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Abstract 

Background:  Lipid disequilibrium and systemic inflammation are reported to correlate with tumorigenesis and 
development of colorectal cancer (CRC). We construct the novel biomarker cholesterol-to-lymphocyte ratio (CLR) to 
reflect the synergistic effect of cholesterol metabolism and inflammation on CRC outcomes. This study aims to investi-
gate the clinical significance of CLR and establish a prognostic model for CRC.

Methods:  Our study retrospectively enrolled 223 CRC patients who underwent curative surgical resection. The 
Kaplan-Meier method was employed to estimate the overall survival (OS) rates, and the association between serologi-
cal biomarkers and survival was assessed with a log-rank test. Cox proportional hazard regression was applied in the 
univariate and multivariate analyses to identify independent prognostic factors, which were then used to develop a 
predictive nomogram model for OS in CRC. The nomogram was evaluated by the C-index, receiver operator char-
acteristic curve (ROC) analysis, and calibration plot. All cases were grouped into three stratifications according to 
the total risk points calculated from the nomogram, and the difference in OS between them was assessed with the 
Kaplan-Meier method.

Results:  At the end of the study, death occurred in 47 (21%) cases. Patients with low CLR (< 3.23) had significantly 
prolonged survival (P < 0.001). Multivariate analyses revealed that N stage (P < 0.001), harvested lymph nodes (P = 
0.021), and CLR (P = 0.005) were independent prognostic factors for OS and a prognostic nomogram was established 
based on these variables. The nomogram showed good calibration and predictive performance with a superior 
C-index than TNM stage (0.755 (0.719–0.791) vs. 0.663 (0.629–0.697), P = 0.001). Patients of different risk stratifications 
based on the total score of nomogram showed distinct survival (P < 0.001).

Conclusions:  The nomogram based on CLR and other clinical features can be used as a potentially convenient and 
reliable tool in predicting survival in patients with CRC.
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Introduction
Colorectal cancer (CRC) is one of the most commonly 
diagnosed cancer and caused almost 900,000 deaths in 
2019 [1, 2]. Despite advances in surgical treatment and 
chemoradiotherapy, the long-term outcome of CRC 
patients is still not optimistic [3, 4]. The prognosis of 
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CRC is principally related to the tumor stage at diagno-
sis [5]. Additionally, several clinicopathological factors 
and serological indicators have been identified as predic-
tors for survival in patients with CRC. Positive perineural 
invasion, poor differentiation, and elevation in preop-
erative carcinoembryonic antigen (CEA) levels are found 
associated with worse outcomes of CRC [6, 7]. However, 
the predictive performance of these factors remains 
unsatisfactory due to the high heterogeneity of the dis-
ease. Therefore, novel prognostic indicators and models 
are needed to improve the identification of patients who 
have a higher risk of death, so that appropriate treatment 
can be planned in advance.

A distinguishing feature of cancer cells is abnormal 
metabolism including lipid metabolism [8]. For instance, 
the transcription factor RORγ was found to be up-regu-
lated and activate the cholesterol biosynthesis in triple-
negative breast cancer cells [9]. Additionally, the uptake 
and the accumulation of cholesterol increase in CRC cells 
which promote their proliferation, and cancer occurrence 
and development seem to be associated with the con-
sumption of circulating cholesterol by the tumor [10–12]. 
Therefore, hypercholesteremia potentially maintains suf-
ficient cholesterol uptaken by tumors that accelerate the 
growth. Some studies report that serum lipid markers, 
such as total cholesterol, high-density lipoprotein choles-
terol (HDL-C), and triglycerides, correlate with the prog-
nosis of hepatocellular carcinoma and colorectal cancer 
[13–16]. In addition, the systemic inflammatory response 
also plays a vital role in cancer occurrence and progres-
sion, since cancer-associated inflammatory mediators 
aid in lymphovascular invasion, suppression for immune 
effector cells, and immune escape [17–19]. Several 
immune and systemic inflammation-associated biomark-
ers have been reported to be associated with long-term 
prognosis and postoperative complications such as anas-
tomotic leakage in CRC [20–24]. Among these biomark-
ers, the lymphocyte counts, Glasgow prognostic score 
(GPS), modified GPS (mGPS), neutrophil-to-lymphocyte 
ratio (NLR), lymphocyte-to-monocyte-ratio (LMR), 
platelet-to-lymphocyte ratio (PLR), and C-reactive pro-
tein to albumin ratio were commonly used to predict 
CRC outcomes or therapeutic response [19, 25–32]. Fur-
thermore, recent studies show that cholesterol accumu-
lation and the metabolites of cholesterol in the tumor 
microenvironment (TME) have a positive impact on 
immunosuppression and pro-inflammation [9]. However, 
although one previous study focused on the prognostic 
value of HDL-C and the relationship between HDL-C 
and the immune signatures, it did not evaluate the com-
bined effect of cholesterol metabolism and inflammation 
biomarkers on the prognosis of patients with CRC [33]. 
Therefore, the present study aims to assess the prognostic 

role of cholesterol-to-lymphocyte ratio (CLR) in CRC 
patients and develop and validate a novel prognostic 
model to provide a more precise risk stratification. Our 
findings may serve as a supplement to the TNM staging 
system and optimize clinical treatment decisions.

Materials and methods
Patient population
This retrospective study enrolled CRC patients who 
underwent curative surgical resection in the Depart-
ment of General Surgery, Shanghai Jiao Tong University 
Affiliated Sixth People’s Hospital between June 2009 and 
December 2018. Participants were included based on the 
criteria below: (1) patients with pathologically confirmed 
primary CRC; (2) patients who received radical excision 
(R0); (3) no neoadjuvant chemoradiotherapy prior to the 
surgery. And cases with the following conditions were 
excluded: (1) metastatic disease; (2) incomplete clin-
icopathological data; (3) loss to follow-up; (4) history of 
other malignant tumors; (5) overall survival less than 1 
month. This study was performed in agreement with the 
principles of the 1964 Helsinki Declaration, and approval 
from the ethics committee of the hospital was obtained 
(approval number: 2021-112). All involved patients were 
informed and signed an informed consent form.

Data collection
Detailed clinical data were documented and collected 
from the medical record system, which comprised age, 
sex, tumor size, pTNM stage, tumor location, histologi-
cal type, differentiation, lymphovascular invasion, peri-
neural invasion, harvested lymph nodes number (LNs), 
CEA, CA199, lymphocyte count, neutrophil count, blood 
cholesterol and triglyceride. Blood routine examination, 
biochemical test, and analysis of serum tumor mark-
ers were performed within 7 days before the surgery. 
Tumor staging for CRC was according to the 8th edition 
of AJCC classification guidelines [34]. NLR was calcu-
lated as dividing neutrophil count by lymphocyte count, 
in accordance with previous literature [26, 35]. And CLR 
was calculated as dividing total serum cholesterol by lym-
phocyte count.

Patients were postoperatively treated in accordance 
with the national guidelines and were followed up regu-
larly via telephone interviews. An independent researcher 
was involved in postoperative follow-up and data collec-
tion process. Follow-up was performed every 3 months 
after hospital discharge, and the survival status and the 
dates of death and telephone interview were recorded. 
All follow-ups ended in March 2021. The primary end-
point of this study was overall survival (OS), which was 
determined as the time from operation to death or the 
last follow-up.
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Statistical analysis
Numerical variables were shown as mean and standard 
deviation and categorical variables were presented in the 
form of numbers and percentages. Cholesterol and tri-
glyceride were categorized by the upper reference limit 
(cholesterol: 5.9 mmol/L; triglyceride: 1.8 mmol/L) into 
the elevated and normal levels. NLR and CLR were clas-
sified as low and high levels based on the optimal cut-off 
points which were determined by the X-tile software.

The Kaplan-Meier method and log-rank test were used 
to investigate the correlation between clinical features 
and OS. We performed the univariate analysis with Cox 
proportional hazards regression to screen out the poten-
tial prognostic factors. Only variables with a P value less 
than 0.10 were further tested in the multivariate analy-
ses. All Cox regression models in this study met the pro-
portional hazard assumption. The significant factors in 
the multivariate analysis were then used to construct the 
nomogram which predicted the 3-year and 5-year OS 
rate of CRC patients. Using rmda package in R, a web-
based dynamic calculator for the risk of death was built. 
Subgroup analysis for the prognostic value of the nomo-
gram score was conducted and presented in the form of a 
forest plot. The concordance index (C-index) and calibra-
tion curve with 1000 bootstrap replications were applied 
to evaluate the prediction accuracy of the nomogram. 
Receiver operating characteristic (ROC) analyses were 
then performed, and the areas under the curves (AUC) 
were calculated to evaluate and compare the predictive 
performance of the nomogram, the non-CLR nomogram, 
and the TNM stage in the prediction for 3-year and 
5-year OS. According to the total risk points calculated 
from the nomogram, patients were categorized into high, 
medium, and low-risk stratifications using the cut-off of 
50% and 85% percentiles, and then KM analysis was per-
formed to compare their survival difference.

All statistical analyses were conducted using R software 
(version 4.0.3 ). All tests were bilateral and variables with 
P < 0.05 were considered statistically significant.

Results
Patient characteristics
A total of 223 patients with CRC cancer were eligible 
and involved in this study, of which 134 (60%) patients 
were male and the other 89 (40%) were female. There 
were 67 patients (30%) below the age of 65 years, while 
156 patients (70%) were older. Clinical stages I, II, and III 
were observed in 25 (11 %), 100 (45%), and 98 (44%) of 
the patients, respectively. Most (93%) of the patients were 
histologically diagnosed with adenocarcinoma, and 7% 
of the patients had other histological types of CRC. The 
cut-off values for NLR and CLR calculated by X-tile were 

4.89 and 3.23, respectively. There were 134 (60%) patients 
with a low level of CLR (< 3.23). The median follow-up 
duration was 39 (range, 3–98) months. At the end of the 
study, death occurred in 47 (21%) cases (Table 1).

The association between clinical factors and OS
Based on the Kaplan-Meier curves (Fig.  1), our results 
revealed that blood cholesterol (P = 0.920), triglyceride 
(P = 0.090), and NLR (P = 0.140) were not significantly 
associated with OS. However, patients with low CLR 
had more favorable OS than patients with high CLR (P 
< 0.001), with an improved 3-year OS rate (0.907 (95% 
CI: 0.858–0.959) vs. 0.716 (95% CI: 0.626–0.820)). In the 
subgroup analysis, CLR was prognostic for survival in 
clinical stage III (P < 0.001), but not in stages I and II (P 
= 0.075).

Prognostic factors in the univariate and multivariate 
analyses
Univariate and multivariate analyses using Cox hazard 
proportion regression were applied to investigate the 
effect of clinicopathological characteristics on survival. 
Results of the univariate analysis revealed that N stage 
(N1 vs. N0, P < 0.001; N2 vs N0 (P = 0.001), lympho-
vascular invasion (P = 0.022), and CLR (P = 0.001) were 
significantly (P < 0.05) associated with the OS of CRC 
patients (Table 2). Together with these factors, to explore 
more potential prognostic variables, factors with P over 
0.05 but less than 0.10 were also analyzed in the multi-
variate analysis.

Consequently, the results of the multivariate analy-
sis showed that N stage (N1 vs. N0, HR: 2.500 (1.179–
5.302), P =0.017; N2 vs. N0, HR: 5.115 (2.236–11.701), 
P < 0.001), harvested LNs (HR: 0.945 (0.909–0.992); P 
= 0.021) and CLR (HR: 2.142 (1.254–3.659), P = 0.005) 
were identified as significant independent predictors for 
OS.

Construction of the prognostic nomogram
According to the multivariate analysis, a nomogram that 
incorporated the independent prognostic factors includ-
ing the N stage, harvested LNs, and CLR was constructed 
to predict the OS of CRC patients (Fig.  2 and Supple-
mentary Table 1). According to the point scale bar, each 
of these variables was assigned with a coefficient. A total 
risk score was obtained from the nomogram and was 
used to assess the prognosis of the patient. Furthermore, 
to facilitate the calculation process, the nomogram was 
transformed into an online calculator with free access 
(https://​zhous​iyu.​shiny​apps.​io/​CLRNo​mogram/). By 
inputting clinical features and selecting a time point, the 
users could easily obtain the corresponding predicted 
survival rate.

https://zhousiyu.shinyapps.io/CLRNomogram/
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Nomogram validation
According to the subgroup analysis, our nomogram was 
prognostic for CRC regardless of the gender, age, tumor 
location, degree of differentiation, and pTNM stage (Sup-
plementary Fig.  1). C-index was exploited to compare 
the predictive ability between the nomogram, non-CLR 
nomogram, and TNM stage (Table  3). The C-index of 
the nomogram was 0.755 (95% CI, 0.719–0.791), which 
indicated a good predictive accuracy for OS of patients 
with CRC. Furthermore, it was demonstrated that the 
nomogram had superior performance compared to 
TNM staging system (C-index: 0.755 (0.719–0.791) vs. 
0.663 (0.629–0.697), P = 0.001). In addition, by compar-
ing the nomogram with the non-CLR nomogram, it was 
indicated that the predictive performance could be sig-
nificantly improved by adding CLR into the nomogram 
(C-index: 0.755 (0.719–0.791) vs. 0.703 (0.644-0.742), P = 
0.020).

Moreover, the calibration curves demonstrated that 
the predicted survival rates calculated by the nomo-
gram were in satisfying agreement with actual values, 
which implied a good consistency between prediction 
and actual observation (Fig.  3). ROC analyses were fur-
ther applied to assess the discrimination of the nomo-
gram, as shown in Fig. 4. The AUC in predicting 3-year 
OS was 0.77 (95% CI: 0.677−0.863) for the nomogram, 
0.70 (95% CI: 0.604−0.805) for the non-CLR nomogram, 
and 0.67 (95% CI: 0.586−0.757) for TNM stage. Similarly, 
the three models also showed an obvious discrepancy in 
the prediction of 5-year OS of CRC patients, as reflected 
by the AUC of 0.74 (95% CI: 0.622−0.854) for the 

Table 1  Patient characteristics

Characteristics Patients (n = 223)

Gender

  Male 134 (60%)

  Female 89 (40%)

Age

  < 65 67 (30%)

  ≥ 65 156 (70%)

Size

  < 5 cm 135 (61%)

  ≥ 5 cm 88 (39%)

Tumor location

  Left colon 102 (46%)

  Right colon 66 (30%)

  Rectum 55 (25%)

Histological type

  Adenocarcinoma 207 (93%)

  Others 16 (7%)

Differentiation

  Well/moderate 152 (68%)

  Poor 71 (32%)

Lymphovascular invasion

  Negative 115 (52%)

  Positive 108 (48%)

Perineural invasion

  Negative 40 (18%)

  Positive 183 (82%)

Harvested LNs

  < 12 82 (37%)

  ≥ 12 141 (63%)

pT category

  T1, T2 35 (16%)

  T3 77 (35%)

  T4 111 (50%)

pN category

  N0 125 (56%)

  N1 67 (30%)

  N2 31 (14%)

pTNM stage

  Stage I 25 (11%)

  Stage II 100 (45%)

  Stage III 98 (44%)

CEA

  Negative 132 (59%)

  Positive 91 (41%)

CA199

  Negative 179 (80%)

  Positive 44 (20%)

Cholesterol

  Low 20 (9%)

  High 203 (91%)

Table 1  (continued)

Characteristics Patients (n = 223)

Triglyceride

  Low 182 (82%)

  High 41 (18%)

NLR

  Low 193 (86%)

  High 30 (14%)

CLR

  Low 134 (60%)

  High 89 (40%)

Recurrence

  No 167 (75%)

  Yes 56 (25%)

Survival

  Alive 176 (79%)

  Dead 47 (21%)

Abbreviations: LNs Lymph nodes, CEA Carcinoembryonic antigen, NLR 
Neutrophil-to-lymphocyte ratio; CLR Cholesterol-to-lymphocyte ratio
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nomogram, 0.68 (95% CI: 0.561−0.807) for the non-CLR 
nomogram, and 0.71 (95% CI: 0.614−0.813) for TNM 
stage. The time-dependent ROC analysis indicated that 
the nomogram had the optimal survival discrimination 
during the time period from 12 to 60 months, in compar-
ison with the non-CLR nomogram and TNM stage.

Risk stratification of patients based on the nomogram
Total risk scores of all 223 CRC patients were obtained 
based on the prognostic nomogram. After arranging 
all risk scores in ascending order, we set points at 50% 
and 85% percentiles as the cut-off values to categorize 
all patients into 3 levels (low, intermediate, high). The 
Kaplan-Meier analysis demonstrated that patients of dif-
ferent risk stratifications experienced significantly differ-
ent OS (P < 0.001), as presented in Fig. 5.

Discussion
In our study, 40% of the patients showed an elevation in 
CLR, and it was found that the elevated CLR was sig-
nificantly associated with a decreased OS rate in CRC 
patients. Our study firstly described the correlation 
between CLR and CRC survival. Based on CLR and other 

clinical characteristics, we developed a nomogram that 
could give an accurate prediction for prognosis (Fig.  2). 
The prognostic nomogram showed favorable calibra-
tion and superior predictive performance than the TNM 
staging system and the non-CLR model, according to the 
C-index (Table  3) and ROC analysis (Fig.  4). Therefore, 
preoperative CLR was a novel biomarker that efficiently 
predicted the postoperative prognosis of CRC patients, 
and the nomogram could serve as a supplement to the 
TNM staging system, to assist clinicians in more accurate 
risk stratification of CRC patients.

Lipid disequilibrium and systemic inflammation 
played a vital role in tumor occurrence and develop-
ment, immune escape, and metabolic pathway changes 
of CRC [36–40]. Several systemic inflammation-associ-
ated markers and serum lipid indexes were analyzed and 
used to predict the prognosis of CRC in previous stud-
ies. Although it was known that elevated cholesterol 
contributed to the prevalence of colorectal adenomas 
and tumors [41], conclusions of the relationship between 
serum cholesterol levels and the prognosis of CRC were 
inconsistent. Nielsen et  al. found that a statin-induced 
reduction of serum cholesterol was capable of inhibiting 

Fig. 1  Kaplan-Mier survival curves for overall survival (OS) in colorectal cancer (CRC) patients stratified by a triglyceride, b cholesterol, c 
neutrophil-to-lymphocyte ratio (NLR), and d cholesterol-to-lymphocyte ratio (CLR). e, f Survival curves according to CLR levels in stages I and II and 
stage III CRC patients, respectively
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Table 2  Univariate and multivariate Cox proportion hazard regression analysis for OS

Abbreviations: OS Overall survival, LNs Lymph nodes, CEA Carcinoembryonic antigen, NLR Neutrophil-to-lymphocyte ratio, CLR Cholesterol-to-lymphocyte ratio

Factors Univariate analysis Multivariate analysis

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

Age (≥ 65 vs. < 65) 1.309 (0.679–2.522) 0.421

Gender (male vs. female) 1.298 (0.709–2.373) 0.397

Tumor location (left colon vs. rectum) 0.586 (0.279–1.233) 0.159

Tumor location (right colon vs. rectum) 1.267 (0.625–2.568) 0.511

Size (≥ 5 cm vs. < 5cm) 1.300 (0.731–2.310) 0.371

Histological type (others vs. adenocarcinoma) 0.733 (0.227–2.364) 0.604

Differentiation (poor vs.well/moderate) 1.569 (0.875–2.811) 0.130

Lymphovascular invasion (positive vs. negative) 2.006 (1.106–3.637) 0.022 0.865 (0.427–1.751) 0.687

Perineural invasion (positive vs. negative) 2.354 (0.844–6.557) 0.102

Harvested LNs 0.960 (0.917–1.003) 0.073 0.945 (0.909–0.992) 0.021

pT category (T4 vs. T1–3) 1.316 (0.732–2.364) 0.358

pN category

  N0 Ref. Ref.

  N1 3.422 (1.750–6.690) < 0.001 2.500 (1.179–5.302) 0.017

  N2 3.960 (1.794–8.739) < 0.001 5.115 (2.236–11.701) < 0.001

CEA (positive vs. negative) 1.310 (0.738–2.324) 0.355

CA199 (positive vs. negative) 0.845 (0.394–1.807) 0.664

Cholesterol (high vs. low) 0.947 (0.339–2.639) 0.917

Triglyceride (high vs. low) 0.457 (0.180–1.155) 0.098 0.495 (0.176–1.390) 0.181

NLR (high vs. low) 1.730 (0.835–3.578) 0.140

CLR (high vs. low) 2.702 (1.500–4.867) < 0.001 2.142 (1.254–3.659) 0.005

Fig. 2  Nomogram for predicting overall survival (OS) rate at 3 and 5 years in patients with colorectal cancer (CRC). The variable score can be 
calculated by drawing a vertical line linking the value of each parameter with the β(X − m) terms at the top of this nomogram. Next, all scores are 
summed to obtain the total points score, which is plotted along the total points line, based on which the corresponding OS rates at 3 years and 5 
years were obtained. CLR, cholesterol-to-lymphocyte ratio; LNs, lymph nodes; Pr, probability
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tumor growth and metastasis and reducing the risk of 
mortality [42]. But another study showed no significant 
association between the decreased plasma cholesterol 
levels induced by statin and recurrence nor survival in 
stage III colon cancer patients [43]. In our study, cho-
lesterol alone did not have predictive value for survival, 
but CLR, an indicator for the combination of cholesterol 
metabolism and systemic inflammation status, could well 
distinguish CRC patients with poor outcomes (Fig. 1). In 
addition, CLR was an independent prognostic indicator 
for OS in CRC (Table 2) and showed more valuable prog-
nostic value than NLR, which is one of the most widely 

used systemic inflammation-associated biomarkers, 
according to the comparison using C-index in Table  3. 
Besides, from the subgroup analysis, we concluded that 
the effect of CLR on OS was more significant in stage III 
patients than stages I and II patients (Fig. 1). One of the 
possible reasons for this was that the survival rate was 
particularly high in cases without lymph node metasta-
sis in our cohort (3-year OS rate: 0.908; 5-year OS rate: 
0.863).

Tumor microenvironment (TME) received much 
attention in recent cancer literature, with a particular 
focus on its effect on tumor development and progres-
sion [44, 45]. Cholesterol metabolism and metabolite 
had significant roles in the TME, not only promoting 
cancer progressions, including oncocyte proliferation, 
migration, and invasion [34, 36–38], but also regulat-
ing inflammatory responses and innate immunity [46]. 
Cholesterol accumulation was shown to augment the 
pro-inflammation effect via the NF-κB signaling path-
way in liver cancer cells [47]. Besides, the accumula-
tion of cholesterol was also reported to accelerate the 
exhaustion of T cells, while functional tumor-infiltrating 
T lymphocytes serve an important role in anti-tumor 
immunity and positively correlated with the prognosis 
of CRC [48, 49]. Additionally, several studies indicated 
that the enrichment of oxysterols inhibited the anti-
tumor effect of CD8 T cells by activating LXR signal-
ing, and 27-hydroxycholesterol decreased CD8 T cells 
and increased neutrophils in the TME [50, 51]. Thus, 
it was worthwhile to consider the synergistic effect of 

Table 3  C-indexes of prognostic factors or models for predicting 
OS

Abbreviations: C-index, concordance index; OS, overall survival; CI, confidence 
interval; NLR, neutrophil-to-lymphocyte ratio; CLR, cholesterol-to-lymphocyte 
ratio

Nomogram: CLR + harvested lymph nodes (LNs) + N stage. Non-CLR 
nomogram: harvested LNs + N stage

Factors or models C-index 95% CI P value

NLR 0.551 0.519–0.583

CLR 0.636 0.600–0.672

Nomogram 0.755 0.719–0.791

Non-CLR nomogram 0.703 0.644–0.742

TNM stage 0.663 0.629–0.697

CLR vs. NLR 0.023

Nomogram vs. non-CLR nomogram 0.001

Nomogram vs. TNM stage 0.020

Fig. 3  Calibration curves of the prognostic nomogram for predicting a 3-year and b 5-year overall survival (OS) in patients with colorectal cancer 
(CRC). The Y-axis represents the actual overall survival; the X-axis represents the nomogram-predicted overall survival. Each black point represents 
one-third of the total samples
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cholesterol metabolism and immunosuppression on 
CRC prognosis simultaneously. And our results demon-
strated the predictive value of CLR and incorporated it 
into the prognostic model. The model was expected to 

provide a novel idea to optimize the risk stratification for 
CRC patients.

However, there were several inevitable limitations. 
Firstly, this was a single-center retrospective design with 

Fig. 4  Receiver operator characteristic (ROC) analysis of the nomogram, non-CLR nomogram, and TNM stage for predicting survival at a 3 years and 
b 5 years, and c the area under ROC curve of the three models. CLR, cholesterol-to-lymphocyte ratio. Nomogram: CLR + harvested lymph nodes 
(LNs) + N stage. Non-CLR nomogram: harvested LNs + N stage

Fig. 5  Survival curves for overall survival (OS) of colorectal cancer (CRC) patients stratified according to the total risk score which was obtained from 
the nomogram
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223 samples, which means our conclusion was based on 
the data of a relatively small sample size. Secondly, selec-
tion bias was present in this study. Since biochemical 
examination for blood lipids was not routinely performed 
in our center, a large number of patients who did not 
receive lipid measurements were not recruited. Thus, it 
was important to verify the results of our study in a large-
scale prospective multi-center study.

Conclusions
In conclusion, elevated CLR was a strong prognostic 
indicator for poor survival in CRC patients. The nomo-
gram developed with CLR, harvested LNs, and N stage 
had satisfactory discrimination, calibration, and predic-
tive accuracy in predicting the OS rate of patients with 
CRC. And a web-based dynamic nomogram (https://​
zhous​iyu.​shiny​apps.​io/​CLRNo​mogram/) was further 
built to facilitate the prediction procedure. This study 
provided a potentially useful tool for clinicians to opti-
mize the risk stratification and individualized treatment 
regimens for patients with CRC. And external cohorts 
are warranted to validate the clinical significance of the 
CLR-based model.
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