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Abstract

Purpose The prognostic significance of the cachexia index, a novel biomarker of cancer cachexia, remains unclear in colo-
rectal cancer; we, therefore, evaluated this relationship.

Methods This retrospective cohort study included 306 patients with stage I-III colorectal cancer who underwent RO resec-
tion between April 2010 and March 2020. The cachexia index was calculated as (skeletal muscle index [cm?/m?] X serum
albumin level [g/dL])/neutrophil-to-lymphocyte ratio. The overall and disease-free survival rates were analyzed using a Cox
proportional hazards model.

Results A low cachexia index was found in 94 patients. This group had significantly lower disease-free survival and overall
survival than the high-cachexia index group (5-year survival, 86.3% vs. 63.1%, p<0.01; 87.9% vs. 67.2%, p <0.01). Multi-
variate analyses showed that T3 or T4 (hazard ratio [HR]: 2.56; 95% confidence interval CI 1.04-6.25, p=0.039), stage III
(HR: 3.77;95% CI 1.79-7.93, p<0.01), and a low cachexia index (HR: 2.27; 95% CI 1.31-3.90, p=0.003) were significant
independent predictors of the disease-free survival. CA19-9>37.0 ng/mL (HR: 2.68; 95% CI: 1.37-5.24, p=0.004), stage I1I
(HR: 2.57;95% CI 1.34-4.92, p=0.004), and a low cachexia index (HR: 2.35; 95% CI 1.31-4.21, p =0.004) were significant
independent predictors of the overall survival.

Conclusion A low cachexia index might be a long-term prognostic factor of colorectal cancer.

Keywords Cachexia index - Cancer cachexia - Colorectal cancer - Survival

Introduction

Colorectal cancer (CRC) is the third-most commonly diag-
nosed cancer and the fourth leading cause of death world-
wide [1]. Recently, minimally invasive surgery and intensi-
fied chemotherapy have improved CRC outcomes; however,
there are still patients with a poor prognosis that need to be
identified.

Over time, cachexia has been recognized as a serious
adverse effect of cancer. Cancer cachexia is defined as a
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multifactorial syndrome characterized by a persistent loss
of skeletal muscle mass that cannot be fully recovered by
conventional nutritional support and leads to progressive
dysfunction [2, 3]. Cancer cachexia has been associated with
poor clinical outcomes, such as weight loss, loss of appetite,
a decreased quality of life, reduced response to chemother-
apy treatment, poor compliance, increased adverse effects,
and a poor prognosis [4, 5].

The diagnostic criteria for cachexia established by the
European Palliative Care Research Collaborative (EPCRC)
include weight loss and sarcopenia [3]; however, these
diagnostic criteria are unclear and difficult to apply in clini-
cal practice. The cachexia index (CXI), first developed by
Jafri et al. in 2015, is a novel biomarker that consists of the
skeletal muscle index (SMI), serum albumin level, and neu-
trophil-lymphocyte ratio (NLR) [6]. The CXI enables the
comprehensive evaluation of sarcopenia, systemic inflam-
mation, and nutritional status. It is an objective biomarker
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and can be evaluated non-invasively by daily examinations
(computed tomography [CT] and blood tests).

Recently, it has been shown that the CXI can be a useful
long-term prognostic indicator in non-small-cell lung cancer,
small-cell lung cancer, and diffuse large B-cell lymphoma
[6-8]. However, there have been no studies of the CXI as
a prognostic index in CRC. The present study, therefore,
evaluated whether or not the CXI is useful as a prognostic
factor in CRC.

Materials and methods
Study population

This was a retrospective cohort study of 306 patients who
underwent surgical resection for CRC at the International
University of Health and Welfare Hospital (Nasushiobara,
Tochigi Prefecture, Japan) between April 2010 and March
2020.

The inclusion criterion was patients who underwent lapa-
roscopic RO colorectal resection for CRC. Patients who had
(a) stage 0 or IV CRC, (b) multiple cancers, (c) perioperative
death, (d) who underwent emergency surgery, and (e) who
had missing data on clinicopathological factors and follow-
up were excluded. We retrospectively reviewed the primary
endpoint as the disease-free survival (DFS) and overall sur-
vival (OS) using a maintained database.

This study was conducted in accordance with the Dec-
laration of Helsinki and was approved by the Institutional
Review Board of the International University of Health and
Welfare Hospital (approval no: 22-B-7).

Treatment and patient management

Surgical indications, surgical treatment, chemotherapy
selection, and basic surveillance for CRC were determined
according to the Japanese Society for Cancer of the Colon
and Rectum guideline 2019, whereas staging and pathologi-
cal diagnoses were performed in accordance with the 9th
edition of the Colorectal Cancer Handling Regulations [9,
10]. Basic surveillance after surgery was performed using
tumor markers every three months, whereas chest and
abdominal enhanced CT and colonoscopy were performed
every 6 months and every 1 or 2 years, respectively.
Right-sided colon cancer refers to CRC located in the
cecum, ascending colon, and transverse colon, whereas left-
sided colon cancer refers to that located within the splenic
flexure and beyond [11]. CRC recurrence after primary oper-
ation referred to newly detected local or distant metastatic
lesions on enhanced CT or positron emission tomography
with CT, regardless of whether the level of the tumor mark-
ers increased. The DFS was defined as the time from surgery

to any disease recurrence in the local region, distant metas-
tases or second primary cancer, or death from any cause.
Postoperative complications, including anastomotic leakage,
intraperitoneal abscess, surgical site infection, and ileus,
were defined as grade > III complications occurring within
one month after surgery, according to the Clavien—Dindo
classification.

Data collection

The clinicopathological data included sex, age, body mass
index (BMI), comorbidities, tumor location, TNM staging,
surgical factors (bleeding, operation time, postoperative
complications), and survival duration. Other data were the
preoperative values for serum albumin, C-reactive protein
(CRP), white blood cells (neutrophils, lymphocyte count),
carcinoembryonic antigen (CEA), and carbohydrate anti-
gen 19-9 (CA19-9). We assessed these parameters through
blood tests within seven days before surgery. The Glasgow
prognostic score (GPS) using the serum CRP and albumin
levels was used as the preoperative nutritional evaluation
index [12].

Assessing the CXI

The CXI was calculated as previously reported:
(SMI x serum albumin level [g/dL])/NLR [6]. In the previ-
ous report, the L3-SMI was used, but since this parameter is
complicated to measure, we simply used the L3-psoas mus-
cle index (PMI) as a substitute for the L3-SMI. Preoperative
CT at the third lumbar vertebra was used to determine the
psoas muscle area, which was calculated using the follow-
ing formula: length of the major axes X length of the minor
axes. The PMI was calculated as the psoas muscle area/
height squared (cm?/m?) [13-15]. The NLR was calculated
by dividing the absolute neutrophil count by the absolute
lymphocyte count [16]. The cutoff values of PMI and NLR
were defined as below the sex-specific median. The optimal
cutoff values for PMI were 5.0 for males and 3.1 for females,
and for the NLR, the cutoff level was 3.9.

As the skeletal muscle area differs by sex, the CXI cutoff
values by sex were defined as the values maximizing the
Youden index for predicting the 5-year survival for each sex
on the receiver-operating characteristic (ROC) curve. In the
ROC analysis of the 5-year survival status, the optimal cutoff
values for the CXI were 8.4 for males and 5.6 for females,
with an area under the curve of 0.666 (95% confidence inter-
val [CI]: 0.56-0.77) and 0.622 (95% CI: 0.46-0.78), respec-
tively (Supplementary Fig. 1A and 1B). Patients were strati-
fied into two groups using these cutoff values (high- and
low-CXI groups). Given the strong correlation between the
CXTI and SMI (r=0.7135) or NLR (r=—-0.7041) according
to Spearman’s rank correlation test (Supplementary Fig. 2A
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and 2B), the SMI and NLR were excluded from the multi-
variate analysis.

Statistical analyses

The Mann—Whitney U and Chi-square tests were used to
compare the continuous and categorical variables, respec-
tively. Kaplan—Meier curves with the log-rank test were used
to estimate and compare the survival between high-CXI and
low-CXI groups. The Cox proportional hazards model was
used to estimate the hazard ratios (HRs) for the DFS and
OS in the univariate and multivariate analyses. The cutoff
values for CEA and CA19-9 were set at the level of the upper
normal limit. The STATA/IC software program, version 16.0
(STATA Statistical Software; Stata Corp., College Station,
TX, USA) was used for the statistical analyses. A two-sided
p value < 0.05 was considered significant.

Results
A comparison of the baseline patient characteristics

The 306 total patients (males, 192; females, 114) were
divided into the high-CXI and low-CXI groups, and the
patient characteristics are shown in Table 1. In the univariate
analysis, the low-CXI group was significantly older (73.6 vs.
70.6 years old, p=0.02), had a lower BMI (21.6 vs. 23.1 kg/
m?, p<0.01), were more likely to have had obstructive
CRC (15.9 vs. 3.3%, p<0.01), and had poorer T factor and
pathological stage (both p <0.01) than the high-CXI group.
There were no significant differences in the tumor location,
histopathological type, surgical procedure, or postoperative
complications between groups. The PMI (3.16 vs. 5.17 cm?/
kg, p<0.01) and NLR and GPS were significantly lower and
higher in the low-CXI group, respectively, than in the high-
CXT group (both p<0.01).

The survival

The median duration of follow-up was 51.9 (range:
3.6-115.2) months. During the follow-up, 58 patients
(18.9%) relapsed, and 53 (17.3%) died. In all cohorts, the
5-year DFS was 80.3% (95% C1 75.1-84.5%), and the 5-year
OS was 81.5% (95% C176.1-85.9%).

Univariate and multivariate DFS analyses of CRC
patients

Table 2 shows the univariate and multivariate analyses
of the association of clinicopathological characteristics
with the DFS in patients with CRC. In the univariate
analysis, the DFS rate was significantly worse in patients
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with obstructive CRC (p <0.01), CEA level >5.0 ng/mL
(p<0.01), CA19-9 level > 37.0 ng/mL (p <0.01), T3 or T4
(»<0.01), stage III disease (p <0.01), lymphatic or venous
invasion (p <0.01), adjuvant chemotherapy (p <0.01),
a low PMI (p <0.01), and a low CXI (p <0.01) than in
others.

In the multivariate analysis, T3 or T4 (HR: 2.56; 95%
CI 1.04-6.25, p=0.039), stage III disease (HR: 3.77; 95%
CI 1.79-7.93, p<0.01), and low CXI (HR: 2.27; 95% CI
1.31-3.90, p=0.003) were significant independent predic-
tors of the DFS. Figure 1A shows the Kaplan—Meier survival
curves of the DFS according to the CXI status. The low-CXI
group had significantly lower DFS rates than the high-CXI
group (5-year survival rates, 86.3% [95% CI 80.6-90.5%]
vs. 63.1% [50.9-72.9%], log-rank: p <0.01).

Univariate and multivariate OS and cancer-specific
survival (CSS) analyses of CRC patients

Table 3 shows the univariate and multivariate analyses of
the association of the clinicopathological characteristics
with the OS in patients with CRC. In the univariate anal-
ysis, the OS rate was significantly worse in patients with
an older age (p <0.03), CEA level >5.0 ng/mL (p <0.01),
CA19-9 level >37.0 ng/mL (p <0.01), T3 or T4 (p <0.01),
stage III disease (p <0.01), lymphatic or venous invasion
(p=0.03), GPS 1 or 2 (p<0.01), low PMI (p <0.01), high
NLR (p<0.01), and low CXI (p <0.01) than in others.

In the multivariate analysis, CA19-9 level >37.0 ng/mL
(HR: 2.68; 95% CI 1.37-5.24, p=0.004), stage III disease
(HR: 2.57; 95% CI 1.34-4.92, p=0.004), and a low CXI
(HR: 2.35; 95% CI 1.31-4.21, p=0.004) were significant
independent predictors of the OS. Figure 1B shows the
Kaplan—Meier survival curves of the OS according to the
CXI status. The low-CXI group had significantly lower OS
rates than the high-CXI group (5-year survival rates, 87.9%
[95% CI 82.0-92.1%] vs. 67.2% [55.2-76.6%], log-rank:
p<0.01).

Furthermore, during the follow-up period, 33 patients
(10.7%) suffered from cancer-specific death, and the 5-year
CSS rate after laparoscopic colorectal resection for CRC
was 87.9%. Supplemental Table 1 shows the univariate and
multivariate analyses of the association of clinicopathologi-
cal characteristics with the CSS in patients with CRC. In the
multivariate analysis, CA19-9 level > 37.0 ng/mL (HR: 3.05;
95% CI 1.35-6.87, p=0.007), stage III disease (HR: 9.36;
95% CI 2.62-33.3, p=0.001), and a low CXI (HR: 2.48;
95% CI: 1.21-5.11, p=0.013) were significant independent
predictors of the CSS. The Kaplan—Meier curve indicated
that patients with a low CXI had worse CSS rates than those
with a high CXI (5-year survival rates, 77.6% [65.5-85.9%]
vs. 92.1% [86.9-95.2%], log-rank p <0.01; Fig. 1C).
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Table.1 A comp ar.ispn of the Variables Total High CXI Low CXI P value
baseline characteristics of .
306 patients who underwent n (%) or median (range)
o
in the high- and low-CXI Age (years) 71.5 (39-96) 70.6 (39-96) 73.6 (48-93) 0.02
groups Sex
Male 192 (63%) 131 (62%) 61 (65%) 0.61
Female 114 (37%) 81 (38%) 33 (35%)
Body mass index (kg/m?) 22.6 (9.3-37.8) 23.1(9.3-37.8) 21.6 (14.6-35.5) <0.01
Tumor location 0.32
Right-sided cancer 89 (29%) 58 (27%) 31 (33%)
Left-sided cancer 217 (711%) 154 (73%) 63 (67%)
Obstructive cancer 22 (7.2%) 7 (3.3%) 15 (16%) <0.01
CEA (ng/mL) 9.8 (0.5-208) 8.1 (0.5-204) 13.8 (0.5-208) 0.12
CA19-9 (U/mL) 21.1 (0.8-517) 17.5 (0.8-282) 29.1 (1.0-517) 0.09
Histopathology 0.62
tubl 147 (48%) 97 (46%) 50 (53%)
tub2 147 (48%) 105 (50%) 42 (45%)
por 4 (1.3%) 2 (0.9%) 2 (2.1%)
Others 8 (2.7%) 8 (3.8%) 0 (0%)
T factor <0.01
Tl 63 (21%) 52 (25%) 11 (12%)
T2 48 (16%) 37 (18%) 11 (12%)
T3 173 (57%) 113 (53%) 60 (64%)
T4 22 (7.2%) 10 (4.7%) 12 (13%)
N factor 0.10
NO 189 (62%) 135 (64%) 54 (58%)
N1 76 (25%) 52 (25%) 24 (26%)
N2 36 (12%) 24 (11%) 12 (13%)
N3 5 (1.6%) 1(0.5%) 4 (4.3%)
Pathological stage <0.01
1 92 (30%) 76 (36%) 16 (17%)
1I 97 (32%) 59 (28%) 38 (40%)
m 117 (38%) 77 (36%) 40 (43%)
Operative procedure 0.25
Tleocecal resection 40 (13%) 30 (14%) 0(11%)
Right hemicolectomy 45 (15%) 27 (13%) 18 (19%)
Transverse colectomy 3 (1.0%) 1(0.5%) 2 (2.1%)
Left hemicolectomy 17 (5.6%) 10 (4.7%) 7(7.5%)
Sigmoid colectomy 99 (32%) 75 (35%) 24 (26%)
Low anterior resection 67 (22%) 47 (22%) 20 21%)
Abdominoperineal resection 35 (11%) 22 (10%) 13 (14%)
Lymph node dissection 0.51
D1 14 (4.6%) 10 (4.7%) 4 (4.3%)
D2 117 (38%) 82 (39%) 35 (37%)
D3 175 (57%) 120 (57%) 55 (59%)
Operative time (min) 272.7 (115-520) 270.5 (115-503) 277.8 (153-520) 0.44
Intraoperative blood loss (mL) 69.6 (5-1510) 62.4 (5-970) 86.0 (5-1510) 0.30
Postoperative complication
Anastomotic leakage 13 (4.3%) 10 (4.7%) 3(3.2%) 0.54
Surgical site infection 47 (15%) 31 (15%) 16 (17%) 0.60
Tleus 37 (12%) 24 (11%) 13 (14%) 0.54
Intraperitoneal abscess 13 (4.3%) 6 (2.8%) 7(7.5%) 0.07
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Table 1 (continued)

Table 2 Univariate and
multivariate analyses of the
disease-free survival in patients
with colorectal cancer after
surgery

Variables Total High CXI Low CXI P value
n (%) or median (range)

Adjuvant chemotherapy 126 (41%) 87 (41%) 39 (42%) 0.94

PMI 4.55 (0.23-11.9) 5.17 (1.49-11.9) 3.16 (0.23-10.2) <0.01

NLR 2.78 (0.58-30.9) 2.08 (0.58-5.62) 4.38 (0.94-30.9) <0.01

GPS (point) <0.01

0 239 (78%) 184 (87%) 55 (59%)

1 52 (17%) 27 (13%) 25 (27%)

2 15 (4.9%) 1(0.5%) 14 (15%)

CXI cachexia index, CEA carcinoembryonic antigen, CA19-9 carbohydrate antigen 19-9, rubl well-differ-
entiated tubular adenocarcinoma, fub2 moderately differentiated tubular adenocarcinoma, por poorly dif-
ferentiated adenocarcinoma, SMI skeletal muscle mass index, NLR neutrophil-to-lymphocyte ratio, GPS

Glasgow prognostic score

Variables Univariate Multivariate

HR (95% CI) p value HR (95% CI) p value
Age, > 65 years 1.78 (0.87-3.61) 0.11
Sex, male 1.40 (0.80-2.45) 0.23
Right-sided cancer, yes 0.92 (0.52-1.63) 0.77
Obstructive colorectal cancer, yes 2.70 (1.32-5.51) <0.01 1.19 (0.56-2.54) 0.649
CEA,>5.0 ng/mL 3.15 (1.87-5.30) <0.01 1.41(0.79-2.52) 0.239
CA19-9,>37.0 U/mL 3.15 (1.73-5.76) <0.01 1.69 (0.88-3.25) 0.112
T factor, T3 or T4 5.75 (2.46-13.4) <0.01 2.56 (1.04-6.25) 0.039
Stage 111, yes 6.06 (3.32-11.1) <0.01 3.77 (1.79-7.93) <0.01
Lymphatic or venous invasion, positive 7.19 (2.25-23.0) <0.01 2.42 (0.70-8.33) 0.159
Infectious complication, yes 1.50 (0.65-3.50) 0.34
Adjuvant chemotherapy, yes 3.39 (1.94-5.92) <0.01 0.91 (0.46-1.78) 0.784
GPS, 1 or2 1.29 (0.71-2.36) 0.40
Low PMI, yes 2.65 (1.52-4.62) <0.01
High NLR, yes 1.57 (0.81-3.02) 0.18
Low CXI, yes 2.83 (1.68-4.73) <0.01 2.27 (1.31-3.90) 0.003

HR hazard ratio, CI confidence interval, CEA carcinoembryonic antigen, CA/9-9 carbohydrate antigen
19-9, GPS Glasgow prognostic score, CXI cachexia index
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Fig. 1 Kaplan—Meier curves for patients with a low cachexia index (CXI) and high CXI after colorectal cancer surgery. A The disease-free sur-
vival; B the overall survival; C the cancer-specific survival
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Tablg 3 Univariate and Variables Univariate Multivariate
multivariate analyses of the
overall survival in patients with HR (95% CI) p value HR (95% CI) p value
colorectal cancer after surgery
Age, > 65 years 2.45 (1.10-5.45) 0.03 2.14 (0.94-4.83) 0.068
Sex, male 1.69 (0.93-3.09) 0.08
Right-sided cancer, yes 0.93 (0.50-1.71) 0.81
Obstructive colorectal cancer, yes 1.93 (0.82-4.52) 0.13
CEA,>5.0 ng/mL 2.55(1.48-4.38) <0.01 1.10 (0.59-2.04) 0.762
CA19-9,>37.0 U/mL 3.40 (1.87-6.18) <0.01 2.68 (1.37-5.24) 0.004
T factor, T3 or T4 3.48 (1.63-7.39) <0.01 1.79 (0.80-4.00) 0.151
Stage 111, yes 3.20 (1.81-5.65) <0.01 2.57 (1.34-4.92) 0.004
Lymphatic or venous invasion, positive 2.41 (1.08-5.34) 0.03 1.13 (0.47-2.74) 0.772
Infectious complication, yes 1.23 (0.44-3.42) 0.69
Adjuvant chemotherapy, yes 1.44 (0.84-2.48) 0.17
GPS, 1 or2 2.33(1.32-4.12) <0.01 1.75 (0.94-3.28) 0.076
Low PMI, yes 2.87 (1.58-5.23) <0.01
High NLR, yes 2.62 (1.42-4.84) <0.01
Low CXI, yes 3.18 (1.85-5.46) <0.01 2.35(1.31-4.21) 0.004

HR hazard ratio, CI confidence interval, CEA carcinoembryonic antigen, CA/9-9 carbohydrate antigen

19-9, GPS Glasgow prognostic score, CXI cachexia index

Subgroup analyses

In the comparison between the two groups, the low-CXI
group had significantly more advanced disease; therefore,
we conducted a sensitivity analysis in the subgroups of
stage I+ II and stage III. Figure 2A, B, C shows the com-
parison of the survival curves of the low-CXI vs. high-CXI
groups according to the stage I+ 1I groups. The survival

rate of the low-CXI group was significantly lower than that
of the high-CXI group for the 5-year DFS (95.5% [95% CI
89.4-98.2%] vs. 79.4% [95% CI1 61.5-89.6%]; p=0.0081)
and 5-year OS (91.7% [95% CI: 83.9-95.8%] vs. 82.9%
[68.6-91.2%]; p=0.0081). The same trend was observed
for the 5-year CSS (98.8% [95% CI 92.1-99.8] vs. 92.4%
[95% CI178.0-97.5%]; p=0.0365).
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Fig.2 Kaplan—Meier curves for patients with low cachexia index
(CXI) and high CXI. After surgery for stages I+II colorectal can-
cer: A the disease-free survival; B the overall survival; C the cancer-

specific survival. After surgery for stage III colorectal cancer: D the
disease-free survival; E the overall survival; F the cancer-specific
survival
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Figure 2D, E, F shows the comparison of the low-CXI vs.
high-CXI survival curves in the stage III group. The survival
rate of patients with a low CXI was significantly lower than
that of patients with a high CXI for the 5-year DFS (70.5%
[95% CI 58.6-79.5%] vs. 42.8% [95% CI 27.0-57.7%];
p=0.0046) and 5-year OS (81.8% [95% CI 70.6—-89.0%]
vs. 47.1% [95% CI 29.0-63.2%]; p=0.0006). The same
trend was observed for the 5-year CSS (81.7% [95% CI
70.6-89.0%] vs. 58.7% [95% C1 38.2-74.5%]; p =0.0205).

Discussion

Our results suggested that a low CXI might be a long-term
prognostic factor for the DFS, OS, and CSS in CRC patients,
not only in advanced-stage cases but also early-stage cases.
To our knowledge, this is the first report to demonstrate the
impact of a low CXI on CRC mortality.

Cancer cachexia is a devastating, multifactorial, and often
irreversible syndrome characterized by substantial weight
loss, primarily from the loss of skeletal muscle and body
fat, affecting about 50-80% of cancer patients, depending on
the tumor type [4]. In cancer cachexia, increased systemic
inflammation, altered skeletal muscle protein and adipose
tissue metabolisms, and increased energy consumption by
the tumor occur owing to complex interactions between the
tumor and the host, inflammatory cytokines, reactive oxygen
species, eicosanoids, adipokines, cachexia-promoting fac-
tors, and hormones [4]. These conditions cause significant
morbidity and mortality and severe complications during
cancer treatment in both localized and metastatic cancer
patients.

In 2011, the EPCRC classified cancer cachexia into three
stages: pre-cachexia, cachexia, and refractory cachexia [3].
Refractory cachexia patients do not respond to any treatment
and have less than 3 months of life expectancy owing to the
increased level of active catabolism and the impossibility of
weight loss management. Therefore, the EPCRC emphasized
the importance of early intervention in the reversible pre-
cachexia and cachexia stages [3]. Previous studies showed
the relationship between a low CXI and treatment response
to chemotherapy or the long-term prognosis in unresectable
advanced tumors [6-8]. In the present study, we were able to
extract cachexia patients using the CXI even at stage [ +11,
which is less likely to cause weight loss than later stages
[17], findings that may be useful for early intervention in
cachexia patients.

Although the mechanisms underlying cancer cachexia
are not fully understood, they are related to the local and
systemic immune response to the tumor [2]. The tumor
microenvironment (TME), as a complex cellular network,
consists of cancer cells, various stromal cells (e.g., infiltrat-
ing immune cells such as lymphocytes and macrophages),
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neutrophils, fibroblasts, and adipocytes, as well as extra-
cellular-matrix components, soluble factors, and signaling
molecules produced by these cells [2, 18, 19]. Accumulat-
ing evidence demonstrates that TME-associated tumor-
host interactions contribute to plasma cytokine levels and
proteome alterations, possibly aiding in the development
of cancer cachexia and tumor progression through the pro-
duction of multiple pro-cachectic factors [20]. The most
important role in CRC-associated cachexia is played by pro-
inflammatory cytokines, including the proteolysis-inducing
factor (PIF), tumor necrosis factor o (TNFa), interleukin
(IL)-1, IL-6, and certain chemokines (e.g., IL-8) [21, 22].
The role of CRC cells, especially in cooperation with other
TME cells, is also crucial in cancer cachexia. In fact, CRC
cells are the products of classic cachexia-inducing factors,
including PIF, IL-6, and TNF-a, as well as novel factors
known as “cachexokines” (e.g., ataxin-10, bridging integra-
tor 1, syntaxin 7, and multiple inositol-polyphosphate 1) [23,
24]. The first pro-cachectic factors are mainly responsible for
increasing skeletal muscle catabolism, accelerating weight
loss, and shortening the survival time [23]. Furthermore,
CRC cell products (mainly IL-6) mediate the recruitment of
immunosuppressive cells (e.g., myeloid-derived suppressor
cells and regulatory T cells) and reduce 7-cell infiltration,
resulting mainly in cell-mediated response suppression and
CRC progression [25].

In the present study, the difference in the method com-
pared with that in previous studies lies in the fact that the
L3-PMI was used instead of the L3-SMI. Previous stud-
ies have reported the usefulness of the CXI determined
using the L3-SMI [6-8]; however, the measurement of the
L3-SMI, including the psoas muscle, lumbar muscle, erector
spinae, transversus abdominis muscle, internal and external
oblique muscles, and rectus abdominis, is complicated and
requires time and effort [26]. A previous study showed a
high correlation between the L3-SMI and L3-PMI (r=0.70)
[27], suggesting that the L.3-PMI can be a substitute for the
L3-SMI. We used the L3-PMI to calculate the CXI because
it can be calculated easily in clinical practice and has been
widely used to calculate the sarcopenia index [13—15]. The
present study showed that the modified CXI using L3-PMI,
which is easier to measure, is also a useful prognostic factor.

Currently, there are few clinical studies on interventional
treatment for cancer cachexia. However, several drug thera-
pies (including corticosteroids, non-steroidal anti-inflam-
matory agents, eicosapentaenoic acid, ghrelin agonists,
and selective androgen receptor modulator) have potential
anti-inflammatory, metabolic improvement, and appetite
improvement benefits in cancer cachexia patients [28-30].
Early multidisciplinary treatment with drug therapy, high-
quality nutrition therapy, and appropriate exercise, pre-
scribed according to the patient’s physical function can be
expected to increase the skeletal muscle mass, restore the
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physical function, and contribute to improving the prognosis
of cancer cachexia patients [31, 32].

Several limitations associated with the present study
warrant mention. Most importantly, this retrospective study
was conducted at a single institution with a small number of
patients. In addition, the cutoff value of the CXI using the
SMI and NLR is controversial and might vary by ethnicity
and underlying disease. Furthermore, in this study, genetic
mutations and weight loss were not investigated; therefore,
their relationship with the prognosis could not be evaluated.
There are still few clinical studies on the CXI, and further
large-scale studies with the CXI calculated using the same
method in CRC patients are thus necessary to determine the
optimal cutoff value.

Conclusion

In this study, we showed that a low CXI is a long-term prog-
nostic factor in CRC patients, including those in the early
stage. We believe that appropriate interventional treatments
of cancer cachexia in CRC patients stratified by CXI have the
potential to improve the prognosis of CRC patients further.
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