtain the patients’ body composition. CT images were routinely performed for cancer staging, collected weight and height data, and calculated BMI. The images were analyzed using the software viewer Software SliceOMatic V.5.0 (TomoVision, Canada). The standard Hounsfield units (HU) settled for tissues were −29 to 150 for skeletal muscle (SM), −150 to −50 for visceral adipose tissue (VAT), and −190 to –30 for intramuscular adipose tissue (IMAT) and subcutaneous adipose tissue (SAT). Skeletal muscle groups evaluated include the psoas, abdominal, rectus abdominal, and paravertebral muscles (6, 28). Skeletal muscle and subcutaneous or visceral adipose tissue were measured in units of square centimeters (cm²) and normalized for height in square meters (m²) and reported as SM index (SMI), SAT index (SFI), and VAT index (VFI) in cm²/m² units. SM density was measured as the mean radiological tissue attenuation in HU (29, 30). Myosteatosis in patients was determined with cutoff points of <41 HU for patients with BMI ≤24.9 and <33 HU for those with BMI ≥25, according to Martin et al. (12). Two consecutive images of the third lumbar vertebra were acquired, and the image analyzes were performed by two independent evaluators (MS and LP), who were blind to the outcomes under study. Coefficients of variation for the cross-sectional areas analyzed were 1.07%, 1.05%, 1.61%, and 3.57% for SM and SAT, VAT, and IMAT, respectively, and 1.60% for SM density.



Previously Established Prognostic Factors and Other Clinical Parameters

Data were retrospectively collected from medical records and entered into the electronic tool REDCap hosted at the University of Campinas (31). Clinical parameters collected included age, sex, BMI, weight loss (less than 5% or more than 5% of the original weight), alcoholism, smoking, Charlson Comorbidity Index, tumor stage, emergency surgery neoadjuvant and adjuvant therapy, biochemical tests, and toxicity data during treatment (according to NCI CTCAE version 5.0) (32).



Endpoints

The primary outcome was overall survival (OS), calculated between the time of diagnosis, and death from any cause. The secondary outcome was disease-free survival (DFS), calculated between the time of diagnosis and disease progression or death from CRC. The date of death was determined from the death certificate’s date attached to the medical record or from information obtained by telephone contact with family members. Living patients were censored on the date of the last follow-up.



Statistical Analysis

Categorical variables were analyzed using χ2 or Fisher’s exact test, when appropriate, and Student’s t-test for continuous variables, presented in the baseline table and the table with characteristics according to the patients’ chemotherapy treatment. Kaplan–Meier curves were created to evaluate the effect of myosteatosis on the survival of patients with CRC, CR, and CC, and the differences between the curves were assessed using log-rank tests. Obtaining hazard ratios (HR) and respective confidence intervals (CI), proportional risk models were performed using Cox regression with 95% CI for disease-free survival and overall survival. In the multivariate analysis, variables with p <0.1 identified in the univariate were used, and adjustments were made in Cox’s multivariate regression analysis for age, Charlson Comorbidity Index (CCI) (33), alcohol consumption, and AJCC stage. Kaplan–Meier curves were created to evaluate the effect of myosteatosis on the survival of patients with CRC, CR, and CC, and the differences between the curves were assessed using log-rank tests. Statistical significance was determined with a two-sided p-value <0.05, and the software used for the analyses was Stata, version 12.0 (StataCorp LP, College Station, United States).




Results


Baseline Clinical and Demographic Characteristics

The study cohort included 227 CRC patients, 118 with colon cancer (CC), and 109 with rectal cancer (RC) (Figure 1). Six hundred and four patients were treated for stage I–III CRC, between 2009 and 2017, in our data collection. Of these, 288 patients had CT available for analysis. Patients with missing treatment information (n = 5), lacking CT either at the established time (n = 23) or without contrast (n = 32), and in situ CRC (n = 1) were excluded.




Figure 1 | Flow chart showing the inclusion and exclusion process for patients treated for CRC stage I-III.



The clinical and demographic characteristics of the patients, according to the presence of myosteatosis, are described in Table 1 for CC and RC patients. For CC, most patients had less than 65 years, while most significant RC patients with myosteatosis had more than 65 years. Still, myosteatosis was more prevalent in patients older than 65 years in both colon and rectal cancer. CC or RC patients with myosteatosis had the worst Charlson Comorbidity Index.


Table 1 | Selected demographic and disease characteristics according to myosteatosis of stage I–III colon and rectal cancer patients.



Emergency surgery was performed on 39 (17%) patients, 86 (38%) had neoadjuvant therapy, and 169 (74%) had adjuvant treatment. Interestingly, 97% of patients with CC without myosteatosis were able to undergo adjuvant treatment, while significantly fewer patients undergo adjuvant therapy in the presence of myosteatosis (Table 1).

Among CC patients, just men with myosteatosis showed significant reduction in skeletal muscle area (p = 0.020) and SMI (p = 0.037). On the other hand, all patients with myosteatosis showed significantly larger IMAT area (p < 0.001). Regarding inflammatory parameters, myosteatosis was associated with lower LMR indices (p = 0.013) and higher PLR indices (p = 0.003) (Supplementary Table 1). As for patients with rectal cancer, in contrast, in both males and females, myosteatosis was related to minor skeletal muscle and SMI areas and larger IMAT areas. Besides, myosteatosis was related to higher VAT and VATI areas and SAT attenuation (Supplementary Table 2).



Association of Body Composition With Survival Outcomes

Body composition features associate differently in CC or RC patients. Skeletal muscle attenuation and intramuscular adipose tissue area were associated with disease-free survival and overall survival in CC patients, but not with RC patients. Only SM areas were associated with better prognosis related to OS in RC patients (Tables 2 and 3). Kaplan–Meier curves show that myosteatosis influences survival negatively in CC patients, worsening disease-free survival (hazard ratio [HR], 2.70; 95% confidence interval [CI], 1.07–6.82; p = 0.035) and overall survival (HR, 5.76; 95% CI, 1.31–25.40; p = 0.021) (Figures 2A, B). In opposite, the presence of myosteatosis did not influence DFS (HR, 1.02; 95% CI, 0.52–2.03; p = 0.944) or OS (HR, 0.76; 95% CI, 0.33–1.77; p = 0.529) in RC patients (Figures 3A, B).


Table 2 | Univariate and multivariate COX regression analyses of body composition features of colon cancer patients.




Table 3 | Univariate and multivariate COX regression analyses of body composition features of rectal cancer patients.






Figure 2 |  Disease-free survival (A) and overall survival (B) according to myosteatosis in patients with colon cancer.






Figure 3 | Disease-free survival (A) and overall survival (B) according to myosteatosis in patients with rectal cancer.





Association Between Adjuvant and Neoadjuvant Treatment Characteristics According to Myosteatosis

Interestingly, we identified that myosteatosis in patients with CC was significantly related to the type of chemotherapy and adjuvant treatment duration. Specifically, fewer patients with CC and myosteatosis were exposed to oxaliplatin, and 55.6% of these patients completed adjuvant regimen, while 80.7% of CC patients without myosteatosis received the preplanned adjuvant treatment (p = 0.031). The presence of myosteatosis affected chemotherapy tolerance predominantly by increasing toxicity-related treatment interruption (p = 0.005). In RC, on the other hand, no statistically significant difference was found between myosteatosis and treatment tolerance, highlighting the differences between patients with CC and those with RC (Table 4).


Table 4 | Selected adjuvant and neoadjuvant treatment characteristics according to myosteatosis of stage I–III colon and rectal cancer patients, respectively.






Discussion

Myosteatosis in CC is associated with worse DFS and OS even after adjustments for age, CCI, alcoholism, and CS. In opposite, we did not detect that myosteatosis affected the survival outcomes in the entire population (CRC) or in RC alone. In accordance, myosteatosis prevented the completion rate of adjuvant chemotherapy in CC patients. On the other hand, we did not identify an association between myosteatosis and the completion rate of neoadjuvant systemic chemotherapy (NSC) to RC patients.

Myosteatosis is a factor that negatively affects survival (14, 34–36), and it is associated with increased chemotherapy toxicity (36–38) as well as with increased hospital readmissions due to postoperative complications (13, 22). Our findings extend these data by showing that myosteatosis prevented patients with CC from receiving the entire preplanned adjuvant chemotherapy regimen. In contrast, myosteatosis did not influence the NSC administration in RC patients. Interestingly, in a recent Latin-American-based study with non-metastatic CRC, body composition was not associated with survival outcomes (26), which corroborates the present results in the entire cohort. In aggregate, these data suggest that myosteatosis is a marker of postoperative frailty, which detects patients who performed worse during surgery and thus were unable to complete or even start adjuvant therapy, therefore jeopardizing the opportunity to offer patients a more satisfying quality of life and more prolonged survival.

Although CC and RC have different characteristics about the clinical management, treatment, and outcomes of each disease (25, 39, 40), our study is the first to systematically investigate the effect of myosteatosis on CC and RC separately. Saliently, for patients with stage III CC, adjuvant chemotherapy with fluoropyrimidine combined with oxaliplatin diminishes the risk of relapse and mortality, with a therapy duration that might be abbreviated to 3 months as effective as 6 months, particularly in the lower-risk subgroup and in specific conditions according to limit toxicities, such as sensitive neuropathy or thrombocytopenia (41). Recognizing the visible cost and disability to patients results in surgical complications; current investigations have concentrated on distinguishing modifiable biomarkers to advance perioperative risk stratification and purpose supportive management. We identified that myosteatosis in patients with CC was significantly related to the type of chemotherapy and adjuvant treatment duration. Moreover, the presence of myosteatosis affected chemotherapy tolerance predominantly by increasing toxicity-related treatment interruption. Therefore, the present data suggest that myosteatosis could be a biomarker associated with toxicity, which might be assessed previously to chemotherapy protocol in CC patients. In RC, in contrast, no statistically significant difference was observed between myosteatosis and treatment tolerance, indicating the treatment approach diversity between patients with CC and RC.

The reasons for the different impacts of myosteatosis on CC, RC DFS, and OS are not entirely clear. However, it is essential to observe that the differences between the two tissues begin in their embryonic origin, which generates differences in the local blood flow supply, different metabolic pathways, and consequently differences in tumor development (42). Colon and rectal cancers have different molecular patterns and differentiation profiles; tumor size, malignancy, and the T extension of the invasion are distinct (43–51). Such differences impact cancer treatment, therapy choice, response to therapy, and survival. While neoadjuvant chemotherapy’s efficacy is still under investigation for colon cancer (52), its use has been well established to treat rectal cancer and our negative findings might underline the importance of myosteatosis as a postoperative biomarker for CC using adjuvant chemotherapy. NSC approaches are considered standard of care in numerous other gastrointestinal tumor types such as gastric, esophageal, and pancreatic cancer (53–55), also in RC (56). Interestingly, in a previous study we also did not find a shorter survival in locally advanced esophageal cancer patients with myosteatosis that were not submitted to surgery, reinforcing the idea of myosteatosis as a marker of postoperative frailty (57). Moreover, the benefit of neoadjuvant chemotherapy regimens may be related to increased completion rate of subsequent treatments (58); thus, further studies evaluating myosteatosis as a marker for anticipating the use of chemotherapy in neoadjuvant, instead of in adjuvant setting, is warranted.

In the context of metastatic CRC (mCRC), low muscularity was associated with shorter DFS and OS in most studies (18, 59). However, some studies have not found an effect of sarcopenia at diagnosis on mCRC prognosis, despite the detection of a negative influence in OS caused by muscle mass loss during the chemotherapy period (60, 61). Regarding myosteatosis, the results are also controversial. Myosteatosis is associated with a worse prognosis in patients with mCRC in certain studies (18, 59); others do not find an association (60). Notably, we did not notice any study that assessed CC and CR separately in the metastatic context.

Our study presents key strengths, with a rigorous sample as to the selection and analysis of the CRC. We recognize some limitations in our study which are the retrospective design, the sample number, and the possibility of sealing bias due to the loss of cases due to the lack of CT. Furthermore, we did not have data on dietary intake, physical activity, socioeconomic status, and perioperative care support, which could reasonably have affected SMI, SMD, and outcomes. Therefore, further prospective studies are needed to confirm our findings.



Conclusion

Our study clearly showed the interference of myosteatosis in the treatment and survival of patients with CC, but not in RC, reinforcing the importance of separating the two types of cancer in body composition studies. In addition, myosteatosis in the postsurgical recovery negatively affected for non-indication of adjuvant therapy and contributed to the striking difference we found between CC and CR.
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The Cox model was adjusted for age (categorical), Charison Comorbidity Index (categorical), alcohol consumption (categorical), and AJCC stage (categorical).
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Bold was used to highlight values that were statistically significant (< 0.05).
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