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Abstract
Purpose Cancer cachexia, a complex multifactorial syndrome associated with sarcopenia, negatively affects the quality of 
life and survival in patients with several cancers. We aimed to develop a new score for cachexia assessment and evaluate its 
effectiveness in the classification of patients undergoing radical resection for colorectal cancer.
Methods This study included 396 patients who underwent radical resection for Stage I–III colorectal cancer. To develop the 
Cancer Cachexia Score (CCS), we analyzed predictive factors of cachexia status related to the development of sarcopenia 
and incorporated significant factors into the score. We then evaluated the relationship between CCS and survival after radi-
cal resection for colorectal cancer.
Results As body mass index (P < 0.001), prognostic nutritional index (P = 0.005), and tumor volume (P < 0.001) were sig-
nificantly associated with the development of sarcopenia, these factors were included in CCS. Using CCS, 221 (56%), 98 
(25%), and 77 (19%) patients were diagnosed with mild, moderate, and severe cancer cachexia, respectively. In multivari-
ate analysis, severe CCS (P < 0.001), N stage 1–2 (P < 0.001), and occurrence of postoperative complications (P = 0.007) 
were independent predictors of disease-free survival. Age ≥ 65 years (P = 0.009), severe CCS (P < 0.001), and N stage 1–2 
(P < 0.001) were independent predictors of overall survival.
Conclusions CCS may be a useful prognostic factor for predicting poor survival after radical resection in patients with 
Stage I–III colorectal cancer.
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Introduction

Colorectal cancer (CRC) is the third most common malig-
nancy and the second leading cause of cancer deaths world-
wide [1]. Surgical resection is currently the only treatment 
offering a potential cure for patients with Stage I–III CRC. 
However, patients in the same TNM stage may have differ-
ences in prognosis even after undergoing radical surgery [2] 
[3]. Therefore, an accurate assessment is critically important 

for predicting the probability of survival in patients undergo-
ing radical resection for CRC.

Cancer cachexia is a multifactorial syndrome defined by 
an ongoing loss of skeletal muscle mass with or without 
loss of fat mass [4]. As tumor progresses, patients are more 
likely to have cancer cachexia [5] [6] [7] [8]. It has also been 
correlated with functional impairment, reduced therapeutic 
responsiveness, and poor prognosis in cancer patients [9]. 
However, there is a lack of consensus on the method to be 
used for the evaluation of cachexia status in cancer patients.

The most important and clinically relevant phenotypic 
feature of cancer cachexia is sarcopenia, and the other fea-
tures include body weight loss, cancer progression, and mal-
nutrition [4] [10] [11]. The clinical measures for assessment 
of these features include body mass index (BMI), prognostic 
nutritional index (PNI), and tumor volume [10] [11] [12] 
[13] [14] [15]. We developed a new score called the Can-
cer Cachexia Score (CCS) based on these cachexia-related 
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factors and hypothesized that the prognosis would differ 
according to variations in the score. In the present study, we 
aimed to investigate the prognostic value of cancer cachexia 
using CCS to predict outcomes in patients with CRC.

Materials and methods

Patient selection

Between January 2014 and December 2020, 429 patients 
with CRC underwent radical resection at two institutions 
(Department of Surgery, Tokyo General Hospital and Kasai 
Shoikai Hospital). Of these, 33 patients were excluded (one 
patient for postoperative mortality, 22 patients for additional 
resection after endoscopic mucosal resection, five for T stage 
4b, and five for insufficient data); finally, 396 patients were 
included in the study. We performed a retrospective review 
of a prospectively maintained database of patients, and 174 
of these patients had been studied previously [16]. The pre-
sent study was approved by the Ethics Committees of Tokyo 
General Hospital (No. 22–9) and Kasai Shoikai Hospital 
(No. R4-1) and was conducted in accordance with the tenets 
of the Declaration of Helsinki.

Patient data included age, sex, BMI, American Society 
of Anesthesiologists Physical Status (ASA-PS) score [17], 
blood test results, surgical approach, tumor location, patho-
logical findings (T and N stage), and postoperative compli-
cations. Additionally, we examined the following nutritional 
indices: geriatric nutritional risk index (GNRI) [18], PNI 
[19], and neutrophil-to-lymphocyte ratio (NLR) [20]. Blood 
tests were performed within 4 weeks of surgery.

Development of Cancer Cachexia Score

We analyzed the predictive factors of cachexia status, which 
are related to the development of sarcopenia in patients with 
CRC. Sarcopenia was evaluated using preoperative com-
puted tomography (CT) findings and skeletal muscle index 
(SMI) [21]. SMI was calculated by measuring the cross-
sectional area  (cm2) of the skeletal muscle in the region of 
the third lumbar vertebra (L3) and normalizing the value 
according to the height  (cm2/m2). Sarcopenia was defined 
as SMI below the cut-off value (≤ 43.75  cm2/m2 for men 
and ≤ 41.10  cm2/m2 for women) [22].

The exploratory model included the following variables 
as cancer cachexia-related factors: BMI, ASA-PS, GNRI, 
NLR, PNI, tumor volume, T stage, and N stage. On the 
basis of the definition of cachexia, 20 kg/m2 was selected 
as the cutoff value for BMI, and 40 was selected as the cut-
off for PNI [4] [19]. Tumor information was recorded using 
surgical pathological reports, and tumor volume was esti-
mated by calculating tumor size (larger diameter × smaller 

diameter) × T stage. The optimal cut-off value of tumor vol-
ume was determined using receiver operating characteristic 
(ROC) analysis. We incorporated statistically significant and 
cancer cachexia-related factors into CCS.

Statistical analysis

All statistical analyses were conducted using the EZR soft-
ware version 1.51 (Saitama Medical Center, Jichi Medical 
University, Japan) and GraphPad Prism (version 9). All P 
values were two-sided, with an α level of 0.05.

Data were expressed as median values. Continuous and cat-
egorical variables were compared using the Kruskal–Wallis test 
or the chi-square test, as appropriate. The optimal cut-off values 
of clinical continuous variables were determined by analysis 
of ROC curves of overall survival events. Clinical continuous 
variables were classified into two groups based on the cut-off 
values and the values above or below the standard values; sub-
sequently, analyses were conducted using the logistic regression 
and the Cox proportional hazards regression models.

First, we identified the cancer cachexia-related factors 
in patients with CRC. Univariate and multivariate logistic 
analyses were performed to identify the independent factors 
associated with the development of sarcopenia. A stepwise 
backward elimination approach with a threshold P value of 
0.05 was used to select suitable variables for the final model. 
Then, a multivariate ROC curve including the cachexia-
related factors was constructed to predict survival status, 
and the individual factors were examined.

Next, we evaluated the prognostic significance of CCS in 
patients with CRC. Univariate and multivariate Cox propor-
tional hazards regression models were used to estimate hazard 
ratios (HRs) for disease-free and overall survival. A stepwise 
backward elimination approach with a threshold P value of 
0.05 was used to select suitable variables for the final model. 
The Kaplan–Meier method was used to estimate cumulative 
survival probabilities, and differences between results obtained 
for the two groups were compared using the log-rank test.

Results

Correlation between sarcopenia 
and cachexia‑related factors

Table 1 shows the correlation between clinical variables 
and sarcopenia in patients with CRC. Univariate analy-
sis revealed that age ≥ 65 years (P = 0.004), female sex 
(P < 0.001), BMI < 20 (P < 0.001), NLR ≥ 3.02 (P < 0.001), 
PNI < 40 (P < 0.001), tumor volume ≥ 57.7 (P < 0.001), and 
T stage ≥ 3 (P = 0.018) were significantly associated with 
sarcopenia. Multivariate analysis revealed that age ≥ 65 years 
(P = 0.044), female sex (P = 0.014), BMI < 20 (P < 0.001), 
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PNI < 40 (P = 0.005), and tumor volume ≥ 57.7 (P < 0.001) 
were significantly associated with sarcopenia in patients 
with CRC. On the basis of these results, CCS was developed 
by including statistically significant cancer cachexia-related 
factors (BMI, PNI, and tumor volume); however, factors like 
age and sex were excluded. The multivariate ROC curve 
showed that the area under the curve (AUC) of the inte-
grated factors (sarcopenia, BMI, PNI, and tumor volume) 
was 0.717 (95% CI, 0.651–0.783), which was larger than 
that of the individual factors such as sarcopenia (0.639; 95% 
CI: 0.582–0.696), BMI (0.607; 95% CI: 0.544–0.669), PNI 
(0.619; 95% CI: 0.556–0.681), and tumor volume (0.592; 
95% CI: 0.528–0.655) (Online Resource 1). On the basis of 
the sum of the scores of individual patients, the CCS values 
were categorized into mild (0–1 point), moderate (2 points), 
and severe (3–4 points) groups (Table 2).

Patients’ characteristics according to Cancer 
Cachexia Score

The clinical characteristics of the patients according to the 
CCS values are shown in Table 3. Overall, 221 (56%), 98 
(25%), and 77 (19%) patients were diagnosed with mild, 
moderate, and severe cancer cachexia, respectively, based 
on the CCS values. Significant differences were observed 
in the values obtained for factors such as age (P < 0.001), 
sex (P = 0.003), BMI (P < 0.001), GNRI (P = 0.005), NLR 
(P < 0.001), PNI (P < 0.001), sarcopenia (P < 0.001), tumor 
volume (P < 0.001), and T stage ≥ 3 (P < 0.001). However, 
there were no significant differences in the rates of occur-
rence of N stage 1–2 (P = 0.366).

Survival curve in patients with Stage I and II/III 
colorectal cancer according to Cancer Cachexia 
Score

The patients were subdivided into Stage I and II/III disease 
groups; 26 and 69% of the patients in Stages I and II/III were 
categorized into the moderate or severe groups using CCS, 
and there was no difference in the cachexia status of Stage 
II and III patients categorized in the severe group (Fig. 1).

Cachexia status determined by CCS was associated with 
the rates of disease-free survival (Fig. 2a, P < 0.001) and 
overall survival (Fig. 2b, P < 0.001) in patients following 
radical resection for Stage I–III CRC. In Stage I, the survival 
rates of the mild and the moderate CCS groups were com-
parable, and that of the severe CCS group was worse than 

Table 1  Predictive factors for 
sarcopenia

* The multivariable logistic regression model included age (≥ 65 vs. < 65 years), sex (female vs. male), BMI 
(< 20 or ≥ 20 kg/m2), ASA-PS (≥ 3 vs. < 3), GNRI (< 96.9 or ≥ 96.9), NLR (≥ 3.02 vs. < 3.02), PNI (< 40 
vs. ≥ 40), tumor volume (≥ 57.7 vs. < 57.7), T stage (≥ 3 vs. < 3), and N stage (1–2 vs. 0)
A backward elimination was conducted with a threshold P of 0.05 to select variables for the final models
Abbreviations: ASA-PS, American Society of Anesthesiologists physical status; BMI, body mass index; 
GNRI, geriatric nutritional risk index; NLR, neutrophil to lymphocyte ratio; PNI, prognostic nutritional 
index

Variables Univariate Multivariate *

HR (95% CI) P-value HR (95% CI) P-value

Age ≥ 65 (years) 2.12 (1.26–3.56) 0.004 1.85 (1.02–3.37) 0.044
Sex (female) 2.13 (1.41–3.22)  < 0.001 1.81 (1.13–2.90) 0.014
BMI < 20 kg/m2 6.69 (3.82–11.7)  < 0.001 6.16 (3.36–11.3)  < 0.001
ASA-PS ≥ 3 1.34 (0.72–2.50) 0.355 N.S
GNRI < 96.9 1.17 (0.77–1.79) 0.453 N.S
NLR ≥ 3.02 2.17 (1.40–3.38)  < 0.001 N.S
PNI < 40 3.19 (1.91–5.34)  < 0.001 2.30 (1.28–4.15) 0.005
Tumor volume ≥ 57.7 2.28 (1.50–3.46)  < 0.001 2.39 (1.47–3.87)  < 0.001
T stage ≥ 3 1.73 (1.10–2.73) 0.018 N.S
N stage 1–2 1.25 (0.83–1.89) 0.284 N.S

Table 2  Cancer Cachexia Score

0–1, mild; 2, moderate; 3–4, severe
Abbreviations: BMI, body mass index; PNI, prognostic nutritional 
index

Cachexia factors Values Points

Sarcopenia Yes 1
No 0

BMI  < 20 kg/m2 1
 ≥ 20 kg/m2 0

PNI  < 40 1
 ≥ 40 0

Tumor volume (size × T stage)  ≥ 57.7 1
 < 57.7 0
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those of the other groups (Fig. 2c, P < 0.001). In Stage II/
III, the overall survival rates decreased significantly as CCS 
increased (Fig. 2d, P < 0.001).

Univariate and multivariate analyses 
of clinicopathologic variables in relation 
to disease‑free survival after radical resection 
for colorectal cancer

Table 4 lists the relationship between the clinical variables 
and the disease-free survival rates after radical resection 
for CRC. The univariate analysis showed that the disease-
free survival rates were significantly worse in patients with 
severe CCS (P < 0.001), T stage ≥ 3 (P = 0.004), N stage 
1–2 (P < 0.001), and postoperative complication occurrence 
(P = 0.009). The multivariate analysis revealed that severe 
CCS (P < 0.001), N stage 1–2 (P < 0.001), and postoperative 

complication occurrence (P = 0.007) were independent pre-
dictors of disease-free survival.

Univariate and multivariate analyses 
of clinicopathologic variables in relation to overall 
survival after radical resection for colorectal cancer

Table 5 lists the relationship between the clinical vari-
ables and the overall survival rates after radical resection 
for CRC. The univariate analysis showed that the overall 
survival rates were significantly worse in patients with 
age ≥ 65 (P = 0.005), ASA-PS ≥ 3 (P = 0.031), GNRI < 96.9 
(P = 0.001), severe CCS (P < 0.001), T stage ≥ 3 (P = 0.039), 
N stage 1–2 (P < 0.001), and postoperative complication 
occurrence (P = 0.032). The multivariate analysis revealed 
that age ≥ 65 (P = 0.009), severe CCS (P < 0.001), and N 
stage 1–2 (P < 0.001) were independent predictors of overall 
survival.

Discussion

We found a significant association between CCS values and 
poor prognosis in patients who underwent radical resection 
for CRC. Multivariate analysis revealed that the CCS value 
was an independent predictor of poor disease-free survival 
and overall survival outcomes in patients with CRC. Fur-
thermore, the overall survival rate decreased significantly as 
the CCS value increased in patients with Stage II/III CRC. 
These findings suggest that CCS may be a strong prognostic 
factor and useful for predicting cachexia status, especially in 
cases of advanced CRC.

Table 3  Patient characteristics 
according to Cancer Cachexia 
Score

Abbreviations: ASA-PS, American Society of Anesthesiologists physical status; BMI, body mass index; 
GNRI, geriatric nutritional risk index; NLR, neutrophil to lymphocyte ratio; PNI, prognostic nutritional 
index

Variables Severe Moderate Mild P-value
(n = 77) (n = 98) (n = 221)

Age (years) 76 (23–95) 75 (42–98) 73 (23–93)  < 0.001
Sex (male) 38 (49%) 48 (49%) 146 (66%) 0.003
BMI (kg/m2) 19.2 (12.1–34.2) 21.0 (13.2–32.4) 23.1 (17.7–32.4)  < 0.001
ASA-PS ≥ 3 12 (16%) 12 (12%) 22 (10%) 0.359
GNRI 96.6 (73.0–132) 101 (65.1–125) 100 (43.5–119) 0.005
NLR 3.35 (1.16–7.00) 2.47 (0.90–6.43) 2.39 (0.85–6.08)  < 0.001
PNI 36.3 (25.0–54.3) 45.6 (19.1–58.1) 48.0 (31.1–64.4)  < 0.001
Sarcopenia 75 (97%) 85 (88%) 46 (21%)  < 0.001
Tumor location (rectum) 25 (32%) 36 (37%) 71 (32%) 0.712
Tumor volume 84.0 (98–402) 60.0 (1.26–347) 30.8 (0.75–165)  < 0.001
T stage ≥ 3 69 (90%) 79 (81%) 146 (66%)  < 0.001
N stage 1–2 34 (44%) 34 (35%) 79 (36%) 0.366

Fig. 1  Cancer Cachexia Score in Stage I–III colorectal cancer patients
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The pathophysiology of cancer cachexia is complex, 
and various definitions have been proposed because of the 
lack of a consensus clinical definition in clinical settings 

[23]. In the present study, we identified predictive factors 
for cachexia (BMI, PNI, and tumor volume) and combined 
the data obtained for these factors with that obtained for 

Fig. 2  The Kaplan–Meier curves prepared using data obtained from 
patients who underwent radical resection for colorectal cancer. a 
Disease-free survival, b overall survival in patients with Stage I–III, 

c overall survival in patients with Stage I, and d overall survival in 
patients with Stage II/III colorectal cancer

Table 4  Univariate and 
multivariate analyses of factors 
associated with disease-free 
survival

* The multivariable Cox regression model included age (≥ 65 vs. < 65 years), sex (male vs. female), ASA-
PS (≥ 3 vs. < 3), GNRI (< 96.9 vs. ≥ 96.9), Cancer Cachexia Score (severe vs. moderate or mild), surgical 
approach (laparoscopic vs. open), tumor location (rectum vs. colon), T stage (≥ 3 vs. < 3), N stage (1–2 vs. 
0), and postoperative complications (yes vs. no)
A backward elimination was conducted with a threshold P of 0.05 to select variables for the final models
Abbreviations: ASA-PS, American Society of Anesthesiologists physical status; GNRI, geriatric nutritional 
risk index

Variables Univariate Multivariate *

HR (95% CI) P-value HR (95% CI) P-value

Age ≥ 65 (y) 1.58 (0.91–2.72) 0.101 N.S
Sex (male) 1.35 (0.91–2.00) 0.130 N.S
ASA-PS ≥ 3 1.29 (0.75–2.22) 0.364 N.S
GNRI < 96.9 1.41 (0.96–2.08) 0.080 N.S
Cancer Cachexia Score (severe) 2.57 (1.72–3.84)  < 0.001 2.33 (1.55–3.51)  < 0.001
Surgical approach (Laparoscopic) 0.79 (0.54–1.15) 0.220 N.S
Tumor location (rectum) 1.39 (0.94–2.04) 0.095 N.S
T stage ≥ 3 2.15 (1.28–3.61) 0.004 N.S
N stage 1–2 2.93 (2.00–4.28)  < 0.001 2.99 (2.02–4.38)  < 0.001
Postoperative complication, yes 1.69 (1.14–2.50) 0.009 1.73 (1.16–2.57) 0.007
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sarcopenia status. Although cancer cachexia occurs less fre-
quently in patients with CRC than that in patients with pan-
creatic or gastric cancers, previous studies have shown that 
almost 50–60% of patients with advanced CRC are affected 
by cancer cachexia [9]. Our study revealed that 44 and 69% 
of patients in Stages I–III and II–III had severe or moderate 
cachexia, which is consistent with the findings mentioned 
in previous reports.

BMI is a standard method of assessing body composition, 
and a low BMI has been associated with sarcopenia [10]. 
In fact, an international consensus has included weight loss 
of > 5% in the preceding 6 months or > 2% in individuals 
showing depletion according to their BMI (< 20 kg/m2) and 
sarcopenia status in the definition of cancer cachexia [4]. 
PNI is a classical nutritional marker associated with sarco-
penia [12]. Several studies have demonstrated the prognostic 
importance of PNI in patients with CRC [24] [25]. Tumor 
volume is an alternative parameter for tumor burden, which 
has been associated with poor prognosis in gastrointestinal 
cancers [15] [26] [27]. Interestingly, the multivariate analy-
sis revealed that tumor volume was associated with sarco-
penia, whereas T and N stages were not. Given the value of 
each factor, the combination of CCS with the data obtained 
on these factors would be a powerful prognostic factor in 
patients with cancer.

Cancer cachexia is a process of chronic inflammation 
mediated by the tumor microenvironment and the inflamma-
tory immune response of the host [9]. As the tumor burden 
increases, inflammatory cytokines such as tumor necrosis 

factor-α (TNF-α) and interleukins-6 (IL-6) released from 
cancer cells contribute to muscle wasting by inducing oxi-
dative stress and suppress autoimmunity, resulting in cancer 
cachexia [5] [6] [7] [8] [28]. These inflammatory cascades 
block the synthesis of albumin in favor of acute-phase pro-
tein synthesis and contributed to body weight loss and mal-
nutrition [29] [30]. These lines of evidence may support the 
value of CCS as a predictor of the cancer cachexia status.

Since CCS is a simple and comprehensive marker for 
cachexia status, the score may be useful for early identifica-
tion and targeted management of patients at high risk of poor 
survival. Several clinical studies have shown a significant 
increase of body weight and skeletal muscle mass in cancer 
cachexia patients treated with nutritional and anti-inflam-
matory therapies such as eicosapentaenoic acid (EPA), 
β-hydroxy-beta-methyl butyrate (β-HMB), arginine, glu-
tamine or marine phospholipids (MPL), and ghrelin agonists 
[31] [32]. Therefore, patients diagnosed with severe CCS 
would be applicable for these therapies, that may improve 
the quality of life and prognosis in patients with CRC.

The present study had several limitations. First, it was a 
retrospective study with a limited sample size. The influence 
of confounding factors may not be fully excluded. Cachexia 
and sarcopenia might have been confounded by several fac-
tors such as age and comorbidities, which may have influ-
enced the results. Second, in the present study, we explored 
predictive factors of cachexia based on sarcopenia status. 
The definition of sarcopenia using SMI values remains a 
controversial topic, and a variety of diagnostic cut-off values 

Table 5  Univariate and 
multivariate analyses of factors 
associated with overall survival

* The multivariable Cox regression model included age (≥ 65 vs. < 65 years), sex (male vs. female), ASA-
PS (≥ 3 vs. < 3), GNRI (< 96.9 vs. ≥ 96.9), Cancer Cachexia Score (severe vs. moderate or mild), surgical 
approach (laparoscopic vs. open), tumor location (rectum vs. colon), T stage (≥ 3 vs. < 3), N stage (1–2 vs. 
0), and postoperative complications (yes vs. no)
A backward elimination was conducted with a threshold P of 0.05 to select variables for the final models
Abbreviations: ASA-PS, American Society of Anesthesiologists physical status; GNRI, geriatric nutritional 
risk index

Variables Univariate Multivariate *

HR (95% CI) P-value HR (95% CI) P-value

Age ≥ 65 (years) 4.17 (1.52–11.4) 0.005 3.86 (1.40–10.6) 0.009
Sex (male) 1.38 (0.85–2.24) 0.192 N.S
ASA-PS ≥ 3 1.98 (1.06–3.68) 0.031 N.S
GNRI < 96.9 2.12 (1.34–3.38) 0.001 N.S
Cancer Cachexia Score (severe) 3.38 (2.10–5.44)  < 0.001 2.94 (1.81–4.75)  < 0.001
Surgical approach (laparoscopic) 0.77 (0.48–1.23) 0.274 N.S
Tumor location (rectum) 0.83 (0.50–1.37) 0.464 N.S
T stage ≥ 3 1.92 (1.03–3.58) 0.039 N.S
N stage 1–2 2.75 (1,72–4.39)  < 0.001 2.86 (1.78–4.60)  < 0.001
Postoperative complication, yes 1.69 (1.05–2.72) 0.032 N.S
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have been reported by several authors. Third, the tumor vol-
ume was estimated using pathological test results and was 
not based on preoperative 3D-CT measurements. In addi-
tion, the cut-off value of tumor volume was selected using 
our patient data and needs to be validated using other data-
sets. Therefore, further multicenter prospective studies are 
required to validate our results.

Conclusion

CCS may be a strong predictor of poor survival in patients 
with CRC, suggesting the usefulness of CCS for classifying 
patients according to their cachexia status and predicting 
postoperative prognosis.
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