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Studies have shown that the cachexia index (CXI) is a useful predictor of cachexia in patients with 
colorectal cancer. However, the application of the CXI is limited stemming from the intricacy and 
additional cost of radiographic examinations. This study aimed to develop an easy-to-use and 
practical CXI based on fat-free mass index (FFMI-CXI) to evaluate the prognostic value of FFMI-CXI 
in CRC. A total of 656 patients with CRC were enrolled in the Investigation on Nutrition Status and 
Clinical Outcome of Common Cancers (INSCOC) study. The FFMI-CXI was calculated as [FFMI (kg)/
height (m)2 × serum albumin (g/L)]/neutrophil-lymphocyte ratio. The cutoff value for FFMI-CXI was 
determined through the analysis of ROC curves and Youden’s index for both male and female cohorts. 
Kaplan–Meier survival curves with log-rank tests were conducted to compare time–event relationships 
between different groups. Cox proportional hazards regression models incorporating both univariate 
and multivariate variables were employed to explore the independent prognostic factors associated 
with OS. Logistic regression analysis was performed to assess the association of the FFMI-CXI with 
secondary outcomes. The major outcome was 5-year overall survival (OS). Based on the cutoff values, 
331 patients had low FFMI-CXI, and 325 patients had high FFMI-CXI. Patients in the low FFMI-
CXI subgroup were significantly older and had advanced TNM stage, malnutrition, high systemic 
inflammation, long hospitalizations, high hospitalization costs, adverse short-term outcomes, and 
all-cause mortality. Multivariate Cox regression analyses revealed that FFMI-CXI (HR 0.47, 95% CI 
0.33–0.66; p < 0.001) and TNM stage (HR 3.38, 95% CI 2.63–4.35; p < 0.001) were independently 
associated with OS in CRC patients. K-M survival curves revealed that the CRC patients with a high 
FFMI-CXI had significantly more favorable OS than those with low FFMI-CXI (62.84% vs. 84.31%; log-
rank p < 0.001). Furthermore, the FFMI-CXI was valuable for predicting 90-day outcomes, malnutrition, 
cancer cachexia, length of hospitalization, and hospitalization expenses. This study revealed that the 
FFMI-CXI can be used as a prognostic indicator in patients with CRC. Patients with low FFMI-CXI should 
receive more attention.
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Among malignant cancers, colorectal cancer (CRC) ranks as one of the most prevalent. Despite the advancements 
in minimally invasive surgery and adjuvant therapy for patients with CRC, there is still a need to accurately 
identify those with a poor prognosis.

Cachexia is a multifaceted syndrome distinguished by persistent skeletal muscle mass depletion (with 
or without concurrent loss of adipose tissue) and progressive functional decline that cannot be treated with 
traditional nutritional interventions1. Up to 80% of patients with malignancies develop cachexia, with the 
highest incidence occurring in gastrointestinal cancer2. There is a nearly 50% prevalence of cachexia in patients 
with colorectal cancer3. Cancer-associated cachexia, recognized as a cancer-related adverse event, correlates 
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with decreased physical function, diminished tolerance to cancer treatment, and inferior survival outcomes. 
Additionally, cachexia contributes to 20% of cancer-related deaths4 and is associated with increasing weight loss 
grades5, often progressing to heart and respiratory failure.

The cachexia index (CXI) was created by Jafri et al. to assess the extent of cachexia in non-small cell lung 
cancer patients3. As previously reported, the CXI was calculated as follows: skeletal muscle index (SMI) × serum 
albumin (ALB)/neutrophil-to-lymphocyte ratio (NLR). The skeletal muscle area (SMA) was measured as the 
skeletal muscle area at the lumbar spine (L3) level using computed tomography (CT) images as described in the 
literature. The SMI is calculated from the SMA/height (m2). Recent studies have shown that the cachexia index 
(CXI) serves as a valuable predictor of cachexia in patients with colorectal cancer, gastric cancer, hepatocellular 
carcinoma, diffuse large B-cell lymphoma, and small cell lung cancer6–9.

However, the application of the CXI is limited stemming from the intricacy and additional cost of 
radiographic examinations. Several methods have been used to evaluate the SMI, including CT, magnetic 
resonance imaging, dual energy X-ray absorptiometry, and bioelectrical impedance analysis (BIA). Compared 
with the DXA method, BIA is a reliable method for measuring body composition in patients with different types 
of cancer10–12. Fat-free mass (FFM) refers to body composition, including muscle and bone mass, and organs 
such as the liver in humans. FFM detected by BIA is a simple technique that can be used to identify patients with 
signs of sarcopenia who are at increased risk of treatment-related complications and mortality. The FFM index 
(FFMI) was calculated as FFMI/height (m2), which is one of the parameters used to evaluate muscle mass13. 
Therefore, the present study aimed to develop an easy-to-use and practical FFMI-based CXI (FFMI-CXI) to 
assess the predictive power of FFMI-CXI in CRC and predict the risk of cachexia.

Methods
Patient
Our study participants were drawn from the Investigation of Nutrition Status and its Clinical Outcome 
of Common Cancers (INSCOC), which was a multicentre prospective study initiated by our research 
team in 2013. Registration for this cohort can be found at http://www.chictr.org.cn (registration number: 
ChiCTR1800020329). Patients meeting the predefined inclusion criteria were enrolled in this study from the 
INSCOC cohort between 2012 and 2019. Participants had to meet the following criteria: (a) be over the age 
of 18; (b) patients with pathologically confirmed colon cancer; (c) be able to provide detailed anthropometric 
and serological information and (d) obtain informed consent in written form. Criteria for exclusion included: 
(a) patients with incomplete clinical records; (b) patients with history of other malignancies; (c) patients with 
severe comorbidities, acute infections, or pregnancy and (d) patients with a hospitalization duration of less 
than 48 h. Patients who were hospitalized more than twice during the study period had only data from the 
initial survey included. Patients underwent annual follow-up assessments via either in-person interviews or 
telephone inquiries until death, final recorded contact, or the conclusion of the last follow-up. 20 October 2020 
marked the end of the follow-up. This study followed the principles outlined in the Declaration of Helsinki 
and received approval from the ethics committees of all the institutions involved in the research. Participants’ 
Informed consent was obtained in writing before participation in the study. The data in this study were analyzed 
while ensuring the confidentiality of personal information.

Calculation of the FFMI-CXI and outcomes
BIA was conducted under fasting conditions or 2 hours postprandially via the body composition analyzer InBody 
S10 (Biospace, Seoul, Korea). And the timepoint of the BIA assessment was the same time as that of other clinical 
or biological assessments. The instrument automatically processed and computed pertinent metrics related to 
human body composition, encompassing weight, FFM, and muscle mass. In order to calculate the FFMI-CXI, 
we used the following formula: [FFMI (kg)/height (m)2 × serum ALB (g/L)]/NLR. Neutrophil to lymphocyte 
ratio was represented by the NLR. The primary endpoint was overall survival (OS) at 5 years, and the secondary 
endpoints were short-term outcomes, cancer cachexia, malnutrition, duration of hospitalization and associated 
healthcare expenditures. OS was determined as the interval from the date of cancer diagnosis until either death 
from any cause or the last follow-up visit. Following anticancer therapy administration, short-term outcomes 
were specified as mortality from any cause occurring within a 90-day period. The following criteria were used 
to diagnose cancer cachexia according to the International Expert Consensus on Cancer Cachexia in 2011: (a) 
the loss of weight over the past six months was greater than 5% (without simple starvation); (b) having a BMI of 
less than 20 and a weight loss of more than 2%; and (c) weight loss exceeding 2% coupled with an appendicular 
skeletal muscle index indicative of sarcopenia.

Clinical and laboratory assessment
Experienced physicians assessed the following baseline characteristics of patients: sex, age, height, weight, body 
mass index, comorbid conditions (hypertension and diabetes), lifestyle (drinking and smoking), family history, 
tumor-node-metastasis (TNM) stage, treatment method (radiotherapy, chemotherapy or surgery), Karnofsky 
Performance score, hospitalization length, cost of hospitalization, score on Patient-Generated Subjective 
Global Assessment (PG-SGA), European Organization for Research and Treatment of Cancer Quality of Life 
Questionnaire Core 30 items (EORTC QLQ-C30) version 3.0 and cachexia status.

Statistical analysis
To determine the sex-specific optimal cutoff value for FFMI-CXI, receiver operating characteristic (ROC) curve 
analysis, together with the application of Youden’s index, was employed. Normally distributed data was described 
using the mean ± standard deviation (SD). Data that was not normally distributed was represented by the median 
(interquartile range) or frequency (percentage). Continuous variables with normal distributions were analyzed 
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using Student’s t tests, while continuous variables with nonnormal distributions were tested using the Mann‒
Whitney test. OS was determined via the Kaplan–Meier methodology and subsequently analyzed through 
the log-rank test for comparison. Cox proportional hazards regression models, incorporating both univariate 
and multivariate variables, were employed to calculate hazard ratio (HR) and corresponding 95% confidence 
intervals. Sensitivity analysis was performed excluding patients who experienced mortality following the 90-day 
interval, using repeated survival analyses. The associations of the FFMI-CXI with short-term outcomes, cancer 
cachexia, malnutrition, duration of hospitalization and associated healthcare expenditures were assessed using 
logistic regression analysis. The risk was calculated using odds ratios (OR) and 95% confidence intervals (CI). 
Statistical significance was established if the p-value was less than 0.05. Analyses were performed using the 
following statistical software: R software (version 4.3.2; http://www.r-Project.org) and SPSS (version 26.0; IBM 
Corporation, Armonk, NY).

Results
Patient characteristics
Initially, a total of 699 patients with CRC were enrolled from the INSCOC study. After excluding patients without 
data on critical information, including stage (12 patients) and FFMI (17 patients) and loss to follow-up (14 
patients), 656 patients with CRC were included in this study (Supplemental Fig. S1). The cutoff values for FFMI-
CXI were 245.74 for men and 395.14 for women according to the ROC curves and Youden’s index (Supplemental 
Fig. S2). Based on the cutoff values, 331 patients had low FFMI-CXI, and 325 patients had high FFMI-CXI. The 
characteristics of the patients are shown in Table 1. The baseline characteristics of the total cohort are summarized 
in Supplemental Table 1. Compared to the high FFMI-CXI group, the low FFMI-CXI group had an older patient 

Characteristic

FFMI-based cachexia

Low n = 331 High n = 325 p-value

Sex, male, n (%) 169 (51.1) 226 (57.20) < 0.001

Age, years, (median (IQR)) 61.03 ± 11.27 57.82 ± 9.97 < 0.001

BMI (median (IQR)) 20.31 (22.51, 25.06) 23.05 (20.83, 25.32) 0.064

Hypertension, yes, n (%) 78 (23.6) 52 (40.0) 0.015

Diabetes, yes, n (%) 44 (13.3) 28 (8.6) 0.055

Smoking yes, n (%) 109 (32.9) 140 (43.1) 0.007

Drinking, yes, n (%) 58 (17.5) 79 (24.30) 0.033

Family history, yes, n (%) 57 (17.2) 69 (21.20) 0.192

TNM stage, n (%)

 Stage I 21 (6.3) 14 (4.3)

0.003
 Stage II 77 (23.3) 64 (19.7)

 Stage III 113 (34.1) 157 (48.3)

 Stage IV 120 (36.3) 90 (27.7)

Surgery, yes, n (%) 141 (42.6) 39 (12.0) < 0.001

Radiotherapy, yes, n (%) 4 (1.2) 2 (0.6) 0.686

Chemotherapy, yes, n (%) 148 (44.7) 238 (73.20) < 0.001

White blood cells, median (IQR) 6.89 (5.25, 9.16) 4.79 (3.92, 5.96) < 0.001

Neutrophil, median (IQR) 4.61 (3.29, 6.91) 2.44 (1.76, 3.33) < 0.001

Lymphocyte, median (IQR) 1.23 (0.86, 1.59) 1.69 (1.39, 2.08) < 0.001

Platelets, median (IQR) 221.00 (180.00, 288.00) 203.00 (160.50, 246.00) 0.334

Red blood cells, median (IQR) 4.09 (3.71, 4.46) 4.46 (4.14, 4.84) < 0.001

Hemoglobin, median (IQR) 120.0 (104.00, 134.00) 133 (120.00, 144.50) < 0.001

Albumin, median (IQR) 36.7 (32.3, 40.6) 40.60 (38.00, 42.85) < 0.001

CRP, median (IQR) 8.15 (3.08, 40.85) 3.14 (3.02, 6.79) < 0.001

KPS score, median (IQR) 90.00 (80.00, 90.00) 90.00 (90.00, 100.00) < 0.001

PG-SGA score, median (IQR) 6.00 (4.00, 9.00) 4 (2.00, 7.00) < 0.001

Cachexia, yes, n (%) 127 (38.40) 100 (30.8) 0.064

NRS2002, median (IQR) 1 (0,1) 1 (0, 2.5) < 0.001

Global quality of life score, median 
(IQR) 47.00 (43.00, 54.00) 45.00 (42.00, 49.00) < 0.001

Short-term outcome, yes, n (%) 21 (6.3) 3 (0.9) < 0.001

Status, death, n (%) 123 (32.7) 51 (15.7) < 0.001

Length of hospitalization, median (IQR) 12.00 (9.00, 16.00) 9.00 (5.00, 11.50) < 0.001

Hospitalization expenses, median (IQR) 26319.5 (12440.8, 56243.0) 13245.9 (7341.75, 21398.25) < 0.001

Table 1.  Characteristics by level of FFMI-based cachexia index in patients with colorectal cancer.
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population. There was a significant association between a low FFMI-CXI and hypertension, smoking status, 
drinking status, advanced TNM stage, malnutrition status, high systemic inflammation, longer hospitalization 
duration, higher hospitalization costs, worse 90-day outcomes, and mortality from all causes (Table 1).

Kaplan–Meier survival analysis
Survival was compared between the FFMI-CXI groups based on the cutoff point. The results indicated that 
the 5-year OS of CRC patients with a low FFMI-CXI was significantly worse than that of CRC patients with a 
high FFMI-CXI (62.84% vs. 84.31%; log-rank p < 0.001) (Fig. 1). The survival curves for the two groups clearly 
separated. To investigate the impact of the CXI on OS under various conditions, Log-rank tests were conducted 
according to sex using Kaplan–Meier survival curves (Fig. 2A,B), TNM stage (Fig. 2C,D) and cachexia status 
(Fig.  2E,F). Our results suggested that a high FFMI-CXI was correlated with notably improved OS in both 
male and female cohorts, as well as among patients diagnosed with TNM stage III + IV disease, irrespective of 
cachexia status.

Correlation, interaction, stratified and sensitivity analyses
To assess the influence of numerous clinicopathological variables on the OS of patients, univariate Cox 
regression analyses were performed. A significant nonlinear relationship was observed between FFMI-CXI and 
patients’ survival (Supplemental Fig.  S3). The FFMI-CXI was divided into 4 quartiles for men (1st quartile: 
FFMI-CXI < 156.25; 2nd quartile: 156.25 ≤ FFMI-CXI index < 284.26; 3rd quartile: 284.26 ≤ FFMI-CXI 
index < 451.52; 4th quartile: FFMI-CXI index ≥ 451.52) and women (1st quartile: FFMI-CXI < 148.34; 2nd 
quartile: 148.34 ≤ FFMI-CXI index < 312.08; 3rd quartile: 312.08 ≤ FFMI-CXI index < 512.29; 4th quartile: 
FFMI-CXI index ≥ 512.29). A high FFMI-CXI (HR  =  0.45, 95% CI 0.33–0.63; p < 0.001) was associated with a 
significantly longer OS. CRC patients with TNM stage III + IV disease (HR = 4.25, 95% CI 2.64–6.86; p < 0.001) 
had a decreased OS (Supplemental Table 2). According to multivariate analysis, only the FFMI-CXI (HR 0.47, 
95% CI 0.33–0.66; p < 0.001) and TNM stage (HR = 3.38, 95% CI 2.63–4.35; p < 0.001) were significantly 
associated with OS (Supplemental Table 2). According to the adjusted models, a low FFMI-CXI was confirmed 
to be an independent prognostic factor for patients with CRC. Each SD change in the FFMI-CXI resulted in 
a 22% change in the HR of prognosis in cancer patients (HR = 0.78, 95% CI 0.63–0.97; p = 0.026) in the total 
cohort (Table 2). Multivariate survival analysis also revealed that FFMI-CXI was consistently associated with 
survival in both men and women (Supplemental Table 3).

Based on the results of stratified analysis, the FFMI-CXI was found to be associated with stable OS in various 
stratifications, including sex (men vs. women), age (< 65 years vs. ≥65 years), BMI (< 18 kg/m², 18–24 kg/m², 

Fig. 1.  Kaplan–Meier curve of FFMI-based cachexia index in patients with colorectal cancer.
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and > 24 kg/m²), hypertension (yes vs. no), diabetes (yes vs. no), smoking status (yes vs. no), family history 
(yes vs. no), and chemotherapy (yes vs. no) (Fig. 3). FFMI-CXI did not interact with any of the above covariates 
(all p values for interactions > 0.050). In addition, sensitivity analysis was performed following the exclusion 
of patients who experienced mortality beyond the 90-day timeframe. We found that a higher FFMI-CXI was 
strongly linked to a reduced risk of mortality (HR = 0.51, 95% CI 0.35–0.74, p < 0.001) (Supplemental Table 4).

Logistic regression analysis
A total of 24 patients (3.66%) experienced 90-day outcomes. According to the multivariable logistic regression, 
low FFMI-CXI levels were an independent risk factor for 90-day outcomes (OR = 0.37, 95% CI 0.24–0.57; 

Fig. 2.  Comparison of OS between patients with low FFMI-based cachexia index and high FFMI-based 
cachexia index in (A) male; (B) female; (C) CRC patients with TNM stage I + II; (D) CRC patients with stage 
III + IV; (E) CRC patients without cachexia; (F) CRC patients with cachexia.
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Fig. 3.  The association between FFMI-based cachexia index and hazard risk of overall survival in various 
subgroups.

 

FFMI-based cachexia index Model a p-value Model b p-value Model c p-value

Continuous (per SD) 0.8 (0.67–0.96) 0.014 0.75 (0.62–0.91) 0.003 0.78 (0.63–0.97) 0.026

Cutoff value

 Low FFMI-CXI Ref Ref Ref

 High FFMI-CXI 0.45 (0.33–0.63) < 0.001 0.45 (0.32–0.63) < 0.001 0.49 (0.34–0.7) < 0.001

 Quartiles

 Quartile 1 Ref Ref Ref

 Quartile 2 0.77 (0.53–1.11) 0.162 0.55 (0.37–0.81) 0.002 0.56 (0.37–0.84) 0.006

 Quartile 3 0.56 (0.37–0.84) 0.006 0.47 (0.31–0.72) 0.001 0.48 (0.3–0.76) 0.002

 Quartile 4 0.51 (0.33–0.79) 0.002 0.39 (0.25–0.61) 0.000 0.43 (0.26–0.71) 0.001

p for trend 0.001 < 0.001 0.001

Table 2.  Association between the FFMI-based cachexia index and survival of patients with colorectal cancer. 
Model a: No adjusted. Model b: Adjusted for age, sex, BMI, TNM stage. Model c: Adjusted for age, sex, BMI, 
TNM stage, surgery, radiotherapy, chemotherapy, hypertension, diabetes, smoking, drinking, family history.
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p < 0.001) in patients with CRC. The ORs in the Q2, Q3, and Q4 groups were 0.47, 0.38, and 0.34, respectively, 
with Q1 serving as the reference group (Supplemental Table 5). A total of 434 (66.16%) patients with CRC were 
diagnosed with malnutrition, and a PG-SGA score ≥ 4 and a low FFMI-CXI were found to be independent risk 
factors for malnutrition (OR = 0.36, 95% CI 0.24–0.55; p < 0.001) in patients with CRC. The ORs in the Q2, Q3, 
and Q4 groups were 0.47, 0.25, and 0.28, respectively, with Q1 serving as the reference group (Supplemental 
Table 6). Overall, 227 patients (34.60%) were diagnosed with cachexia according to Fearon’s criteria, and FFMI-
CXI was an independent factor associated with cachexia (OR = 0.40, 95% CI 0.25–0.62, p < 0.001) (Supplemental 
Table 7). Moreover, 447 (68.14%) patients with CRC were hospitalized for more than seven days. A decrease 
in FFMI gradually increased the risk of prolonged hospitalization (OR = 0.60, 95% CI  0.41–0.89; p = 0.010). 
Using the Q1 group as a reference, the ORs in the Q2, Q3 and Q4 groups were 0.92, 0.69 and 0.69, respectively 
(Supplemental Table 8). There were 328 (50.0%) patients having hospitalization costs exceeded 17,201.45 yuan. 
Low FFMI-CXI was associated with increased hospitalization costs for patients with CRC (OR = 0.52, 95% CI  
0.35–0.77; p = 0.001). The ORs of the Q2, Q3 and Q4 groups were 0.65, 0.46 and 0.42, respectively, compared 
with those of the Q1 group (Supplemental Table 9).

Evaluation of the nomogram
A nomogram was constructed based on the FFMI-CXI, sex and tumor stage (Supplemental Fig. S4). There was 
good agreement between the calibration curves derived from the nomogram and the observed outcomes among 
patients at 1, 3, and 5 years of OS (Supplemental Fig. S5). As compared to the TNM stage (C-index = 0.72, 95% CI 
0.68–0.76), the nomogram’s C-index is significantly higher (0.75, 95% CI 0.72–0.79) (p < 0.001) (Supplemental 
Table 10). Therefore, using a FFMI-CXI-based nomogram as a guide may lead to greater net benefit in the case 
of medical intervention triggered at the same probability threshold.

Discussion
In this study of 656 patients, we first explored the prognostic significance of the FFMI-based CXI among 
individuals diagnosed with CRC. We found that a lower FFMI-based CXI was significantly associated with older 
age, hypertension, a more advanced TNM stage, malnutrition and high systemic inflammation, reflecting a 
more serious status of cancer. The Cox regression analysis and Kaplan‒Meier survival curve analysis conducted 
in this study demonstrated that CRC patients with high FFMI-CXI exhibited significantly prolonged survival 
compared to those with low FFMI-CXI. Furthermore, the FFMI-CXI is valuable for predicting 90-day outcomes, 
malnutrition, cancer cachexia, duration of hospitalization and associated healthcare expenditures. A low FFMI-
CXI was found to be an independent predictor of the secondary outcomes mentioned above. It may be helpful 
for clinicians to use these findings in designing effective antitumor therapies. In high-risk cancer cachexia 
patients with a poor prognosis, FFMI-CXI can be employed as a screening test. FFMI-CXI may serve as a tool 
for identifying patients at high risk for cachexia and poor prognosis. Subsequently, tailored interventions such 
as nutritional support, exercise regimens, anti-inflammatory therapies, and adjustments to the intensity of 
anticancer treatments can be implemented accordingly. Throughout the treatment process, the surveillance of 
FFMI-CXI trajectories can also facilitate comprehension of the effectiveness of anticancer therapy in cancer 
patients. In such individuals, adjustments or enhancements to nutritional supplementation, exercise routines, 
anti-inflammatory interventions, and the intensity of anticancer treatments can be deliberately made if deemed 
necessary. Tracking the FFMI-CXI trajectory during treatment serves as an additional means to ascertain the 
effectiveness of anticancer therapy. In addition, our results suggested that patients characterized by high FFMI-
CXI levels exhibited a decreased prevalence of cancer cachexia in accordance with Fearon’s criteria, although no 
significant difference was found, indicating that low FFMI-CXI representative cachexia may differ from the type 
diagnosed by Fearon et al.

Cachexia remains a challenging clinical condition. Inflammation significantly contributes to cachexia 
development, which is often accompanied by weight loss, a low BMI, and sarcopenia. Fearon’s criteria are 
extensively utilized in the diagnosis of cancer cachexia, wherein weight loss constitutes an indispensable 
criterion. Few studies have explored cachexia’s impact on the survival outcomes of CRC patients, with varying 
and inconsistent results. For instance, Thoresen et al.14 and Gannavarapu et al.15 showed that cachexia impairs 
the prognosis of colorectal cancer patients. A recent study by Shibata et al. concluded that cachexia was not a 
complete predictor of survival for colorectal cancer patients16. Moreover, findings from a cohort study conducted 
by Brown et al. suggest that maintaining stable body weight does not necessarily imply the absence of muscle 
loss in patients with CRC17. Consequently, there are still arguments regarding the diagnostic criteria for cachexia 
among CRC patients, particularly between clinical assessment approaches and the Fearon criteria18,19.

A comprehensive evaluation of sarcopenia, nutrition and systemic inflammation can be accomplished with 
the CXI. In previous studies, the L3-SMI has been found to be useful in determining the CXI in patients with 
CRC20,21. The CXI predicts OS better than cachexia, and it could be used as a prognostic indicator in CRC 
patients. However, the measurement of L3-SMI involves a complex process, which necessitates substantial time 
and effort20,22,23. Because the process of assessing L3-SMI requires extracting the original files from the system 
of CT scan and the aid of the software24. All measurements and calculations are performed by trained doctors. 
Also, dietitians are generally untrained to interpret scans. Therefore, CT images are not routinely used to detect 
low muscle mass in clinical practice25.

Previous studies attempted to modify CXI for easier use. Rather than using the L3-SMI, L3-psoas muscle index 
(PMI)20, urea–creatinine ratio (UCR)22, and hand grip strength (HGS)23 were used to modified CXI in order to 
predict the prognosis of CRC patients. Both PMI- and HGS-based CXIs have shown potential in predicting CRC 
prognosis. However, earlier studies20,23 did not compare the prognostic performance of the modified CXI with 
the traditional CXI. The UCR-modified CXI, based on blood markers, has been found to predict CRC prognosis 
only postoperatively, with the prognostic implications for stage IV CRC patients remaining unclear.
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It was suggested that there was a strong correlation between the FFMI and SMI [skeletal muscle area (cm2)/
height (m2)] measuring by CT scan on the level of L3 vertebrae (r = 0.997)26. Based on the findings of Marina 
et al.‘s study, BIA-measured FFMI showed strong positive correlations with both DXA-measured (r = 0.95) and 
BIA-measured (r = 0.96) appendicular skeletal muscle mass (ASM), regardless of age and obesity status27. Based 
on previous studies, the FFMI could be used as an alternative to the ASMI for measuring low muscle mass in 
sarcopenia patients. As an alternative, FFMI, which reflects skeletal muscle mass, bone, organs, and connective 
tissue, can be used for the clinical diagnosis of sarcopenia28. This is the first study to evaluate the CXI based on 
the FFMI by the BIA method using the InBody S10 analyzer.

The TNM stage serves as the predominant tool for evaluating both cancer prognosis and progression and 
is commonly accepted for guiding treatment. Nevertheless, its predictive validity and accessibility have been 
challenged due to exclusive evaluation of tumor characteristics, while neglecting host-related factors29. FFMI-
CXI is an innovative measure of cachexia that is calculated as FFMI (kg/m2) × serum ALB (g/L)/NLR. The three 
parameters are both objective and readily obtainable via BIA, biochemical tests and routine peripheral blood. 
In patients with gastrointestinal cancer, the ALB concentration serves as a critical nutritional biomarker30. 
Hypoalbuminemia can indicate malnutrition induced by cancer and has an adverse effect on patients’ prognosis. 
The NLR, an inflammation-associated marker, is utilized for the determination of FFMI-CXI. Additionally, the 
NLR is acknowledged as a marker indicating systemic inflammation associated with CRC31–33. Consequently, 
the three objective indicators incorporated into the computational formula of FFMI-CXI serve as reflections of 
the skeletal muscle status, malnutrition, and systemic inflammatory response evident in individuals with cancer 
cachexia. Our study showed that the combination of TNM stages and FFMI-CXI could increase the precision of 
discriminating CRC patients with different prognoses.

According to the European Palliative Care Research Collaborative (EPCRC), three stages of cancer cachexia 
were distinguished: pre-cachexia, cachexia, and refractory cachexia1. Patients with refractory cachexia are 
unresponsive to anticancer treatment, and their life expectancy is less than three months. The EPCRC highlighted 
the importance of early detection and intervention during the reversible pre-cachexia and subsequent cachexia 
phases. Our findings demonstrate that low FFMI-CXI can predict poor survival in CRC patients with or without 
cachexia. In addition, FFMI-CXI effectively discriminated the prognosis of colorectal cancer patients at stage 
III + IV. The results showed that FFMI-CXI could serve as a valuable tool for initiating early interventions in 
individuals afflicted with cachexia.

Several limitations were associated with this study. First, this study was limited to elderly patients in relatively 
good health who could stand for 90 s on the device. As a result, elderly patients with significant frailty were 
excluded. Second, the CXI measurement method employed in this study diverged from that utilized in previous 
studies, and the cutoff value of the CXI based on the FFMI measured by CRC has not been validated. Third, 
Since SMI data are not available, FFMI-CXI has not yet been shown to be superior to CXI, even though it may 
be useful in this study. In addition, other known prognostic factors in CRC were not included as variables 
including the location of the primary tumor (left vs. right CRC) and BRAF gene mutation status, which could 
potentially influence the interpretation and generalizability of our findings. Future research should incorporate 
these prognostic factors to enhance the understanding and interpretation of FFMI-CXI’s role in CRC outcomes.

In conclusion, this study revealed that the FFMI-CXI can be used as a prognostic indicator in patients with 
CRC. And patients with low FFMI-CXI should be given more attention.

Data availability
The datasets produced and/or analyzed in the present study are not accessible to the public due to their proprie-
tary nature as private databases. However, they can be obtained from the corresponding author upon reasonable 
request.
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