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Longitudinal Changes in CT Body Composition in Patients Undergoing Surgery for Colorectal Cancer and Associations With Peri-Operative Clinicopathological Characteristics
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There is evidence for the direct association between body composition, the magnitude of the systemic inflammatory response, and outcomes in patients with colorectal cancer. Patients with a primary operable disease with and without follow-up CT scans were examined in this study. CT scans were used to define the presence and changes in subcutaneous fat, visceral fat, skeletal muscle mass, and skeletal muscle density (SMD). In total, 804 patients had follow-up scans and 83 patients did not. Furthermore, 783 (97%) patients with follow-up scans and 60 (72%) patients without follow-up scans were alive at 1 year. Patients with follow-up scans were younger (p < 0.001), had a lower American Society of Anaesthesiology Grade (p < 0.01), underwent a laparoscopic surgery (p < 0.05), had a higher BMI (p < 0.05), a higher skeletal muscle index (SMI) (p < 0.01), a higher SMD (p < 0.01), and a better 1-year survival (p < 0.001). Overall only 20% of the patients showed changes in their SMI (n = 161) and an even lower percentage of patients showed relative changes of 10% (n = 82) or more. In conclusion, over the period of ~12 months, a low–skeletal muscle mass was associated with a systemic inflammatory response and was largely maintained following surgical resection.
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INTRODUCTION

Colorectal cancer (CRC) is the fourth leading cause of cancer mortality in developed countries (1). Approximately 50% of those diagnosed will die from their cancer or some other comorbid disease (2). In a similar pattern to other solid organ tumors, disease progression is associated with a progressive nutritional and functional decline resulting in poor response to treatment and poor survival (3, 4).

The relationship between weight loss and poor outcomes in patients with cancer has long been established. CT-derived body composition analysis has allowed for the specific constituent parts of cancer-related weight loss to be more formally established. Both high–CT-derived visceral and subcutaneous fat mass have been shown to be associated with increased post-operative complications and outcomes in patients with CRC (5, 6). Furthermore, more recently, it has become clear that loss of skeletal muscle mass may underlie the relationship between weight loss and poor outcomes in patients with cancer (3, 4). In particular, a low skeletal muscle index (SMI) is associated with increased length of hospital stay, with associated poorer treatment tolerance and efficacy (7, 8), worse quality of life, and increased morbidity (9). The basis of the relationship between the loss of skeletal muscle mass and poor outcomes in patients with cancer is not clear. There are a number of potential confounding factors in the relationship, including age (10), gender (11), tumor node metastasis (TNM) stage (12), comorbidity, (13, 14), and the systemic inflammatory response (15, 16).

There is evidence to a direct association between the magnitude of the systemic inflammatory response, as evidenced by systemic inflammation-based scores, such as the modified Glasgow Prognostic Score (mGPS), the neutrophil lymphocyte ratio (NLR), low–SMI, and low–skeletal muscle density (SMD) in patients with CRC (13, 17–19). However, whether these relationships are causal or merely associative is not known because only a few longitudinal and interventional studies have been published to date.

Therefore, the aim of the present longitudinal study was to delineate the relationship between longitudinal changes in CT-derived body composition, clinicopathological characteristics, and the systemic inflammatory response in patients with colorectal cancer.



PATIENTS AND METHODS


Patients

Consecutive patients who underwent elective, potentially curative resections for CRC in an enhanced recovery pathway between March 2008 and June 2018 at a single center were identified from a prospectively maintained database. Patients with a preoperative scan with or without follow-up CT scans and a recorded height and weight were included in the study (Figure 1).


[image: Figure 1]
FIGURE 1. Prisma diagram of patients excluded from the study due to missing clinicopathological data, blood tests, or death within 1 month of surgery. Further subdivisions showing the number of patients with follow-up scans at 1 year and patients alive at 1 year.


The patients were classified according to body mass index (BMI) as underweight/normal weight (BMI < 24.9) and overweight/obese (BMI ≥ 25.0). All tumors were staged according to TNM fifth edition (20). Preoperative hematological and biochemical markers were recorded.

The cause and date of death were confirmed with the Registrar General (Scotland) until June 1, 2018, which served as the censor date. Informed consent was obtained from patients prior to surgery. Those with metastatic CRC and those who underwent emergency surgery or palliative surgery were excluded from the study. Ethical approval was granted by the West of Scotland Research Ethics Committee, Glasgow, United Kingdom.



Methods

Pre-operative and initial follow-up CT images were obtained at the level of the third lumbar vertebra as previously described (17) as part of their routine clinical follow-up. The median time from pre-operative scan to follow-up scan was 12 months (9–18 months). Scans with a significant movement artifact or a missing region of interest (ROI) were excluded from the study. Each image was analyzed using a free-ware program (NIH Image J version 1.47, http://rsbweb.nih.gov/ij/).

Region of interest measurements of the visceral fat, subcutaneous fat, and skeletal muscle areas (cm2) were taken using the standard Hounsfield Unit (HU) ranges (adipose tissue −190 to −30 and skeletal muscle −29 to +150; Figures 2, 3). These were then normalized for height (m2) to create the indices—subcutaneous fat index (SFI, cm2/m2) and SMI (cm2/m2). The SMD (HU) was measured from the same ROI used to calculate SMI, as its mean HU. The ROI for subcutaneous fat was the area between skeletal muscle and skin. The ROI for visceral fat was the contents of the visceral cavity. The ROI for the skeletal muscle included the quadratus lumborum, psoas, rectus abdominus, erector spinae muscles, and the internal transverse and external oblique muscle groups.


[image: Figure 2]
FIGURE 2. Example of selection of CT body composition—fat areas using ImageJ software; (A) mid-L3 vertebra axial slice from preoperative portal venous phase CT, (B) threshold selection of adipose tissue using automatic selection of pixels of radiodensity ranging −190 to −30 Hounsfield units (HU); (C) region of interest (ROI) selection for total fat area (TFA, cm2); and (D) ROI selection for visceral fat area (VFA, cm2). Adapted from McSorley et al. (22).
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FIGURE 3. Example of selection of CT body composition—skeletal muscle area (SMA) using ImageJ software; (A) mid-L3 vertebra axial slice from preoperative portal venous phase CT; (B) threshold selection of skeletal muscle tissue using automatic selection of pixels of radiodensity ranging _29–150 Hounsfield units (HU); (C) region of interest (ROI) selection for SMA (cm2). Adapted from McSorley et al. (22).


The SMI (Dolan) and the SMD (Dolan) gender-adjusted thresholds were derived using receiver–operating characteristic curve analysis to determine thresholds associated with overall survival in this population. This was conducted using validated online biomarker cutoff optimization software (21). This resulted in SMI (Dolan) being defined as an SMI <51.2 cm2/m2 in male patients and SMI <41.9 cm2/m2 in female patients. This resulted in SMD (Dolan) being defined as <34.1 HU in males and <34.4 HU in females. Previously published thresholds were used for visceral obesity (visceral fat area [VFA] >160 cm2 for male patients and >80 cm2 for female patients (13, 22). These thresholds were similar but not identical to those published by Doyle et al. (23). A high SFI was defined as ≥50.0 cm2m2 in males and ≥42.0 cm2m2 in females (6).

The measurements were performed by two individuals (RD) and (TA) and inter-rater reliability was assessed in a sample of images of 30 patients using inter-class correlation coefficients [ICCC; total fat area (TFA) ICCC = 1.000, subcutaneous fat area (SFA) ICCC = 1.000, VFA ICCC = 1.000, skeletal muscle area (SMA) ICCC = 0.998, and SMD ICCC = 0.972]. Investigators were blind to the patient's demographic and clinico-pathological status.

An autoanalyzer was used to measure serum CRP (mg/L) and albumin (g/L) concentrations (Architect; Abbot Diagnostics, Maidenhead, United Kingdom). The mGPS and NLR were derived as previously described (24). The magnitude of the post-operative systemic inflammatory response was measured using the post-operative Day 4 C-reactive protein (CRP; <150 or >150 mg/L) (25, 26). The BMI measurements and blood tests were not routinely carried out on follow-up.



Statistical Analysis

Body composition measurements were presented as median and range and compared using paired Wilcoxon tests (13, 22). Categorical variables were analyzed using paired McNemar tests for 2 × 2 tables. The changes in body composition and clinicopathological characteristics were presented as median and range and compared using paired Kruskal–Wallis tests (13, 22). Non-paired categorical variables of the patients were analyzed using χ2 test for linear-by-linear association, or χ2 test for 2 × 2 tables. Linear logistic regression was used to compare significant variables.

Mortality within 30 days of the index procedure or during the index admission was excluded from subsequent survival analysis (13, 22). The time between the date of surgery and the date of death of any cause was used to define overall survival (OS) (13, 22). Survival data were analyzed using univariate categorical Cox regression and Kaplan–Meier analysis (13, 22).

Missing data were excluded from analysis on a variable-by-variable basis. Two-tailed p < 0.05 were considered to be statistically significant (13, 22). Statistical analysis was performed using SPSS software (Version 21.0. SPSS Inc., Chicago, IL, United States) (13, 22).




RESULTS

In total, we identified 976 patients who underwent potentially curative elective surgery for CRC with initial pre-operative scans. Of those, 89 were excluded due to missing clinicopathological data (n = 45), blood tests (n = 39), and death within 1 month of surgery (n = 5). The remaining 887 patients were those with follow-up scans (n = 804) and those without follow-up scans (n = 83). Of the 804 patients with follow-up scans, 783 (97%) patients were alive at 1 year and of the 83 patients without follow-up scans, 60 (72%) were alive at 1 year (Figure 1). The clinicopathological characteristics of these two patient groups are compared in Table 1.


Table 1. Clinicopathological characteristics of patients undergoing potentially curative resection for colorectal cancer with and without follow-up scans at 1 year.
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When compared with those patients without follow-up scans (n = 83, Table 1), patients with follow-up scans (n = 804) were younger (p < 0.001), had a lower ASA (p < 0.01), underwent laparoscopic surgery (p < 0.05), had a higher BMI (p < 0.05), a higher SMI (p < 0.01), a higher SMD (p < 0.01), and a better 1-year survival (p < 0.001). In patients with follow-up scans, an elevated mGPS was associated with a lower SMI (p < 0.001, result not tabulated).

Longitudinal changes in body composition are shown in Table 2 and Figures 5–7. When the change in SFI was taken as a continuous variable, there was an increase in the median level of 5.60 cm2/m2 (−158.36 cm2/m2 to +116.55 cm2/m2, p < 0.001) such that there was a significant increase in the number of patients with an elevated SFI (84 vs. 81%, p < 0.05). On Cox regression when taken as a continuous variable, a change in SFI was associated with an improved overall survival (p < 0.05). On Cox regression when taken as a categorical variable, a change in SFI was associated with an improved overall survival (p < 0.001). On Cox regression when censored for all cases with <1 year of follow up after the second CT, SFI as a categorical variable was associated with an improved overall survival.


Table 2. The longitudinal changes in CT-derived body composition measures in patients undergoing surgery for colorectal cancer.
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When the change in VFA was taken as a continuous variable, there was a decrease in the median level of −7.36 cm2/m2 (−320.46 cm2/m2 to +398.75 cm2/m2, p < 0.001), but there was a non-significant difference in the number of patients with a high VFA (73 vs. 74%, p = 0.399). On Cox regression when taken as a categorical variable, a change in VFA was associated with an improved overall survival (p < 0.05). On Cox regression when censored for all cases with <1 year of follow up after the second CT, no measurement of VFA was associated with an improved overall survival.

When the change in SMI was taken as a continuous variable, there was an increase in the median level of 1.55 cm2/m2 (−80.75 cm2/m2 to +36.70 cm2/m2, p < 0.001) such that there was a significant decrease in the number of patients with a low SMI (45 vs. 54%, p < 0.001). On Cox regression when taken as a continuous variable, an increase in SMI was associated with a better overall survival (p < 0.05). On Cox regression when taken as a categorical variable, an increase in SMI was associated with a better overall survival (p < 0.001). On Cox regression when censored for all cases with <1 year of follow up after the second CT, SMI as a categorical variable was associated with an improved overall survival.

When the change in SMD was taken as a continuous variable, there was no significant decrease in the median level of −0.66 HU (-34.99 HU to +27.30 HU, p = 0.062) such that there was no significant increase in the number of patients with a high SMD (43 vs. 41%, p = 0.280). On Cox regression when taken as a categorical variable, an increase in SMD was associated with a better overall survival (p < 0.01). On Cox regression when censored for all cases with <1 year of follow up after the second CT, no measurement of SMD was associated with an improved overall survival.

Waterfall plot analysis in Figures 5–7 shows that the longitudinal changes in SFI were associated with mGPS (p < 0.001), the longitudinal changes in VFA were associated with gender (p < 0.05), and the longitudinal changes in SMI were associated with mGPS (p < 0.01).

When linear regression analysis was carried out for the change in SMI against baseline clinicopathological characteristics, including age, gender, BMI, ASA, mGPS, NLR, TNM stage, and venous-invasion only mGPS (r = 0.658, p = 0.042) and NLR (r = 0.524, p = 0.084) were significantly associated with the change in SMI (Table 3).


Table 3. Linear regression analysis of changes in SMI against baseline clinicopathological characteristic in patients undergoing surgery for colorectal cancer.
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The relationship between the change in SMI (>10% loss or <10% loss to <10% gain or >10% gain) and overall survival is shown in Figure 4. This shows that patients that lose in excess of 10% of their SMI have poorer outcomes when compared with patients that lose <10% or indeed gain SMI on follow-up (p < 0.001).


[image: Figure 4]
FIGURE 4. The relationship between change in SMI on follow-up and overall survival (n = 804, p < 0.001) over a 36-month follow-up period.




DISCUSSION

Given the almost universal prognostic value of pre-treatment CT-based measurements of sarcopenia (low SMI), there is a considerable interest in therapeutic targeting of SMI. However, to date, a few longitudinal studies have been carried out to test this relationship. The results of the present longitudinal study showed that in 47 (5.8%) patients there was a reduction in SMI and in 114 (14.2%) patients there was an increase in SMI. Therefore, only ~20% of the patients showed changes in their SMI (n = 161) and even a lesser number of patients showed relative changes of 10% or more (see Figures 4–7). In the largest longitudinal study to date, Brown and co-workers carried out such analysis using two standard deviations from the mean change as an indication of a significant loss or gain of SMI and related this to survival (29). The loss of SMI (but not the gain of SMI) was significantly associated with survival and applied to a small proportion of the population studied (~7%) and therefore the clinical value of longitudinal CT-derived body composition analysis in patients undergoing surgery for primary CRC would appear limited.
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FIGURE 5. (A) Percentage change in subcutaneous fat index (SFI) in patients <74 years of age (n = 596). (B) Percentage change in SFI in patients >74 years of age (n = 208). Comparison of percentage change in SFI in patients <74 years (n = 596) and >74 years of age (n = 208) (p = 0.922). (C) Percentage change in visceral fat area (VFA) in patients <74 years of age (n = 596). (D) Percentage change in VFA in patients >74 years of age (n = 208). Comparison of percentage change in VFA in patients <74 years (n = 596) and >74 years of age (n = 208) (p = 0.171). (E) Percentage change in skeletal muscle index (SMI) in patients <74 years of age (n = 596). (F) Percentage change in SMI in patients >74 years of age (n = 208). Comparison of percentage change in SMI in patients <74 (n = 596) and >74 years of age (n = 208) (p = 0.197). (G) Percentage change in skeletal muscle density (SMD) in patients <74 years of age (n = 596). (H) Percentage change in SMD in patients >74 years of age (n = 208). Comparison of percentage change in SMI in patients <74 years (n = 596) and >74 years of age (n = 208) (p = 0.721).
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FIGURE 6. (A) Percentage change in SFI in female patients (n = 359). (B) Percentage change in SFI in male patients (n = 445). Comparison of percentage change in SFI in female (n = 359) and male (n = 445) patients (p = 0.380). (C) Percentage change in VFA in female patients (n = 359). (D) Percentage change in VFA in male patients (n = 445). Comparison of percentage change in VFA in female (n = 359) and male (n = 445) patients (p = 0.04). (E) Percentage change in SMI in female patients (n = 359). (F) Percentage change in SMI in male patients (n = 445). Comparison of percentage change in SMI in female (n = 359) and male (n = 445) patients (p = 0.324). (G) Percentage change in SMD in female patients (n = 359). (H) Percentage change in SMD in male patients (n = 445). Comparison of percentage change in SFD in female (n = 359) and male (n = 445) patients (p = 0.089).
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FIGURE 7. (A) Percentage change in SFI in patients with a mGPS 0 (n = 600). (B) Percentage change in SFI in patients with a mGPS 1 or 2 (n = 204). Comparison of percentage change in SFI in mGPS 0 (n = 600) and mGPS 1 or 2 (n = 204) patients (p < 0.001). (C) Percentage change in VFA in patients with a mGPS 0 (n = 600). (D) Percentage change in VFA in patients with a mGPS 1 or 2 (n = 204). Comparison of percentage change in VFA in mGPS 0 (n = 600) and mGPS 1 or 2 (n = 204) patients (p = 0.614). (E) Percentage change in SMI in patients with a mGPS 0 (n = 600). (F) Percentage change in SMI in patients with a mGPS 1 or 2 (n = 204). Comparison of percentage change in SMI in mGPS 0 (n = 600) and mGPS 1 or 2 (n = 204) patients (p = 0.002). (G) Percentage change in SMD in patients with a mGPS 0 (n = 600). (H) Percentage change in SMD in patients with a mGPS 1 or 2 (n = 204). Comparison of percentage change in SMD in mGPS 0 (n = 600) and mGPS 1 or 2 (n = 204) patients (p = 0.289).


These observations have a number of implications. First, they would suggest that, since SMI is relatively stable over at least 12 months (Table 2, see Figures 4–7), the majority of losses in SMI occur before the diagnosis and therefore are likely to be largely constitutional (i.e., the die is cast at an early stage in the cancer journey) rather than as a result of cancer itself. Moreover, as a result, it is likely that most of the prognostic values can be derived from the initial body composition measurements compared with the follow-up measurements in primary operable colorectal cancer. Second, the consistent association, in both cross-sectional (15) and now in longitudinal studies between a low SMI and the mGPS may suggest a causal relationship. If these were causally linked, then it might be expected that changes in SMI status would be associated with changes in systemic inflammatory status. Although there is abundant evidence that the systemic inflammatory response is associated with profound catabolism of skeletal muscle and may also block anabolism, a few studies have attempted to target directly the systemic inflammatory response and monitor skeletal muscle mass in patients with either primary operable cancer or in advanced inoperable cancer (15).

On linear regression analysis against baseline clinicopathological characteristic only mGPS (r = 0.658, p = 0.042) and NLR (r = 0.524, p = 0.084) were significantly associated with a change in SMI. This is consistent with the cross-sectional studies that have shown a consistent association between the systemic inflammatory response and SMI in patients with cancer (15).

In the present study to examine longitudinal changes in body composition follow-up, CT scans were taken at ~12 months after surgery for colorectal cancer, in line with the current follow-up protocols. As a consequence, the large majority of patients had a follow-up body composition measurement (i.e., 804 of 1,047 patients) at the same time point and also had a comprehensive examination of potentially important factors in body composition change. In contrast, Malietzis et al. from an initial cohort of 1,477 patients with colorectal cancer, examined multiple follow-up scans at different time points (2,136 scans in 856 patients) and modeled these to give changes in SMI over time (18). Similarly, Brown and co-workers, from an initial cohort of 3,262 patients with colorectal cancer, examined a follow-up scan 9–27 months after diagnosis in 1,924 patients and examined changes in SMI over time (29). Finally, Hopkins et al. from an initial cohort of 1,418 patients with colorectal cancer, examined a follow-up scan 24 months after diagnosis in 667 patients and examined changes in SMI over time (30). Therefore, compared with these previous studies, the present study is likely to accurately reflect the changes in body composition that occur in the routine clinical scenario and the associations that are potentially important in changes in body composition.

In a recent paper, Martin et al. published age- and gender-specific thresholds for patients undergoing surgery for CRC (n = 2,100). When similar stratification was applied to the present cohort, the results for skeletal muscle volume and radiodensity were comparable despite that there was more advanced disease in the combined Canadian and UK cohorts. However, in the present cohort, there was a greater level of both visceral and subcutaneous fat. This is perhaps not surprising given the deprivation levels of patients referred to Glasgow Royal Infirmary. Indeed, in Glasgow, 190,000 or just under 32% of the city's population resides in the 10% of the most deprived areas of the United Kingdom (the so-called “Glasgow effect”). This is associated with a poor-quality diet, low physical fitness, and high levels of alcohol consumption and smoking, which would have a direct effect on adiposity and comorbidity.

With reference to delineating the relationship between longitudinal changes in CT-derived body composition, clinicopathological characteristics, and the systemic inflammatory response, it may have been better to examine these relationships in patients with advanced cancer since the rate of loss of body tissue is likely to be higher. However, such longitudinal studies are few. For example, McMillan and co-workers reported that in a longitudinal study of 18 male patients- with advanced cancer, those with an elevated CRP concentration lost body cell mass (using a total body potassium counter) at a higher rate (31). Wallengren et al. reported that, in a longitudinal study of 471 patients with advanced cancer, those patients with an elevated CRP concentration had less muscle mass (using dual energy X-ray absorptiometry) on study entry and lost muscle mass at an accelerated rate during follow-up, particularly in males (32). More recently, Huang et al. (33) reported that, in 139 patients with advanced ovarian cancer, there was an average SMI loss of 2% over 6 months and was significantly associated with the mGPS (33). Moreover, pre-treatment SMI and SMI change were independently associated with overall survival. Taken together the present and previous results indicate that both SMI and the mGPS are clinically useful measurements during the treatment of patients with cancer.



LIMITATIONS

The limitations of the present study include its retrospective nature and those only patients with an electronically available CT scan were included in the analysis. Moreover, not all patients had follow-up CT scans at ~12 months and those patients who did not have a follow-up CT scan were older, had a higher ASA, had a lower BMI, lower SMI, lower SMD, and higher mortality. Finally, in those patients with follow-up scans, the median follow-up was <36 months (30.1 months), and therefore only 1-year survival rates were commented on. However, the study population was relatively large, most patients had follow-up scans and were well-documented in terms of clinicopathological characteristics, body composition, and measures of the systemic inflammatory response.



CONCLUSIONS

The present longitudinal study provides further evidence that low–skeletal muscle mass is associated with the presence of a systemic inflammatory response and new evidence that this relationship is established early in the disease course, maintained following resection of the primary tumor in patients with colorectal cancer. Intervention studies are required to establish whether the relationship between low–skeletal muscle mass and the systemic inflammatory response is causal in nature.
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