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Background: Muscle abnormalities and systemic inflammation have been associated with cancer
progression and poor disease outcomes in patients with colon cancer. These factors are easily evaluated and
can potentially be modified to improve outcomes. The objective of this study is to investigate the
relationship between computed tomography (CT) derived measures of body composition, including low
muscle mass (sarcopenia) and low muscle radiodensity (myosteatosis). It will also examine their association
with systemic inflammation and determine whether these factors impact hospital length of stay for patients
undergoing resection of their primary colorectal cancer.

Methods: This study included 133 patients with stage | to 111 colon cancers diagnosed from 2011 through
2018 who underwent resection with curative intent. CT scans were used to identify sarcopenia and

myosteatosis using predefined sex-specific and body mass index (BMI)-specific thresholds. The primary
measure for systemic inflammation was the neutrophil-to-lymphocyte ratio. Tumour and patient
characteristics were recorded. The primary outcome was hospital length of stay. Associations between body
composition and systemic inflammation were examined using linear regression analyses, and their
relationship with post-surgical length of stay was determined using logistic regression analyses.

Results: A significant proportion of patients were overweight or obese (60.9%). Sarcopenia and
myosteatosis were highly prevalent (41.4% and 39.1% respectively). Muscle mass and muscle radiodensity
were not significantly correlated with each other. Male sex (p < 0.001) and higher BMI (p < 0.001) were
associated with greater muscle mass. Male sex (p = 0.020) was also associated with greater muscle
radiodensity but higher BMI (p < 0.001) was associated with lower muscle radiodensity. Inflammation was
present in 39.1% of patients. Elevated neutrophil-to-lymphocyte ratio was associated with longer length of
stay (OR 1.29, 95% CI 1.04-1.61, p = 0.019).

Conclusion: Sarcopenia and myosteatosis were prevalent among colon cancer patients, despite many of
them being overweight or obese. Systemic inflammation was associated with prolonged length of stay post-
surgery and could potentially be utilised to delineate patients with poorer recovery and who may benefit
from additional monitoring or interventions to reduce the length of hospitalisation. These commonly
collected markers could enhance prognostication and identify patients with a poorer outcome
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Introduction

In Australia, colorectal cancer (CRC) was the third most commonly
diagnosed cancer in 2014, and it was the second leading cause of cancer
death in 2016, with a five-year survival rate of 69% [1]. Despite current
prognostic  stratification systems, clinical outcomes still vary
considerably among patients with the same characteristics and stage of
disease. Identifying additional factors that can predict patients at high
risk of adverse disease outcomes and premature mortality is a clinical
priority. Increasing number of studies have examined body composition
and systemic inflammation as novel prognostic indicators [2, 3].

Recent studies that have examined associations between markers of body
composition and cancer outcomes have suggested that muscle
abnormalities characterised by sarcopenia and myosteatosis were
associated with poorer cancer prognosis in general and more specifically
in patients with CRC [4-6]. The term sarcopenia was first mentioned by
Baumgartner et al. to describe the age-related loss of muscle mass
observed in the elderly population [7]. Subsequent studies have also
demonstrated its prevalence in patients with chronic diseases and cancer
[8]. More recently, the definition of sarcopenia has been adapted in
oncological settings as excessive loss of skeletal muscle mass and has
been associated with adverse outcomes. In particular, it predicts poor
postoperative and surgical outcomes, treatment toxicities, and reduced
survival [5, 9-13]. Myosteatosis refers to inter- and intramuscular fatty
infiltration, and it is also a normal by-product of aging, but it can be
exacerbated by disease and therefore is common in patients with cancer
[6]. Studies have shown that it is associated with postsurgical
complications and elevated risks of mortality [6, 14]. As the world
prevalence of overweight and obesity continues to rise, these muscle
abnormalities may be masked by traditional body composition measures
such as body mass index (BMI). Routine diagnostic imaging using
computed tomography (CT) allows accurate quantification of skeletal
muscle in patients of various BMI, revealing otherwise occult muscle
depletion. Similarly, systemic inflammation has also been suggested to
play an essential role in cancer progression and has been reported to be
an indicator of poor prognosis in several malignancies [3]. Pre-treatment
values of neutrophil-to-lymphocyte ratio (NLR) is one standard measure
of systemic inflammation and have been suggested to predict surgical
complications and survival [15, 16]. Since measures of body
composition and systemic inflammation can be evaluated with existing
clinical data, they may become new indicators to identify patients with
poorer prognosis.

Colon cancers are conventionally grouped with rectal cancers and
collectively referred to as CRC. Nonetheless, rectal cancers can be
considered a distinct disease from colon cancers. Apart from anatomical
differences, the survival of rectal cancer patients is also influenced by
neoadjuvant or adjuvant radiotherapy, rendering the analysis of
outcomes more complex. Whereas body composition and systemic
inflammation have been studied extensively in the CRC population, to
the best of our knowledge, no prior studies have examined the
relationship of body composition and systemic inflammation and their
independent associations with colon (excluding rectal) cancer outcomes.
Not only are these factors important as promising prognostic indicators,
but they are also potentially modifiable. Therefore, the present study
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aimed to examine the relationship between CT measures of body
composition and systemic inflammation and their associations with
short-term outcomes in patients with primary colon cancer.

Materials and methods
| Study population

This retrospective study identified all patients diagnosed with stage | to
III colon cancer at St Vincent’s Hospital Melbourne (SVHM) between
December 2011 and July 2018 who underwent surgical resection with
curative intent (n = 286). Patients with a preoperative abdominal CT
scan, recorded height and weight measurements and pre-treatment NLR
available from clinically acquired laboratory data were included.
Patients who had rectal cancer or with metastatic disease from other
cancer types were not considered for inclusion. 35 patients who received
a diagnosis of rectal cancer were excluded. We also excluded 84 patients
who did not have an electronically available abdominal CT scan at
SVHM and 19 patients without valid height and weight measures.
Exclusion also included 15 patients who had metastatic disease from
other cancer types. This left 133 patients in the final analytic sample. The
study was approved by the SVHM Ethics Review Board. Informed
consent was waived due to the retrospective nature of the study.

11 Body composition assessment

Preoperative digital CT scans were used to quantify measures of body
composition. Two consecutive images at the level of the third lumbar
(L3) vertebrae were identified to assess skeletal muscle area and muscle
radiodensity according to predefined tissue-specific Hounsfield Units
(HU) ranges (-29 to +150) using Slice-O-Matic Software (version 5.0;
TomoVision). Abdominal cross-sectional areas at the L3 vertebrae are
strongly correlated with whole body volumes of muscle mass and
adipose tissue and its use have been validated in oncological settings [17,
18]. Skeletal muscle areas included rectus abdominus, erector spinae
muscles, quadratus lumborum, psoas, and internal, transverse and
external oblique muscle groups.

Cross-sectional muscle surface area values in centimetres squared (cm?)
at the L3 vertebrae were obtained, and the mean muscle area was
normalised for height in metres (m?). This was reported as the skeletal
muscle index (SMI, cm?/m?). Sex-specific and BMI-specific cut-offs for
SMI were then selected from previously published studies to define
sarcopenia: for normal or overweight patients (BMI < 30), these were
less than 52 cm?m? for men and less than 38 cm?/m? for women, while
for obese patients (BMI > 30), these were less than 54 cm?/m? for men
and less than 47 cm?m? for women?®. Skeletal muscle radiodensity
(SMD, HU) was derived from the mean muscle radiodensity (HU)
measured for the entire cross-sectional muscle area from the same
images used to calculate SMI. Sex-specific cut-offs for SMD were then
selected from previously published studies to define myosteatosis: for
female patients, this was less than 32.5 HU, and for male patients, this
was less than 35.5 HU [6].

111 Systemic inflammation assessment

The primary measure of systemic inflammation in this study was NLR
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from laboratory values obtained as part of routine blood tests. Pre-
treatment haematological markers were recorded, and NLR was
calculated by dividing the absolute neutrophil count by the absolute
lymphocyte count. The preoperative NLR closest to the time of surgery
was selected. NLR values greater than or equal to 3 were considered
elevated [13].

IV Covariate assessment and endpoints

SVHM electronic medical records were reviewed to obtain information
on potential prognostic and confounding variables, including patient
demographics (age and sex), cancer stage, tumour characteristics,
surgical and treatment information. Height and weight measurements
closest to the time of cancer diagnosis were selected to calculate BMI.
Patients were classified as underweight (BMI < 18.5), normal weight
(BMI > 18.5 to < 25), overweight (BMI > 25 to < 30) or obese (BMI >
30). Length of stay (LOS) was considered from the day of surgery to the
day of discharge.

V Statistical analysis

In exploratory analyses, descriptive statistics were tabulated (mean [SD],
median [interquartile, 25-75% range] and percentages). Next, the inter-
relationship between sarcopenia and myosteatosis was examined using
Spearman’s correlation coefficients. A correlation was considered to be
weak with coefficient values of < 0.200 and strong with values > 0.800.
Lastly, the relationship between baseline characteristics and CT
measures of body composition as well as the inter-relationship between
CT measures of body composition and systemic inflammation were
examined using univariate and multivariate linear regression analyses,
adjusting for covariates including age at diagnosis, sex, cancer stage and
BMI.

To enable us to determine univariate and multivariate predictors for a
delayed discharge, median LOS was calculated. Patients with a LOS
above the median were classified into the “long” group while those
patients with a LOS below the median were classified into the “short”
group. The independent associations of baseline characteristics, body
composition and systemic inflammation with LOS were then examined
using univariate and multivariate logistic regression analyses. All
statistical analyses were performed using Stata (version 15.1; StataCorp
LLC). Statistical significance was established with p-value < 0.050.

Results
| Baseline characteristics

Table 1 summarises the characteristics of 133 patients with stage | to 11
colon cancer. Most patients were over 65 years of age (66.9%) and
overweight or obese (60.9%). Of the 133 patients, 55 patients (41.4%)
were classified as having sarcopenia (regardless of myosteatosis status),
and 52 patients (39.1%) were classified as having myosteatosis
(regardless of sarcopenia status). A third group consisting of 21 patients
(15.8%) who had both sarcopenia and myosteatosis was also noted. 52
patients (39.1%) were identified with underlying inflammation (NLR >
3).
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Table 1: Baseline characteristics of the study population.

Characteristic n =133
Age (years) 69.1+13.8
Sex
Male 75 (56.4%)
Female 58 (43.6%)
Cancer stage
| 35 (26.3%)
I 52 (39.1%)
1 46 (34.6%)
BMI category
Underweight 4 (3.0%)
Normal 48 (36.1%)
Overweight 38 (28.6%)
Obese 43 (32.3%)
Sarcopenia status
Yes 55 (41.4%)
No 78 (58.6%)
Myosteatosis status
Yes 52 (39.1%)
No 81 (60.9%)
Body composition measures
BMI (kg/m?) 26.6 (23.2-31.2)
SMI (cm?m?) 48.0 (43.0 - 54.8)
SMD (HU) 38.3(29.9-47.9)
Inflammation status
NLR >3 52 (39.1%)
NLR <3 81 (60.9%)
Inflammation measure
NLR 26(1.9-41)
LOS (days) 7(5-12)

Il Patient characteristics and CT derived measures of body
composition

There was no correlation between SMI and SMD, regardless of sex
(Figure 1). Males tended to be more muscular (mean SM152.4 + 8.1 vs.
44.7 + 6.9 cm?m?) and had higher muscle radiodensity (mean HU 43.8
+ 20.6 vs. 38.3 + 13.6 HU) than females. We also noted that a higher
proportion of underweight and normal weight patients (53.8%) were
sarcopenic compared to overweight and obese patients (33.3%), whereas
myosteatosis seemed to be more common in overweight and obese
patients (51.9%) versus those who were underweight and normal weight
(19.2%). Patients who were sarcopenic had lower BMI (26.1 + 5.6 vs.
28.9 + 6.7) compared to patients with normal muscle mass. Patients with
myosteatosis had a higher BMI (31.4 + 7.2 vs. 25.4 + 4.6) compared to
patients with normal muscle radiodensity. Despite these trends,
sarcopenia and myosteatosis can occur in patients across all BMI
categories (Figure 2).

These initial findings were confirmed on subsequent regression analyses
(Table 2). On univariate analysis, there was an association between male
sex (p < 0.001) and increased BMI (p < 0.001) with higher SMI. On
multivariate analysis, male sex (p < 0.001) and increased BMI (p <
0.001) remained significantly associated with higher SMI. Of note, there
was no association between age, cancer stage and SMI. On univariate
analysis, there was an association between increased BMI (p < 0.001)
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and lower SMD. On multivariate analysis, increased BMI (p < 0.001)
remained significantly associated with lower SMD and male sex (p =
0.020) was associated with higher SMD. Again, there was no association
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Figure 1: Scatterplot illustrating the association of SMI and SMD, in males and females. Abbreviations: SMI, skeletal muscle index; SMD, skeletal muscle

radiodensity.
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49F BMI 29.1 SMI 47.4cm#m?2  42F BMI 29.2 SMI 37.0cm?/m?
Normal Muscle Mass Sarcopenia

83M BMI 33.6 SMD 37.6HU
Normal Muscle Radiodensity
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Figure 2: Representative cross-sectional CT images from patient with
normal muscle mass, patient with sarcopenia, patient with normal
muscle radiodensity and patient with myosteatosis. The images are
cross-sectional CT scans at the L3 level with skeletal muscle highlighted
in red. The two images on the top row show variation in SMI for
overweight female patients with identical BMI. Patient on the top left
had normal muscle mass, whereas patient on the top right meets the
criteria for sarcopenia. The two images at the bottom row show variation
in SMD for obese male patients with identical BMI. Patient on the
bottom left had normal muscle radiodensity, whereas patient on the
bottom right meets the criteria for myosteatosis. Abbreviations: CT,
computed tomography; BMI, body mass index; SMI, skeletal muscle
index; SMD, skeletal muscle radiodensity.

111 Patient characteristics, CT derived measures of body
composition and systemic inflammation

We were unable to identify any patient characteristics or clinical features

Ann Clin Oncol doi:10.31487/j.AC0.2019.03.01

that predicted inflammation. On univariate and multivariate analyses,
there were no significant associations between age, sex, cancer stage and
BMI with NLR. We noted that a higher proportion of patients with
inflammation (55.8%) were sarcopenic compared to those without
inflammation (32.1%). Indeed, on univariate analysis, there was an
association between elevated NLR (p = 0.014) and lower SMI. However,
on multivariate analysis (Table 2), NLR (p = 0.089) was no longer
significantly associated with SMI. Conversely, myosteatosis was more
common in patients without inflammation (45.7%) versus those with
inflammation (28.8%). This was supported by findings from regression
analyses. On univariate analysis, there was an association between
elevated NLR (p = 0.017) and greater SMD. Elevated NLR (p = 0.050)
remained associated with greater SMD on multivariate analysis (Table
2).

1V Body composition, systemic inflammation and LOS

The median LOS for patients undergoing curative resection was 7 (range
5-12) days. Sarcopenia and myosteatosis did not associate with any
significant changes in LOS. Median LOS in patients who were
sarcopenic was 8 (range 5-13) days compared to 6 (range 5-9) days in
those who did not have sarcopenia. Similarly, patients with myosteatosis
had a median LOS of 8 (range 5-10) days compared to those without
myosteatosis who had a median LOS of 7 (range 5-12) days. Indeed, on
univariate and multivariate analyses (Table 3), there were no
associations between SMI and SMD with LOS. On the other hand,
inflammation seemed to predict prolonged LOS. In patients with NLR
of 3 or greater, the median LOS was 8 (range 5-12) days in comparison
to patients with NLR less than 3 who had a median LOS of 6 (range 5-
9) days. This was validated in regression analyses (Table 3). On
univariate analysis, there was an association between increased age
(odds ratio [OR] 1.03, p = 0.036) and elevated NLR (OR 1.28, p = 0.014)
with longer LOS. On multivariate analysis, increased age (OR 1.03, p =
0.022) and elevated NLR (OR 1.29, p = 0.019) remained significantly
associated with longer LOS.
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Table 2: The relationship between patient characteristics, cancer stage, BMI, NLR and measures of body composition.

Variable Coefficient 95% CI P-value
SMI

Age -0.05 -0.13-0.03 0.181
Sex

Female (baseline)

Male 7.39 5.18 - 9.60 <0.001
Stage

| (baseline)

1 0.50 -2.32-3.33 0.725
11 1.20 -1.61-4.02 0.399
BMI 0.64 0.47-0.81 <0.001

NLR -0.50 -1.08 - 0.08 0.089
SMD

Age -0.20 -0.41-0.01 0.057
Sex

Female (baseline)

Male 6.92 1.13-12.72 0.020
Stage

| (baseline)

1 591 -1.50-13.31 0.117
11 1.01 —6.36 - 8.38 0.787
BMI -0.88 -1.32--0.43 <0.001
NLR 1.52 -0.00 - 3.03 0.050

Multivariate linear regression analyses for body composition measures. Abbreviations: BMI, body mass index; NLR, neutrophil-to-lymphocyte ratio; SMI,

skeletal muscle index; SMD, skeletal muscle radiodensity; Cl, confidence interval.

Table 3: The relationship between patient characteristics, cancer stage, BMI, measures of body composition, NLR and LOS.

Variable OR 95% CI P-value
Age 1.03 1.00 - 1.07 0.022
Sex

Female (baseline)

Male 0.85 0.36-2.03 0.714
Stage

| (baseline)

1] 1.27 0.49-3.30 0.627

1 0.86 0.33-2.22 0.751
BMI 1.00 0.93-1.08 0.929
SMI 1.00 0.94-1.06 0.994
SMD 1.00 0.98-1.03 0.800
NLR 1.29 1.04-1.61 0.019

Multivariate logistic regression analysis for LOS. Abbreviations: BMI, body mass index; NLR, neutrophil-to-lymphocyte ratio; LOS, length of stay; SMI,
skeletal muscle index; SMD, skeletal muscle radiodensity; OR, odds ratio; Cl, confidence interval.

Discussion

Our objective was to identify the relationship between sarcopenia and
myosteatosis, to examine the association of these muscle abnormalities
with systemic inflammation, and to investigate if these disease states
impact LOS in patients with non-metastatic colon cancer who underwent
surgical resection with curative intent. To our knowledge, this is the first
study to examine the relationships between CT derived measures of body
composition and markers of systemic inflammation and their
independent associations with LOS in a cohort comprised entirely of
colon excluding rectal cancer patients. In our cohort of 133 patients with
stage | to 111 colon cancer, we found that SMI was not correlated with

Ann Clin Oncol doi:10.31487/j.AC0.2019.03.01

SMD, elevated NLR was associated with higher SMD at diagnosis, and
that elevated NLR was associated with a longer LOS.

CRC has been extensively examined with reference to CT derived body
composition measures. However, most studies have focused on either
SMI or SMD. Few studies have included both measurements in their
analysis and the relationship between sarcopenia and myosteatosis is not
well understood. Dolan et al. in their study consisting of 650 patients
with primary operable CRC demonstrated only a weak association
between SMI and SMD [19]. In contrast, our study showed no
correlation between SMI and SMD. In fact, sarcopenia and myosteatosis
do not frequently occur simultaneously, and their associated clinical

Volume 2(3): 5-8



Significance of Body Composition and Systemic Inflammation in Patients with Operable Colon Cancer Treated with Curative Intent 6

factors are not the same. This may suggest that sarcopenia and
myosteatosis are independent muscle abnormalities that represent two
separate biological processes leading to muscle depletion. One
possibility is that sarcopenia and myosteatosis are driven by different
chemical and molecular factors released from the tumour. Another
explanation is that there may be differences in host susceptibility
resulting in different manifestations of muscle depletion. In addition,
several other studies also demonstrated independent effects of
sarcopenia and myosteatosis on survival outcomes, as well as an additive
effect of these two muscle abnormalities with a particularly poor
prognosis [4, 6]. Therefore, the incorporation of both types of body
composition measures into the evaluation of muscle health is critical and
can provide valuable information.

Sarcopenia and myosteatosis were prevalent in our patient cohort.
Sarcopenia was found in 41.4% and myosteatosis in 39.1% of patients,
despite the wide BMI range. We found that BMI was positively related
to SMI, which is consistent with previous studies across cancer types [4].
Muscle mass may increase concurrently with the increase in adipose
tissue for most patients, which may partially explain the lower risk of
sarcopenia in patients with higher BMI in our cohort. Despite this lower
risk, the prevalence of sarcopenia was 20.3% in patients who were
overweight or obese, and the concurrence of sarcopenia and obesity was
prevalent at 12.0%. These patients, as described by Baracos and Arribas,
possess a unigue body habitus termed sarcopenic obesity where they are
simultaneously in the highest ranges of adipose mass and the lowest
ranges of muscularity [20]. They represent a group of individuals where
significant changes in body composition occur but are not always
recognisable or detected by physical appearance or BMI [21]. We also
noted that BMI was negatively related to SMD. The negative
relationship between high BMI and low SMD is consistent with a
previous study comprising of 3262 stage | to 11l invasive CRC patients
[22]. The precise mechanism leading to SMD decline in cancer has not
been determined, but it is reasonable to speculate that ectopic fat
infiltrates into skeletal muscle with advanced age, resulting in the
manifestation of low SMD [22]. Because BMI cannot distinguish muscle
from fat, patients with sarcopenic obesity or other body composition
phenotypes often go undetected. These observations may have profound
implications for the treatment of sarcopenia and myosteatosis in patients
with colon cancer, and potentially other common solid tumours. The
future use of CT scans to identify sarcopenia and myosteatosis will
facilitate the identification of those at risk and will be useful for assessing
the impact of targeted interventions.

Body composition and systemic inflammation have previously been
associated with prognosis in CRC and other cancers, but most studies
have addressed them individually. More recently, a few studies have
explored the relationship between body composition measures and
systemic inflammation [13, 23-25]. In those studies that included NLR
as a measure of the systemic inflammatory response, they have
consistently demonstrated that systemic inflammation was associated
with lower SMI and SMD [13, 23]. For example, in a cross-sectional
study of 763 patients with stage | to IV CRC, Malietzis et al. found that
elevated preoperative NLR was associated with compromised muscle
mass and quality [23]. Cespedes Feliciano et al. in their recent study of
2470 stage | to 111 CRC also reported that higher NLR in the months
prior to diagnosis was associated with sarcopenia at diagnosis [13].
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However, our results showed conflicting findings. Firstly, in our study,
elevated NLR was associated with higher SMD rather than lower SMD
at diagnosis. The reason for our finding is unclear. It may be that
individuals with healthier muscle quality in our cohort had acute
inflammatory conditions such as sepsis before surgery that were not
accounted for in this study, which contributed to the higher NLR values.
However, there is also the possibility that our discordant finding was
simply due to the small sample size of our study. Future studies should
incorporate these factors into consideration to better delineate the
relationship between myosteatosis and systemic inflammation in a larger
study cohort. Secondly, our study established only an association
between SMI and NLR on univariate analysis but not when adjusted for
covariates. A larger study population in the future could improve the
characterisation of this relationship.

Since sarcopenia and myosteatosis in the context of cancer are thought
to represent pathological muscle depletion, it is reasonable that recovery
from surgery would be impaired, particularly if there is consequent
impaired wound healing or development of complications after surgery,
leading to prolonged hospitalisation. However, we did not observe
sarcopenia and myosteatosis being associated with an increased LOS in
our study. This was inconsistent with previous findings since several
other groups have reported higher rates of postoperative complications,
postoperative infectionsand consequently a longer LOS [14, 26-28]. One
possible explanation was that comorbidities, which were not examined
in our study, could have influenced SMI and SMD values. Few studies
have examined the relationship between the presence of comorbidities
and muscle abnormalities in the context of cancer. Lieffers et al. in their
cohort of 234 CRC patients found a higher prevalence of cardiac
arrhythmias, chronic obstructive pulmonary disease, diabetes and other
disorders among individuals with low SM1[28]. Xiao et al. demonstrated
using a cohort of 3051 patients with stage | to 111 CRC that pre-existing
comorbidities including myocardial infarction, congestive heart failure,
peripheral vascular disease, diabetes and renal disease were associated
with low SMD [29]. Our observation of equivocal hospitalisation
outcomes among patients with normal and abnormal body composition
may suggest that our patient cohort had better premorbid health
compared to other study populations and therefore have better surgical
outcomes in general. However, this speculation needs to be further
investigated to be validated.

Finally, our study showed that preoperative inflammation was associated
with a longer postoperative LOS. This is consistent with previous
studies, which showed that elevated NLR predicted perioperative
complications and was associated with increased LOS for patients
undergoing resection for CRC [15, 30]. This finding has profound
implications for patient care and highlights the usefulness of a simple,
inexpensive biomarker that correlates the inflammatory state with colon
cancer to its impact on hospitalisation. Preoperative NLR values may be
useful for surgeons in terms of identifying high-risk patients
postoperatively and allow for early intervention and monitoring of
complications.

The prevalence of muscle abnormalities and systemic inflammation in
colon cancer patients and their associations with a poorer outcome may
serve as a framework for future research to test the hypothesis that
interventions which aim to prevent or restrict muscle depletion and
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dampen inflammation may offer clinical benefit in this population.
Although our study did not demonstrate any effect of sarcopenia and
myosteatosis on LOS, they are still important factors to consider in
cancer patients. These body composition measures may help identify
patients with a potentially low tolerance for physical activity or poor diet,
which have implications for both short-term and long-term
consequences. Using clinically acquired CT images to aid in the early
identification of sarcopenia and myosteatosis and serum derived NLR
values to measure the systemic inflammatory response could facilitate
prehabilitation programmes or therapeutic interventions to promote
better outcomes. Treatments might include anti-inflammatory drugs and
resistance training programmes which can maintain or increase muscle
mass and function in patients with cancer and also improve the quality
of life for these patients [31-33]. Future therapeutics to modify muscle
abnormalities and reduce inflammation could potentially become an
important part of cancer management.

Several limitations need to be noted in our study. Firstly, this study was
a single centre retrospective study using data from stored CT scans and
serum samples. As we only included patients with an electronically
available CT scan, this resulted in a small sample size. Secondly, our
study was observational. As in all observational studies, residual
confounding is possible. For example, physical activity and diet were not
well measured in the electronic medical record and could potentially
influence body composition measures. Furthermore, socioeconomic
status, alcohol consumption and smoking status were not captured and
could plausibly influence muscle mass and quality as well as the
inflammatory state. Lastly, we also did not include information
regarding comorbidities and surgical techniques, which could influence
LOS.

Conclusion

There is increasing interest regarding the underlying pathophysiology of
cancer-associated sarcopenia and myosteatosis as well as the role of
systemic inflammation and their impact on oncologic outcomes. Our
work demonstrated that sarcopenia and myosteatosis were prevalent in
colon cancer patients, but there seemed to be no correlation between
these two types of muscle abnormalities. We also demonstrated that
preoperative systemic inflammation was associated with prolonged
hospitalisation. Our work contributes to the growing body of evidence
linking changes in body composition and systemic inflammation with
clinical outcomes in cancer. These markers are readily available and can
become important indicators to identify at-risk phenotypes for
consideration of therapeutic interventions.

Abbreviations

BMI body mass index

CRC colorectal cancer

CT computed tomography

HU Hounsfield unit

L3 third lumbar

LOS length of stay

NLR neutrophil-to-lymphocyte ratio
OR odds ratio

SMD skeletal muscle radiodensity
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SMI skeletal muscle index
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