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Body Composition, Inflammation, and 5-Year Outcomes in Colon Cancer

Christina A. Fleming, MD; Emer P. O'Connell, MD; Richard G. Kavanagh, MD, PhD; Donal P. O'Leary, MD, PhD; Maria Twomey, MD, PhD; Mark A. Corrigan, MD;

Jiang H. Wang, PhD; Michael M. Maher, MD, PhD; Owen J. O'Connor, MD, PhD; Henry P. Redmond, MD

Abstract

IMPORTANCE Obesity, particularly visceral obesity and sarcopenia, are poor prognostic indicators
in colon cancer.

OBJECTIVES To explore the association between body composition profiles and 5-year colon cancer
outcomes and delineate the associated underlying inflammatory processes.

DESIGN, SETTING, AND PARTICIPANTS This multicenter translational cohort study included
patients with nonmetastatic colon cancer who did not have underlying chronic inflammatory
disorders and were not receiving anti-inflammatory drugs referred to tertiary cancer centers from
2009 to 2015. Preoperative acute phase proteins (white cell count, C-reactive protein, and albumin),
cytokines (interleukin [IL]-1b, IL-2, IL-6, IL-10, interferon y, and tumor necrosis factor a), vascular
endothelial growth factor (VEGF), and cell surface receptor expression levels (CD11b and CD14) were
measured. All patients underwent follow-up for at least 5 years. Data were analyzed in

December 2020.

EXPOSURE Nonmetastatic colon cancer.

MAIN OUTCOMES AND MEASURES The associations of body composition profiles with 5-year
cancer recurrence and disease-specific mortality were analyzed using Mantel Cox log-rank test and
Kaplan-Meier curves.

RESULTS A total of 28 patients were included (median [interquartile range] age, 67 [58-72] years;
22 [78.6%] men). Low skeletal muscle area (SMA) and high visceral to total fat ratio were associated
with poor clinical and oncological outcomes, including increased 5-year recurrence (low SMA: hazard
ratio [HR], 2.30 [95% Cl, 1.41-2.89]; P = .04; high visceral to total fat ratio: HR, 5.78 [95% Cl, 3.66-
7.95]; P = .02). High visceral to total fat ratio was associated with increased 5-year disease-specific
mortality (HR, 5.92 [95% Cl, 4.04-8.00]; P = .02). Patients with low SMA who developed a cancer
recurrence, compared with those who did not, had higher C-reactive protein (mean [SD], 31.24 [6.95]
mg/dL vs 8.11[0.58] mg/dL; P = .003), IL-6 (mean [SD], 1.93 [1.16] ng/mL vs 0.88 [0.14] ng/mL;

P =.004), VEGF (mean [SD], 310.03 [122.66] ng/mL vs 176.12 [22.94] ng/mL; P = .007), and CD14
(mean [SD], 521.23 [302.02] ng/mL vs 322.07 [98.35] ng/mL; P = .03) expression and lower albumin
(mean [SD], 3.8 [0.6] g/dL vs 43.50 [3.69] g/dL; P = .01), IL-2 (mean [SD], 0.45 [0.25] ng/mL vs 0.94
[0.43] ng/mL; P < .001), IL-10 (mean [SD], 8.15 [1.09] ng/mL vs 16.32 [4.43] ng/mL; P = .004), and
interferon y (mean [SD], 2.61[1.36] ng/mL vs 14.87 [3.43] ng/mL; P = .02) levels. Patients with high
visceral to total fat ratio who developed recurrence had higher levels of IL-6 (mean [SD], 5.26 [7.05]
ng/mL vs 2.76 [3.11] ng/mL; P = .03) and tumor necrosis factor a (mean [SD], 5.74 [4.53] ng/mL vs
4.50[1.99] ng/mL; P = .03).

(continued)
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Key Points

Question Are underlying inflammatory
pathways and body composition profiles
associated with less favorable 5-year

colon cancer outcomes?

Findings In this cohort study including
28 patients with nonmetastatic colon
cancer, high visceral fat and low muscle
mass were associated with increased
inflammatory activity and poor 5-year
cancer outcomes, including recurrence
and disease-specific mortality. Low
skeletal muscle area and high visceral to
total fat ratio were associated with
increased expression of
proinflammatory cytokines and vascular
endothelial growth factor and inhibition
of protective inhibitory cytokines in
patients with less favorable 5-year
cancer outcomes.

Meaning These findings suggest that
less favorable colon cancer outcomes
associated with low skeletal muscle area
and high visceral to total fat ratio were
also associated with increased
expression of proinflammatory
cytokines and vascular endothelial
growth factor and lower levels of

protective inhibitory cytokines.
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Abstract (continued)

CONCLUSIONS AND RELEVANCE These findings suggest that low SMA and high visceral to total fat
ratio were associated with worse colon cancer outcomes and with increased expression of
proinflammatory cytokines and VEGF and inhibition of anti-inflammatory cytokines.

JAMA Network Open. 2021;4(8):€2115274. doi:10.1001/jamanetworkopen.2021.15274

Introduction

Analysis of differential body composition profiles has been suggested as a useful prognostic indicator
in colorectal cancer (CRC)."? Baseline inflammation is increased in obesity, and the current doctrine
in obesity-related cancer research is that excess visceral adiposity produces adipocytokines that fuel
a proinflammatory state with an associated pro-oncogenic and prometastatic environment.>®
Visceral adipocytes secrete higher levels of tumor necrosis factor a (TNFa) and interleukin (IL)-6
compared with subcutaneous adipocytes, and higher macrophage and other inflammatory cell levels
have also been observed.>” These inflammatory cytokines upregulate proinflammatory pathways
NF-kB, STAT3, and inhibitor of NF-kB kinase subunit (3, which lead to transcription of downstream
genes that are associated with mediating cancer cell proliferation, invasion, angiogenesis, cell
survival, and metastatic development.®™

In obesity-related cancer research, the use of body mass index (BMI; calculated as weight in
kilograms divided by height in meters squared) alone to estimate oncological outcomes is conflicting,
since BMI does not provide a measure of body fat distribution, particularly the difference in
metabolically active visceral fat and more inert subcutaneous fat levels.">"* High visceral fat is
significantly proinflammatory and has been demonstrated to be an indicator associated with poor
prognosis in colorectal, esophageal, gastric, kidney, bladder, and breast cancers.>'*® Sarcopenia is a
clinical manifestation of the cancer cachexia syndrome, a catabolic state that develops owing to the
metabolic demand and proinflammatory systemic state created by the presence of cancer.”
Sarcopenia may be potentiated by poor dietary intake in particular cancers of the gastrointestinal
tract that obstruct the ability to eat or as a result of treatment adverse effects.'®'° Cancer cachexia
syndrome requires the presence of sarcopenia, which is best measured directly on imaging (dual-
energy radiographic absorptiometry or computed tomography [CT]).2°22 Therefore, sarcopenia is
synonymous with the inflammatory state of cancer cachexia. Sarcopenia is consistently associated
with lower survival rates in multiple cancers.?>2° It is also associated with reduced tolerance to and
increased toxic effects from chemotherapy.?>?” Sarcopenia is also associated with higher
postoperative complications after cancer surgery.?83°

Investigating clinically relevant associations between inflammatory pathways and body
composition in a clinical setting is complex owing to the higher prevalence of underlying chronic
inflammatory disorders in patients who develop cancer and the high prevalence of anti-inflammatory
and immunomodulator therapy in the general population. In this study, we aimed to better
understand the associations between differential body compositions, systemic inflammation, and
30-day morbidity and 5-year cancer outcomes in patients with nonmetastatic colon cancer.

Methods

Prospective ethical approval of this study was obtained from the Clinical Research Ethics Committee
of the Cork Teaching Hospitals. All patients provided written informed consent. This study is reported
following the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)
reporting guideline.
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Patient Recruitment, Treatment, and Follow-up

The placebo group enrolled in the Randomised Clinical Trial Assessing Use of an Anti-inflammatory
Agent in Attenuating Peri-operative Inflammation in Non-metastatic Colon Cancer
(S.U.R.G.UV.ANT) trial offered a unique opportunity to investigate the associations among
differential body composition, inflammation, and colon cancer outcomes in a human model.'
Patients presenting for elective resection for colon cancer, with nonmetastatic disease, aged 18 to 85
years to 3 tertiary referral cancer centers were screened for inclusion. Extensive exclusion criteria
were applied as follows: pregnant and lactating women, evidence of underlying liver disease (e, liver
function test results >2-fold reference ranges), international normalized ratio greater than 1.5,
evidence of underlying kidney disease (ie, creatinine >2.36 mg/dL for women, >1.97 for men [to
convert to micromoles per liter, multiply by 76.25], blood dyscrasia (neutrophils <1500 cells/pL [to
convert to x10° per liter, multiply by 0.001], thrombocytes <100 x 103/pL [to convert to x10° per
liter, multiply by 1), evidence of intestinal obstruction; metastases (M1: distant spread or Dukes D),
morbid obesity (ie, BMI >40), operative risk greater than American Society of Anesthesiologists class
111, previous cancer or malignant disease other than nonmelanoma skin cancer, coexisting active
inflammatory disorder (including active rheumatoid arthritis, inflammatory bowel disease, or
systemic lupus erythematosus), corticosteroids use, immunosuppressive drugs, previous diagnosis
of HIV, chronic active hepatitis B or C, and active infection at the time of surgical intervention.

All patients with CRC were treated in keeping with recommendations from the Association of
Coloproctologists of Great Britain and Ireland.3? After initial diagnosis with CRC, all patients were
staged, and metastatic disease was ruled out using CT of the thorax, abdomen, and pelvis (TAP) and
full endoscopy (in the absence of colonic obstruction) with tissue biopsy. All CRC operations were
performed adhering to principles of oncological resection for CRC, including a no-touch technique
with a high-tie of the vessels. Active surveillance continued for 5 years using a combination of clinical
review, carcinoembryonic antigen testing, colonoscopy, and CT TAP, as recommended by the
Association of Coloproctologists of Great Britain and Ireland.>?

Inflammatory Mediator Analysis

Blood samples were phlebotomized from patients preoperatively. Full blood counts were analyzed
using the Sysmex XN 200 analyzer using a particle counting method based on size and density, and
white cell count (WCC) was extracted from these results. Albumin levels were analyzed in our
institute using a Roche Biochemistry Platform that uses a colorimetric assay (pH based). In all clinical
laboratories in Ireland, National External Quality Assessment Scheme testing is performed in
conjunction with daily internal control assessments to allow for accuracy of data and standardization
of results. Acute phase protein and cytokine levels were measured using a standard enzyme-linked
immunosorbent assay technique using a custom-made panel for the following cytokines: human
IL-1b, IL-2, IL-6, IL-10, interferon (IFN) y, TNFa, vascular endothelial growth factor (VEGF), and
C-reactive protein (CRP). Neutrophil and monocyte surface receptor expression CD11b and CD14
levels were detected using flow cytometry using a FACScan flow cytometer and analyzed using the
software package Cell-Quest version 5.1 (BD). The assay method involved direct staining of cell
surface antigen in whole blood.

CT Anthropometric Measurements and Categorization

CT anthropometric measurements were obtained from CT studies acquired preoperatively, usually
within 4 to 6 weeks prior to surgery using a 64-slice multidetector CT (GE Healthcare). Total fat area
and subcutaneous fat area were measured on a single axial CT slice 6 cm above the L4-5
intervertebral disc in centimeters-squared and visceral fat area was calculated by subtraction.
Visceral fat area at this level correlates strongly with overall visceral adipose volume.* Fat volume
measurements were performed using the segmentation tool in the DICOM image viewer Horos
(Horos Project). The full study protocol is available in eAppendix 1in the Supplement. Visceral to total
fat ratio and subcutaneous to total fat ratio were calculated. Skeletal muscle area (SMA) was
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measured on axial CT images at the L3 level in centimeters-squared, as this is accepted as an accurate
surrogate for total skeletal muscle mass.>*3> Reduced SMA has been used as a surrogate for
sarcopenia (an age-related or pathological state of low muscle mass and function).2%” Muscle
volume measurements were also performed using Horos (eAppendix 1in the Supplement).

Visceral fat levels were categorized based on previously validated sex-specific cutoffs that have
been associated with metabolic syndrome and thus are clinically significant.3® SMA was categorized
as low at less than the 10th percentile of that observed in age- and sex-specific levels in the general
population.® For all other body composition profiles relating to adiposity, sex-specific median and
interquartile range (IQR) values were calculated, and the parameter was categorized as the reference
range at less than the 60th percentile and high at greater than the 60th percentile (50th percentile
was the median). Cutoffs for each category used in this study are summarized in eAppendix 2 in the
Supplement.

Statistical Analysis

Statistical analysis was performed using SPSS version 26 (IBM), and graphs were generated using
Prism version 8.4.2 (GraphPad). The association between body composition profiles and 30-day
postoperative morbidity and more specifically postoperative infective complications was reported
using odds ratios (ORs), 95% Cls, and P values generated with x? testing. Infectious complications
included anastomotic leak, surgical site infection, and lower respiratory tract infection. The
associations of body composition profiles with 5-year cancer recurrence and disease-specific
mortality were analyzed using Mantel Cox log-rank test and Kaplan-Meier curves were produced.
Hazard ratios (HRs) were generated to compare survival distributions by reference range and
pathological body composition profile subgroups. Finally, when particular body composition profiles
were significantly associated with poor clinical and cancer outcomes, comparison of mean
inflammatory mediator expression levels was performed using Mann-Whitney U test, and statistical
significance was set at 2-sided P < .05.

Results

Demographic and Clinicopathological Data

A total of 28 patients who underwent elective resection for colon cancer with curative intent were
analyzed. Table 1 summarizes patient demographic and clinicopathological data. The median (IQR)
age was 67 (58-72) years, and 22 patients (78.6%) were men. A total of 14 tumors (50.0%) were left
sided, 13 tumors (46.4%) were right sided, and 1 transverse colon tumor (3.6%) was included. There
were 15 T3 tumors (53.6%), 6 T4 tumors (21.4%), 5 T2 tumors (17.9%), and 2 T1 tumors (7.1%).
Furthermore, 16 tumors (57.2%) were node negative, and 12 tumors (42.8%) were node positive. The
median (range) nodal harvest was 15.5 (11-32) nodes. Most procedures (23 procedures [82.1%]) were
completed laparoscopically, 2 procedures (7.1%) were open, and 3 procedures (10.7%) were
converted from laparoscopic to open. Patients were surveyed clinically, radiologically, and
endoscopically for a median (IQR) of 64 (51-95) months. Table 1 summarizes median levels of
mediators of systemic inflammation and CT-derived body composition profiles with age and
sex-specific categories. A total of 4 patients (14.3%) had a low SMA, and 11 patients (39.3%) had high
total fat area. Differential fat measurements identified 22 patients (78.6%) with high visceral fat area
and 10 patients (35.7%) with high subcutaneous fat levels. Correlation between body composition
profiles and mediators of systemic inflammation and comparison of mean inflammatory level
expressions based on body composition profile are summarized in the eTable in the Supplement.

Clinical and Oncological Outcomes

Nine patients (32.1%) developed a postoperative complication within the first 30 days
postoperatively (Table 1), including 5 patients (17.9%) who developed a surgical site infection, 2
patients (7.1%) who developed an anastomotic leak, both requiring a return to surgery, 1 patient
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Table 1. Summary of Patient Demographic, Clinicopathological,
Inflammatory Mediator, and Body Composition Profile Data

Characteristic No. (%) (N = 28)
Age, median (IQR) [range], y 67 (58-72) [29-80]
Sex
Men 22 (78.6)
Women 6(21.4)
Tumor location
Right 13 (46.4)
Left 14 (50.0)
Transverse 1(3.6)
Procedure
Laparoscopic 23(82.1)
Open 2(7.1)
Converted 3(10.7)
Surgery
Anterior resection 14 (50.0)
Right hemicolectomy 13 (46.4)
Total colectomy 1(3.6)
Primary tumor
T1 2(7.1)
T2 5(17.9)
T3 15 (53.6)
T4 6(21.4)
Nodal status
Harvest, median (range), No. 15.5(11-32)
Positive 12 (42.8)
Negative 16 (57.2)
Clinical outcome
30-d morbidity 9(32.1)
SSI 5(17.9)
Anastomotic leak 2(7.1)
Other 2(7.1)
Oncological outcomes
Recurrence 4(14.3)
Interval, median (range), mo 22 (5-31)
Site
Liver 3(10.7)
Lung 1(3.6)
Disease-specific mortality 3(10.7)
Interval, median (range), mo 27 (12-105)
Follow-up, median (IQR), mo 64 (51-95)
Inflammatory mediators, median (IQR)
WCC, cells/pL 7000 (5930-7770)
C-reactive protein, mg/dL 0.76 (0.25-1.04)
Albumin, g/dL 4.2 (3.8-4.5)
IFN-y, ng/mL 2.5431 (1.9090-4.2005)
IL-1b, ng/mL 0.0758 (0.0357-0.1914)
IL-2, ng/mL 0.1815 (0.1044-0.4742)
IL-6, ng/mL 1.5803 (0.9737-2.9435)
IL-10, ng/mL 0.6377 (0.3443-4.8476)
TNFa, ng/mL 3.8541(2.9892-5.2239)
VEGF, ng/mL 310.695 (197.602-690.948)
CD14, ng/mL 387.370 (22.893-690.948)
CD11b, ng/mL 155.455 (23.94-485.795)
(continued)
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Table 1. Summary of Patient Demographic, Clinicopathological,
Inflammatory Mediator, and Body Composition Profile Data (continued)

Characteristic

No. (%) (N = 28)

Skeletal muscle area
Median (IQR), cm?
Within reference range
Low

Total fat
Median (IQR), cm?
High
Within reference range

Subcutaneous fat
Median (IQR), cm?
High
Within reference range

Visceral fat
Median (IQR), cm?
High
Within reference range

Visceral to total fat ratio
Median (IQR)

High
Within reference range

Subcutaneous to total fat ratio

Median (IQR)
High
Within reference range

150.2 (135.03-163.88)
24 (85.7)
4(14.3)

379.1(297.35-531.33)
11(39.3)
17 (60.7)

185.8 (145.30-230.45)
10 (35.7)
18 (64.3)

183.5(121.10-302.13)
22 (78.6)
6(21.4)

0.533 (0.396-0.587)
21 (75.0)
7 (25.0)

0.469 (0.413-0.604)
11(39.3)
17 (60.7)

Abbreviations: IFN, interferon; IL, interleukin; IQR, interquartile range; SSI,
surgical site infection; TNFa, tumor necrotic factor a; VEGF, vascular endothelial
growth factor; WCC, white cell count.

Sl conversion factors: To convert albumin to grams per liter, multiply by 10;
C-reactive protein to milligrams per liter, multiply by 10; WCC to x10° per liter,
multiply by 0.001.

(3.6%) who developed a lower respiratory tract infection, and 1 patient (3.6%) who developed
prolonged postoperative ileus (ie, persistent ileus >48 hours postoperatively). A total of 4 patients
experienced cancer recurrence at a median (range) interval of 22 (5-31) months. All were distant
recurrence, including 3 hepatic tumors and 1 pulmonary tumor. A total of 3 patients (10.7%)
experienced disease-specific mortality. The median (range) interval from surgery to mortality was 27 (51-
95) months.

Associations of Body Composition Profiles With Colon Cancer Outcomes

Low SMA and high visceral to total fat ratio were associated with less favorable clinical and
oncological outcomes. There was no significant association between differential body composition
profiles and overall 30-day morbidity. Low SMA (OR, 2.13 [95% Cl, 1.85-5.36]; P = .004) and high
visceral to total fat ratio (OR, 3.20 [95% Cl, 1.85-10.84]; P = .01] were significantly associated with
developing a 30-day infective complication (Table 2). A log-rank Mantel test was performed to
analyze the association of differential body composition profiles with 5-year colon cancer recurrence
(Figure 1). Low SMA (HR, 2.30 [95% Cl, 1.41-2.89]; P = .04) and high visceral to total fat ratio (HR,
5.78 [95% Cl, 3.66-7.95]; P = .02) were significantly associated with developing a cancer recurrence
within the first 5 years after surgery. A log-rank Mantel test was performed to analyze the association
of differential body composition profiles with 5-year disease-specific mortality (Figure 2). High
visceral to total fat ratio (HR, 5.92 [95% Cl, 4.04-8.00]; P = .02) was the only body composition
profile significantly associated with cancer-related mortality within the first 5 years after surgery.
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There was no significant association between low SMA and 5-year disease-specific mortality (HR,
3.22[95% Cl, 0.13-8.37]; P = 48).

Systemic Inflammation, Body Composition Profiles, and Outcome Analysis

Patients with low SMA who developed an infectious complication, compared with those who did not,
had significantly higher WCC (mean [SD], 7100 [1870] cells/pL vs 5600 [1580] cells/pL [to convert
to x10%/L, multiply by 0.001]; P = .04) and CRP (mean [SD], 3.29 [2.52] mg/dL vs 0.70 [0.10] mg/dL
[to convert to milligrams per liter, multiply by 10]; P = .01) levels, higher expression of IL-10 (mean
[SD]. 8.75 [5.79] ng/mL vs 0.42 [0.24] ng/mL; P = .004), VEGF (mean [SD], 298.42 [134.90] ng/mL
vs 183.86 [23.67] ng/mL; P = .004), and CD14 (mean [SD], 521.23 [302.02] ng/mL vs 322.07 [98.35]
ng/mL; P = .03), and lower levels of IFN-y (mean [SD], 1.38 [1.62] ng/mL vs 3.22 [1.15] ng/mL;

P = .046) (eFigure 1in the Supplement). Patients with high visceral to total fat ratio who developed
infectious complications, compared with those who did not, had significantly higher CRP (mean [SD],
5.30[0.88] mg/dL vs 1.09 [1.40] mg/dL; P = .001) and IFN-y (mean [SD], 7.76 [1.41] ng/mL vs 2.89
[1.84] ng/mL; P = .01) and lower expression of IL-2 (mean [SD], 0.12 [0.09] ng/mL vs 0.41[0.31]
ng/mL; P = .03). Figure 3 shows that patients with low SMA who developed cancer recurrence,
compared with those who did not, had significantly higher levels of CRP (mean [SD], 31.24 [6.95]
mg/dL vs 8.11[0.58] mg/dL; P = .003), IL-6 (mean [SD], 1.93 [116] ng/mL vs 0.88 [0.14] ng/mL;

P =.004), VEGF (mean [SD], 310.03 [122.66] ng/mL vs 176.12 [22.94] ng/mL; P = .007), and CD14
(mean [SD], 521.23 [302.02] ng/mL vs 322.07 [98.35] ng/mL; P = .03) expression. Significantly lower
levels of albumin (mean [SD], 3.8 [0.6] g/dL vs 4.4 [3.7] g/dL [to convert to grams per liter, multiply
by 10]; P = .01), IL-2 (mean [SD], 0.45 [0.25] ng/mL vs 0.94 [0.43] ng/mL; P < .001), IL-10 (mean
[SD], 8.15[1.09] ng/mL vs 16.32 [4.43] ng/mL; P = .004), and IFN-y (mean [SD], 2.61[1.36] ng/mL vs
14.87 [3.43] ng/mL; P = .02) were also observed. Patients with high visceral to total fat ratio who
developed recurrence, compared with those who did not, had higher levels of IL-6 (mean [SD], 5.26
[7.05]1 ng/mL vs 2.76 [3.11] ng/mL; P = .03) and TNFa (mean [SD], 5.74 [4.53] ng/mL vs 4.50 [1.99]
ng/mL; P = .03). There was no significant difference in systemic inflammatory mediator expression
levels in patients who had high visceral to total fat ratio among those who experienced disease-
specific mortality vs those who were disease-free at 5 years (eFigure 2 in the Supplement).

Table 2. Associations of Body Composition Profiles With 30-Day Morbidity and Postoperative Infectious
Complications After Surgery for Nonmetastatic Colon Cancer

30-d morbidity Postoperative infective complications
Body composition OR (95% CI)? P value OR (95% CI)? Pvalue
Low SMA 1.52(0.24-9.76) .55 2.13(1.85-5.36) .04
Total fat area 1.40(0.77-2.56) 21 1.51 (0.84-2.70) 12
Visceral fat area 1.22(0.77-1.93) 43 1.30(0.81-2.11) .35
Subcutaneous fat area 1.39(0.88-2.18) .25 1.67 (0.41-6.77) .39
Visceral to total fat ratio 1.94 (0.50-7.64) .28 3.20(1.95-10.84) .01
Subcutaneous to total fat ratio 1.29(0.41-4.13) .49 1.08 (0.32-3.63) .62

Abbreviations: OR, odds ratio; SMA, skeletal muscle area.

@ ORs are calculated as high vs low. Visceral fat levels were categorized based on previously validated sex-specific cutoffs
that have been associated with metabolic syndrome and thus are clinically significant. SMA was categorized as low at less
than the 10th percentile of that observed in age- and sex-specific levels in the general population. For all other body
composition profiles relating to adiposity, sex-specific median and interquartile range values were calculated, and the
parameter was categorized as the reference range at less than the 60th percentile and high at greater than the 60th
percentile (50th percentile was the median). Cutoffs for each category are summarized in eAppendix 2 in the
Supplement.
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Discussion

This cohort study found that low SMA and high visceral to total fat ratio were associated with
increased postoperative infections and higher 5-year cancer recurrence and disease-specific

Figure 1. Risk of 5-Year Colon Cancer Recurrence Based on Body Composition Profiles
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mortality rates in patients with CRC. High visceral to total fat ratio was significantly associated with
poor outcomes compared with high total body fat or visceral fat levels alone. Interestingly,
subcutaneous fat levels correlated with IL-2 and IL-10 levels, ie, cytokines proposed to possess
predominantly anti-inflammatory as opposed to proinflammatory properties. Thus higher
subcutaneous fat area may have a protective association with the deleterious inflammatory
outcomes associated with visceral fat. This phenomenon may be why BMI is not a reliable prognostic

Figure 2. Risk of 5-Year Disease-Specific Mortality in Colon Cancer Based on Body Composition Profiles
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marker in cancer and cancer surgery, as it does not reflect differential fat distribution or muscle mass
distribution.?®

In obesity-related cancer research, BMI alone is not associated with predicting oncological
outcomes, as BMI does not reflect body fat distribution, particularly the difference between
metabolically active visceral fat and more inert subcutaneous fat levels.'>" This is sometimes

Figure 3. Comparison of Mean Inflammatory Mediator Levels in Patients Who Developed Cancer Recurrence and Those Who Did Not
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referred to as the obesity paradox in cancer, in which high sex-specific BMI levels are not always
associated with poor prognosis in cancer.” In CRC, increased visceral adiposity is associated with
worse operative outcomes, including increased postoperative complications after resection,°4°
surgical site infection,°#' and anastomotic leakage rates.' In rectal cancer, high visceral fat levels are
associated with lower lymph node harvests,*? less favorable tumor response to neoadjuvant
therapy,**** and a reduction in disease-free and overall survival rates across all stages of
CRC.#142:44-48 | this study, we found that subcutaneous fat was associated with higher levels of
cytokines with protective associations, including IL-2 and IL-10. This may explain why high visceral to
total fat ratio was more prognostic of poor clinical outcomes (ie, postoperative infectious
complications) and oncological outcomes (ie, 5-year cancer recurrence and disease-specific
mortality) than visceral fat levels alone, as higher levels of protective cytokines abundant in
subcutaneous fat may counteract the inflammasomes of visceral fat and neutralize their

systemic effect.

Sarcopenia is described as a clinical manifestation of the cancer cachexia syndrome.” CT
analysis is increasingly used to assess surrogates of sarcopenia, including SMA, skeletal muscle index,
and muscle radiation attenuation.3® In this cohort study, we found that low SMA was significantly
associated with postoperative infectious complications and 5-year cancer recurrence. In patients
who developed cancer recurrence and had low SMA on staging CT TAP, significantly higher systemic
levels of CRP, IL-6, VEGF, and expression of cell surface receptor CD14 were observed. These
inflammatory mediators and cell receptors are known to promote cancer cell survival and metastatic
transformation. Interestingly, in these patients, there were also significantly lower levels of IL-2
and IL-10.

Expression levels of CD11b and CD14 displayed an inverse association with total fat area, visceral
fat area, and visceral to total fat ratio and a direct association with SMA, subcutaneous fat area, and
subcutaneous to total fat ratio in all patients, and significantly higher expression of CD14 was
observed in patients with low SMA who developed postoperative infections and 5-year cancer
recurrence. Both receptors are expressed mainly by mononuclear phagocytes (monocytes and
macrophages) but also neutrophils and dendritic cells.*>>° Mononuclear phagocytes represent the
principal target for lipopolysaccharides of gram-negative bacteria. Lipopolysaccharides trigger a wide
range of cellular responses, including the synthesis and release of a variety of inflammatory
mediators, such as TNFa, IL-1b, and IL-6, which, if unregulated, can promote oncogenesis and
metastatic development.*® The triggering of cellular responses is initiated by binding
lipopolysaccharides to the cell surface via cell surface receptors (eg, CD11b and CD14) and its
subsequent internalisation.>® Higher expression of CD14 in the setting of low SMA promotes
lipopolysaccharide binding and development of infection that may contribute to activation of
dormant circulating tumor cells and cellular migration and invasion for metastatic development.

The question remains on whether targeted therapies can modulate the inflammatory
association of body composition with cancer outcomes. Recently, the concept of prehabiliation has
gained significant interest in CRC surgery, and, considering that the body composition profiles and
inflammatory markers reported in this study were performed preoperatively, it raises the question as
to whether prehabilitation could reverse this association. Prehabilitation involves physical,
nutritional, and psychosocial optimization preoperatively, with an aim to reduce operative morbidity
and promote recovery.> However, outcomes from prehabilitation programs have been conflicting
to date, mostly owing to difficulty in identifying the optimum interventions and measures of
success.”! To our knowledge, no specific nutritional intervention has been identified as effective in
reversing the effects of sarcopenia.>? The reason for this has been suggested as the catabolic effect
of the primary tumor remaining in situ and the inability of nutritional efforts to overcome this."” Some
targeted anti-inflammatory therapies, including anti-IL-6 therapy or combined (3-blockade and
cyclooxygenase 2 inhibition, have shown promising results at counteracting outcomes associated
with perioperative inflammation; however, whether this can be extrapolated to modulate the effect
of body composition preoperatively has not been reported, to our knowledge.3">3-5>
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Limitations

There are several limitations to this study. This was a retrospective analysis of the placebo groupina
prospective randomized clinical trial, with the associated limitations of such a study design. It also
included a small sample size of 28 patients, and we propose the findings of this work as exploratory
and preliminary. Furthermore, it is important to recognize that the study cohort included more men
(78.6%) than women (21.4%). However, although small in number, the extensive exclusion criteria
supported a homogenous group of patients with CRC in whom to purely study the associations of
inflammation. The incidences of 30-day morbidity and cancer outcomes were also small owing to the
limited sample size. Infectious complications were grouped for outcome analysis to overcome some
of this limitation, since it is known that any infectious complication can affect cancer outcomes.>®>’

Conclusions

This cohort study found that low SMA and high visceral to total fat ratio were associated with
increased risk of postoperative infections and 5-year cancer recurrence; high visceral to total fat ratio
was further associated with 5-year disease-specific mortality. Furthermore, upregulation of
proinflammatory cytokines, acute phase proteins, and VEGF and downregulation of protective anti-
inflammatory mediators was pronounced in patients with low SMA and high visceral to total fat ratio
who experienced poor clinical or cancer outcomes. Therefore, these findings suggest that the
negative impact of sarcopenia and visceral fat on cancer outcomes may be driven by systemic
inflammation.
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